
Epizootic Ulcerative Fish
Disease Syndrome

Devashish Kar
Department of Life Science

Assam (Central) University

Silchar, India

AMSTERDAM l BOSTON l HEIDELBERG l LONDON l NEW YORK l OXFORD l PARIS

SAN DIEGO l SAN FRANCISCO l SINGAPORE l SYDNEY l TOKYO

Academic Press is an imprint of Elsevier



Academic Press is an imprint of Elsevier
125 London Wall, London EC2Y 5AS, UK
525 B Street, Suite 1800, San Diego, CA 92101-4495, USA
225 Wyman Street, Waltham, MA 02451, USA
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK

Copyright © 2016 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher.
Details on how to seek permission, further information about the Publisher’s permissions policies and our arrangements with
organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website:
www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be
noted herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding,
changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information,
methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their
own safety and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury
and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of
any methods, products, instructions, or ideas contained in the material herein.

ISBN: 978-0-12-802504-8

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

For information on all Academic Press publications
visit our website at http://store.elsevier.com/

Publisher: Janice Audet
Acquisition Editor: Patricia Osborn
Editorial Project Manager: Jaclyn Truesdell
Production Project Manager: Caroline Johnson
Designer: Ines Cruz

Typeset by TNQ Books and Journals
www.tnq.co.in

Printed and bound in the United States of America



Dedication

Dedicated to the memory of a person who was a highly talented,

generous soul, but had left this mundane world prematurely

without seeing the fruit of my humble efforts. He is the late

Devapriya Kar, FCA, LLB, my respected elder brother.

Also dedicated to the loving memory of my respected

parents, teachers,

and to my beloved students and fishermen.



About the Author

Dr Devashish Kar is a pioneer and preeminent researcher
in India in the fields of wetlands, rivers, fisheries, and
aquaculture. He completed his master’s program at the
University of Gauhati with specializations in Fishery
Science and Aquaculture. He was awarded a PhD by the
University of Gauhati for his outstanding work in the “beel”
(wetlands) fisheries of Assam. On a prestigious British
Council Study Fellowship Award, Dr Kar was in King’s
College London for its nine-month Advanced Training
in Science Education program. Dr Kar was awarded the
prestigious Biotechnology National Associateship by the
Indian government’s Department of Biotechnology (DBT)
for his pioneering research in the field of fish disease,
particularly in tackling the dreadful epizootic ulcerative
syndrome (EUS) fish disease in India and for conducting
further research in defining EUS in collaboration with the
National Institute of Virology, Pune. As convener, Dr Kar
has organized a number of national and international
symposia and workshops in the fields of wetlands, fisheries,
and aquaculture, including ornamental fishes, in collabora-
tion with DBT, DST, CSIR, ICAR, MOEF, UGC, and

MPEDA. These events have been attended by preeminent
scientific personalities, notably Prof. Asis Datta, Prof.
Samir Bhattachryya, Dr K.C. Jayaram, and others. Dr Kar
has presented papers and chaired scientific sessions at a
large number of national and international symposia both in
India and abroad, notably the Gordon Research Conference
in the United States; 2nd International Symposium on GIS/
Spatial Analysis in Fisheries and Aquatic Sciences in
England during 2002; Lake Symposium at IISc, Bangalore
(2000, 2002, 2010, 2012, and 2014, including chairing
sessions); and Indian Science Congress (2012 and 2013,
including chairing sessions), to name a few. He also has
published in more than 190 national and international
journals. Of particular note, 16 research scholars have been
awarded MPhil and PhD degrees under his supervision.
Professor Kar has authored 34 books (14 books single-
authored by him), including one published by Springer
(London) and one in press with Elsevier (USA). Also, the
book Community Based Fisheries Management is in press
with Apple Academic Press (USA).

As President of Conservation Forum, Dr Kar has made
a profound contribution to the Society in Environment-
related works in collaboration with Prof. Madhav
Gadgil of the Indian Institute of Science (Retd.), Bangalore.
In addition to being Editor of the Conservation Forum
Journal, Dr Kar is a Scientific Fellow of the Zoological
Society of London and a Fellow of the Linnean Society of
London; Fellow of the Zoological Society, Calcutta; Fellow
of the Applied Zoologists Research Association; Fellow of
the Society of Environmental Biologists; Fellow of the
Inland Fisheries Society of India; and others.
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Foreword

There is now increasing emphasis on nutrition security,
which covers the qualitative aspects of food. It is in this
context that fishes occupy an important position in the food
chain. Like all living organisms, fishes are also subject to
infection by diseases. Epizootic ulcerative syndrome, or

EUS, is causing severe mortality among our fishes. This is
an exotic disease that entered our country in July 1988.
Since then, many fishery enterprises have been closed. It is
in this context that the study of Professor Devashish Kar of
the Assam (Central) University at Silchar assumes great
importance. The present book on epizootic ulcerative fish
disease syndrome, which is being published by Elsevier
Inc., USA, is a timely contribution. It can help to revive
many fishery enterprises.

I therefore hope that the book will be widely read, and
used to control EUS on the one hand and revive capture and
culture fisheries on the other. If this is done, it will be a very
important contribution to strengthening nutrition security
among children, women, and men.

Prof. M.S. Swaminathan
Founder Chairman, M.S. Swaminathan

Research Foundation
Chennai, India

xv



Preface

‘Water’ is ‘life’ and must be protected and conserved.
Having its origin in water, life has evolved itself into an
enthralling world of coveted and bewilderingly diverse
flora and fauna. The dependence of the living world,
notably humankind, on the biological wealth of rivers,
lakes, seas and oceans, cannot be overemphasized and,
possibly, does not need any elucidation. Therefore, there is,
perhaps, a requirement to broaden and deepen our com-
prehension about the aquatic ecosystem with regard to its
physical, chemical and biological features and interactions.
The water, as an ecosystem, performs a number of sig-
nificant environmental functions, notably, re-cycling of
nutrients, re-charging of ground water, augmentation and
maintenance of stream flow and recreation of people, to
exemplify a few.

Notwithstanding the above, fresh water is one of the
most important natural resources crucial for the survival of
all living beings. It is even more important for humans as
they depend on it also for food production, industrial
growth, hydropower generation and waste disposal as well
as for cultural requirements. Limnology is the science
which deals with the freshwater environments, their phys-
ico-chemical characteristics, their biota and the ecosystem
processes therein. Limnology is, therefore, universal in its
significance.

Fishes are significant living components of both lotic
and lentic systems. They constitute almost half the total
number of vertebrates in the world. Of the c 39,900 ver-
tebrate species known to exist so far in the world, 21,723
are living species of fishes; of which, c 8411 are of fresh-
water and the rest, 11,650 are marine species. In the Indian
region alone, of the c 2500 species, 930 are freshwater
inhabitants and 1570 are marine.

A living body is prone to suffer from a disease being
attacked by pathogen(s) or parasite(s). This is true also with
a fish body. Often, a disease may be so virulent, that it
could sweep unabated in an epidemic dimension. In this
connection, it may be said that, patterns and long-term
trends are important when deciding whether or not an
epidemic exists in the present period and in predicting
future epidemics.

Snieszko (1974) had stated that, an overt infectious
disease could occur when a susceptible host is exposed to
a virulent pathogen under stress. The influence of each

sub-set of the environment could be variable; and, disease
outbreak (e.g., EUS, in this case) may occur, only if there is
sufficient relationship among them. Although a filterable
biological infectious agent is thought to be the primary
cause of EUS outbreak, it is generally accepted that, certain
abiotic factors which result in sub-lethal stress of the fish, are
also important in initiation of disease outbreaks. Snieszko
cited temperature, eutrophication, sewage, metabolic prod-
ucts of fishes, industrial pollution and pesticides as potential
sources of stressful environmental conditions.

Life and disease processes of fishes are similar in many
ways to those of other vertebrates, in that, most animals
have muscles, skeletons, skins and internal organs which
function in approximately similar ways. However, there is
one major difference: ‘fish live in water’. As such, all of
their physiological structures and functions are influenced
by this fact. Thus, to understand what water means to fish is
to lay a foundation for a more complete understanding of
what fish need for health and how disease processes are
related to physiological and environmental requirements.

In order to understand the influence of environmental
factors on fish disease, one has to realize that, in aquatic
environment, there is a much greater chemical and physical
variability than exists in the terrestrial environment. In very
large bodies of water, such as oceans, conditions may be
relatively stable; but, in the coastal and estuarine areas,
there is a greater magnitude of environmental change(s).
In small bodies of water, this variability is even greater;
while, in fish hatchery operations, many man-made stresses
are added. Therefore, in the aquatic environment, life goes
on under dynamic and unstable circumstances and fishes
must continually adapt to changes in population density
pressure, temperature, dissolved gases, light, pH, etc.
However, it may be noted here that, the effects of these
parameters could be far more severe than those ever faced
by the terrestrial animals. Such environmental changes
could impose stresses of considerable magnitude on the
somewhat limited homeostatic mechanisms of fishes.

Epizootic Ulcerative Syndrome or EUS is a hitherto
unknown, dreadful, virulent and enigmatic disease among
the freshwater fishes which had been sweeping the water
bodies in an epidemic dimension almost semi-globally
causing large-scale mortality among the freshwater fishes;
thus, rendering many of them endangered and throwing the
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life of the fishermen out of gear through loss of avocation
and causing difficulties to the fish eaters through scarcity of
fish flesh as a protein-rich source of nutrition. This dreaded
fish disease, thus, has been a major concern in several
countries of the world, particularly, the Asia-Pacific region.

As a historical resume, in Queensland, Australia, an
epizootic of marine and estuarine fishes, characterized by
shallow hemorrhagic ulcers, had occurred in 1972 with
recurrence(s) in subsequent years. The disease had been
named as ‘red spot disease’. A similar type of disease,
characterized by dermal ulcers, had been reported from
Papua New Guinea: (a) from the rivers of the south during
1975e76; and, (b) from the north during 1982e88. Con-
comitantly, Indonesia had also reported similar type of
disease in Bogor during 1980, which, subsequently, had
spread to West, Central and East Java. This disease was
named as infectious dropsy or ‘hemorrhagic septicemia’.
Later, the disease was reported from Malaysia during
1981e83. The affected fishes had red or necrotic areas of
ulceration all over their bodies and were called ‘Webak
Kudes’. The disease was, subsequently, reported from
fishing areas of Kampuchea, during early 1984, along with
a significant decrease in the natural fish stock. Also, a
similar type of disease had been reported from the southern
and central parts of Lao PDR during 1984. Myanmar had
experienced the outbreak of EUS during 1984e85 affecting
both wild and cultured fish stocks. In Thailand, the disease
epizootic was first reported in 1980 in the natural water
systems and the disease had recurred somewhat regularly
almost every year from 1980 to 1985 in different water
bodies. In Sri Lanka, the disease was first reported in 1988
in the Kelani river, Dandugan Oya, and in the nearby
streams causing extensive fish mortality. In Bangladesh, the
first outbreak of EUS had occurred during February-March
1988 in the rivers Meghna, Padma and Jamuna; as well as,
in the adjoining water bodies with colossal loss of the
commercial fish stock. After sweeping semi-globally in
epidemic dimension, this hitherto unknown enigmatic and
virulent fish disease entered India, during July 1988,
through Barak valley region of Assam and started causing
large-scale mortality among the FW fishes. It had caused
panic among the fish consumers and had thrown the life of
the poor fishermen out of gear and rendering them starving
for days together in view of no sale of fish. And, the author
of the present Treatise had decided to start researching

on this challenging fish disease problem (sacrificing his
remuneration leave, and with the help of many generous
souls), as part of discharging his social responsibility, at
this crucial juncture of the Society and the People. In India,
the outbreak of the virulent EUS fish disease had been first
encountered during July, 1988 among the fishes in the
Freshwater bodies of North East (NE) India. In 1989, Nepal
had also been affected by EUS (Das and Das, 1993;
Kar, 2007, 2013).

EUS had been a hitherto unknown enigmatic virulent,
epidemic among the fishes since about 4 decades. It had been
designated by various names, some of which are often col-
loquial. Egusa and Masuda (1971) had, perhaps, at first,
described it in Japan as Aphnomyces infection. The infection
had also, possibly, occurred among other fishes, being
named as Mycotic Granulomatesis (MG). Such a nomen-
clature was mainly based on histopathological (HP) results
(Miyazaki and Eugusa, 1972). Concomitantly, a hitherto
unknown EUS condition had been encountered, since
1972, mainly on the skin of estuarine fishes in Australia.
Such an element had been named as Red Spot Disease
(RSD) (McKenzie and Hall, 1976). Subsequently, almost
similar conditions had occurred among the freshwater fishes
throughout South-East (SE) and South Asia since the late
70’s. The main symptoms included dermal ulcerations
and there had been large scale mortalities among the fishes.
The condition was designated as ‘Epizootic Ulcerative
Syndrome’ (EUS) at the consultation of Experts on Ulcer-
ative Fish Diseases held at Bangkok during 1986 (FAO,
1986). In addition to the above, almost similar ulcerative
condition had also been reported among the estuarine
fishes in the east coast of USA since around 1978. Such a
condition was termed as Ulcerative Mycosis (UM) (Noga
and Dykstra, 1986).

Lack of a comprehensive treatise on ‘Epizootic Ulcer-
ative Fish Disease Syndrome’ on a global scenario, has
prompted this humble piece of work and the author will
consider himself amply rewarded if this humble piece of
work proves to be useful to those for whom it is meant.

Devashish Kar
Professor, Department of Life Science

School of Life Sciences
Assam (Central) University

Silchar, Assam, India
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Chapter 1

Introduction

1.1 ABOUT FISH

“Fishes” are primarily adapted cold-blooded aquatic ver-
tebrates with paired fins for locomotion and gills for
respiration.

1.2 ABOUT FISH DIVERSITY

Fish constitutes almost half of the total number of verte-
brates in the world. They live in almost all conceivable
aquatic habitats. Approximately 21,723 living species of
fishes have been recorded out of 39,900 species of verte-
brates (Jayaram, 1999). Of these, 8411 are freshwater (FW)
and 11,650 are marine (Jayaram, 1981). India is one of the
megabiodiverse countries in the world and occupies ninth
position in terms of FW megabiodiversity (Mittermeier and
Mittermeier, 1997). In India, there are about 2500 species
of fishes (Jayaram, 2003), of which c 930 live in FW and c
1570 are marine (Kar, 2003). The bewildering ichthyodi-
versity of this region has been attracting many ichthyolo-
gists from both India and abroad. Concomitantly, the
Northeastern region of India has been identified as a
“Hotspot” of biodiversity by the World Conservation
Monitoring Centre (WCMC, 1998). The rich diversity of
this region could be assigned to certain causes, most
notably the geomorphology and tectonics of this zone
(Jayaram, 2010). The hills and the undulating valleys of
this area give rise to a large number of torrential hill
streams, which lead to big rivers and finally become part of
the GangaeBrahmaputraeBarakeChindwineKolodynee
GomatieMeghna system (Kar, 2000, 2013).

Based on IUCN categories, the CAMP Workshop
(CAMP, 1998) for FW fishes has identified certain fish
species that have attained threatened/endangered status. At
the same time, there has been little study with regard to
details of endemism and species richness in Northeast
India. As such, a detailed study related to Germplasm
inventory, evaluation, and gene banking, along with the
health and disease of FW fishes, would not only help us to
land at a concrete decision on the above-mentioned aspects,
but also contribute to fulfilling India’s obligation to the
Convention on Biological Diversity, with special emphasis
on Articles 6 and 8 (UNEP, 1992). Further, development
of the database of biological parameters is a prerequisite
for preparation of a detailed fish inventory. Genetic

characterization and gene banking is a step forward toward
further confirmation of the species at the molecular level.

1.2.1 An Account of the Ichthyospecies

Zoogeographically, FW fishes have been classified
differently by different workers. Although the classifica-
tion made by Myers (1949) has proved to be the most
useful and widely accepted one, FW fishes of marine
origin had been further classified as “peripheral FW
forms” by Nichols (1928) and Darlington (1957), which
has also been accepted by many recent fish geographers.
Incidentally, the ichthyofaunas of this region have by and
large been found to belong to the following categories
(Kar, 1990):

1.2.1.1 Primary Freshwater Fishes

Genera-wise, the breakup of species under this group in-
cludes, among others, Notopterus, Chitala, Labeo, Cir-
rhinus, Catla, Cyprinus, Puntius, Rasbora, Aspidoparia,
Amblypharyngodon, Barilius, Danio, Esomus, Salmo-
phasia, Botia, Lepidocephalichthys, Acanthocobotis, Rita,
Mystus, Wallago, Ompok, Ailia, Eutropiichthys, Clupi-
soma, Pangasius, Gagata, Glyptothorax, Clarias, Hetero-
pneustes, Badis, Nandus, Anabas, Trichogaster,
Mastacembelus, Macrognathus, and Tetraodon.

1.2.1.2 Peripheral Freshwater Fishes

Genera-wise, the breakup under this group includes, among
others, Gudusia, Tenualosa, Pisodonophis, Chanda,
Xenentodon, Aplocheilus, Monopterus, Sicamugil, Rhino-
mugil, and Glossogobius.

In addition to the above, on the basis of Indian and
extra-Indian fish distribution (Motwani et al., 1962), the
ichthyospecies of this region could be significantly incor-
porated under the following two groups:

Widely Distributed Species

Genera-wise, the breakup under this group includes, among
others, Esomus, Puntius, Rasbora, Ompok, Wallago,
Clarias, Xenentodon, Channa, Glossogobius, Anabas,
Macrognathus, and Mastacembelus. Incidentally, these
ichthyospecies, in addition to being from this region, also

Epizootic Ulcerative Fish Disease Syndrome. http://dx.doi.org/10.1016/B978-0-12-802504-8.00001-8
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occur in many other parts of India, Pakistan, Bangladesh,
Sri Lanka, and Malaya.

Species of Northern India

Species under this group include, among others, Mega-
rasbora elanga, Botia dario, Lepidocephalichthys guntea,
Glyptothorax telchitta, Parambassis baculis, Rhinomugil
corsula, Sicamugil cascasia, and Tetraodon cutcutia.

In addition to the foregoing analyses, ecomorphologi-
cally (Dey, 1973) the fishes of this region could further be
categorized into four distinct groups as follows:

True Hill-Stream or Rheophilic Forms Fishes with
strong body musculature and adapted to torrential abodes:
Garra, Psilorhynchus, Balitora, Glyptothorax, etc.

Semitorrential Forms Fishes with less body modifica-
tions compared with rheophilic forms: Botia, Lep-
idocephalichthys, Acanthocobitis, Schistura, Canthophrys,
Gagata, etc.

Migratory Forms Well-built fish having the power of
overcoming adverse ecological conditions: Tenualosa,
Barilius, Channa, Badis, etc.

Plain Water Forms Fishes having minimum body modi-
fications and insignificant migratory habits: Pisodonophis,
Gudusia, Notopterus, Chitala, Amblypharyngodon, Aspi-
doparia, Catla, Cirrhinus, Cyprinus, Danio, Esomus,
Labeo, Puntius, Rasbora, Salmophasia, Mystus, Sperata,
Ompok, Wallago, Rita, Clupisoma, Eutropiichthys, Silonia,
Pangasius, Clarias, Heteropneustes, Chaca, Xenentodon,
Aplocheilus, Monopterus, Chanda, Nandus, Sicamugil,
Rhinomugil, Anabas, Trichogaster, Glossogobius, Macro-
gnathus, Mastacembelus, and Tetraodon.

1.3 ABOUT FISH DISEASE

The teleosts are said to inhabit an alien world, and their
utilization by humans for food or sport has until recently
been virtually dependent on the hunting of wild species. It
is only in the last 100 years that intensive cultural methods
for a few species have evolved. As such, the diseases that
result from the intensive cultural techniques have been a
major constraint on the economic development of aqua-
culture (Hatai,1994).

The aquatic environment encompasses a wide variety of
parameters, virtually all of which influence the stability of
the homeostasis that is essential for the growth and repro-
duction of fishes. If altered beyond acceptable limits, these
may predispose to or actually cause disease.

All surface waters may contain species of wild fish that
could act as reservoirs of infectious disease. Further, toxin-
producing algae are found in freshwaters in addition to

marine and brackish waters. Under suitable environmental
conditions, they grow to considerable cell densities, called
“blooms” or “tides”; during or after blooms, toxins may be
produced that are lethal to fish.

The anatomy and physiology of fish are modified prin-
cipally toward the two major ecological factors that control
their existence, viz., the aquatic environment and the poi-
kilotherm’s inability to control its temperature. These factors
are of overriding significance in dictating the chain of events
following any pathological attack such as microbial infec-
tion, traumatic damage, or nutritional deficiency.

In fish disease, more readily than in disease of any other
farmed or wild species, it is possible to recognize the sig-
nificance of “stress” factors. The word “stress” has different
meanings for different groups of workers. As originally
defined by Selye (1950), it was the sum of all the physio-
logical responses by which an animal tries to maintain or
reestablish a normal metabolism in the face of a physical or
chemical force. Brett (1958) gave a definition that is
correlated more readily with the fish disease situation when
he suggested that “stress” is a stage produced by environ-
mental or other factors that extends the adaptive responses
of an animal beyond the normal range, or that disturbs
normal functioning to such an extent that chances of sur-
vival are significantly reduced. The changes that occur in
response to environmental stress are termed general adap-
tation syndrome (GAS). They are said to be nonspecific
physiological and biochemical changes that take place in
three phases:

1. The alarm reaction
2. The stage of resistance, during which adaptation to

achieve homeostasis under the changed circumstances
takes place

3. The stage of exhaustion, when adaptation has ceased to
be adequate and homeostasis is not achieved

In addition to the above, the specific immune system is
one component of the protective system of all vertebrates
that enables the individual to survive and maintain its ho-
meostasis in an environment that is innately hostile. The
property that distinguishes the immune defense system
from other defense systems is its specificity and ability to
“remember” a particular infectious agent and thus confer
subsequent resistance to an individual who has recovered
from an infection. Thus, a salmon that has recovered from
furunculosis may be refractory to a subsequent infection by
Aeromonas salmonicida, but this immunity is irrelevant to
subsequent infection by Mycobacterium piscium. In fish,
generally the thymic tissue develops embryologically from
primordial cells associated with the epithelium of the
pharyngeal pouches. Lele made a comparative study of the
morphology of thymus in fishes and found the organ to
have a variable origin and variable duration in different
species of fishes.

2 Epizootic Ulcerative Fish Disease Syndrome



Diseases in FW fishes are generally studied under the
following heads:

1. Parasitology of teleosts
2. Bacteriology of teleosts
3. Mycology of teleosts
4. Virology of teleosts

1.3.1 Parasitology of Teleosts

Many phyla of the animal kingdom have representatives
that are parasitic on fish. The number of species of fish
parasites reported to date are in the thousands, and many
more remain to be discovered. Very few are seriously
harmful to fish. Most individual fish in wild or cultivated
populations are infested with parasites, but in the great
majority of cases, no significant harm appears to be caused
to the host fish. Although there are surprisingly few reports
of parasites causing mortality or serious damage to wild
fish populations, perhaps such effects often go unnoticed.
Parasites in wild fish are frequently only remarked upon
when they are so obvious as to lead to rejection of fish by
fishers or consumers.

No attempt could be made to present a detailed classi-
fication because of the great diversity of taxonomic
groupings of the parasites found in fish and the dispute that
surrounds their taxonomy.

1.3.1.1 Protozoan Parasites

Ichthyophthiriasis or white spot disease is caused in
Indian major carps (IMC) by the protozoan ciliate
Ichthyophthirius multifilis, which infects different re-
gions of the body externally and causes simple hyper-
plasia of the epidermal cells around the site of infection
that causes the formation of pustules. Tripathi (1955)
experimentally introduced Ichthyophthirius in the fin-
gerlings of Labeo bata and Cirrhinus mrigala in order to
study the effect.

The symptoms are the presence of small whitish cysts
(c 1.0 mm in diameter) on the skin, gills, and fins.

Affected fish can be dipped in 1:5000 formalin solution
for an hour for 7e10 days, or in 2% NaCl solution for more
than 7 days (Gopalakrishnan, 1963, 1964). Affected ponds
can be disinfected with salt or quicklime (Hora and Pillay,
1962). Examples of other ciliate infections observed in
India are as follows:

1. Trichodina indica infect different species of fishes
2. Scyphidia pyriformes affect rohu, catla, mrigal, etc.

(Tripathi, 1954)
3. Cyclochaeta spp. infect pond fishes (Hora and Pillay,

1962)

Both Trichodina indica and Scyphidia pyriformes are
killed in 5e10 min by 2%e3% common salt solution.

4. Costiasis caused by Costia necatrix is the most common
mastigophoran infection observed in IMC. Symptoms
include the presence of a bluish coat on the skin of
the host fish and the presence of a large amount of mu-
cosa. The parasite causes irritation and disturbs respira-
tion. A bath in 3% NaCl solution for 10 min appears to
be quite effective (Gopalakrishnan, 1964).

Other flagellate parasites recorded are as follows:
Bodomonas rebae in rohu, catla, and mrigal (Tripathi,

1954); Trypanosoma clariae in Clarias batrachus; and
Trypanosomae punctati in Channa punctatus (Hasan and
Qasim, 1962)

5. Trichodinosis is caused by Trichodina, Trichodinella,
Chilodonella, etc. These organisms affect carp skin
and gills. Multiple infections are commonly recogniz-
able as spherical organisms, ovoid or long with rows
of cilia. Chelated copper compounds like “Argent,”
“AquaVet,” etc. have recently been found effective
against protozoan parasites.

6. Myxosporidians constitute typical fish parasites known
to produce cysts on different regions of the body and
viscera. Some common myxosporidian genera are Lep-
totheca, Myxobolus, Myxidium, etc.

General symptoms include weakness, emaciation, fall-
ing of scales, perforation of scales, raising of scales along
the posterior margins, loss of chromatophores, etc. (Tripathi,
1952). Cysts on the scales show an inner and an outer
fibrous layer of epidermal origin in fishes affected with
Myxobolus mrigalae (Chakravarty, 1939). However, myx-
osporidian infections have been commonly observed
among IMCs in waters having <400 ppm chloride content
(Basu, 1950). Gill myxoboliasis among IMCs (rohu, catla,
and mrigal) caused large-scale mortality in Bangladesh.

Myxosporidian cysts are not easily eliminated by
chemical treatment. Disinfection with Candy’s Fluid or a
weak solution of NaCl, to some extent, controls Myxobolus
mrigalae affecting mrigal fingerlings (Sarkar, 1946).
Concomitantly, myxosporidian infections encountered in
overstocked ponds are controlled by thinning the popula-
tion and using yeast pellets at 1 g/kg of feed (Pal, 1975).

1.3.1.2 Helminth Parasites

Worm diseases are caused by trematodes (monogenetic and
digenetic), cestodes, nematodes, acanthocephalans, and
hirudineans. A brief account of helminth parasites in fish is
given below:

Monogenetic Trematodes

Among the various monogenetic trematodes reported in
fishes, Gyrodactylus and Dactylogyrus (Chauhan, 1953;
Tripathi, 1957; Gupta, 1961; Gopalakrishnan, 1968) cause
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serious infections. The former infects skin and gills, while
the latter affects only gills and is further reported to feed on
the blood of the thin capillaries of the branchial region
(Jain, 1959).

A Gyrodactylus attack causes fading of colors, falling of
scales, accumulation of mucous on the caudal peduncle
region and fins, peeling of skin, etc. When the gills are
attacked, the fish dies due to the hypersecretion of mucus
on the gill surface brought about by irritation. Infected
fishes may be seen rubbing their bodies against hard
surfaces in order to get rid of the parasites.

Baths alternately in 1:2000 acetic acid and NaCl solu-
tions have been reported to be effective in IMCs. Dip
treatment in 5% NaCl for 5 min has also been found to be
effective (Gopalakrishnan, 1964).

Digenetic Trematodes

Diplostomiasis or black spot disease is caused by Diplo-
stomum spp. This disease is generally prevalent in some
rearing and stocking ponds. Symptoms generally include
the presence of small black nodules over almost the entire
body of the fish, having an average diameter of c 1.3 mm.

Dip treatment of isolated infected specimens for about
an hour in 3:100,000 picric acid has been found to be
effective in controlling the parasite (Gopalakrishnan, 1963).

Cestodes

Fish mortality due to cestodes was once reported in a tank
at Nagpur (Chauhan and Ramakrishna, 1958). Affected fish
generally appear dull and sick, and part of their gut be-
comes generally swollen or completely choked by cestode
cysts. In some instances, the gall bladder is also affected.

Bothriocephalus infection affects intestinal epithelium.
Ligula and Schistocephalus sometimes take shelter in the
peritoneal cavity of carps.

Nematodes

A widely occurring nematode that affects the scale pockets
of common carps in Europe is the Philometra lusiana.
However, some nonpiscian nematode parasites include
Camallanus, Cucullanus, Heliconema, and Spiroptera. Not
much information is available on the details of nematode
infections and their remedies.

Acanthocephalans

Among acanthocephalans, Acanthocephalus, Centro-
rhynhus, and others have been reported to affect fishes
(Tripathi, 1957).

Hirudinean Parasites

IMCs are sometimes attacked by leeches (Khan, 1944).
Carps have been reported to be affected by Hemiclepsis
marginata (Saha and Sen, 1955). The leeches feed on the

blood of the host fish, causing irritation and abnormal
movements of the host.

Dip treatment in a 1:1000 solution of glacial acetic acid
and disinfection with 1:10,000 KMnO4 has been reported
to be quite satisfactory (Khan, 1944). There have also been
suggestions of dip treatment in 2.5% common salt solution
for about 30 min.

1.3.1.3 Crustacean Parasites

Argulus (carp lice), Lernaea, and Ergasilus, belonging to
the class Crustacea, are considered important ectoparasites
on fishes. The parasitic copepods Argulus and Lernaea
attach themselves to the body of the fish, with their body
buried into the scale pockets and with paired egg sacs
protruding free. Argulus in particular attaches itself to the
body of the fish by means of suckers and hooks, but can
also swim freely in water. There have been many instances
of fish mortality in Indian ponds due to argulosis. The
affected fish become very weak and emaciated.

Prominent symptoms include stunted growth, peeling
off of the scales, and the appearance of red spots at the sites
of infection.

Treatment measures could include the following:
Ponds showing severe Argulus infection be drained and

dried. Sometimes, vertical wooden bamboo poles are fixed
inside the water so that the affected fish may rub their bodies
against them to get rid of their ectoparasites. Lime is applied in
the affected pond at 0.1e0.2 g/L after all the fish are removed
and the pond bottom has been exposed to sun for at least 24 h
before the application of lime (Hora and Pillay, 1962).

Argulus sp. reproduce rapidly at a temperature range of
20e28 �C. Positive results in Argulus treatment could be
obtained by the application of Lindane (benzene hexa-
chloride) at 0.02 mg/L.

In addition to Argulus, Lernaea (also known as anchor
worm) is a minute rodlike ectoparasite that attaches to the
host fish anywhere on the body by means of the anchor-like
appendages present on the parasite’s head. Many carps are
attacked by this parasite, particularly during the summer.

When only a few fishes are affected, mechanical
removal of the parasites could be possible by pulling them
out of their anchorage in the host body with the help of a
pair of forceps. This could be followed by a bath in weak
permanganate solution for 2e3 min (Alikunhi, 1957). Dip
treatment for a short period in a 5 ppm solution of KMnO4

is suggested in the event of a large number of fishes being
affected (Gopalakrishnan, 1963).

Tripathi and Chaturvedi (1974) recently recorded an
isopod parasite, Ichthyoxenus jellinghausii from L. bata
and L. gonius at Pariat Lake in Jabalpur. This parasite does
not generally cause much harm to the host. Both dip
treatment and group treatment are generally recommended
to remove this parasite.
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1.3.2 Bacteriology of Teleosts

Bacterial diseases are responsible for heavy mortality in
both wild and cultured fish. The actual role of these mi-
crobes may vary from that of a primary pathogen to an
opportunist invader of a host. Water, especially where
organic loads are high, is an environment in which many
genera of bacteria could thrive. It has been shown by many
workers that the normal bacterial flora of fish is a direct
reflection of the normal bacterial flora of the water in which
they swim. However, few bacterial species appear to be
obligatory parasites and are unable to survive for long
outside the fish host.

The “red spot” of eels is said to be the first bacterial
disease to be described in fish. According to Hofer (1904),
it was first described by Bonaveri as early as 1718 from the
Commacchio lagoons of the Adriatic coast of Italy.

During the last century, two factors played significant
roles in the development of knowledge of bacterial diseases
of fish. The first was the establishment of a Parliamentary
Committee of Enquiry into furunculosis in Scotland in
1929dthe disease had caused severe losses in Scottish
salmon rivers. This committee produced three detailed re-
ports in 1930, 1933, and 1935 that even today provide the
basis for our knowledge of this disease; these reports also
established the criteria for subsequent critical studies.

In many fish diseases, bacteria have been found to be
associated with the host, generally as secondary invaders
and sometimes as primary causative agents. Sometimes,
disease diagnosis becomes complicated. For example,
pathogenic Aeromonas spp. have been associated with in-
fectious dropsy in IMCs. However, the disease could be
reproduced by inoculation of pure bacterial cultures.
Further, the possibility of viral involvement cannot be
easily ruled out. Diagnoses of ulcerative skin conditions
and fin or gill rot are particularly difficult because a wide
range of fungi, bacteria (Aeromonas, Pseudomonas, and
Vibrio spp.), and protozoans may be present. Such ulcera-
tive conditions and fin rots have recently been described in
common carps and rohu in the Punjab. The conditions have
been termed hemorrhagic septicemias and are generally
complicated by severe infections with the fungus Sapro-
legnia. Further, the pathogen Aeromonas punctata had
been isolated from fish blood and dried ulcers and held to
be the primary cause. Rohu in particular were severely
affected with lesions in the head region. The condition had
occurred during the coldest time of the year (about 17 �C).
It may be noted here that most bacterial pathogens in fishes
are gram-negative.

A bath treatment for 30 min in 20 ppm proflavine
hemisulfate is generally quite satisfactory for treatment of
external lesions. However, if vibrios are suspected to
be involved, a nifurpirinol (nitrofurazone-furnace) bath
for 1 h at 10 ppm (active ingredient) is recommended.

Mycobacterial gill diseases are best treated with baths;
usually with Quaternary ammonium compounds for 1 h in
the range 1e4 ppm. If other compounds are not available, a
dip in 500 ppm of copper sulfate for 30 s to 1 min is worth
trying. Further, kanamycin sulfate is said to be effective
against certain gram-positive and gram-negative fish
bacterial pathogens including Aeromonas, Vibrio, and
Flexibacter, as well as mycobacterial infections.

A brief account of some of the bacterial diseases found
to occur among FW fishes of India is given below:

1.3.2.1 Fin and Tail Rot Disease

This disease affects both adults and young fish. In the early
stage, the infection appears like a white line on the margin
of the fin, spreading and imparting a frayed appearance to
the appendage, which eventually putrifies and disintegrates.
The disease may spread through contact and cause heavy
damage.

Treatment of the disease may include a bath in 1:2000
solution of copper sulfate for 1e2 min until the fish shows
signs of distress (Hora and Pillay, 1962). Some amount of
cure could be possible by painting the site of infection with
a concentrated solution of copper sulfate (Pal and Ghose,
1975).

1.3.2.2 Ulcer Disease

Hemorrhagic ulcers may be caused by Flexibacter colum-
naris, which is evidenced by red and white plaques, often
with a reddish peripheral zone.

As a first treatment, badly affected fishes should be
destroyed and the pond water disinfected with 0.5 ppm of
KMnO4. In the case of fishes showing early stages of
infection, dip treatment in 1:2000 copper sulfate solution
for 3e4 days could be useful.

1.3.2.3 Carp Erythrodermatitis (CE)

Carp erythrodermatitis (CE) was once upon a time
considered a part of infectious carp dropsy syndrome. A
severe skin ulceration in common carp stock was reported
from West Java during 1980. Although not very much
treatment has been recommended, terramycin mixed with
feeds at 5e7 g/100 kg fish daily for 7e10 days could be
useful to some extent (Jhingran and Pullin, 1988).

1.3.2.4 Dropsy

Protrusion of scales, hemorrhagic ulcers on the skin and
fins, inflammation of the intestine, exophthalmic condition,
and accumulation of fluid within the body are some of the
symptoms of dropsy.

As a treatment measure, disinfection with 1 ppm po-
tassium permanganate solution or dip treatment in 5 ppm of
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the same solution for 2 min have been found to be useful
(Gopalakrishnan, 1963). No food should be given during
the treatment process.

1.3.2.5 Eye Disease

A variant of the bacterium Aeromonas liquefaciens causes
an eye disease, which often assumes epidemic dimension,
affecting medium- and large-sized catla. The affected sites
are generally the eyes, optic nerves, and brain of the fish
(Gopalakrishnan and Gupta, 1960). Further, Channa mar-
ulius showing an eye disease, also in epidemic form and
caused by Staphylococcus aureus, has been recently
encountereddthis disease causes cataract-like symptoms in
fish. Initially, the cornea becomes vascularized and later
opaque. Subsequently, the eyeball gets putrefied and results
in the death of the fish.

Treatment with KMnO4 (dose: 0.1 ppm) for disinfecting
the environment, followed by application of lime
(300 ppm), gives useful results (Kumaraiah et al., 1977).

1.3.3 Mycology of Teleosts

A wide variety of Phycomycetes and Fungi imperfecti have
been known to be associated with diseases in fishes.
However, in many cases there is no direct evidence of a
primary etiological role. The integumentary mycoses
associated with members of the order Saprolegniales are by
far the most significant fungal diseases in teleostean fishes.

1.3.3.1 Integumentary Mycoses

Saprolegniasis

This term is often used to describe fungal infections of skin
and gills. Although strictly speaking, the term should be
used only after definitive identification of the fungus as a
member of the order Saprolegniales, it could involve a
variety of fungi. Clinically, similar lesions could occa-
sionally be formed by the genus Pythium. Willoughby
(1970) had also isolated Leptomitus lacteus from such
lesions.

Considerable interest developed toward the end of
nineteenth century in an epizootic in Atlantic salmon
caused by fungal invasion (Huxley, 1882; Murray, 1885).
Saprolegnia ferax was thought to be responsible for the
condition at that time. Later, it was felt that these workers
were studying the final stages of a condition now known as
“ulcerative dermal necrosis” (UDN). In 1932, Kanouse had
described the sexual form of Saprolegnia parasitica, which
she had obtained on a hemp seed substrate after original
growth on fish eggs. Seymour (1970) had presented a
comprehensive account of the genus Saprolegnia.

Saprolegniaceae are “water molds” of the class Oomy-
cetes, which possess profusely branched nonseptate

mycelium appearing as cotton- and woollike tufts in water.
The hyphae vary considerably in diameter between species,
but all contain cellulose.

A number of predisposing factors are involved in the
development of fungal infection in fishdthe factors affect
both the fish and fungus, and a combination of factors
rather than any single condition ultimately leads to infec-
tion. It has long since been believed that the fungi
responsible for saprolegniasis are secondary pathogens, and
lesions are commonly seen after handling and after trau-
matic damage to the skin that could be caused by over-
crowded conditions or in conjunction with pollution or
bacterial or viral infections.

Primary saprolegniasis had been reported by Hoshima
et al. (1960) in cultured eels without any visible prior
injury to the fish. Tiffney (1939) found that macroscopic
injury significantly increased the likelihood of fungal
infection. Richards and Pickering (1978) had shown that in
outbreaks of saprolegniasis in spawning brown trout, a
form of Saprolegnia with a low degree of homothallic
fungus appears incapable of producing sexual structures
despite prolonged incubation on a variety of media, except
to a limited degree at low temperature. This supports the
findings of Willoughby (1968), who had consistently iso-
lated a similar sterile form of Saprolegnia from lesions of
UDN.

Temperature plays a significant role in the development
of Saprolegnia infections. While infection following
trauma may occur at any temperature compatible with fish
life, most epizootics occur when the temperature is low.
Hoshima et al. (1960) pointed out that saprolegniasis of eels
ceased when the water temperature rose above 18 �C.

Clinical features of saprolegniasis are as follows:
Saprolegnia lesions are focal gray-white patches on the

skin of the fish that, when examined under water, have a
cotton- and woollike appearance where the hyphal fila-
ments extend out into the water. The early lesions are often
almost circular and grow by radial extension around the
periphery until lesions merge. At this later stage, the fungal
patches are often dark gray or brown as the mycelium traps
muds or silt. Skin and gill lesions are by far the most
frequently observed but there have been reports of infection
of internal organs. Agersborg (1933) reported intestinal
infection in fingerlings of brook trout with S. ferax, and a
similar infection with Aphanomyces spp. was reported by
Shanor and Saslow (1944).

Some of the HP features of saprolegniasis are given
below:

The fungus usually establishes itself focally, invading
the stratum spongiosum of the dermis and then extending
laterally over the epidermis, eroding it as it spreads. Rela-
tively superficial invasion of the dermis rapidly leads to
fluid imbalance and peripheral circulatory failure due to the
inability to maintain circulating blood volume.
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In hematoxylineeosin stained sections of the skin
infected with Saprolegnia, numerous hyphae are seen on
the skin surface enmeshing cellular debris and material
trapped from the water by the hyphal strands.

With regard to isolation of the fungus, a variety of
methods may be used to obtain bacteria-free colonies, all
of which involve the use of agar media. A brief account of
prophylaxis and treatment is given below.

Maintenance of fishes in good husbandry conditions is a
prerequisite. Correct feeding, avoidance of crowded con-
ditions, and maintenance of good water quality are also
essential. Should the fish develop saprolegniasis, a variety
of external disinfectants may be used. These include use of
malachite green, copper sulfate, potassium permanganate,
and formalin.

1.3.3.2 Other Fungal Diseases

Systemic Mycoses

Fijan (1969) described a condition in channel catfish in
which skin ulcers were seen that were 2e15 mm in diam-
eter and up to 5 mm deep, with no gross evidence of
inflammation. Nodules up to 25 mm in diameter were
found in association with adhesions and peritonitis, sug-
gesting both hematogenous spread and local extension.
The disease had been reproduced in the channel catfish. In
experimental fish, abscesses containing hyphae and mixed
purulent and gaseous materials were found.

Cerebral Mycetoma

Carmichael (1966) described a Phialophora-like fungus
that had caused epizootics of so-called cerebral mycetoma
in cutthroat trout. The organism was named Exophiala
salmonis, the lesion being a chronic nonsuppurative gran-
uloma with the presence of numerous giant cells in the
brain and cranial area.

Scolecobasidium Humicola Infection

Ross and Yasutake (1973) had described a systemic
mycotic infection in coho salmon held for experimental
purposes. In affected fish, an enlarged abdomen was usu-
ally seen, often together with skin lesions. Ascites, adhe-
sions, and gray areas in internal organs, especially the
kidney, were also often seen. The disease could not be
transmitted experimentally by incorporating the fungus into
normal diets, but transmission was achieved when ground
glass was added to the diet. Doty and Slater (1946)
described a species of Heterosporium that was pathogenic
to Chinook salmon.

Sphaeropsidales Infection

Phoma herbarum, a fungal plant saprophyte, had been
isolated from three species of diseased salmonids in

Washington state and Oregon (Ross et al., 1975). An earlier
outbreak in Chinook salmon was briefly described by
Wood (1968). Detailed morphology of the fungus was
described by Boerema (1970). It has branched septate hy-
phae, and young cultures on Sabouraud dextrose agar are
light buff in color, changing to light pink and then to black
with aging and the formation of pycnidia, which produce
hyaline unicellular conidia.

In outbreaks, morbidity is rarely >5%, and the disease
usually affects fry and fingerlings. When the intensity of the
disease is high, fishes are seen to swim abnormally and are
unable to maintain equilibrium. They often develop swollen
vents with hemorrhagic fin and skin lesions. Early internal
lesions are confined to the swim bladder and are small
(1e2 mm) white areas in the anterior ends of the organs;
the pneumatic duct area is probably the first affected. In
more advanced stages of infection, the lumen becomes
filled with mycelium and the epithelium of the swim
bladder becomes hyperplastic. The wall is rapidly
destroyed and adjacent internal organs are affected. There is
an extensive acute inflammatory response or a chronic
granulomatous reaction. PAS- and Giemsa-positive hyphae
are usually evident and are approximately 50e100 mm in
length and 2e3 mm in width.

Pure cultures of the organism could be obtained by
aseptically removing material from the abdominal cavity
and plating out onto Sabouraud dextrose agar. The disease
was reproduced by Ross et al. (1975), but the organism
appeared to be only weakly contagious and the condition
was found to be related to diet.

Ichthyosporidium (Ichthyophonus hoferi)

This organism was assigned to Haplosporidia and named
Ichthyosporidium gasterophilium when it was described by
Caullery and Mesnil (1905). Later, Laveran and Pettit
(1910) recognized a similar organism as a fungus and
named it Ichthyophonus hoferi after Hofer, who had first
described it as a haplosporidian affecting flounder, sea
trout, etc. Sprague and Vernick (1974) described the
appearance of the organism Ichthyosporidium under elec-
tron microscope and classified it among Microsporidia.

Its clinical features, briefly, are as follows:
The disease is a systemic granulomatosis and is found in

both freshwater and marine fishes of many species. It has
been the cause of death in a large number of Atlantic
herring in frequent epizootics along the East Coast of North
America. Outbreaks in herrings usually occur in winter and
spring, and infection is evident as a roughened skin texture
described as the “sandpaper effect” that occurs principally
on the lateroventral tail region. This effect is caused by the
loss of epithelium over proliferating dermal fungal gran-
ulomata. Further growth of the fungus causes local necrosis
and results in the formation of either abscesses or ulcers.
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In certain other species of fishes, the internal organs are
more frequently affected than the skin, and such internal
infection is evident as raised white nodules very similar to
granulomata or tuberculosis.

Its histopathology, briefly, is as follows:
Most frequently observed is the “resting stage.” The

germinating spore is frequently seen in section and consists
of a cytoplasmic elongation bounded by the inner spore
wall that herniates through the thicker outer wall. Heart,
liver, muscle, kidney, spleen, and even the brain may be
affected, and signs will obviously vary according to the
extent of the damage and the organ or organs implicated.
Host response to the parasite is variable, but a severe
granulomatous response is the usual finding with a large
number of epitheloid cells, macrophages, and occasional
giant cells. In the early stages, cells of the inflammatory
series are seen in large numbers. The granulomata usually
have a well-developed capsule of connective tissue, and
occasionally spores are found surrounded only by a capsule
of fibrous tissue.

The isolation of the fungus is briefly described below:
The organism may be cultured in Sabouraud dextrose

agar slants with 1% bovine serum added (Sindermann and
Scattergood, 1954). Growth is abundant in 7e10 days at an
optimum temperature of 10 �C.

The prophylaxis and treatment, briefly, could be as
follows:

A method of treatment of aquarium fishes using Phe-
noxethol is quoted in Reichenbach-Klinke and Elkan
(1965), but this is only thought to be effective in the early
stages of the disease.

Branchiomycosis

This disease, otherwise known as gill rot, is characterized
by areas of infarctive necrosis in the gill due to intravas-
cular growth of Branchiomyces spp. of fungi. Two species
of Branchiomyces spp. are said to be involved in the
disease.

The first record of branchiomycosis was reported by
Plehn in 1912. Carps are the most frequently affected
fishes. B. sanguinis is usually localized in the blood vessels
of the gills, and nonseptate branched hyphae have been
recorded.

Histologically, the results are hyperplasia, fusion of gill
lamellae, and areas of massive necrosis resulting from
thrombosis of vessels by fungal hyphae. Affected fish may
succumb as rapidly as two days after infection, and
morbidity of up to 50% may occur.

Schäperclaus (1954) suggested that the disease was
encouraged by waters rich in organic fertilizers, algal
blooms, and temperatures exceeding 20 �C.

There is no suggested treatment of the disease.
Prevention could only be achieved by strict hygiene,
removal of dead fish, and avoidance of overfeeding,

especially at high water temperatures. An increase in the
water supply could prove beneficial during attacks. Eradi-
cation of the disease may be attempted by draining out the
affected water followed by liming of the affected ponds.

Aphanomyces

The genus Aphanomyces belongs to the family Saproleg-
niaceae and class Oomycetes. Today, Oomycetes are not
always considered to be true fungi, but fungi-like protists.
They are now often classed alongside diatoms, brown
algae, and xanthophytes within the phylum Heterokonta as
part of the third botanical kingdom, the Chromista. They
are sometimes called Pseudofungi either as a general term
or as a formal taxon (Cavalier-Smith, 1987). Nevertheless,
some authors still regard them as “fungi.”

The pathogenic Aphanomyces piscicida had been iso-
lated from mycotic granulomatosis (MG)eaffected fish in
Japan. An Aphanomyces fungus was subsequently obtained
from red spot disease (RSD) outbreaks in Australia in 1989.
Aphanomyces sp. had also been independently isolated
from epizootic ulcerative syndrome ( EUS)eaffected fishes
in Southeast (SE) Asia.

1.3.4 Virology of Teleosts

The study of virus infections in fish has been, and in many
instances still is, a poorly developed subject. Only when
viral infections cause disease conditions in fishes that
hamper the economy, health, and nutrition of humans does
information comparable to that available for viral infections
in human beings and domesticated animals become
available.

1.3.4.1 Nature of Viruses

Viruses are very small infectious agents that multiply only
within the living cells of a host. The distinctive character-
istics of viruses are their simple structure and their mech-
anism of replication. These are briefly summarized below:

Small Size

Viruses usually range from 20 to 300 nm, while bacteria
generally range from 200 to 2000 nm. The particle size of
any one virus type is effectively constant.

Genetic Material (Genome)

This may be DNA or RNA but never both together.

Replication

Viruses cannot multiply on simple media but only within
and with the assistance of the components (e.g., ribosomes)
of living host cells. Inside the host cell, the virus genome
directs the production of new virus. Virus particles do not
grow in size, nor do they undergo binary fission.
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1.3.4.2 Viral Morphology and Structure

There is a limited range of morphological types, and these
are used as a basis for classification. However, as
the number of distinctive morphological features is small,
viruses with very different biological properties may
appear to be morphologically indistinguishable.

Structurally, a “virus particle” or a “virion” consists of a
core containing the nucleic acid surrounded by a coat
largely or wholly composed of protein. Survival under
adverse environmental conditions depends on the tough-
ness of this coat. The coat protein is antigenic and specific
for each virus type. The components of a virion, briefly, are
as follows:

Capsid: Protein coat
Capsomeres: The protein structural units of which the
capsid is composed
Core: Inner structure containing nucleic acid
Envelope: Some viruses are surrounded by a lipoprotein
envelope containing viral antigens but also partially
derived from the membranes of the host cells.

Virions show three basic types of shape or symmetry, viz.,

1. Cubic: Here, virions resemble small crystals. More pre-
cisely, the shape of the virion is icosahedral. The capsid
is constructed by assembling capsomeres according to a
rigorous geometrical pattern as in adenoviruses.

2. Helical: Here, virions are long rods, the capsomeres be-
ing arranged around a spiral of nucleic acid as in myxo-
viruses. In addition, a lipoprotein envelope of one or
more layers may surround a nucleocapsid of either
icosahedral or helical symmetry.

3. Complex: In this case, the basic geometry is not imme-
diately apparent, as in pox viruses.

Classification

As yet, no single scheme of virus classification is entirely
satisfactory. Almost all of the following characteristics are
generally used for virus classification:

1. Nature and number of strands of nucleic acid
2. Symmetry of capsid
3. Nature of capsiddnaked or enveloped
4. Number of capsomeres, diameters of capsid, and period

of helix or helical symmetry

Further, for more diagnostic characterization, the
following characters could be useful:

5. The molecular weight of the nucleic acid
6. Proportions of nucleotides in the nucleic acid
7. Number, molecular weight, and antigenicity of viral

proteins
8. Liability to chemical and physical agentsde.g., acids,

alkalis, solvents, and heat

To date, however, only a few viruses isolated from fish
have been characterized in sufficient detail to allow clas-
sification according to the scheme used for other animal
viruses. Among fish viruses, only rhabdoviruses and
channel catfish viruses are sufficiently characterized. Some
of the viruses found in fishes are briefly tabulated below:

Classification of Viruses of Teleostean Origin

Virus Replication

Interactions between viruses and host cells are not well
understood for many viral infections, even today. Exact
details vary, particularly according to the nature of the
nucleic acid of which the viral genome is composed.

The normal “productive” virus cycle forms the basis of
acute infections. It is demonstrated by inoculating a suit-
ably chosen tissue culture monolayer with sufficient virus
to ensure that cells are infected; adequate time is allowed
for the virus particles to attach to the cells; excess inoculum
is removed; nutrient medium is added; and the cultures are
incubated at an appropriate temperature.

Initially, there is a period called the “latent period”
during which infectivity remains at a low level, represent-
ing “residual inoculum.” This is followed by a period of
exponential increase in infectivity (the “rise period”), and
finally a point is reached thereafter when there is no further
increase in the yield of virus (the “plateau”). The length of

Virus name and classification Morphology Size (nm) Chemistry Replication site

IPN unknown Icosahedral 55e65 RNA, protein Cytoplasm

VHS rhabdovirus Bullet-shaped 180 � 60e70 RNA, protein, lipid Cytoplasm

IHN e 160 � 90 e e

CCV complex Herpes virus Icosahedral 175e200 DNA, protein, lipid Nucleus

Herpes virus Herpesvirus salmonis -Do- 175 DNA, protein Nucleus

Lymphocystis unknown -Do- 130e260 DNA, protein, lipid Nucleus
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these phases and the size of the final yield depend on the
virus, the cells, and the conditions of incubation.

A unique feature of viral growth is that during the early
period (the “eclipse”), the virus becomes undetectable, or at
least barely detectable, either microscopically or in terms of
infectivity. The nature of this phenomenon becomes clear
when one remembers that the essence of the virus is con-
tained in its nucleic acid, with the capsid serving merely as
protection for this genetic material between generations.
New virus is produced not by growth and division of parent
organisms, but by assembly from pools of subunits whose
synthesis is directed by the infecting genome. This time
between the end of the eclipse and the start of the rise
period is known as the “maturation phase” and indicates the
time necessary for the assembly and release of new virus.

The initial attachment of virus to host cell is not
dependent on temperature and is probably based on elec-
trostatic interactions. The subsequent engulfing of virus is
often called “viropexis,” a process similar to pinocytosis.
Infecting virus may often be seen in the cytoplasmic vac-
uoles, though the entry of membrane-bound viruses
(e.g., myxoviruses) may involve fusion of the outer layer of
the virus with the cell membrane, with only the viral core
(nucleocapsid) being released into the cell.

From this point on, events are geared to the fulfillment
of two major requirements:

1. The replication of the viral genome to give daughter
copies exactly like the original

2. The provision of viral structural proteins that will form
capsids around these daughter genomes

Viruses have in common an inherent ability to synthe-
size proteins; ribosomes and much of the other apparatus
for this process, as well as the relevant amino acids and
energy resources, must be supplied by the host. The degree
of host dependence, however, is virus-specific, with some
agents having a greater capacity than others to provide their
own enzymes and to direct autonomous metabolic activ-
ities. Those with limited capacity appear to mitigate their
deficiency by modifying host cell enzymes.

An account of the different diseases caused by viruses
in fish is briefly discussed below:

1.3.4.3 RNA Viral Diseases

Infectious Pancreatic Necrosis (IPN)

M’gonigle (1940) described a disease of salmonid finger-
lings in Canada that bears a striking resemblance to the
disease that is now called infectious pancreatic necrosis
(IPN). There was a controversy about its cause (viral or
nutritional) that was resolved when Wolf et al. (1960)
isolated a virus and demonstrated it to be the etiological
agent of the disease. IPN was first recognized in Europe by
Bellet in French hatcheries.

Morphology and Chemical Composition The IPN
virion is icosahedral, nonenveloped, and c 70 nm in
diameter. The single protein shell encloses an RNA genome
consisting of two segments of large-size class double-
stranded RNA. The virion contains three size classes of
polypeptide (large, medium, and small). Classification of
the IPN virus (IPNV) is controversial. It cannot be included
in the family of reoviruses because it contains only two
RNA segments as against 10 to 15 in other animal viruses
with double-stranded RNA genomes.

Antigenic Properties Several serotypes of the virus exist
as revealed from the neutralization tests. Of these, four have
been identified in North America and two in Europe. Strong
cross-reaction between the two American strains and the
European strains indicates considerable similarity. How-
ever, the sensitivity of the European strains to freezing
and thawing distinguishes them from the American strains.
Further, the virulence of the strains, as well as their ability
to produce cytopathogenic effect (CPE) in tissue cultures,
varies. The reference strain held in the American Type
Culture Collection (ATCC) is called VR299.

Viral Multiplication and Development Multiplication
of the virus occurs in the host cell cytoplasm, where the
virus can be observed under electron microscope (EM) as
individual particles and sometimes in crystalline arrays.

Laboratory Cultivation and Diagnosis of the Virus The
virus grows in a variety of permanent cell lines (rainbow
trout gonad (RTG-2), fat head minnow (FHM), and bluegill
fry-2 (BF-2)) and has also been reported to grow in several
other poikilothermic primary cell cultures. At temperatures
of 15e20 �C, CPE is evident from 1 to 20 days post-
inoculation depending on the size of the inoculum and
strain of the virus. The CPE starts as focal areas of necrosis
evidenced by the formation of “blisters” of detached
“stringy” foci of cells in the monolayer. Cells lose their
fusiform shape and develop a granular cytoplasm, and
complete destruction of the monolayer follows. Identifica-
tion of the virus is usually done by the neutralization
technique using pooled antiserum, but complement fixation
and fluorescent antibody tests have also been described.

Infection and Disease Infection can apparently occur at
any age in most salmonid species of fish that have not been
previously exposed to virus. In young farmed fish, this
results in the majority suffering from a persistent chronic
infection throughout their lives. The virus is demonstrable
in many organs, most notably the kidney. Clinical disease
may not necessarily follow infection. However, where it
does, it is largely restricted to first feeding fry up to
20 weeks after first feeding. Field observations suggest that
stress such as that resulting from overcrowding, poor
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environment, or bad husbandry is an important disease-
precipitating factor.

Clinical Signs and Gross Pathology Clinically acute or
chronic disease condition occurs in very young cultured
salmonids. Older fishes are affected only exceptionally.
Variations are revealed in the clinical signs of the outbreak.
Usually, the largest fry succumb first. Accumulation of an
abnormal number of such fry against exit grids is usually
the first sign observed. The affected fish are generally
darker in color and display a characteristic spiral type of
swimming behavior associated with nervous signs, exoph-
thalmos, and abdominal distension.

Histopathology The only consistent histopathological
(HP) feature of this disease is the focal or generalized
destruction of exocrine pancreatic acinar tissue. The
necrotic changes involve rupture of infected cells with
release of zymogen granules. The EM shows membrane-
bound areas of assembly of virus. Kidney and liver have
been reported as occasionally developing necrotic foci.
Microscopic lesions have been consistently reported to be
found in the intestine.

Mortality Pattern and Antibody The mortality pattern
depends partly on husbandry, age, and environmental fac-
tors, and partly on the serotype of the virus strain involved.
A significant proportion of the fish surviving an acute
outbreak could slowly develop degeneration-fibrosis
changes in the pancreas that result in poor growth
performance.

A neutralizing antibody is elicited in surviving fish, but
virus could still be detected, indicating multiplication in
sites protected from humoral antibody and presumably cell-
mediated immune mechanism. IPNV has been reported to
induce interferon production in FHM cells, but no reports
of in vitro interferon production in fish are recorded.

Geographical Distribution and Host Range The virus
has been isolated from North America, Europe, and
Japan. It has been demonstrated from many species of
salmonid fishde.g., brook trout, rainbow trout, brown
trout, cutthroat trout, Arctic char, Atlantic salmon, and coho
salmon.

Transmission Transmission of IPN could occur vertically,
with the virus inside the egg, could occur horizontally via
the water, or via fish consuming other moribund fish. The
resistance of the virus to the low pH of the stomach
probably aids infection via oral route. Nevertheless, the
most important reservoir of infection is the infected fish.
Piscivorous birds may act as mechanical vectors, although
their significance in the epizootiology of the disease is
doubtful.

Control There is no means of treating the infected fish to
eliminate virus or alleviate the severity of the disease.
Avoidance is the only effective control measure. This re-
quires that water supplies are free of infected fish and that
all eggs and fish introduced to such waters are similarly free
from IPNV. Eradication of virus from infected farms has
been successful when all infected or presumed infected fish
are slaughtered and holding facilities adequately dis-
infected, provided that a wild fish source was not present to
cause reinfection.

Viral Hemorrhagic Septicemia (VHS)
(Egtved Disease)

This disease is said to have been first detected in rainbow
trout in 1949 in a village called Egtved in Denmark.
However, conclusive evidence regarding its viral etiology
was first given by Jensen (1963) by isolating the virus for
the first time. The name “Viral Hemorrhagic Septicemia”
was recommended by the Office d’Epizootie (OIE) in 1966
in view of confusion over its nomenclature in various
countries.

Morphology and Chemical Composition This virus
displays typical rhabdovirus morphology, the bullet-shaped
particles measuring 180 � 60e70 nm with one end
rounded and the other flat. The virion has a central hollow
axis surrounded by a spiral core. In turn, it is surrounded by
a lipoprotein envelope. The viral genome is composed of a
single-stranded RNA.

Antigenic Properties Neutralization tests distinguish only
two serotypes of VHS virus. The reference strain is called
F1. There is said to be no difference in pathogenicity be-
tween the two serotypes (Vestergaard-Jfrgensen, 1974).

Viral Multiplication and Development Virus matures at
the cell surface, budding off from the cell membrane.
Cytoplasmic inclusion bodies can be observed, consisting
of helices that may represent viral nucleoprotein. Viral
antigens could only be detected in the cytoplasm, indicating
this to be the site of virus replication.

Laboratory Culture and Diagnosis The virus grows in
both the RTG-2 and FHM cell lines. In RTG-2 infected
cultures, the cells swell and become spherical and granular
before detaching from the glass. Virus infection of tissue
culture cells and subsequent CPE occurs only within a
narrow pH range of 7.6e7.8. The virus develops at a
temperature range of 6e18 �C, the optimum being 14 �C,
where CPE may occur within 48e72 h. The virus is
usually identified by the neutralization technique. How-
ever, the fluorescent antibody technique has also been
described.
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Infection and Disease Infection of previously nonin-
fected rainbow trout results in acute disease within
7e15 days under experimental conditions. However,
infection may occur up to one year later in the case of a
whole population exposed to virus. “Temperature effect” is
generally attributed as the cause of delay in the clinical
appearance of the disease. The outbreaks usually occur
below 15 �C. This indicates that in trouts, this disease is
quite common during winter and ceases to occur as the
temperature rises toward summer. The virus could be
detected in trouts that are about to suffer, in those that
reveal clinical symptoms, or in those just recovering.

Clinical Signs and Gross Pathology The clinical devel-
opment of an outbreak in a previously disease-free pop-
ulation of rainbow trout usually follows a triphasic pattern
(Ghittino, 1965). The first phase is characterized by high
mortality, with affected fish becoming dark and lethargic,
and showing hemorrhages at the base of the fins and in the
gills. The second phase is one of chronic disease, where
the predominant features are very black coloration of the
fish body and anemia. The gills become very pale with
exophthalmos as a common feature. The third phase is
associated with the cessation of mortality, but affected
fish display nervous signs manifested by a looping
swimming behavior. There is also swelling and discolor-
ation of the kidney. Virus is not generally isolated at this
phase.

Histopathology Microscopic features are those of an
endotheliotropic virus disease. Hemorrhages may be found
in any tissue but could obviously be more frequent in
highly vascular tissues and are associated with hemopoietic
necrosis. The anemia of the chronic disease results in heavy
deposition of hemosiderin in the melanomacrophage areas.

The VHS virus is apparently only weakly antigenic in
trouts, and recovered fish often show no detectable humoral
antibody response. In trouts, the virus is said to invoke an
interferon response that protects passively immunized fish
from VHS infection and also protects tissue cultures from
infection with IPNV.

Geographical Distribution and Host Range The virus
has been isolated from disease outbreaks in various coun-
tries like Denmark, Germany, France, Italy, Switzerland,
and Scandinavia, but it has perhaps never been isolated
from the British Isles. It is also said to be unknown in the
Americans continent and the Far East.

Transmission Carriers are said to be significant reservoir
of infection as extensive circumstantial evidence suggests a
persistent latent infection. Eggs from infected fish are said
to initially carry the virus on their surface, but the virus is
lost after several days of incubation in running water. Water

thus could act as a “mechanical vector” because of signif-
icant maintenance of infectivity by virus in water.

Control There is said to be no means as yet of treating
infected fish to remove the virus or alleviate the severity of
the disease. The only effective control measure is perhaps
to ensure that water supplies are free of virus and that all
fish and eggs introduced are free from VHS virus. Eradi-
cation of virus from infected trout farms could be suc-
cessful only when all the infected fishes are slaughtered, the
water bodies are disinfected, and other quality control
measures are adopted.

Infectious Hemopoietic Necrosis (IHN)

A disease causing serious losses in sockeye salmon was
shown by Rucker et al. (1953) to have a viral etiology.
Similarly, a disease of Chinook salmon had recurred from
when hatcheries on the Sacramento River were first
established in 1941. This was shown by Ross et al. (1960)
to also have a viral etiology. Although clinically and
pathologically similar, the cross-infectivity between the two
viruses was low, and the two were considered to be
different until 1967. Then another virus, similar in many
respects but low in cross-species infectivity, was isolated
from rainbow trout (Amend et al., 1969). Subsequent in-
vestigations (Amend and Chambers, 1970) have shown that
the three viruses are morphologically and biochemically
similar. However, each has a specificity for the species
from which it was isolated. All three are now considered
strains of one virus type. However, in deference to its pa-
thology, it is called infectious hematopoietic necrosis (IHN)
virus.

Morphology and Chemical Composition The virus
shows rhabdovirus morphology, appearing as a bullet-
shaped particle measuring c 160 � 95 nm with one end
rounded and the other end flat. The virion has an axial pore
20 nm in diameter, a core 60 nm in diameter, and an outer
lipoprotein coat 15 nm thick with fine spicules showing on
the surface. The viral genome is composed of single-
stranded RNA.

Antigenic Properties No antigenic difference has been
detected by serological methods between any of the viruses
isolated from the three species of fish.

Viral Multiplication and Development The virus
apparently matures at the cell surface budding from the
plasma membrane. Assembly occurs in the cytoplasm.

Laboratory Culture and Diagnosis The virus replicates
and causes CPE in Chinook and sockeye salmon, steelhead
trout, and FHM cell cultures. Most but not all isolates grow
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and produce a characteristic CPE in RTG-2 cells, which
round up and form clusters. Growth occurs over the range
4e18 �C, the optimum temperature being 12e15 �C. The
IHN virus is usually identified in tissue culture by serum
neutralization test.

Infection and Disease Infection occurs in previously
noninfected fish and results in a persistent infection when
the virus is normally latent and undetectable, but is isolable
from sexually mature fish, particularly postspawning. Dis-
ease could occur whenever water temperatures are suitable
and the virus is present.

Clinical Signs and Gross Pathology The clinical features
include lethargy and sporadic hyperactivity, dark colora-
tion, exophthalmos, anemia, abdominal distension, and
hemorrhages at the base of fins.

Histopathology (HP) The main HP feature of this disease
is focal hemorrhage and degeneration of all cell types in the
hemopoietic tissue. The early cytological changes, charac-
terized by swelling and nuclear pyknosis, are soon over-
taken by necrosis and dissolution of wide areas of
hemopoietic tissue. In addition, the eosinophilic granule
cells (EGC) of the submucosa of the intestine are destroyed.

Geographical Distribution and Host Range The virus is
endemic in wild salmonid fishes of the Pacific Coast of
North America. Disease in hatcheries is common and
Williams and Amend (1976) showed that it could cause
epizootics in wild sockeye salmon. The disease has been
found to occur in Chinook and sockeye salmon and in
rainbow trout. Coho salmon has been reported to be
resistant to this disease. They are said to act as natural
reservoirs of infection.

Transmission This virus could be transmitted by direct
contact via water from infected fish and by feeding infected
carcasses.

Control There is perhaps no method of eliminating virus
from infected or diseased fish. Acute disease in infected
stock could be prevented by elevating the water tempera-
ture above 15 �C, but the infection persists and may occur
as soon as the water temperature drops. The only effective
measure could be to keep the stocks free of virus and to
ensure that water supplies are not contaminated.

Spring Viremia of Carp (SVC)

The etiology of the disease complex of carp known as in-
fectious dropsy has been the subject of considerable dispute
for many years. The first rationalization of the confused
clinical picture was achieved when Fijan et al. (1971) had

isolated a virus. Fijan subsequently separated the dropsical
syndrome, as he (Fijan, 1972) recognized it, into (1) spring
viremia of carp (SVC), a condition caused by the virus
Rhabdovirus carpio, and (2) CE, a condition said to be of
putative bacterial origin.

Pike Fry Virus Disease

A new rhabdovirus was isolated by Kinkelin et al. (1973)
from an outbreak of disease in juvenile northern pike in the
Netherlands. Infection experiments (Bootsma et al., 1975)
have shown that this virus is the agent of the condition
known as hydrocephalus or red disease (Bootsma, 1971).

1.3.4.4 DNA Viral Diseases

Channel Catfish Virus (CCV) Disease

This virus was isolated by Fijan (1968) and found to be a
herpes virus (Wolf and Darlington, 1971).

Morphology, Chemical Composition, and Develop-
ment of the Virus This virus is c 175e200 nm in diam-
eter overall, but inside an outer lipoprotein envelope there
is a symmetrical icosahedral structure of c 100 nm made up
of 162 capsomeres. The genome is composed of DNA. The
virus is produced in the cell nucleus and enveloped as it
passes through the nuclear and cytoplasmic membranes.

Laboratory Culture and Diagnosis This virus grows well
in the brown bullhead (BB) cell line at 29 �C, giving rise to
syncytia. Plaques are formed when CCV-infected BB
monolayers are overlaid with agar. The virus is character-
ized by serum neutralization.

Infection and Disease The disease occurs in fry and
fingerlings during the summer months when water tem-
peratures rise to 25e30 �C. Fishes who survive the disease
are suspected of harboring a persistent latent infection.

Clinical Signs and Gross Pathology Clinical signs
include loss of equilibrium, spiral swimming movements,
and hanging vertically in the water. The main gross path-
ological features are hemorrhages of gills, skin, and internal
organs, as well as abdominal distension.

Histopathology The lesions appear to begin in the pos-
terior kidney with an increase in the number of lymphoid
cells, and proximal renal tubular necrosis. Extensive ne-
crosis of the renal hemopoietic tissue also occurs, and EM
study has shown that there are a large number of viruses
within the renal cells (Wolf et al., 1972). Subsequently,
focal necrotic lesions develop in the liver, spleen, and
digestive tract. The pancreatic acinar cells generally remain
unaffected, quite in contrast to almost all other generalized
fish viral diseases (Plumb and Gaines, 1975).
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Both artificially and naturally infected adult catfish
produce neutralizing antibodies, the former within
10e15 days of infection (Plumb, 1973). However, virus
may not be detected subsequently.

Geographical Distribution and Affected Species This
virus has been reported only in the southern United States
in the cultivated channel catfish. Many ictalurids may be
reservoirs of infection in view of the ready growth of the
virus in a continuous cell line (BB) of another ictalurid fish.

Transmission The virus is shed by diseased fish. Persistent
infection, though suspected, is yet to be proven. Diseased
fish, those surviving disease, and those suspected to have
been in contact with the virus are the major vectors of
spread, but the portal of entry is unknown.

Control There is yet no means of treating infected fish.
As such, control by avoidance is perhaps the only possible
control measure. Eggs should be derived from brood fish
free of virus, as the disease principally occurs in the young
fish. Further, virus-free water should be used for growing
beyond the fingerling stage.

Lymphocystis Disease

This viral disease results in chronic verrucose skin lesions
and occurs in many species of wild and cultured marine
and FW fishes. Lowe (1874) made the earliest record of the
condition in flounders.

Wessenberg (1914), on the basis of transmission
studies, was the first to postulate that the cause was a virus.
However, it was Walker (1962) who had described the
virus under EM, followed by its isolation by Wolf in 1966
when its viral etiology was confirmed beyond any dispute.

Morphology and Chemical Structure The virion is
hexagonal in outline with no recognizable capsomeres.
However, its form had been described as icosahedral.
Depending on the host, the size of the virus differs, varying
from 130 to 260 nm. The nucleoid core is a tangled mass of
DNA threads, and there is a recognizable capsid. It is likely
that there could be a lipid component, as lipid solvents
rapidly destroy infectivity. No information is available on
antigenic variation between lymphocystis disease virus
isolates.

Diseases of Putative Viral Etiology

Papillomatosis (Cauliflower Disease of Eels) This dis-
ease was first described in 1910 among eels from the Baltic
coast. Subsequently, it had been reported elsewhere in the
Baltic, around Denmark, and in the coastal waters of
Holland and Belgium where the incidence had increased
dramatically over the last few decades. A virus of

polyhedral symmetry with 52e56 nm diameter had been
isolated from the blood of affected eels by Pfitzner (1969).
Later, Koops et al. (1970) had isolated it in RTG-2 and
FHM cells. It had been reported to be thermolabile and is
generally known to lose infectivity rapidly in water. It is
believed to replicate in the nucleus, and is therefore
regarded as a DNA virus.

Carp Pox It was described as a disease among the culti-
vated carps about 400 years ago, but its probable viral
etiology was demonstrated around 1952 (Schubert, 1966).
Further, the suspected virus had not been isolated. How-
ever, electron micrographs show areas of chromatin within
the nucleus, but differ from the nucleolus in which a viral-
like genome is apparently assembled and bound in a single-
layered protein-like coat. The virion becomes membrane-
bound as it passes out of the nucleus into the cytoplasm.
This process of replication and the general morphology and
size of the particle suggests that carp pox virus belongs to
the herpes virus group.

Piscine Erythrocytic Necrosis (PEN) Erythrocytic in-
clusions in poikilothermic vertebrates observed under light
microscope had originally been believed to be protozoan
parasitic infections. Subsequent EM studies had displayed
that some of these inclusions are viral (Johnston and
Davies, 1973).

Cytoplasmic inclusions of infected cod erythrocytes are
made up of icosahedral particles adjacent to a viroplasm (a
DNA center where viral components are synthesized and
assembled). The viroplasm is a granular-fibrillar spheroid
that may contain other structures. The virion (average
diameter 330 nm) has a well-defined outer envelope and a
wrinkled inner envelope enclosing an electron-dense core
230 nm in diameter. At present, PEN is classified loosely as
an icosahedral cytoplasmic deoxyribonucleic acid virus.

There is no direct evidence that cod PEN virus causes
disease. Heavily affected fish appear quite normal. Only
mature erythrocytes are affected, and as the infection pro-
gresses, the proportion of infected erythrocytes rises as high
as 99%. Herring PEN virus infects both immature and
mature erythrocytes, causing degeneration of the cell, the
largest inclusions being found in the youngest erythrocytes.
There is little information available on the transmission of
PEN virus.

Pandey et al. (2012) (Sharma, M., Shrivastav, A.B.
Sahni, Y.P., Pandey, G., 2012. Overviews of the treatment
and control of common fish diseases. International
Research Journal of Pharmacy, 3 (7), 123e127) gave a
vivid overview of the treatment and control of common fish
diseases. They had stated that a fish suffers from different
kinds of diseases like other animals. Diseases kill fishes
including the juveniles. Fish pathogens could include bac-
teria, fungi, viruses, protozoans, water molds, and so on.
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Fishes are also exposed to different kinds of pollutants in
water. Some of the common diseases among FW fishes are
columnaries, gill disease, ich, dropsy, tail and fin rot,
popeye, cloudy eye, swim bladder disease, lice and nema-
tode infestations, water quality-induced diseases, leech-
induced ailments, etc. Antibiotics are frequently used to
control bacterial fish diseases. This could result, however,
in the formation of antibiotic-resistant strains among the
bacteria. Concomitantly, nonspecific immune functions
such as bacteriolytic activity and leucocytes’ functions in
fish could be improved by some herbs. In fact, medicinal
plants have been in use since time immemorial to regulate
different kinds of diseases such as bacterial and fungal
among fishes.

1.4 EPIZOOTIC ULCERATIVE
SYNDROME (EUS)

1.4.1 Background of EUS

1.4.1.1 Introduction

Disease, per se, is not an entity of an end in itself. Disease is
the end result of an interaction between a noxious stimulus
and biological system. In fact, it is necessary to understand
all aspects of the biology of the species in order to
understand a disease. The interdisciplinary approach,
which has been currently characterizing so many branches
of scientific research, is also in evidence in the field of
diseases of fish.

Mawdesley-Thomas (1972).

Fishes are poikilothermic aquatic animals. Their exis-
tence and performance are regulated by the quality of the
environment in which they live. As such, the success of fish
rearing in both culture and natural water bodies depends on
their quality and management as well as an understanding
of the biology of fishes. The conditions in large water
bodies such as seas and oceans are usually said to be quite
stable and uniform. Conversely, the conditions in smaller
bodies of waterdfor example, the hatchery ponds and aquaria
in which the fishes are generally raised artificiallydare
generally influenced by a variety of conditions. However, all
species of fishes perform the best under certain optimal con-
ditions. The amplitude of such conditions is usually quite
narrow. Understanding the relationships among the fishes,
their environments, the pathogens, and the parasites is a
prerequisite to achieving success in pisciculture, and is also
the basis for rational management.

Severe outbreaks of disease may result from the intro-
duction of parasites, pathogens, malnutrition, chemical and
physical alterations of the water, the genetic makeup of the
fish, and the interrelationships of any or all these factors.
This could be presented graphically as a set of circles
representing the fishes, pathogens, or parasites, and the

environment. If the circles intersect, the conditions are
favorable for an outbreak of disease. This relationship
could also be expressed in the form of an equation as
follows:

Hþ Pþ S2 ¼ D

where H represents the “Host”; P the “Pathogen”; S the
“Stress” caused by the environment; and D the resulting
“Disease.”

1.4.1.2 Interaction between Disease and
Environment

It may be noted here that the stress caused by changes in the
environment may increase very rapidly after the acceptable
range for a particular species of fish is exceeded. As such,
the effect of such a stress could be expressed as a quantity
that increases exponentially, while the concomitant changes
in the environment could be represented arithmeticallyd
for example, temperature by degrees; dissolved oxygen
(DO) by mg/L, and so on. The stress created by such
changes and the resulting mortalities are likely to increase
geometrically or logarithmically.

Notwithstanding the above, intensive culture of aquatic
organisms often encounters disease problems that pose a
major threat to the aquaculture industry.

Interest in fish farming continues to grow throughout SE
Asia, where extensive areas potentially suitable for aqua-
culture remain unexplored. On the other hand, intensive
fish culture calls for high stocking densities, nutritious
supplementary feeds, control of water quality and system-
atic management. Though there has been a growing interest
in polyculture (simultaneous culture of several noncom-
petitive ichthyospecies), monoculture is also a common
practice. As such, a high concentration of a single species
encourages the spread of infection and infestation. Perfor-
mance among nations for relatively few attractive species
has stimulated international trade in fish seed with the
concomitant hazard of spreading infectious diseases.

Fish forms a dependable source of animal protein for
people of developing countries such as India, Bangladesh,
Sri Lanka, and other countries in South and SE Asia. Large-
scale fish mortality often occurs due to environmental stress
followed by parasitic afflictions. Fungi, bacteria, and
certain viruses are often found to be associated with such
diseases, which often become epizootic and epidemic,
resulting in cutaneous ulcers followed by hemorrhagic
inflamed areas. Under such conditions, large-scale mortal-
ity occurs among the fishes, causing a tremendous amount
of loss to the nation.

Cutaneous ulcerative diseases, often involving a num-
ber of pathogens, are a common problem in wild and
cultured fish. For the last two decades, a group of epizootic
syndromes, all involving a severe ulcerative mycosis, have
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been reported from Australia (Rodgers and Burke, 1981),
the southeastern United States (Noga and Dykstra, 1986),
and Asia, stretching from the Philippines (Reantaso, 1990)
in the East to India (Kar and Dey, 1988a,b,c,d,
1990a,b,c,1989; Kar, 2013; Das et al., 1990) in the West.

In addition to the above, it could be said that for over
25 years, outbreaks of an ulcerative disease characterized
histologically by mycotic granulomas have affected fresh-
water and estuarine fishes over much of Asia and Australia.
The disease has been given various names, but is most
commonly known as mycotic granulomatosis (MG) in
Japan, red spot disease (RSD) in Australia and epizootic
ulcerative syndrome (EUS) in SE and South Asia. MG,
RSD, and EUS have in the past been described separately
as distinct conditions. However, recent studies of some
workers have shown that the same pathogenic Aphano-
myces fungus is involved in each case, although there are
other workers who subscribe to its primary viral etiology.
However, it is now apparent that an account of the history
of EUS would remain incomplete without consideration of
outbreaks in Japan and Australia.

An account of each of the three epidemic conditions is
given below:

Mycotic Granulomatosis (MG)

The first report of an EUS-like condition came in the
summer of 1971 in farmed ayu (Plecoglossus altivelis) in
Oita Prefecture, Japan (Egusa and Masuda, 1971). The
characteristic lesion, a granulomatous response to invasive
hyphae, was described and the disease was named mycotic
granulomatosis (MG) (Miyazaki and Egusa, 1972). It had
rapidly spread to several other prefectures and had affected
various fish species, predominantly the cultured ayu and the
goldfish (Carassius carassius auratus), the Formosan
snakehead (Channa maculate), and the gray mullet (Mugil
cephalus) (Miyazaki and Egusa, 1972). However, the
common carp (Cyprinus carpio) was not affected. Hatai
et al. (1977) had isolated the invasive oomycete fungus
from the affected fish and subsequently called it Aphano-
myces piscicida (Hatai, 1980). Aphanomyces piscicida is
now known to be conspecific with the EUS pathogen
Aphanomyces invadens (Lilley et al., 1997a). Serious MG
epidemics had not been reported in Japan since 1973.
However, outbreaks of various dimensions (not serious
though) have been occurring time and again. Recently,
Hatai et al. (1994) have reported a similar disease in imports
of ornamental dwarf gourami (Colisa lalia) from Singapore.
Fungus belonging to genus Aphanomyces also have been
isolated from such consignments (Lilley et al., 1997b).

Red Spot Disease (RSD)

In 1972, outbreaks of a cutaneous ulcerative condition
called red spot disease (RSD) affected estuarine fishes,

particularly the gray mullet (M. cephalus), in Queensland,
Australia (McKenzie and Hall, 1976). The disease later
progressed to affect the FW and estuarine fishes in coastal
rivers in New South Wales (NSW) (Callinan et al., 1989),
Northern Territory (Pearce, 1990), and Western Australia
(Callinan, 1994a).

A fungus of the genus Aphanomyces was isolated from
diseased fish by Fraser et al. (1992) and was shown to
reproduce the disease in fish using bath challenges, but only
when the skin of the experimental fish was artificially
abraded (Callinan, 1994b). Therefore, certain other factors
were considered to be involved in the disease outbreak
process. Later, Virgona (1992) showed that RSD outbreaks
in the estuarine fish in the Clarence River, NSW were
associated with lower catchment rainfall. Subsequently,
Callinan et al. (1995a) related this to runoff from acid
sulfate soils. Ultrastructural examination of fish gills and
skin showed that the low pH and increased concentrations
of monomeric aluminum (which are indications of estuarine
acidifications) might induce significant lesion formation in
fishes (Sammut et al., 1996). However, in aquarium trials,
RSD was subsequently induced in fishes exposed to
Aphanomyces spores sublethally to artificially acidified
water at a pH value of both 3 and 5, as well as at low
concentrations of monomeric aluminum (Callinan et al.,
1996; Callinan, 1997). As with Aphanomyces piscicida, the
pathogenic RSD-Aphanomyces has been shown to be the
same species as the EUS pathogen Aphanomyces invadans
(Callinan et al., 1995a; Lilley et al., 1997a,b).

Epizootic Ulcerative Syndrome (EUS)

The origin of EUS could be said to be a matter of contro-
versy and speculation.

Following reports of outbreak of MG in Japan during
the 1970s, EUS was reported in Australia and in SE and
South Asia during subsequent decades (OIE, 1997).

Having considered the mycotic genus Aphanomyces as
the root cause of the initiation of EUS, the question arises,
where did the fungus originate? Probably in a tropical or
subtropical region in South America. Africa could be the
other main possibility. But the fact that the African catfish,
which is widely farmed in Asia, is highly susceptible to
EUS, suggests that EUS most probably did not originate
from Africa.

Nevertheless, Aphanomyces fungus probably had
entered Australia through the import of ornamental aquar-
ium fishes. There is bulk movement of ornamental and
cultured fish around the Australian region in connection
with the ornamental fish trade.

Notwithstanding the above, pathogens belonging to all
three groups, viz. bacteria, fungus, and virus, have been
found to be involved in the pathogenesis of EUS. However,
the exact etiology primarily responsible for the initiation of
EUS has not yet been correctly determined.
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Chapter 2

Origin of the Epizootic Ulcerative
Syndrome Problem

There have been widespread outbreaks of a hitherto unknown
enigmatic and virulent fish disease of epidemic dimensions,
leading to large-scale mortality among freshwater fishes in a
big portion of the globe since 1972 and rendering many spe-
cies endangered. Along with various other names, this disease
has been termed “epizootic ulcerative syndrome” or “EUS.”

2.1 DISTRIBUTION

Following the report of mycotic granulomatosis (MG) in
Japan sometime around 1972, the earliest reports of EUS
outbreak date to Australia during 1972 and Papua New
Guinea during 1974; from there, EUS swept unabated in an
almost chronological manner through most SE and South
Asian countries. The progression by country was Indonesia
(1980), Malaysia (1979e83), Thailand (1985), Kampuchea
and Lao PDR (1984), Myanmar (1984e85), Sri Lanka
(1987), and Bangladesh (March 1988), until EUS reached
India through the Barak Valley region of Assam during July
1988. It has been sweeping the region even today, causing
large-scale mortality among freshwater fishes. A similar
disease has been reported in the eastern United States.

2.2 ORIGIN OF THE PROBLEM

The origin of EUS could be said to be a matter of contro-
versy and speculation.

Following the reported outbreak of MG in Japan during
the 1970s, EUS was reported in Australia as well as in SE
and South Asia during subsequent decades.

Having quite widely considered the mycotic genus
Aphanomyces the root cause of EUS initiation, the question
arises, where did the fungus originate? Probably in a tropical
or subtropical region in South America. Africa could be the
other main possibility. The African catfish living in Africa
was not found to be affected by EUS, but the same fish,
when farmed in Asia on a large scale, was found to be
affected by EUS. This suggests that EUS most probably did
not originate from Africa. Nevertheless, the Aphanomyces
fungus probably entered Australia through the import of
ornamental aquarium fishes. There is bulk movement of
ornamental and cultured fishes around the Australian region
in connection with the ornamental fish trade.

Notwithstanding the above, the story of EUS has an
interesting parallel in Europe. It seemed that apparently
healthy American crayfish were introduced to some water-
ways in Europe during the second half of the nineteenth
century. A fungus, probably a different species of Aphano-
myces thanA. invadens,was brought in alongwith the crayfish
consignment and exerted devastating impact, progressively
wiping out the freshwater crayfish from Continental Europe.
Then it spread to Great Britain and Ireland, followed by
Turkey. The destruction had continued (Lehane, 1996).

2.3 CHRONOLOGY, STATUS, AND
MAJOR OUTBREAKS IN THE WORLD

An outbreak can be defined as a short-term epidemic or a
series of disease events clustered in space and time. Such
disease events are usually new cases of a disease occurring
at a higher frequency than normally expected. Throughout
this section, the terms outbreak and epidemic are used more
or less interchangeably.

An outbreak investigation is a systematic procedure to
help identify causes and sources of epidemics, with a view to
controlling the existing epidemic and preventing future ones.
Usually, the primary objective of an epidemic or disease
outbreak investigation is to identify ways of preventing
further transmission of the disease-causing agent.

“Outbreaks” are often referred to as being either “common
source” (cases resulting from exposure to a common source,
as in intoxications) or “propagated source” (animal-to-animal
transmission, as in most infectious diseases). In some EUS
outbreaks, it is conceivable that both types of sources could be
involveddthe initial cases resulting from exposure to a
common source (such as contaminated water or equipment)
and the secondary cases resulting from fish-to-fish spread.

Notwithstanding the above, the duration of an outbreak
is influenced by:

1. The number of susceptible animals exposed to a source
of infection that become infected

2. The period of time over which susceptible animals are
exposed to the source of infection

3. The minimum and maximum incubation periods of the
disease

Epizootic Ulcerative Fish Disease Syndrome. http://dx.doi.org/10.1016/B978-0-12-802504-8.00002-X
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2.3.1 History of the Spread: International
and National Status and Major Outbreaks
in the World

Outbreaks of an ulcerative disease, characterized histolog-
ically by mycotic granulomas, have affected freshwater and
estuarine fishes over much of Asia and Australia since
>40 years. The disease had been given various names, but
is said to be most commonly known as mycotic gran-
ulomatosis (MG) in Japan, red spot disease (RSD) in
Australia, and epizootic ulcerative syndrome (EUS) in
SE and South Asia. MG, RSD, and EUS had in the past
been described separately as distinct conditions. However,
recent studies had revealed that the same pathogenic
Aphanomyces fungus is generally involved in each case. It
is therefore now apparent that an account of the history of
EUS would be incomplete without taking into account the
outbreaks in Japan and in Australia.

2.3.1.1 Mycotic Granulomatosis

The first report of an EUS-like condition had appeared
during the summer of 1971 among farmed ayu (Pleco-
glossus altivelis) in Oita Prefecture, Japan (Egusa and
Masuda, 1971). The characteristic lesion with a granulo-
matous response to invasive hyphae had been described,
and the disease was named mycotic granulomatosis
(Miyazaki and Egusa, 1972). It had fast spread to several
other prefectures and affected various species of fishes,
predominantly cultured ayu and goldfish (Carassius
carassius auratus), wild Formosan snakehead (Channa
maculata), crucian carp (Carassius auratus), bluegill
(Lepomis macrochirus), and gray mullet (Mugil cephalus)
(Miyazaki and Egusa, 1972, 1973a,b,c). Importantly,
common carp (Cyprinus carpio) were not affected. Hatai
et al. (1977a,b) isolated the invasive oomycete fungus from
affected fish and subsequently called it Aphanomyces pis-
cicida (Hatai, 1980a,b). A. piscicida is now known to be
conspecific with the EUS pathogen Aphanomyces invadans
(Lilley et al., 1997a,b). Although serious MG epizootics
had not been reported in Japan since 1973, outbreaks had
continued to occur periodically. Subsequently, Hatai et al.
(1994) had reported a similar disease in imports of orna-
mental dwarf gourami (Colisa lalia) from Singapore. The
involvement of the same Aphanomyces pathogen was again
found (Lilley et al., 1997a).

2.3.1.2 Red Spot Disease

Outbreaks of the cutaneous ulcerative condition RSD,
affecting estuarine fish and particularly the gray mullet
(M. cephalus), in Queensland, Australia (McKenzie and
Hall, 1976) was recorded in 1972. The disease had subse-
quently progressed to affect freshwater and estuarine fishes
in coastal rivers in New South Wales (Callinan et al., 1989),

the Northern Territory (Pearce, 1990), andWestern Australia
(Callinan, 1994a). An Aphanomyces fungus was recovered
from diseased fish by Fraser et al. (1992) and had been shown
to reproduce the disease in fish using bath challenges, but
only when the skin of experimental fish was artificially
abraded (Callinan, 1994b). Therefore, some other factors
were believed to be involved in the disease process. Virgona
(1992) had shown that RSD outbreaks in estuarine fish in the
Clarence River, New South Wales were associated with
lower catchment rainfall. Callinan et al. (1995b) related this
to runoff from acid sulfate soils. In fact, ultrastructural ex-
amination of fish gills and skin showed that the low pH and
elevated concentrations of monomeric aluminum, which is
said to be representative of estuarine acidification, had
induced significant lesions in the fish (Sammut et al., 1996).
In aquarium trials, RSD was subsequently induced in fish
exposed sublethally to artificially acidified water (at both pH
3 and 5) and pathogenic Aphanomyces spores, even at low
concentrations of monomeric aluminum (Callinan et al.,
1996; Callinan, 1997). As with A. piscicida, the pathogenic
RSD-Aphanomyces had been believed to be the same
organism as the EUS pathogen A. invadans (Callinan et al.,
1995b; Lilley et al., 1997a,b).

2.3.1.3 Epizootic Ulcerative Syndrome

Concomitant to the above, following the outbreaks of MG
and RSD there had been a progressive spread westward
across Asia of a syndrome associated with dermal ulcera-
tion that was causing large-scale mortalities among a large
number of freshwater and estuarine fish species. The syn-
drome was given its present name, epizootic ulcerative
syndrome (EUS), in 1986 at the Consultation of Experts on
Ulcerative Fish Diseases in Bangkok (FAO, 1986). Out-
breaks of EUS had been reported from 18 countries of the
AsiaePacific region, although not all may be positively
confirmed as EUS according to various national and
international guidelines.

The chronology of EUS outlined briefly above is dis-
cussed below in more detail:

Papua New Guinea

Concomitant to the above, an ulcerative disease outbreak
believed to be EUS had occurred in the rivers of southern
Papua New Guinea (Haines, 1983) during 1975e76. In
1982e83, there were high mortalities among the gudgeons
(Ophieleotris aporos and Oxyeleotris heterodon) from
inland areas and among the mullets from estuaries in
northern Papua New Guinea (Coates et al., 1989). Intro-
duced tilapia (Oreochromis mossambicus) had proved to be
resistant, although they are said to be quite common in
these areas. The preserved affected fish were later examined
by Roberts et al. (1986) and the disease had been confirmed
as pathologically identical to EUS.
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Indonesia

Following the above episodes of fish disease, outbreaks of
an epizootic hemorrhagic condition had occurred in Java,
Indonesia during 1980 that affected primarily cultured
cyprinid and clariid fish, although it was not well con-
firmed whether this was EUS or not (Roberts et al., 1986).
Following this, typically ulcerated snakeheads and catfish
had subsequently been reported in the Indonesian states of
Sumatra, Sulawesi, and Kalimantan (Widagdo, 1990).
Invasive hyphae had also been identified from the sand
gobies (Oxyeleotris marmoratus) from eastern Kalimantan
(Rukyani, 1994; D. Bastiawan, possibly unpublished).

Singapore

Roberts et al. (1986) had discussed unconfirmed accounts of
ulcerated walking catfish (Clarias batrachus) in Singapore
in 1977 and of subsequent occurrences thereafter. It may be
noted here that there had been no records of colossal losses
of fish in the aquaculture industry due to EUS, despite the
fact that Singapore is said to enjoy the status as a center of
trade in EUS-susceptible ornamental fishes.

Malaysia

The first reported typical EUS outbreaks in Malaysia had
been recorded in December 1980 in rice-field fishes in
northern Malaysia (Jothy, 1981), although there were re-
ports of high mortality rates in fish in southern peninsular
Malaysia in 1979 (Shariff and Law, 1980; described by
Roberts et al., 1986). These had recurred almost regularly
and annually ever since, albeit to a lesser extent (Shariff
and Saidin, 1994). Major species affected were snakeskin
gourami (Trichogaster pectoralis), striped snakehead
(Channa striata), climbing perch (Anabas testudineus), and
walking catfish (Shariff and Saidin, 1994).

Thailand

Thailand is a country that had faced frequent outbreaks of
EUS, resulting in large-scale mortality of fishes. As such,
quite a host of works had been done on EUS by different
workers in Thailand. Significant, well-documented epizo-
otics had occurred annually in Thailand since 1981
(Ulcerative Fish Disease Committee, 1983; Chulalongkorn
University, 1983, 1985, 1987). The second (1982e83) and
third (1983e84) outbreaks were particularly devastating, as
they had affected the intensive fish culture systems of
central Thailand as well as wild fish in natural waterways. It
may be noted here that some of the most severe mortalities
were among the farmed snakeheads and the rice-field
fishes. The original outbreaks had started toward the end
of the rainy season (September) and had persisted
throughout the cool season to March. Outbreaks of late, in
general, tend to be restricted to the coolest months of
December and January. However, during December 1996,

EUS was experienced in northeast (NE), central, and
southern provinces (S. Kanchanakhan, unpublished). The
isolation of the pathogenic fungus A. invadans, from
EUS-affected snakeheads in Suphanburi province was
described by Roberts et al. (1993).

Concomitant to the above, according to Kamonporn
Tonguthai, a major epizootic had spread from the south of
Thailand to the north and northeast of the country in 1981.
However, the most significant and best documented in-
stances of EUS had occurred in Thailand between September
and March of each year from 1981 to 1984. Most severely
affected were the intensively cultured snakeheads. Delin-
eating the clinical and pathological features of EUS-affected
fish, Supranee Chinabut of the National Inland Fisheries
Institute, Bangkok, had pointed out that the clinical signs of
the affected fish were the same in the case of all species. In
the earliest stages of the disease, lesions had shown some
damage to the epidermal layer of the skin, resulting in an area
of epithelial necrosis with some inflammatory cell infiltra-
tion. On the other hand, severe cases had shown large
ulcerative lesions with degenerative changes in the muscle.
Marked diffuse systemic necrotizing granulomatous
mycosis had spread in the necrotic muscle bundles. The
fungus was extremely invasive throughout the necrotic
muscular lesions. In the latest stages, advanced lesions were
observed, with fungal hyphae having infiltrated into some
internal organs and produced a tremendous number of
mycotic granulomata in those organs.

Further, according to Chinabut, many species of para-
sites had been identified, including species of Palisentis,
Triancloratus, Dactylogyrus, Gyrodactylus, Henneguya,
Epistylis, and Trichodina. The predominant bacterial iso-
lations from the later stages of the diseased fish were
Aeromonas hydrophila, Aeromonas sobria, Pseudomonas
spp., Micrococcus spp., Flavobacterium spp., Vibrio spp.,
etc. They all had been occasionally isolated from affected
fish. Ulcerative disease rhabdovirus was also found in the
diseased fish. In addition, mycotic forms like Aphano-
myces, Achlya, and Sapralegnia were identified from the
surfaces of ulcerated fish.

While the causes of EUS had possibly not been clearly
identified, Nontawith Areechon of the Faculty of Fisheries,
Kasetsart University, Bangkok, pointed out that they may
be related to stressful conditions of aquatic animals. Stress
could be caused by, among other factors, environmental
alterations and toxic substances. These could weaken the
fish and make them more vulnerable to pathogens.

Treatment for therapeutic purposes, and sometimes in
practice, includes antibiotics and chemicals. Though these
might bring some level of so-called satisfactory results,
they have a number of undesirable side effects, too. These
usually include the residues, cost increases, development of
bacterial resistance, the negative impact on the environ-
ment, and so on.
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Based on theThai experience, reportedAreechon, the keys
to a successful crop in the case of cultured fish are healthy fry,
proper pond preparation, and good management. However,
these measures would not be applicable to wild fish pop-
ulations. Prevention of any condition stressful to aquatic
animals could be very important as well as difficult. This
could hinge around good water body management, optimum
stocking rates, and the proper combination and proportion of
fish species. In support of this advice, Tonguthai pointed out
that EUS-affected fish had improved their health condition
when removed and put into a normal freshwater pond.

Myanmar, Lao PDR, and Cambodia

Following the above, Myanmar, Lao PDR, and
Cambodia first reported major outbreaks of EUS during
1983 or 1984 (Lilley et al., 1992). Subsequent epizootics
were said to be less extensive (e.g., EUS is said to have
affected 35 townships in Myanmar during 1984e85 and 11
townships during 1989e90: Soe, 1990). However, given
the importance of susceptible fish to rural communities in
these countries, the impact continued to be significant. It
may be mentioned here that diseased snakeheads from Lao
PDR were confirmed at AAHRI, Bangkok as suffering
from EUS, in 1996.

Vietnam, China, and Hong Kong

Several episodes of EUS outbreaks and occurrences of
EUS-affected fish had also been known from Vietnam,
China, and Hong Kong, although many of these still
might not be confirmed. The first report of ulcerated
snakeheads in Vietnam came from the Mekong Delta in
1983, which could most likely be the first occurrence of
EUS in that country (Xuan, 1990). Ulcerated Labeo rohita
were first observed at the Pearl River Fisheries Institute in
Guangzhou, South China in 1982 (Lian, 1990). Clariid
catfish were affected in the same area in 1987e88 (Lian,
1990), and C. auratus were reportedly affected over much
of Eastern China in 1989 (Guizhen, 1990). Wilson and Lo
(1992) had reported seasonal mortalities of up to c 70% of
snakeheads (C. maculata) in late summer in Hong Kong
since 1988.

The Philippines

An estimated 5%e40% of snakeheads, gobies, gouramies,
catfish, crucian carp, Arius sp., and Therapon sp. were
ulcerated. On the other hand, milkfish, bighead carp, and
tilapia were unaffected (Llobrera and Gacutan, 1987). The
disease continued to spread to at least 11 other provinces,
affecting wild fish in lakes, rice fields, and swamps, as well
as pond-cultured fish (Bondad-Reantaso et al., 1994).
Mullet, goatfish (Upeneus bensai), croaker (Johnius sp.),
Psettodes sp., and Scanthophagus argus in a lagoon in
Cagayan Province were reported to have suffered an

outbreak in 1990 that was confirmed as EUS by histolog-
ical examination (Reantaso, 1991; S. Chinabut, unpub-
lished). The occurrence of EUS in these brackish water and
marine species provided an explanation as to how the
condition might have spread between the islands. The
severity of outbreaks is believed to have decreased since
1993. Several A. invadans isolates were recovered from
EUS-affected fish in the Philippines (Paclibare et al., 1994).

Sri Lanka

A major outbreak of EUS in freshwater and estuarine fish in
western Sri Lanka occurred during December 1987. It was
perhaps before any outbreak had occurred in the mainland
of the Indian subcontinent (Costa and Wijeyaratne, 1989).
It was believed that the disease was imported from SE Asia
in shipments of infected fish, possibly ornamental angelfish
(Pterophyllum scalare), some of which were ulcerated and
had suffered high mortalities (Balasuriya, 1994). Snake-
heads with large necrotic ulcers were the most visible signs
of the disease, but tilapia, the main commercial species,
was not affected. EUS was reportedly still active in Batti-
caloa Lagoon in 1996 (P. Vinobaba and M. Vinobaba,
unpublished).

Mainland of South Asia

Over the past 10 years, EUS had a serious effect on fish-
eries throughout the mainland of South Asia, causing
enormous losses to important capture fisheries areas and
damaging confidence among people in the aquaculture
industry, which had many operations that were still in the
early stages of development.

Bangladesh

The disease was first reported in Chandpur district of
Bangladesh during February 1988. This first outbreak had
lasted for 13 months, during which it had spread rapidly
throughout the country, and was said to be seemingly aided
by the flood of September 1988 (Barua, 1994). Ulceration
was observed in many wild species, predominantly the
snakeheads, Puntius, Clarias, Mystus, and Mastacembelus.
Cultured IMCs were also affected, although large-scale
mortalities due to the disease were probably restricted to
fingerlings (Roberts et al., 1989). EUS prevalences are
believed to have subsequently declined. However, therewere
reports that from 1995, the severity of outbreaks had been on
the increase in Bangladesh (G.U. Ahmed, unpublished
report). In January 1993, A. invadans cultures were isolated
from farmed IMC (L. rohita) in NW Bangladesh and wild
fish in the productive flood plain areas of NE Bangladesh.

India

The first outbreak of EUS occurred in India in the north-
eastern province of Assam during July 1988, followed by its
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occurrence in the province of Tripura during September
1988, and was considered to be linked with the floods from
Bangladesh. Since then, EUS had spread to almost all other
provinces with the possible exceptions of Himachal Pradesh
and Punjab. The outbreaks had usually occurred between
June and December, predominantly during the post-
monsoon months. The incidence was more in confined
waters (10%e55%) than in rivers (4%e15%). The fish
genera most susceptible to EUS had been Channa
(20%e100%), Puntius (5%e100%), Clarias (10%e30%),
Heteropneustes (5%e12%), Mystus (5%e75%), Nandus,
Cyprinus, and Glossogobius (10%e60%), Anabas
(10%e55%), and Mastacembelus (15%e20%).

Outbreaks of EUS in India have been comprehensively
reviewed (Zoological Society of Assam, 1988; Jhingran
and Das, 1990; National Workshop on Ulcerative Disease
Syndrome in Fish, 1990; Kumar et al., 1991; ICSF, 1992;
Das and Das, 1993; Mohan and Shankar, 1994; Kar, 1999,
2005, 2007, 2010, 2012, 2013, 2014). The northeast (NE)
Indian states were the first to report losses in May 1988.
The disease appeared to have spread through reservoirs and
paddy fields to most of the provinces, affecting some IMC
farms as well. Notably, EUS had a serious impact on fish in
low-salinity areas of the rich brackish-water fisheries of
Chilika Lake, Odisha in November 1990 (Raman, 1992),
and the reservoirs and backwaters of Kerala in June 1991
(Sanjeevaghosh, 1991). Aphanomyces isolates, consistent
with A. invadans, had been recovered from EUS-affected
fish in southern India.

It had been determined that the intensity of incidence was
higher (40%e65%) in areas of low alkalinity (13e30 mg/L)
and hardness (6e45 mg/L) through environmental moni-
toring of the affected waters. Heavy metal analyses had
revealed significant values for zinc and copper, but not
perceptibly high enough to create stress for fish. The
possibly more important stress factors had been chemicals
like BHC, DDT, and their metabolites, which had been
detected in water, plankton, and fish samples collected from
the affected areas.

Etiological investigations revealed spherical viruslike
particles. A wide variety of bacterial forms had also been
recorded from afflicted fishes, predominantly the Aeromonas
spp., Pseudomonas spp., Micrococcus spp., Vibrio spp.,
Klebsiella spp., Citrobacter spp., Staphylococcus spp.,
Arthobacter spp., and Corynebacterium spp. The ulcers had
been found to be invariably associated with the pathogenic
fungus Saprolegnia.

Scientific investigations on remedial measures had
been recommending quicklime at 200e600 kg/ha as
providing encouraging results in containing the disease.
However, limited success had possibly come from anti-
biotic therapy. CIFAX, a drug formulated by the Central
Institute of Freshwater Aquaculture (CIFA), had occa-
sionally been found to be helpful in containing EUS.

Similarly, bleaching powder was found to be useful in
some cases.

More details about the works done on EUS in India are
given later in this chapter.

Bhutan and the Eastern Terai of Nepal

The fishes of Bhutan and the eastern Terai of Nepal were
said to be first affected by EUS during 1989, and by 1993,
EUS had spread to the Himalayan valley regions including
Pokhara and Kathmandu, where cold-water species
including Tor spp. were affected (Phillips, 1989; Shresta,
1994). It was estimated that c 20%e30% of Nepalese pond
fish production (c 3000 mt) was lost every year through
EUS (Pantha, unpublished report).

Pakistan

Notwithstanding the above, Pakistan was said to have been
affected by EUS since about the mid-1990s. In Pakistan,
EUS was confirmed in snakeheads from Punjab Province
during April 1996, and in Cirrhinus mrigala from Sindh
Province during January 1998 (DFID, 1998). The blotched
snakehead or mud murrel (Channa punctata) was the most
commonly affected species, with Puntius spp., L. rohita,
and Cirrhinus reba also reportedly affected. An estimated
20% of farms were affected in Sialkot Division, Punjab,
with the incidence being higher in ponds that were inun-
dated by flooding in 1996 (AAHRI, ACIAR, IoA, and
NACA, 1997). Reported losses were said to be not very
high in the Punjab, possibly due to the extensive use of tube
well water for fish farms, as well as elevated salinities
(AAHRI, ACIAR, IoA, and NACA, 1997). However, EUS
had been said to be well established in parts of the Indus
River. Further, given its apparent rapid spread across the
country (DFID, 1998), there had been fears of the poten-
tially serious future impacts of EUS to fisheries and aqua-
culture development.

Other Similar Diseases

Mention may be made here of other similar ulcerative fish
diseases, although their relationship with EUS is presently
not very well known. Incidentally, The two genera Channa
and Ophicephalus were said to be united as Channa by
Myers and Shapovalov (1931, cited by Clark, 1991).

2.3.2 Ulcerative Mycosis

Noga (1994) postulated that ulcerative mycosis (UM) of
coastal fish populations of the western Atlantic might be the
part of the same syndrome as EUS, given the similarity in the
clinicopathological features of both diseases, and also
considering that predominantly Aphanomyces fungi were
recovered from UM-affected diseased fish (Dykstra et al.,
1986). However, fish challenged with these Aphanomyces
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isolates had failed to develop lesions consistent with UM
(Noga, 1993; Lilley and Roberts, 1997). Fish had developed
UM, however, when lesionmaterial was used as an inoculum,
suggesting that some other unidentified agent, possibly
another fungus, was required for infection (Noga, 1993).

2.3.2.1 United States

Notwithstanding the above, UM was first observed in April
1984 among the menhaden (Brevoortia tyrannus) in the
Pamlico River, North Carolina. Further, during November
of the same year, a massive kill was reported (Noga and
Dykstra, 1986). Epidemics of similar diseases were later
recognised in the estuaries along the eastern seaboard of the
United States from Connecticut (Noga, 1993) to Florida
(McGarey et al., 1990). However, it was not certain whether
these were first occurrences and had represented a spread of
the same disease. Several fish species were reported to
contract UM-like diseases in Pamlico River (Noga et al.,
1991), but the prevalence in these species was markedly
lower than it was in menhaden (Levine et al., 1990a). In
menhaden, a larger proportion of age-zero fish were shown
to be affected than age-one fish (Levine et al., 1990b).
Levine et al. (1990b) had also provided evidence that spe-
cific regions of low salinity within the Tar-Pamlico estuary
were said to have harbored higher levels of diseased fish. In
addition, Noga (1993) had observed that the most damaging
outbreaks in the Pamlico River coincided with years of
unusually high rainfall and reduced salinity (1984 and
1989). Outbreaks had continued to occur, with infection
rates of menhaden of up to 100% (Levine et al., 1990b).
Noga et al. (1996) had further shown that sublethal exposure
to toxins, produced by a subsequently identified “phantom”

dinoflagellate, Pfiesteria piscicida, might also have been
responsible for high mortalities in the Pamlico River, North
Carolina (Burkholder et al., 1992). These probably had
resulted in dermatitis and subsequent development of UM.

2.3.2.2 Tasmania

Cod Ulcer Disease

Munday (1985) had reported the presence of severely ul-
cerated red cod (Pseudophycis bachus) in the River Tamar
near Launceston, Tasmania in November 1980 and 1981.
Although a variety of bacteria and parasites were identified
from the fish, pollution was considered to be the main cause
of the disease. Munday perhaps had believed that the ulcer
disease was the same syndrome as EUS, although it had
occurred in higher-salinity water. However, he had added
that ever since Launceston’s sewerage system had been
improved, the disease had no longer been reported.

Works done on EUS in other countries of theworld, along
with further works done on EUS in the countries already
mentioned above, have been indicated later in this chapter.

Notwithstanding the above, the following workers
significantly contributed to the advancement of EUS
research, including reports of major EUS outbreaks:

Callinan et al. (1995a), Callinan (unpublished); Chinabut
et al. (1995); Chinabut (unpublished); DFID (1998); Fraser
et al. (1992); Hanjavanit et al. (1997); Hatai (1994);
Kanchanakhan (1996a); Lilley and Roberts (1997); Miyazaki
(1994); Mohan and Shankar (1995); Pearce (1990); Reantaso
(1991); S. Chinabut (unpublished); Fraser et al. (1992);
Hanjavanit et al. (1997); Hatai (1994); Kanchanakhan
(1996a,b); Lilley and Roberts (1997); Miyazaki (1994);
Mohan and Shankar (1995); Pearce (1990); Reantaso (1991);
Roberts et al. (1989); Vishwanath et al. (1997, 1998).

The foregoing account indicates that there have been
widespread outbreaks of a hitherto unknown enigmatic and
virulentfish disease of epidemic dimensions, leading to large-
scale mortality among freshwater fishes in a big portion of the
globe since 1972 and renderingmany species endangered. As
indicated, this disease had been termed “epizootic ulcerative
syndrome” or “EUS.” The historical resume of EUS episodes
(as detailed above) is briefly summarized below:

Following the report of MG in Japan sometime around
1972, the earliest report of EUS outbreaks date to Australia
during 1972 and Papua New Guinea during 1974; from
there, EUS swept in an almost chronological manner
through most of SE and South Asia, including Indonesia
(1980); Malaysia (possibly 1977, and then 1979e83);
Vietnam (possibly 1983); China (possibly 1982); Hong
Kong SAR (possibly 1988); the Philippines (1985);
Thailand (1981 and 1985); Kampuchea and Lao PDR (1983
and 1984); Myanmar (1983 and 1984e85); Sri Lanka
(1987); and Bangladesh (March 1988); until it reached India
through the Barak Valley region of Assam during July
1988, and has been sweeping the region ever since, causing
large-scale mortality among freshwater fishes. Thereafter,
EUS spread further to Bhutan and Nepal (1989); Pakistan
(1996); Botswana and Namibia (possibly 2006, and then
2007); and Zambia (possibly 2007, and then 2008). Further,
it is said to have spread to North Carolina, Florida, and
Connecticut in the United States during 1984. At the
moment, there are said to be at least 24 countries affected by
the disease (FAO, 2009). More than 50 species of finfish are
susceptible to EUS.

2.3.3 Details of Works Done on Outbreaks
of Epizootic Ulcerative Syndrome in the
Indian Scenario

A host of various studies have been done on EUS by
workers in India, as referred to the above; India is a country
that has been severely affected by EUS.

Anon (1992) held a “Consultation on Epizootic
Ulcerative Syndrome vis-à-vis the Environment and the
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People” under the aegis of the International Collective in
Support of Fishworkers.

2.3.3.1 West Bengal

As reported by Central Inland Fisheries Research Institute
(CIFRI, ICAR), West Bengal, the socioeconomic impact of
the disease was staggering. A sample survey of 500 affected
fish farmers in an EUS-afflicted area of West Bengal
revealed that the maximum respondents (30%e40%) had
suffered loss of fish. It may be noted here that fish con-
sumption had decreased from c 44.4% before the outbreak
of the disease to c 15% after the outbreak. Most of the re-
spondents had used lime as a remedy, with 68% success. In
fact, the provincial government had distributed Rs 8.0
million worth of lime to the farmers, who were believed to
have used it prophylactically in the postmonsoon period.
In West Bengal, All-India Radio of the government of
India played a significant role in disseminating information
on EUS.

2.3.3.2 Manipur

Manipur has the biggest freshwater wetland in the North-
eastern region of India, called Loktak Lake, which has a
water spread area of about 28,000 ha. Fish is usually an
essential diet item of the Manipuris, c 90% of whom eat
fish in either dried or fresh form.

The first information on the spread of EUS in the
northeast reached the province of Manipur probably during
June 1988. Accordingly, the state government immediately
banned the import and sale of both dried and fresh fish as a
precautionary measure.

However, the first true outbreak of EUS was reported
from the capital, Imphal, during May 1989. Subsequently,
reports of EUS outbreaks from other affected parts of the
province started pouring in. Technical officers of the Man-
ipur’s Fisheries Department visited the affected areas for
investigations. It was found that the species mainly infected
by EUS were the local indigenous fishes, viz., Channa,
Clarias, Anabas, Puntius, etc. At that time, however, EUS
possibly had not affected the culturable IMCs such as Rohu,
Catla, Mrigal, common carp and Chinese carps. Further,
unusually enough, EUS had affected the wild waters at that
time, but not human-made ponds.

The Fisheries Department initiated EUS control cells in
all of the district headquarters to combat further spread of
the disease. Training camps had also been organised for
public awareness.

Among the measures recommended were:

1. Disinfection of nets by sun drying, boiling in water, etc.
2. Treatment of ulcerated fish in 3% solution of common

salt for 5e10 min or in 500e1000 ppm of potassium
permanganate for 1 min

3. Disinfection of affected ponds with unslaked lime
(quicklime) at 150e200 kg/ha, depending upon soil pH

It may be noted here that the control measures adopted
by the fisheries department were found to be effective and
there were no further reports of the spread of EUS in the
province. This seemed to be exceptional, since almost all
other provinces of India had reported a second outbreak or
even multiple outbreaks of EUS.

2.3.3.3 Odisha

In the province of Odisha, the first report of EUS outbreak
had occurred perhaps during February 1989 from ponds in
Balasore and Mayurbhanj (adjoining West Bengal), and
then from Cuttack. The disease was said to have affected
about 80 development blocks at that time. But surprisingly,
river systems and human-made reservoirs appeared not to be
affected. Such incidents probably elide the pious assertion
that EUS usually spreads from wild waters to ponds, or at
least usually occurs simultaneously in both types of eco-
systems, as the conventional wisdom supposes. It was
therefore unclear how EUS in Odisha had appeared to be
confined to ponds only.

The outbreak was severe, however, and led to panic.
The province was estimated to have lost about 186 metric
tons (tonnes or t) of fish worth more than Rs 3.0 million. In
view of this, the provincial government targeted 5500
farmers in four districts for free supplies of lime. In this
exercise, 11 of the 13 districts were covered between 1989
and 1991. Further, the government also tried to disseminate
information on EUS at the Panchayat level.

Also in Odisha, Khatri et al. (2004) made an assessment
on the prevalence of fish diseases in Sambalpur, Western
Orissa.

2.3.3.4 Tamil Nadu

Four to seven districts of the province of Tamil Nadu (TN)
were said to have been affected by EUS. However, EUS was
first reported from the Chengai MGR, Thanjavur, and South
Arcot districts during January, February, and March 1991,
respectively. The species mainly affected were indigenous
fish varieties belonging to the families Channidae, Masta-
cembelidae, Cyprinidae, and Bagridae. However, the in-
tensity of infection was said to be mild among the major
carps and exotic carps, as well as Tilapia species, which are
said to be predominant in inland aquaculture.

Notwithstanding the above, the Animal Sciences
Department of the University of Madras conducted a mi-
crobial investigation to identify the causative agent, because
the province’s fisheries department lacked investigating
facilities. The Tamil Nadu Veterinary and Animal Sciences
University had constituted a “disease investigating team”

comprising officials of the Madras Veterinary College, the
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Fisheries College, the city of Tuticorin, and the province’s
fisheries department. During March 1991, this team toured
the most affected district, viz., the Thanjavur district,
collecting samples of the viscera, notably the kidneys and the
livers of the diseased fish. There had been a good number of
works to identify the primary causative agent.

Concomitantly, scientists from ICAR (CIFA and
CIFRI) also visited the affected sites to collect samples.
Further, collaborative efforts with the School of Tropical
Medicine, Calcutta, had identified the causative agents as
Citrobacter intermedius and Klebsiella aerogens from
samples collected during February and April 1991.

It is important to mention here that the affected fish
were treated with the poultry drug Bifuran (Nitrodurozone
100 mg; Furazolidone 14.5 mg/100 mg) at the concentra-
tion of 25 ppm in water, based on the drug sensitivity
pattern of the isolate during investigation. It should also be
mentioned that the ulcerative wounds had probably healed
after five to seven days of therapy. However, cost consid-
erations prevented this from being tried in larger areas.

Subsequently, EUS erupted extensively in many districts
of TN in 1992. It was found that the outbreaks had coincided
with the low temperatures prevailing during the post-
monsoon rains. Analytical reports of water quality indicated
low alkalinity and softness as predisposing factors.

A collaborative effort was initiated with the Department
of Animal Disease Investigation and Control, and Madras
Veterinary College, to identify the primary etiological agent
and secondary invaders. Further, a “disease monitoring
cell” controlled by the Assistant Director of Fisheries
(Hydrology) was formed to monitor the disease and liaise
with the nodal agency and the central government at Delhi.

Further, Muthu Ramakrishnan (2009) had worked on
microbial flora from EUS-infected murrel (Channa striatus
(Bloch, 1785e1795)) in the Tirunelveli region.

2.3.3.5 Andhra Pradesh

In Andhra Pradesh, EUS was probably reported for the first
time in October 1990, from the Kolleru Lake of West
Godavari and the Krishna districts. Subsequently, outbreaks
occurred in almost all types of water such as irrigation canals,
drains, swamps, ponds, and wetlands. EUS in Andhra
Pradesh, had affected the following species widelydviz.,
Channa, Clarias, Heteropneustes, Puntius, and IMCs such
asCatla, Rohu, andMrigal. The IMCswere said to be thefirst
to succumb to EUS attack in wild waters. The disease sub-
sequently invaded cultured ponds.

The typical symptoms were discoloration of the skin,
red spots, hemorrhagic lesions, deep ulcers, and slow and
unbalanced movement of fish swimming with their heads
out of the water. High mortality was found in wild waters,
especially among air breathers, catfish, and Puntius.
However, EUS was said to be not very prevalent among

the IMCs in culture ponds, possibly due to preventive
measures and the prophylactic use of antibiotics by area
farmers.

The following preventive measures had been adopted
against EUS in Andhra Pradesh:

1. Application of lime at 50 kg/acre
2. Application of salt at 10 kg/acre through gunny bags

hanging from feed poles in the fish tank, and 2 kg of
salt/100 kg feed

3. Dip treatment with 0.5%e2% potassium permanganate
4. Application of antibiotics like oxytetracycline, doxycy-

cline, and terramycin at 5 gm/100 kg of fish for 10 days
5. Preventing the entry of diseased fish into the tanks by

the use of a mesh
6. Addition of mineral and vitamin mixtures to the feed
7. Avoiding the exchange of water when neighboring

tanks and canals had been affected
8. Periodic monitoring of the health of the fish

The following treatment was advised:

1. Application of malachite green
2. Use of antibiotics like oxytetracycline, doxycycline, and

terramycin at 10e20 gm/100 kg of fish for 10 days, or
erythromycin at 60e100 mg/1 kg of fish feed

3. Addition to the feed of a mineral mixture at 2%, and
vitamin mixture at 100 g/tonne of feed

4. Stopping the use of manure in the tank during the
disease period

2.3.3.6 Kerala

The province of Kerala is said to have been affected by
EUS during the mid-1990s. Kerala has rich fishery re-
sources, and fisheries are an important sector of the prov-
ince’s economy. According to the province’s fishery
department, the sector employs about 3% of the population
of the province and contributes around 2.5% to its net
domestic product.

Concomitantly, the total annual inland fish production
of the province had been estimated to be 36,000 t from
355,000 ha of inland waters. Around 200,000 people
belonging to 33,000 fisher families were said to be depen-
dent almost entirely on inland fishery resources for their
livelihood. They were usually subsistence fisherfolk, who
are perhaps not much better off than agricultural workers.

In addition to the above, EUS was first reported from
Pookote Lake in the Banasurasagar Reservoir area in the
northern district of Wynad in June 1991. The disease had
caused surprise to the department of fisheries, since it
affected even fingerlings cultured in the lake by the
department itself. In three weeks’ time, the disease had also
spread to wells and ponds in Wynad.

EUS subsequently spread, by the end of 1991, to the
fresh and the brackish waters of Kuttanad and Vembanad
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Lakes, as well as the rivulets in Kottayam, Alappuzha,
and Pathanamthitta in the south. The Central Marine
Fisheries Research Institute, Kochi, estimated that EUS had
probably affected c 25% of fish in the Vembanad Lake;
while cultured fish perhaps had been affected in only a few
ponds.

Notwithstanding the above, the disease did not subside
with the monsoon, contrary to claims by the provincial
government and experts. By October, EUS had moved to
Thrissur and was reported from ponds and canals inside
“kole” fields. In November 1991, EUS had inflicted Kut-
tanad again, appearing in Kumarakom and affecting c 30%
of the fish there. Subsequently, EUS spread to the south-
ernmost district, Trivandrum, by January 1992, where c
15%e30% of the catch in Veli Lake was affected. EUS
was subsequently reported from the Achenkoil River two
months later.

It was estimated that as a whole, 11 of the 13 districts of
the province of Kerala had been affected by EUS, out of
which five had been severely afflicted. The various fish
types affected were murrels, Clarias, Etroplus, Puntius,
Wallago, etc.

Fish farmers and fishers were estimated to have incurred
a colossal economic loss ranging from Rs 20 million (per
government records) to Rs 120e200 million (per newspaper
reports). The value of the annual catch from the Vembanad
Lake alone had been estimated at Rs 100 million.

Studies were done during the period September 1991 to
April 1992 in five districts of Kerala (with particular focus
on Kuttanad) to assess the socioeconomic impact of EUS
on the inland fisherfolk. They found that the spread of EUS
had completely paralyzed the inland fish market.

Panic-stricken consumers did not bother to eat not only
EUS-affected fish, but also mussels and ducks, in spite of
official announcements that unaffected fish could safely be
eaten. In Alappuzha, water for domestic use had to be
supplied in tankers, because people were afraid to use
supposedly contaminated lake water even for washing.
According to Kamonporn Tonguthai, a similar loss of
confidence in freshwater fish also occurred in Thailand
during the initial outbreak of EUS in 1982e83, and led to
financial losses to the tune of greater than $8.7 million.

In Kerala, the immediate effect of the collapse of the
market was that inland fishworkers were thrown out of
work and out of gear. Hit particularly hard were women
fish vendors, who had to seek alternative employment, but
too often with little success, as agricultural laborers,
headload and quarry workers, rubble breakers, brick-
makers, and construction workers. Further, illicit brewing
became the main source of livelihood in many places. In
view of these difficulties, the economic consequences were
severe, with earnings almost totally wiped out. Under a still
worse and compelling situation, fishers often had to resort
to loans with interest rates as high as 180%, while income

from other sources, notably from fishes, had been totally
wiped out.

The provincial government had invited the ICAR experts
to investigate the causes of the disease. At the same time, they
had given free rations to the affected people, particularly
fisherfolk, for a period of time. Thiswas perhaps in contrast to
other affected provinces, who possibly did not bother to show
similar gestures to the affected people. Subsequently, agita-
tions by the Kuttanad fisherfolk brought some additional
relief when the government agreed to buy EUS-affected fish
at Rs 2.00 per kg.

Three fishworkers’ associations took up the matter of
relief: the Kerala Matsya Thozhilali Aikya Vedi, the Mat-
sya Thozhilali Union, and the Kerala Swatantra Matsya
Thozhilali Federation.

Each union had its own particular opinion. The Vedi
attributed the outbreak of EUS to the unscientific devel-
opmental efforts in the agricultural and fisheries sectors of
Kuttanad. The Union demanded free rations for at least one
month; a supply of safe drinking water; and financial aid
and proper developmental works beginning at the pan-
chayat level in order to generate employment. Meanwhile,
the Federation demanded financial compensation for
affected fisherfolk. Its agitation received powerful impetus
from a fast by its leader Jose Kaleeckal, The Federation
further tried to force the government to take necessary
action, including “fixing a floor price for inland fish
catches, and steps to contain the disease.”

In view of the agitations indicated above, the govern-
ment released Rs 3.75 million to the Fishermen’s Welfare
Board by November 1991 for the payment of compensation
at Rs 150.00 per head. Nonetheless, though the report had
been presented, the money could not possibly be distributed
so promptly. However, the provincial government of its
own volition proposed to sanction funds for liming in May
1992.

Clearly, the implementation of relief measures was not
without its shortcomings. First, the government was slow to
react, moreso as a result of being reassured by expert
opinions that the impact of EUS could be over naturally
with changed weather conditions. On the other hand, free
rations had reached only a few thousand fisherfolk. It had
reached mainly those fisherfolk who had been registered
with fishers’ societies. Despite the chief minister of the
province admitting that he had been proved wrong on the
recurrence of EUS, neither had the fisherfolk begun to
receive any cash relief, nor were there enough government
outlets to purchase the diseased fish even as late as October
of that year.

According to the suffering mass of Kerala, but for the
campaign by the unions, even this minor relief would not
have possibly materialized. Interestingly enough, none of
the unions had demanded prophylactic measures to combat
EUS in spite of its evident recurrence.
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Nevertheless, one of the useful by-products of the
socioeconomic impact of the disease had been the
government’s fresh attention to conduct research on EUS in
Kerala. Since the state experiences two monsoons and has
semienclosed waters, the situation of Kerala is said to be
strikingly different from others, mainly because this mari-
time province receives two monsoons in a year.

Notwithstanding the above, the effects of pesticides and
agrochemicals on Kuttanad was debated. According to a
very significant Indo-Dutch study on water conditions in
Kuttanad, large doses of fertilizers (c 20,000 t) and toxic
pesticides (c 500 t) had been sprayed over 66,000 ha of
paddy fields. These might have entered the water body each
time the fields had been drained prior to planting. Also, the
“Grow More Paddy” program and the construction of the
Thaneermukkom salt water barrier were said to be delete-
rious to the Kuttanad ecosystem because they were
believed to have put an end to the erstwhile flushing out of
the backwaters during monsoons.

Notwithstanding the above, a scientist from the Central
Institute of Fisheries Technology (CIFT), ICAR, Mumbai,
questioned the conclusion that had been drawn on pesticides.
He had opined that residues of pesticides, and also heavy
metals like mercury and cadmium, were within acceptable
limits of toxicity. He opined that the first outbreak of EUS
would have occurred in Kuttanad, and not in Wynad, if high
levels of pesticides and heavy metals were the main causes
of EUS.

Scientists from Thailand had a similar line of thinking.
Kamonporn Tonguthai opined that there should be for more
experimentation before a specific pesticide could be pin-
pointed as a triggering factor. She further indicated the case
of Lao PDR, where EUS had been reported despite the
absence of pesticide pollution. On the other hand, Supranee
Chinabut indicated a study by FAO in which pesticides had
been assigned as the possible cause for the outbreak of
EUS. Further, studies had indicated the occurrence of EUS
even in hilly ponds said to be not affected by environmental
pollution. However, low alkalinity seemed to be the com-
mon factor all over SE Asia, alhough pesticides could affect
water quality.

Almost similar views were put forward by the scientists
from Kerala, who opined that the monsoon rains usually
lower the alkalinity of water, leading to outbreaks of EUS.
However, it had been pointed out that the pattern of the
monsoons had been the same even prior to 1991. Further,
Wynad seemed to have received fewer monsoons than
Kuttanad, yet was the first site of the disease.

In addition to the above, some of the more farfetched
etiological conjectures had pointed to infected fishlings
brought into Kerala by private agencies, as well as to
droppings of birds that had eaten diseased fish. Moreover,
according to the subjective perceptions of the fisherfolk,
EUS was regarded as a curse of nature and a warning

against destructive human intervention into the natural
aquatic environment.

Notwithstanding the above, works by different
workers brought another dimension to the hypotheses on
the origin of EUS. Highlighted was the strongly inter-
linked intricate riverine network of Kerala’s lotic water
system. A continuity of water bodies could be established
between the Kaveri and the Kaverretty Rivers, starting
from Wynad in the north, which flowed through Tamil
Nadu and Karnatak. Some of the prominent lotic systems
in Kerala are the Pamba, Achenkoil, and Meenachil. It
may be mentioned here that EUS had been reported in
Tamil Nadu in early 1991 and in Karnataka in 1990. It
could be probable that EUS might have spread from those
neighboring provinces via the riverine network, possibly
aided by floods.

2.3.4 In Assam

In India, widespread initiation of outbreak of EUS started
from Barak Valley region of Assam since July 1988
(Kar, 1999, 2005, 2007, 2010, 2013, 2014; Kar and
Dey, 1988a,b,c; 1990a,b,c; Kar and Das, 2004a,b; Kar
et al., 1990a,b, 1993, 1994, 1995a,b,c, 1996a,b,c, 1997,
1998a,b,c,d, 1999a,b, 2000a,b,c,d, 2001a,b, 2002d,e,f,
2003a,b,c,d,e,f, 2004a,b,c; Patil et al., 2003). Outbreaks of
EUS in India has been comprehensively reviewed at
various levels (The Zoological Society of Assam, 1988;
Jhingran and Das, 1990; National Workshop on Ulcerative
Disease Syndrome in Fish, 1990); Kumar et al., 1991;
ICSF, 1992; Das and Das, 1993; Mohan and Shankar,
1994; etc.).

From the Barak Valley region of Assam (July 1988),
after its initiation in India, EUS has been spreading and
sweeping almost unabated and more or less in a chrono-
logical manner through other regions of India, notably West
Bengal (1989), Bihar (1989), Orissa (1989), UP (1990),
MP (1990), Maharastra (1991e92), Karnataka (1993), Goa
(1993), Tamil Nadu (1993), Andhra Pradesh (1992e93),
Kerala (1994e95), until EUS had reached Pakistan during
1998e99 and is said to be progressing further.

However, in Assam, particularly in the Barak Valley
region, EUS has become almost endemic, recurring almost
every year between November and March. The detailed
works done on EUS since its inception in India by Dr Kar
and his associates of Assam (Central) University at Silchar
will be presented a little later in this treatise.

2.3.5 Epizootic Ulcerative Syndrome
Outbreak in Uttar Pradesh, India

Pradhan et al. (2014) have reported about the emergence of
EUS and large-scale mortalities of cultured and wild fish
species in Uttar Pradesh, India.
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2.3.6 Epizootic Ulcerative Syndrome
Outbreak in Goa, India

Rattan and Parulekar (1998) had dealt with the diseases
and parasites of laboratory-reared and wild populations of
banded pearl spot, Eutroplus suratensis (Cichlidae), in Goa.

2.3.7 Epizootic Ulcerative Syndrome
Outbreak in Maharastra, India

Laharia (2013) worked on the immune reponse and status
of EUS-affected fishes, Channa punctatus and Clarias
magur, in Maharastra.

2.3.8 Details of the Overview of the
Outbreak of Epizootic Ulcerative
Syndrome, Aphanomycosis, and Studies in
Different Countries of the World: Studies
in Australia, Asia, the United Kingdom, the
United States, and Africa

Concomitant to the occurrence and analyses of MG in
Japan, there had been outbreaks of EUS in many countries
outside Japan. Works on different aspects of EUS have
been continuing since the early 1970s, beginning with
Australia, followed by the sweeping of SE Asia and South
Asia by EUS, and probably still continuing with its
spread of EUS to the United States and other countries.
Incidentally, the pattern of spread within and among
the nations was said to be more or less consistent with
progressive dissemination of a so-called single infectious
agent.

2.3.9 More Information on Outbreaks
and the Status of Epizootic Ulcerative
Syndrome in Bangladesh

Muniruzzaman and Chowdhury (2008) had reported the
ulcer diseases in cultured fish in Mymensingh and sur-
rounding districts in Bangladesh.

The Manual of Diagnostic Tests for Aquatic Animals
2009 has detailed about EUS and its outbreaks, and opines
that EUS is an infection with an oomycete known as
A.invadans or A. piscicida.

Hossain et al. (2011), in connection with outbreaks of
EUS in Bangladesh, had worked on the isolation of some
emergent bacterial pathogens recovered from capture and
cultured fisheries in Bangladesh.

Islam and Chowdhury (2013) portrayed a detailed
limnological status of Trimohini Beel of Rajshahi in
Bangladesh, and reported about the outbreak of EUS.

Siddique et al. (2009) had reported about fungal disease
of freshwater fishes in the Natore district of Bangladesh.

2.3.10 More Information on Outbreaks
and the Status of Epizootic Ulcerative
Syndrome in Pakistan

Pakistan was perhaps the most recent place on the Indian
subcontinent to be invaded by EUS. EUS was confirmed
among the snakeheads in Punjab province during April
1996 and among the mrigals in Sind province during
January 1998 (DFID, 1998). The blotched or mud murrel
was perhaps the most commonly affected species, with
Puntius spp., L. rohita, and C. reba also reportedly affected
by EUS. Approximately 20% of the fish farms in the
Sialkot division of Punjab province had been affected by
EUS, with the incidence being higher in ponds that were
inundated by the floods during 1996 (AAHRI, ACIAR,
IoA, and NACA, 1997). However, loss of fish was not very
high in certain parts of the Punjab province, possibly due to
the extensive use of tube well waters (with slightly higher
salinity) for fish farms. EUS now seems to be quite well
established in some places situated along the bank of the
River Indus, and given its apparent rapid spread across the
country, there are fears of serious future impacts to fisheries
and aquaculture development.

2.3.11 Areas of Outbreak in Pakistan

EUS is said to have entered Pakistan during 1995 in the
regions around the River Sutlej covering mainly the district
of Bahawalnagar, which had borne the brunt of EUS.
However, some people believed that EUS had occurred
very preliminarily and briefly during 1988 as well. How-
ever, the disease at that time could not be confirmed as
EUS, although it had been confirmed in the neighboring
countries since the late 1980s. During 1996, the disease
spread into the regions around the River Ravi (i.e., Head
Balloki) and the River Dutlej (covering mainly the district
of Kasur). In fact, the samples of affected murrels (notably,
Channa marulius) collected from the backwaters at Balloki
headworks (Kasur district) had been at first confirmed as
EUS positive from AAHRI, Bangkok. Subsequently, a
team of NACA and others visited the affected areas,
collected samples in 1997, and reconfirmed the disease in
the area as EUS. Subsequently, the workers at Fisheries
Research and Training Institute (FRTI) in Pakistan recor-
ded the occurrence of EUS from the five districts of the
Punjab, viz., Sialkot, Gujranwala, Lahore, Kasur, and
Bahawalnagar.

Later, during 1997, the disease had spread in the areas
of River Chenab (covering mainly the districts of Sialkot,
Gujranwala, and the ponds of Haed and Qadirabad).
However, in the case of artificial ponds, the disease had
been reported only from those ponds that had received
floodwater, or where farmers had stocked their farms with
seeds collected from natural water bodies. During 1998,

Origin of the Epizootic Ulcerative Syndrome Problem Chapter | 2 31



interestingly, the disease spread into the regions of River
Indus covering mainly Sukkur and Badin. Further, Wadahar,
et al. (2012) reported further about the outbreak of EUS in
Pakistan.

Anon (1998) reported about EUS in fishes of Pakistan
in connection with a report regarding a mission to Punjab
(Pakistan) in connection with EUS, April 22e25, 1998.

2.3.12 Status of Epizootic Ulcerative
Syndrome in Nepal

Dahal et al. (2005) reported about the outbreak of EUS
in Nepal.

Baidya and Prasad (2013) reported about the outbreak
and prevalence of EUS among carps in Nepal.

Bhutan and the Eastern Terai of Nepal were first
affected in 1989, and by 1993 EUS had covered almost the
whole of this Himalayan region including Pokhara and
Kathmandu, where even coldwater species like the Tor spp.
were affected by EUS (Phillips, 1989; Shresta, 1994). It
was estimated that c 20%e30% of Nepalese pond fish
production (c 3000 mt) was lost each year as a result
of EUS.

2.3.13 Status of Epizootic Ulcerative
Syndrome in the UK

There has not been any possible large-scale outbreak of EUS
in the UK. Like many other workers, Lilley and Roberts
(1997) opined that A. invadans is a probable primary caus-
ative agent that could be responsible for development of the
salient pathology of EUS.

2.3.14 Outbreaks and Research
in Australia

Australia had also been affected by large-scale fish epi-
demics. The laboratory-based studies on EUS with estua-
rine fishes in Australia are said to have begun with various
field observations. Further, Callinan et al. (1995a) made
preliminary comparative studies on RSD in Australia. In
addition to the above, Humphrey and Pearce (2006)
revealed that EUS or “red-spot” (as it is known colloqui-
ally) is an ulcerative syndrome of fish that affects a range of
native species in the Northern Territory of Australia. The
disease also occurs in New South Wales, Queensland, and
Western Australia, as well as in many Asian countries.

In fact, Humphrey and Pearce (2006) reported on
the EUS (red-spot disease) in Australia, and had attempted
to answer the question, “what is epizootic ulcerative
syndrome?”

Choongo et al. (2009) and Boys et al. (2012) had
reported about the emergence of EUS in native fish of the

Murray-Darling River System (MDRS) in Australia with a
note on hosts, distribution, and possible vectors. This study
was said to be the first published account of A. invadans in
the wild fish populations of the MDRS, and was perhaps the
first confirmed record of EUS in M. ambigua, M. peelii, and
L. unicolor.

Anon (2011) dealt with EUS (aka RSD, MG, or UM)
while preparing Identification Field Guide for Aquatic
Animal Diseases Significant to Australia.

Anon (2008) reported about EUS/RSD as one of the
fungal diseases among the finfishes in Australia.

Anon, under the aegis of Gladstone Fish Health
Scientific Advisory Panel, prepared a report based on in-
formation provided to the Panel by the Queensland gov-
ernment and other stakeholders relating to fish health issues
observed in Gladstone Harbor and surrounding areas.

A little background of the above works is given below:
In 2011, the Queensland government received reports

(primarily by commercial fishers) of barramundi fish and
subsequently other species being caught with obvious signs
of disease, including bulging/red eyes, blindness, severe
skin lesions, and skin discoloration. The government then
undertook an investigation of Gladstone Harbor and sur-
rounding areas following reports that commercial fishers
were sick with what appeared to be bacterial infections on
their arms, feet, and legs following contact with, or abra-
sions and fish spikes from, net-caught barramundi that were
exhibiting evidence of disease. At that time, the Queens-
land government was concerned about the potential food
safety issues of consuming the diseased fish, given that the
type of disease remained unknown. Furthermore, there
were concerns about the possibility of the transfer of the
disease from affected fish to other fish and consequently its
entry into the food chain.

2.3.15 More Information on Outbreaks of
Epizootic Ulcerative Syndrome and Works
Done in the Philippines

Callinan et al. (1995a) reported about outbreaks of EUS in
the Philippines. They worked on the Aphanomyces species
associatedwith EUS in the Philippines aswell as RSD,which
was said to be prevalent in Australia. They made preliminary
comparative studies of RSD in Australia with EUS.

2.3.16 Outbreaks and Works Done in the
United States

Concomitant to the account on works done on fish
disease in the United States, there had possibly been some
more episodes of outbreaks of EUS in the United States.
Works on EUS in the United States have been done by
different workers. Notably, Kiryu et al. (2002) is reported
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to have been able to generate the lesions of EUS by both
injection and bath exposure to zoospores of A. invadans. In
doseeresponse studies with menhaden (B. tyrannus), it was
pointed out that c 31% of the fish specimens inoculated
with as few as one zoospore are said to have developed
characteristic lesions of EUS within 2 weeks of inoculation.
On the other hand, LD50 by injection had been estimated to
be only 10 zoospores per fish (Kiryu et al., 2003). These
findings seemed to corroborate that oomycete is a primary
pathogen and is highly virulent. These also seemed to
support Koch’s hypothesis.

Further, Kiryu, et al. (2002, 2003) had worked on the
induction of skin ulcers in Atlantic Menhaden by injection
and aqueous exposure to the zoospores of A. invadans, a
study done possibly in connection with a probable outbreak
of EUS in the United States.

Saylor et al. (2010) had reported about EUS caused by
A. invadans in captive bullseye snakehead (C. marulius)
collected from south Florida, United States. This pathogen is
also present in estuaries and freshwater bodies of the Atlantic
and Gulf coasts of the United States. There had been events
of mass mortality of 343 captive juvenile bullseye snakehead
C. marulius collected from freshwater canals in Miami-Dade
County, Florida. Clinical signs appeared within the first
2 days of captivity and included petechiae, ulceration, erratic
swimming, and inappetence. Histological examination
revealed hyphae emanating from the skin lesions and
invading deep into the musculature and internal organs.
Species identification was confirmed using a species-specific
PCR assay. Mortality of 100% occurred despite therapeutic
attempts. This represented the first documented case of EUS
in bullseye snakehead fish collected from waters in the
United States. Future investigations of the distribution and
prevalence of A. invadans within the bullseye snakehead
range in south Florida might give some insight into this
pathogenehost system.

2.3.17 Outbreak of Epizootic Ulcerative
Syndrome in Africa

Karl and Benjamin. (2012) reported about widespread
outbreaks of EUS in Africa that threatened the aquatic
ecosystems of the continent. They communicated that in
late 2006, an unusual ulcerative condition in wild fish was
reported for the first time in Africa from the Chobe and
upper Zambezi Rivers in Botswana and Namibia.

Further, Nsonga et al. (2013), in connection with out-
breaks of EUS in Africa, did epidemiological works in the
Zambezi River system in Zambia.

Huchzermeyer and Van der Waal (2012) had reported
about the exotic fish disease called EUS threatening Africa’s
aquatic ecosystems.

Food and agriculture organization of the united na-
tions (FAO) (2009) (Rome, 2009) had dealt in detail with

“What you need to know about Epizootic ulcerative
syndrome (EUS),” in their extension brochure. It had been
brought out that EUS is an infection caused by an oomycete
fungi known as A. invadans or A. piscicida. FAO opined that
Aphanomyces is a member of a group of organisms that were
earlier commonly known as water molds. They are currently
recognized as belonging to the group of heterokonts or
stramenopiles (OIE, 2006). EUS is an epizootic condition
that has affected wild and farmed freshwater and estuarine
finfish since it was first reported in 1971. EUS is also known
by other names such as RSD, MG, and UM, and in 2005 it
was suggested that EUS be renamed epizootic granuloma-
tous aphanomycosis (EGA) (Baldock et al., 2005).

Noga et al. (1996) showed that sublethal exposure to
toxins produced by a recently identified “phantom” dino-
flagellate P. piscicida, also responsible for high mortalities
in the Pamlico river (Burkholder et al., 1992), can result in
dermatitis and subsequent development of UM.

Munday (1985) reported the presence of severely ulcer-
ated red cod (P. bachus) in the River Tamar near Launceston,
Tasmania in November 1980 and 1981. Although a variety of
bacteria and parasites were identified from the fish, pollution
was considered to be the main cause of the disease. Munday
(pers. comm.) believed that the said ulcer disease was
possibly the same syndrome as EUS even though it had
occurred in higher salinity waters, but he added that after
Launceston’s sewerage system had been improved, the dis-
ease was no longer reported.

2.4 EPIZOOTIC ULCERATIVE SYNDROME
DISEASE AND DISASTER RESPONSE

Brown et al. (2014) had reported about Supporting Disaster
Response and Preparedness in Aquaculture. They opined
that the aquaculture sector is particularly vulnerable to
natural and human-induced rapid or slow onset of disasters.
This was considered to be due to the risks associated with
the location of fish farm production facilities and other
infrastructure, the type of activities associated with fish
farming, the nature of fish in specific developmental stages
(fry, fingerling, and larvae), and the limited capacity of the
sector to reduce and cope with the potential consequences
of a disaster.
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Chapter 3

Efforts in Unraveling the Enigmatic
Epizootic Ulcerative Syndrome and
Review of Current Status on its
Research and Development

3.1 INTRODUCTION

Epizootic ulcerative syndrome (EUS) is an international
problem that has been studied independently and collab-
oratively by many different workers. The early occur-
rences of mycotic granulomatosis (MG) in Japan and red
spot disease (RSD) in Australia more than 40 years ago
are now considered to have been outbreaks of the disease
that was subsequently designated as EUS. Reference to
early works on MG and RSD therefore proved important
to understanding later EUS outbreaks in SE and South
Asia.

According to some quarters, EUS is a fungal disease
of freshwater (FW) and brackish-water fish affecting
>100 species of fishes that is caused by the fungal species
Aphanomyces invadans. The organism requires a specific
combination of factors in order to germinate within the
dermis of the fish. The disease causes lesions in both the
skin and the visceral organs.

The first sustained report on EUS appeared during the
early 1980s. Since then, EUS has continued to spread un-
abated and has extended its range through different coun-
tries with devastating effects on farmed as well as wild fish
populations. More is now known about EUS since those
early outbreaks, but still the underlying causes are not. As
such, much work remains to be done in unraveling the
mysteries of this enigmatic disease. A compiled report
entitled “A Review of Epizootic Ulcerative Syndrome
(EUS) in Asia” was published during 1992 as a collabo-
rative effort between the Aquatic Animal Health Research
Institute (AAHRI) of the Royal Thai Government and the
Network of Aquaculture Centres in AsiaePacific (NACA).
Investigations regarding possible causes of EUS and
possible measures to control and contain the disease are still
being conducted.

The history of serious research with the aim of trying to
understand EUS could be traced back to the early 1980s,

when scientists from Indonesia, and then Malaysia and
Thailand, made significant studies on EUS as it
swept through those countries. In 1985, FAO, through its
Technical Cooperation Programme, launched a major
collaborative effort between scientists of the Royal Thai
Government and the University of Stirling (UK) to inves-
tigate the causes and spread of serious ulcerative diseases in
the AsiaePacific region. This project team reported the
results of its study on EUS to the Expert Consultation
Committee on Ulcerative Fish Diseases in the AsiaePacific
Region held in Bangkok August 5e9, 1986. Among other
recommendations, the Expert Consultation Committee
recommended long-term studies of the environment in
relation to outbreaks of EUS. As a response to these rec-
ommendations, NACA initiated a regional study during
1987 on the relationship between the environment and
outbreaks of EUS, supported by the United Nations
Development Programme and the FAO through the NACA
Project (RAS/86/047). This study, which started with 18
researchers located in 11 countries in the region, subse-
quently grew to form a network of 21 scientists in 12
countries. These scientists emphatically examined, in a
quantitative manner, the interactions between EUS and
environmental factors. The results obtained from these
studies formed a significant basis for and component of
future studies and reports. Further, an important outcome of
this regional research program was the demonstrable ben-
efits that could be obtained through collaboration of
regional scientists working to resolve common regional
problemsdmany previous efforts in fish disease research in
the region had unfortunately been futile mainly due to a
lack of coordinated efforts.

The “shock” of EUS also brought positive benefits. The
concern generated among many Asian governments as
a result of EUS led to increased awareness of the importance
of fish health management in the protection of fishes in
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aquaculture (AQC) as well as the wild. The Workshop on
Fish Disease and Fish Health Management conducted by the
Asian Development Bank (ADB) in association with NACA
(ADB/NACA, 1991), and collaborated by the Overseas
Development Administration (ODA), demonstrated the
importance of tackling fish health management problems in
a coordinated and concerted manner.

There were many developments in the field of
EUS research following the publication of the AAH-
RIeNACA review of EUS in 1992. EUS today is a
semiglobal problem that has been studied both indepen-
dently and collaboratively by many different workers. The
early occurrences of MG in Japan and RSD in Australia
about 45 years ago are now considered to have been
outbreaks of the disease that was subsequently named
EUS. Reference to the earlier works on MG and RSD
was therefore considered important and relevant in
understanding the later outbreaks of EUS in SE and
South Asia.

As indicated earlier, a number of different agencies
have supported works on EUS. In summary, the initial
EUS outbreaks in SE Asia were investigated by a team
funded by FAO, and the name “epizootic ulcerative syn-
drome” was later proposed at an FAO-convened Expert
Consultation in Bangkok in 1986. NACA also was inte-
grally involved in the studies on EUS. Much of the data on
environmental parameters associated with EUS outbreaks
was generated by the NACA Regional Research Pro-
gramme on Ulcerative Syndrome in Fish and the Envi-
ronment. The Department for International Development
(DFID) of the United Kingdom (formerly the ODA) and
the Australian Centre for International Agricultural
Research (ACIAR) subsequently funded major research
projects on EUS. Both of these organizations also funded
various publications through the Fisheries Programme
of ACIAR and the DFID Southeast Asia Aquatic
Animal Disease Control Project. The unabated spread of
EUS might be due partly to the large-scale movement of
fishes within the AsiaePacific region. As such, the prob-
ability of further spread is high. Consequently, the prob-
ability of initiation of EUS in the countries that are yet
unaffected is high. This has been a concern for many
countries. The need for the development of effective
strategies to reduce risks associated with the spread of
significant aquatic animal pathogens is now widely
recognized. And in Asia, it has been addressed through a
cooperative FAO/NACA/OIE regional program for the
development of technical guidelines on quarantine and
health certification, as well as the establishment of infor-
mation systems for responsible movement of live aquatic
animals in Asia. As such, cooperation among countries in
Asia and its neighbors is important in controlling aquatic
animal diseases and in promoting sustainable aquacultural
development.

3.2 REVIEW OF CURRENT STATUS
ON RESEARCH AND DEVELOPMENT
ON EUS

3.2.1 International Status

The syndrome now called EUS has been causing the
colossal loss of fishes in many countries for more than four
decades, and during that time the disease has been given
several colloquial names. It was first described in Japan in
1971 as Aphanomyces infection (Egusa and Masuda, 1971).
The infection was found in other fishes and named mycotic
granulomatosis based on histopathological findings
(Miyazaki and Egusa, 1972). Beginning in 1972, an
epizootic cutaneous ulcerative syndrome in estuarine fishes
in Australia was termed red spot disease (Mckenzie and
Hall, 1976). Similar conditions with dermal ulcerations and
mortalities occurred throughout SE and South Asia, and the
syndrome was given its present name in 1986 at the Expert
Consultation on Ulcerative Fish Diseases in Bangkok
(FAO, 1986). In the United States, similar ulcerative le-
sions designated as ulcerative mycosis (UM) (Noga and
Dykstra, 1986) occurred in estuarine fishes along the East
Coast beginning in 1978.

The literature and our knowledge on EUS has been
reviewed a number of times (Roberts et al., 1993; Chinabut
et al., 1995; Roberts, 1997; Chinabut, 1998; Lilley et al.,
1998). Egusa (1992) summarized the situation with MG in
Japan, while Noga (1993) assessed the findings regarding
UM through the early 1990s. In the light of this informa-
tion, it is now generally accepted that EUS is characterized
by the presence of ulcerative dermal lesions in which
invasive fungal hyphae are believed to elicit a granuloma-
tous response. It is also generally accepted that despite
extensive investigations in many affected countries in
recent decades, no naturally occurring, epidemiologically
similar, but pathologically distinct cutaneous ulcerative
syndrome has been found.

However, there seem to remain two key areas of dispute
among scientists, both related to the pathogenesis of dermal
ulcers. These differences were first brought to light by the
formal definition of EUS in 1994 as “a seasonal epizootic
condition of freshwater and estuarine warm water fish of
complex infectious aetiology characterized by the presence
of invasive Aphanomyces infection and necrotising ulcer-
ative lesions typically leading to a granulomatous
response” (Roberts et al., 1994a,b). Some scientists pro-
posed that a number of invasive fungal species, not
necessarily including A. invadans (¼Aphanomyces pisci-
cida) in all cases, might be involved in ulcer formation.
Others believed that only A. invadans seemed to be
consistently present and responsible for the observed tissue
destruction. Also, differences existed regarding whether the
viruses and bacteria recovered from EUS cases have
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essential or merely opportunistic roles in ulcer formation
(Lio-Po, 1999; Lio-Po et al., 2002).

3.2.1.1 Geographical Distribution

Infection with the fungus A. invadans was first reported in
farmed FW ayu (Plecoglossus altivelis) in Oita Prefecture,
Kyushu Island, Japan in 1971 (Egusa and Masuda, 1971). It
was later reported in estuarine fish, particularly grey mullet
(Mugil cephalus) in eastern Australia in 1972 (Fraser et al.,
1992; Mckenzie and Hall, 1976). Infection by A. invadans
subsequently extended its range through Papua New
Guinea, into SE and South Asia, and then into West Asia,
after sweeping through Pakistan (Lilley et al., 1998;
Tonguthai, 1985). Outbreaks of ulcerative disease in men-
haden (Brevoortia tyrannus) in the United States had the
same etiological agent as the disease observed in Asia
(Blazer et al., 1999; Lilley et al., 1997a; Vandersea et al.,
2006). The first confirmed outbreaks of infection with
A. invadans on the African continent occurred in 2007 in
Botswana, Namibia, and Zambia, and were linked to the
ZambezieChobe river system (FAO, 2009). In 2010 and
2011, infection with A. invadans appeared in wild FW fish
in Western Cape Province, South Africa and in wild brown
bullhead fish in Lake Ontario in the province of Ontario,
Canada. Infection with A. invadans was reported from >20
countries on four continents spreading across North
America, Southern Africa, Asia, and Australia.

3.2.1.2 Detailed Account

The chronology of EUS briefly outlined above is discussed
in more detail below.

Following the initial outbreaks of MG and RSD, there
was a progressive spread westwards across Asia of a syn-
drome associated with dermal ulceration and involving
large-scale mortalities in a number of FW and estuarine fish
species. The syndrome was called by various names like
ulcerative disease syndrome, fish disease syndrome, etc.
Eventually, the name EUS was adopted in 1986 at the
meeting of the Expert Consultation Committee on Ulcera-
tive Fish Diseases in Bangkok (FAO, 1986). Outbreaks of
EUS were reported from 18 countries in the AsiaePacific
region.

In 1975e1976, an ulcerative disease outbreak believed
to be EUS occurred in the rivers of southern Papua New
Guinea (Haines, 1983). During 1982e1983, there were
high mortalities in the gudgeons (Ophieleotris aporos and
Oxyeleotris heterodon) from inland areas, as well as mul-
lets from estuaries in northern Papua New Guinea (Coates
et al., 1989). Introduced tilapia (Oreochromis mossambi-
cus) is common in these areas, but even so, proved to be
resistant. Preserved affected fishes were later examined by
Roberts et al. (1986) and confirmed as pathologically
identical to EUS.

In 1980, outbreaks of an epizootic hemorrhagic condi-
tion occurred in Java, Indonesia affecting primarily
cultured cyprinids and clariids, although whether this was
EUS was uncertain (Roberts et al., 1986). Typically, ul-
cerated snakeheads and catfish were subsequently reported
in the Indonesian provinces of Sumatra, Sulawesi, and
Kalimantan (Widago, 1990). Invasive hyphae were identi-
fied from sand gobies (Oxyeleotris marmoratus) from
eastern Kalimantan (Rukyani, 1994), and Bastiawan (1993)
was said to have isolated A. invadans from an EUS-affected
sand goby in Java.

Further, Roberts et al. (1986) discussed unconfirmed
accounts of ulcerated walking catfish (Clarias batrachus)
in Singapore in 1977. They also discussed subsequent
occurrences of EUS. However, there had been no detailed
reports of extensive losses to the ornamental fish industry
due to EUS, in spite of Singapore being one of the biggest
trading centers for ornamental fishes.

Conversely, there were reports of high mortality among
fishes in southern Peninsular Malaysia in 1979 (Shariff and
Law, 1980). The first report of large-scale fish mortality due
to the outbreak of typical EUS, however, was during
December 1980 among rice-field fishes in Northern
Malaysia (Jothy, 1981). From that point, outbreaks occurred
almost annually, although sometimes to a lesser extent
(Shariff and Saidin, 1994). Major species affected were the
snakeskin gourami (Trichogaster pectoralis), stripped
snakehead (Channa striata), climbing perch (Anabas tes-
tudineus), and the walking catfish (C. batrachus).

In addition to the above, significant well-documented
epizootics had been occurring in Thailand since 1981
(Ulcerative Fish Disease Committee, 1983; Chulalongkorn
University, 1983, 1985, 1987). The second epidemic
occurred during 1982e1983, and the third during
1983e1984. EUS outbreaks were particularly devastating,
as they had affected the intensive fish culture systems in
Central Thailand as well as wild fishes in waterways. Some
of the most severe mortalities occurred among farmed
snakeheads in rice fields. The original outbreaks started
toward the end of the rainy season (September) and per-
sisted throughout the winter until March of the following
year. At that time, EUS outbreaks tended to be restricted to
the cooler months of December and January. Roberts et al.
(1993) described the isolation of the pathogenic fungus
A. invadans from EUS-affected snakeheads collected from
the Suphanburi province of Thailand.

Major outbreaks of EUS from Cambodia (Kampuchea),
Lao PDR, and Myanmar were reported during 1983e1984
(Lilley et al., 1992). However, subsequent EUS outbreaks
were less extensivedfor example, EUS outbreaks affected
35 Myanmarese towns during 1984e1985 and only 11
towns during 1989e1990 (Soe, 1990). However, the impact
of EUS continued to be significant because of the importance
of susceptible fish species to the rural economy.
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Further, several reports of EUS-affected fish came from
Vietnam, China, and Hong Kong. The first report of an
EUS outbreak among snakeheads came from the Mekong
Delta during 1983 (Xuan, 1990). Ulcerated Labeo rohita
were first observed at the Pearl River Fisheries Institute in
Guangzhou, South China during 1982 (Lian, 1990). Clariid
catfish were affected in the same area during 1987e1988
(Lian, 1990). Also, EUS outbreaks among Carassius
auratus were reported from much of Eastern China during
1989 (Guizhen, 1990). Wilson and Lo (1992) reported
c 70% mortality among the snakeheads (Channa maculata)
in Hong Kong during summer 1988.

Laguna de Bay in the Philippines experienced a
serious outbreak of EUS during December 1985.
Approximately 5e40% of certain fish groups, notably
snakeheads, gobies, gouramies, and catfishes, were found
to be ulcerated, while certain other fish groupsdfor
example, milkfish, bighead carps, and tilapiadwere found
to be unaffected (Llobrera and Gacutan, 1987). The disease
continued to spread to at least 11 other provinces in the
Philippines, affecting wild fishes in the lakes, rice fields,
and swamps as well as cultured fishes in ponds (Bondad-
Reantaso et al., 1994). Mullet, goatfish (Upeneus bensasi),
croaker (Johnius sp.), Psettodes sp., and Scatophagus
argus in a lagoon in Cagayan Province suffered an
outbreak in 1990 that was confirmed as EUS through
histopathological examination (Reantaso, 1991). The
occurrence of EUS among these brackish-water and marine
species might provide an explanation regarding the modus
operandi of the spread of EUS between the islands. Several
A. invadans isolates were observed from EUS-affected
fishes in the Philippines (Paclibare et al., 1994).

A major outbreak of EUS occurred among the FW and
estuarine fishes of Western Sri Lanka during December
1987 (Costa and Wijeyaratne, 1989). It was suspected that
the disease may have been imported from SE Asia through
shipments of imported fish that included infected angelfish
(Pterophyllum scalare), some of which were ulcerated and
suffered high mortalities (Balasuriya, 1994). Large necrotic
ulcers in affected fishesdfor example, snakeheads, were
the most prominently visible signs of EUS. However,
tilapia was found to be refractory to the disease.

For more than 15 years, EUS has been having a serious
impact on fisheries throughout mainland SE Asia.

In Bangladesh, EUS was first reported from the
Chandpur district during February 1988. The disease
spread quite rapidly throughout the country, possibly aided
by the flood of September 1988 (Barua, 1994). Ulceration
was observed in many wild species, notably Channa spp.,
Puntius spp., Clarias sp., Mystus spp., Macrognathus spp.,
and Mastacembelus sp. The IMCs in the culture system
were also widely affected, although large-scale mortalities
due to EUS were probably restricted to juveniles (Roberts
et al., 1989). There was a small decline in the severity of

outbreaks of EUS temporarily. However, the intensity of
EUS was again on the rise beginning in 1993. A. invadans
was isolated from farmed IMC (notably L. rohita) in NW
Bangladesh, and from wild fishes in the wetlands of NE
Bangladesh during 1993.

The earliest report of an EUS outbreak causing panic
among the people because of its suspected health hazards
goes back to Australia (Mckenzie and Hall, 1976), from
whence it swept in more or less a chronological manner
through almost all of SE Asia including Java, Borneo,
Sumatra, Indonesia, Malaysia (Shariff and Law, 1980),
Kampuchea, Lao PDR (Boonyaratpalin, 1985), Vietnam,
Myanmar, Thailand (Tonguthai, 1985), and Bangladesh
before reaching India through the Barak Valley region of
Assam during July 1988 (Kar and Dey, 1990a,b,c; Kar,
2007, 2013), and has continued its progression to the cur-
rent day.

Various postulates have been put forward for this dis-
ease, including physical factors such as water pollution
causing changes in physicochemical characteristics and
micronutrients. But these may just be the triggering factors.
The origin of the disease is unknown and remains a matter
of speculation even today. Attempts have been made in
different laboratories to investigate the cause of EUS and to
correlate outbreaks of the epizootic with environmental
parameters. Rodgers and Burke (1981) stated the rapid
seasonal depression of salinity and temperature as impor-
tant environmental factors predisposing fish to attack by
EUS due to the stress conditions created. No particular
characteristic of soil fertility appeared to be related to the
occurrence of EUS (Macintosh and Phillips, 1986). How-
ever, Aeromonas hydrophila is one of the most commonly
isolated bacterium involved in hemorrhagic fish diseases in
the Indo-Pacific region (Roberts, 1989). A primary viral
etiology has been considered a likely possibility for the
rapid and uncontrollable spread of EUS (Frerichs et al.,
1986; Ahne et al., 1988).

Further, Roberts et al. (1993) reported the involvement
of one or more invasive fungi and a range of opportunistic
bacteria and certain viruses. Chinabut et al. (1995) reported
the isolation of the invasive fungus Aphanomyces, from
EUS-affected fishes. Willoughby et al. (1995) stated that
the primary cause of EUS had not been correctly known,
although there appeared to be a close correlation between
outbreaks of EUS and temperature involving a range of
microbes. They further stated that previous works had
failed to establish a strong correlation between isolated
mycotic flora and disease outbreak. Leung et al. (1994)
stated that A. hydrophila, an opportunistic pathogen asso-
ciated with hemorrhagic septicemia, is a ubiquitous and
heterogeneous organism that produces disease in fish under
stress conditions or in contact with infection by other path-
ogens. They stated that the pathogenesis of A. hydrophila is
multifactorial, and a variety of virulence factors possibly
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work in concert to contribute to the overall virulence of this
bacterium. Extracellular products including toxins, hemo-
lysins, proteases, and acetyl cholinesterase appeared to
contribute to the establishment of A. hydrophila infection in
fish. Cartwright et al. (1994) reported that a virulent strain of
A. hydrophila associated with EUS was used to produce a
monoclonal antibody that identified virulent strains of
A. hydrophila. Lilley and Frerichs (1994) compared seven
rhabdoviruses isolated from fish suffering from EUS
in terms of their morphology, cytopathogenicity, antigenic
relatedness, and structured polypeptide composition.
Roberts et al. (1994a) reported about a number of
birnavirus strains, a reovirus, and at least eight rhabdovirus
isolates.

According to OIE (1997), EUS is a seasonal epizootic
condition of wild and farmed fresh and brackish-water fish
that is of complex infectious etiology. According to them,
the primary causative agent of EUS is the fungus
A. invadans, often associated with bacterial septicemia that
generally involves A. hydrophila. A variety of parasites had
also been reported from the diseased fish, but their presence
is said to be inconsistent. Associated viral infections could
also occur frequently. It is believed that the fungus by itself
may not normally invade fish, and it is postulated that a
certain cofactor such as, epidermal damage (which could be
initiated by an array of agents), severe environmental stress,
or viral infection is required to in order to initiate this
complex and exceedingly dangerous condition. They
reported that EUS is now endemic in SE and South Asia.

In addition to the various workers in EUS research
mentioned in this treatise, some other significant workers in
the field of EUS research are:

Dr C. Baldock (Ausvet Animal Health Services,
Australia) in the field of EUS epidemiology; Mr Graeme
Fraser (NSW Agriculture, Australia); Dr L. G. Willoughby
(Freshwater Biological Association, UK) with regard to
EUS mycology; Prof R. J. Roberts (Stirling, UK); Dr Kim
Thompson (IoA, Stirling, UK); Dr Ruth Campbell (IoA,
Stirling); Mr Jes Sammut (University of New South
Wales); Dr Melba B. Reantaso, Ms Susan Lumanlan-
Mayo, Mr Jose Paclibare, Ms Elena Catap, and Ms Hazel
Matias (Bureau of Fisheries and Aquatic Resources,
Philippines); Dr Akhmad Rukyani, Mr Dayat Basiawan,
and Mr Taukhid (Research Institute for Freshwater Fish-
eries, Indonesia); Dr C. V. Mohan (College of Fisheries,
Mangalore, India); Mr R. R. Dhital (Fisheries Develop-
ment Division, Nepal); Mr Masud Hossain Khan
(Bangladesh Fisheries Research Institute, Bangladesh);
Miss Werawan Chin-aksorn (Suphanburi Fisheries Station,
Thailand); Mr Douangkham Singhanouvong (Department
of Livestock and Fisheries, Ministry of Agriculture and
Forestry, Lao PDR); Mr K. Subramaniam (Brackishwater
Research Station, Malaysia); Mr Ing Kim Leang (Depart-
ment of Fisheries, Cambodia); Mr U. Tin Myo Zaw

(Department of Fisheries, Myanmar); and Mr Zafran
(Gondol Research Station for Coastal Fisheries, Bali,
Indonesia); and others.

3.2.2 National Status: Status of EUS
in India

The records of EUS in India date back to the year 1988,
when it entered India through the NE corridor from
adjoining Bangladesh. The Indian Council of Agricultural
Research (ICAR) started the investigation with the
report of outbreaks of EUS in India along with other
workers.

The fishes of the Barak Valley region of Assam
received the first attack of the disease, being adjacent and
quite near to Bangladesh. Dr Devashish Kar and his
coworkers were among the few researchers who initiated
this pioneering work in India. Details of their works are
given in the following paragraphs.

In India, widespread outbreaks of EUS started in the
Barak Valley region of Assam beginning in July 1988 (Kar,
1999, 2005, 2007, 2010, 2012, 2013; Kar and Dey, 1988;
Kar and Dey, 1988a,b, 1990a,b,c; Kar and Das, 2004a,b;
Kar et al., 1990a,b, 1993, 1994, 1995a,b,c, 1996a,b,c,
1997, 1998a,b,c,d, 1999a,b, 2000a,b,c,d, 2001a,b,
2002a,b,c, 2003a,b,c,d,e,f,g, 2004a,b,c; Patil et al., 2003).
Outbreaks of EUS in India have been comprehensively
reviewed at various perspectives for a comprehensive re-
view (The Zoological Society of Assam, 1988; Jhingran
and Das, 1990; National Workshop on Ulcerative Disease
Syndrome in Fish, 1990; Kumar et al., 1991; ICSF, 1992;
Das and Das, 1993; Mohan and Shankar, 1994; etc.).

From the Barak Valley region of Assam (July 1988),
after its initiation in India, EUS spread and swept almost
unabated, and more or less in a chronological manner,
through other regions of India, notably West Bengal
(1989), Bihar (1989), Orissa (1989), UP (1990), MP
(1990), Maharastra (1991e1992), Karnataka (1993), Goa
(1993), Tamil Nadu (1993), Andhra Pradesh (1992e1993),
and Kerala (1994e1995), reaching Pakistan during
1996e1998 before progressing further.

However, in Assam, particularly in the Barak Valley
region, EUS has become almost endemic, recurring
almost every year between November and March. The
detailed works done on EUS since its inception in India
by Dr Kar and his associates of Assam (Central) Uni-
versity at Silchar will be presented a little later in this
treatise.

Other Indian workers among those who worked on the
EUS problem are Bhaumik et al. (1990), who worked on
the impact of EUS on society. Chakrabarty and Dastidar
(1991) repeatedly isolated chemoautotrophic nocardio-
form bacteria from fish affected by EUS. Chattopadhyay
et al. (1990) conducted microbiological investigations
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into EUS in fishes. Das et al. (1990) prepared a compre-
hensive account of EUS. Goswami et al. (1988) per-
formed studies on certain aspects of prevention and
treatment of fish suffering from EUS. Jhingran (1991)
worked on a strategy for containing EUS. Prasad and
Sinha (1990) prepared a status paper on the occurrence of
EUS in fishes of Bihar. Purkait (1990) prepared case
studies on EUS of fishes in Chanditala of the Hooghly
district in West Bengal. Rahman et al. (1988) studied the
role of EUS-affected fish on the health of ducks in Assam.
The Central Institute of Freshwater Aquaculture (ICAR)
developed CIFAX, which has been claimed to control
EUS. Mohan and Shankar (1994), Vishwanath et al.
(1997a,b, 1998), and Mohan et al. (1999a,b) did works
revealing different aspects of EUS.

Historical resume of works done on EUS globally

In addition to the above, some other significant works
on EUS from different parts of the globe are briefly
mentioned below as a historical resume:
Callinan et al. (1995) worked on Aphanomyces species
associated with EUS in the Philippines, and RSD, which
is said to be prevalent in Australia. They made prelimi-
nary comparative studies on RSD in Australia with EUS.
Frerichs (1995) reported about the viruses associated
with EUS of fish in SE Asia.
Chakrabarty et al. (1996) worked on the electron micro-
scopic characteristics of actinomycetic agents having etio-
logical association with human leprosy and EUS of fish.
Anon (1998) reported about EUS in fishes of Pakistan
with regard to a report regarding a visit of a mission
to Punjab (Pakistan) during April 2e25, 1998.
Lilley et al. (1998) published the Epizootic Ulcerative
Syndrome (EUS) Technical Handbook. They opined
that EUS is an international problem that has been stud-
ied independently and collaboratively by many different
workers. The early occurrences of MG in Japan and
RSD in Australia, >40 years ago, are now considered
to be the initial outbreaks of the disease subsequently
designated as EUS.
Chandrakant et al. (2000) reported on the characteristics
and virulence of A. hydrophila isolates from FW fish
affected by EUS.
Lio-Po et al. (2000) worked on the characterization of a
virus obtained from snakeheads (Ophicephalus striatus)
with EUS in the Philippines.
John et al. (2001) worked on the characteristics of a
new reovirus isolated from EUS-infected snakehead
fish.
Lilley et al. (2001) worked on the characterization of
A. invadans isolates using pyrolysis mass spectrometry.
Miles et al. (2001) worked on the effect of macrophages
and serum of fish susceptible or resistant to EUS on the
EUS pathogen A. invadans.

Vogelbein et al. (2001) dealt with skin ulcers in estua-
rine fishes and made a comparative pathological evalu-
ation of wild and laboratory-exposed fish.
Kiryu et al. (2002) worked on infectivity and the role of
A. invadans in the etiology and induction of skin ulcers
in Atlantic menhaden (B. tyrannus) with two laboratory
challenges.
Anon (2003) worked on EUS in relation to infection
with A. invadans. EUS has been considered the
same as RSD, MG, and UM. In 2005, scientists
proposed that the disease should be named epizootic
granulomatous aphanomycosis (Baldock et al.,
2005).
Sipaúba-Tavares et al. (2003) reported on the effect of
liming management on water quality in Colossoma
macropomum (“Tambaqui”) ponds.
Anon (2003) provided excerpts of EUS in the OIE
Manual. The account described EUS as a seasonal
epizootic condition of wild and farmed FW and
brackish-water fish of complex infectious etiology. It
is characterized by the presence of invasive Aphanomy-
ces infection and necrotizing ulcerative lesions, typi-
cally producing a granulomatous response. The
disease is now endemic in SE and South Asia, and
has recently extended to West Asia. EUS is indistin-
guishable from RSD in Australia and MG in Japan.
Zaki (2004) worked on the effect of Saccharomyces
cervisiae on the immune status of Oreochromis niloti-
cus against transportation stress and motile Aeromonas
septicemia.
Baldock et al. (2005) reviewed the outcomes of a short
expert consultation on EUS in connection with reex-
amination of causal factors, case definitions, and
nomenclature. They opined that EUS is the same dis-
ease as MG, RSD, and UM, which is now generally
accepted. Further, they posited that A. invadans
(¼A. piscicida) could be the only necessary infectious
agent.
Callinan et al. (2005) worked on dermatitis, bronchitis,
and mortality in empire gudgeon (Hypseleotris com-
pressa) exposed naturally to runoff from acid sulfate
soils.
Humphrey and Pearce (2006) reported on the EUS/RSD
in Australia and attempted to answer the question,
“What is epizootic ulcerative syndrome?”
Birgit et al. expressed concern about the likelihood of
the introduction and establishment of EUS in the United
Kingdom.
Mudenda (2006) reported vividly about a surveillance
experience of the current state of EUS in Africa.
Zhang et al. (2007) worked on the hematological and
plasma biochemical responses of crucian carp
(C. auratus) to intraperitoneal injection of extracted
microcystins, with possible mechanisms of anemia.
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Hossain (2008) worked on the isolation of pathogenic
bacteria from the skin of ulcerated symptomatic gou-
rami (Colisa lalia) through 16S rDNA analysis.
Muniruzzaman and Chowdhury (2008) reported on ul-
cer diseases in cultured fish in Mymensingh and sur-
rounding districts in Bangladesh.
Gayathri et al. (2008) worked on determination of a
specific sampling site on EUS-affected fish for diag-
nosis of A. invadans by immunodot test using mono-
clonal antibodies
Dennis et al. (2008), while discussing “Emerging and
Endemic Aquatic Animal Diseases in Australasia,”
dealt with protozoal diseases (white spot disease and
perkinsosis); OX disease; velvet disease; chilodonello-
sis; kudoa; other parasitic diseases (notably blood
flukes, sea lice, anchor worms, etc.); fungal diseases
(EUS/RSD); bacterial diseases (goldfish ulcer disease,
enteric septicemia, and epitheliocystis); viral diseases
(megalocytivirus, epizootic hematopoietic necrosis,
viral nervous necrosis, abalone ganglioneuritis virus,
and pilchard herpesvirus); and so on.
Anon (2008) reported about EUS/RSD as one of the
fungal diseases among finfishes in Australia.
FAO (2009) reported about “What One May Need to
Know Regarding EUS” as part of an extension
brochure.
Muthu Ramakrishnan (2009) worked on EUS and its
prophylactic measures in the catfish Heteropneustes
fossilis.
Anon (2009) described EUS in fishes covering various
aspects, such as its scope, disease information, agent
factors, etiological agent, agent strains, stability of the
agent, life cycle, host factors, and so on.
Das et al. (2009) worked on antimicrobial resistance and
in vitro gene transfer in bacteria isolated from the ulcers
of EUS-affected fish in India.
Choongo et al. (2009) reported about the emergence of
EUS in native fish of the MurrayeDarling river system
(MDRS) of Australia in relation to hosts, distribution,
and possible vectors.
Siddique et al. (2009) reported about fungal disease of
FW fishes in the Natore district of Bangladesh.
Rodger (2010) prepared the Fish Disease Manual
that dealt with various aspects of fish and fish disease.
Saylor et al. (2010) reported about EUS caused by
A. invadans in captive bullseye snakehead (Channa
marulius) collected from south Florida, USA.
Hossain et al. (2011) worked on the isolation of emer-
gent bacterial pathogens recovered from capture and
cultured fisheries in Bangladesh.
Anon (2011) dealt with distribution, signalment, clinical
signs, diagnosis, treatment, control, quarantine, and
health certification practices for EUS in general, and
in endemic areas. The author also dealt with eradication,

exclusion, management, surveillance, and treatment of
the disease.
Anon (2011) dealt with EUS while preparing Identifi-
cation Field Guide for Aq Animal Diseases signifi-
cant to Australia.
Anon (2011) discussed the quarantine requirements for
the importation of live fish and their gametes and fertil-
ized eggs.
Anon (2012) published a report based on information
provided to the panel by the Queensland government
and other stakeholders, relating to fish health issues
observed in Gladstone Harbour and surrounding areas
under the aegis of the Gladstone Fish Health Scientific
Advisory Panel.
Boys et al. (2012) reported about “Emergence of EUS
in Native Fish of the MDRS in Australia,” with a note
on hosts, distribution, and possible vectors. This study
is the first published account of A. invadans in the
wild fish populations of the MDRS, and is the first
confirmed record of EUS in Macquaria ambigua, Mac-
cullochella peelii, and Leiopotherapon unicolor.
Huchzermeyer and van der Waal (2012) reported about
the exotic fish disease called EUS threatening Africa’s
aquatic ecosystems.
Baruah et al. (2012) worked on interspecific transmis-
sion of the EUS pathogen A. invadans and associated
physiological responses.
Nsonga et al. (2013) worked on the epidemiology of
EUS in the Zambezi River system as a case study
from Zambia in Africa.
Baidya and Prasad (2013) reported about the outbreak
and prevalence of EUS among the carps in Nepal.
Islam and Chowdhury (2013) studied the limnological
status of the Trimohini Beel (wetland) of Rajshahi
in Bangladesh. A total of 38 zooplankton genera and
26 physicochemical variables were studied in Trimohini
Beel. They also reported about outbreaks of EUS.
Kar (2013) has been working extensively on EUS fish
disease in India with regard to its gross pathology,
epidemiology, etiology, and so on.
Takuma et al. (2013) reported about two new species of
Aphanomyces, viz. Aphanomyces izumoensis sp. nov.
and Aphanomyces shimanensis sp. nov. isolated from
ice fish Salangichthys microdon.
Adil et al. (2013) worked on the development and stan-
dardization of a monoclonal antibody-based rapid flow-
through immunoassay for the detection of A. invadans
in the field.
Brown et al. (2014) reported about supporting disaster
response and preparedness in AQC. They opined that
the AQC sector is particularly vulnerable to natural
and human-induced rapid- or slow-onset disasters.
This is due to the risks associated with the location of
fish farm production facilities and other infrastructure,
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the type of activities associated with fish farming, the
nature of fish in specific development stages (fry, finger-
ling, larvae), and the limited capacity of the sector to
reduce and cope with the potential consequences of a
disaster.

Likewise, some significant works done on different
aspects of EUS fish disease in India are given below:

Anon (1992a,b) held consultation on EUS vis-à-vis the
environment and the people, under the aegis of the In-
ternational Collective in Support of Fishworkers.
Rattan and Parulekar (1998) dealt with the diseases and
parasites of laboratory-reared and wild populations of
banded pearl spot, Etroplus suratensis (Cichlidae), in
Goa.
Mohan et al. (1999) argued that EUS-specific fungus of
fishes could be a primary pathogen for the outbreak of
the disease.
Riji John and Richards (1999) worked on the character-
istics of a new birnavirus associated with a warmwater
fish cell line.
Riji John et al. (2001) worked on the characteristics of a
new reovirus isolated from EUS-infected snakehead
fish.
Baldock (2002), in connection with health management
issues in the rural livestock sector, advocated for certain
useful lessons for consideration when formulating pro-
grams on health management in rural small-scale
AQC for livelihood.
Mazid and Banu (2002) gave an overview of the social
and economic impact as well as the management of fish
and shrimp disease in Bangladesh, with an emphasis on
small-scale AQC.
Khan and Lilley (2002) dealt with risk factors and so-
cioeconomic impacts associated with EUS in
Bangladesh.
Roy (2005) worked with a biotechnological approach
for defining EUS in FW fishes.
Anon (2005) reported about quarantine measures adop-
ted for a consignment of kissing gourami (Helostoma
temminckii) in Western Australia that had been im-
ported from Singapore, and the results thereof.
Harikrishnan et al. (2008) worked on the use of herbal
concoctions in the therapy of goldfish (C. auratus)
infected with A. hydrophila.
Muthukrishnan et al. (2008) worked on microbial flora
from EUS-infected murrel [C. striata (Bloch, 1797)] in
the Tirunelveli region.
Khatri et al. (2009) made an assessment on the prev-
alence of fish diseases in Sambalpur, Western
Orissa.
Sunitha et al. (2010) reported that Coleus aromaticus
(Benth) could act as an immunostimulant in
C. marulius (Hamilton).

Chauhan (2012) studied certain fungal diseases among
culturable and nonculturable species of fishes of the Up-
per Lake in Bhopal.
Sankar Ganesh et al. (2012) worked on isolation and
identification of Vibrio spp. in diseased Channa puncta-
tus from AQC fish farms.
Riji John and Rosalind George (2012) reported an up-
date of the viruses associated with EUS.
Vijayakumar et al. (2013) worked on EUS in FW and
brackish-water fishes.
Roy et al. (2013) did works related to isolation and
identification of multiantibiotic-resistant Aeromonas
veronii by 16S rDNA gene sequencing from the gut
of FW loach Lepidocephalichthys guntea (Hamilton
Buchanan).
Haniffa et al. (2013) studied the antimicrobial effects of
Wrightia tinctoria (Roxb.) R.Br. against EUS in
C. striata, both in vitro and in vivo.
Laharia (2013) worked on the immune response and sta-
tus of EUS-affected fishes C. punctatus and Clarias
magur in Maharastra.
Pradhan et al. (2014) reported about the emergence of
EUS, and large-scale mortality of cultured and wild
fishes, in Uttar Pradesh, India.
Riji John et al. (2015) worked on EUS in fishes. Sam-
pling was done in two NE provinces of Assam and
Manipur, and infected FW fish samples with different
stages of development of ulcers were collected. These
fish tissues were processed and analyzed for the pres-
ence of viruses by diagnostic PCR.
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Chapter 4

Epidemiological Study

Epidemiology
Epidemiology is the study of the distribution and de-

terminants (i.e., causes) of disease in populations. Epide-
miologists typically take a wide view of causal factors,
defining them as “any event, condition, or characteristic
that plays an essential role in producing an occurrence of
disease.” In contrast to this, many pathologists and micro-
biologists may consider, for example, a particular infectious
agent to be the cause of a disease, and relegate all other
contributions to “contributing” or “predisposing” factors.

The epidemiological approach to outbreak in-
vestigations is based on the premise that cases of a disease
are not distributed randomly but occur in patterns within
the at-risk population. It is the role of the epidemiologist to
record and analyze these patterns to help meet the primary
objective.

From an epidemiologic viewpoint, it is important to
characterize the outbreak in terms of the above three vari-
ables. This characterization must be done in such a way that
hypotheses could be developed regarding the source, mode
of transmission, and duration of the outbreak. The infor-
mation is organized in an attempt to find answers to the
kinds of aspects mentioned above.

4.1 DETAILS OF EPIDEMIOLOGY

4.1.1 The Early Status

Epidemiology literally means “the study of what is upon the
people.” The word is derived from the Greek epi, meaning
“upon, among,” demos, meaning “people, district,” and
logos, meaning “study, word, discourse.” It suggests that it
perhaps applies only to human populations. Nevertheless,
the term is widely used in studies of zoological populations
including veterinary epidemiology. On the other hand, the
term “epizoology” is applied to studies of plant pop-
ulationsdthat is, botanical or plant disease epidemiology.
In addition, epidemiologists are said to deal with the
interaction of diseases in a population, a condition known
as a “syndemic.” Moreover, epidemiology is often viewed
as an aggregation of statistical tools that could be used to
discuss the associations of exposures to health outcomes.
However, a thorough appreciation of this science is that of
discovering causal relationships.

The Greek physician Hippocrates (c 200 BC) is
considered the father of medicine. He is also regarded as a
pioneer for drawing a distinction between “epidemic” and
“endemic.” He had attempted to distinguish between dis-
eases that are “visited upon” a population, called
“epidemic,” from those that “reside within” a population,
termed “endemic.” In other words, the term endemic could
be used for diseases usually found in some places but not in
others, while the word epidemic may be used for diseases
that are seen sometimes, but not every time (Anon, 2009b).

Hippocrates perhaps also sought logic to sickness. He is
also regarded as a pioneer for examining the relationships
between the occurrence of diseases and environmental in-
fluences. Hippocrates had believed that illness of the human
body could be caused by an imbalance of the four humors,
viz., air, fire, water, and earth “atoms.” The cure to the
sickness could be achieved by either removing or adding
the humor in question in order to balance the body. This
idea led to the applications of bloodletting and dieting in
medicine. Also, the “Ayurveda” in ancient India had
considered disease to be a manifestation of imbalance in
three bodily humors, called “Doshas.” Systems of diagnosis
were said to have been based around this theory.

In addition, one of the earliest theories of the origin of
disease advocated that diseases are caused primarily by
faults in human luxury. This was expressed by philosopher
such as Rousseau (1754), as well as social critics like
Jonathan Swift (2008).

Nevertheless, history seemed to portray the term
“epidemiology” as appearing at first to describe the study of
epidemics in 1802 by the Spanish physician Villalba in
Epidemiología Española. Concomitantly, a doctor from
Verona named Girolamo Fracastoro, during the middle of
the sixteenth century, is often regarded as the pioneer who
proposed the theory that the very small and unobservable
particles that cause diseases are alive. They were consid-
ered able to spread by air, having the capacity of self-
multiplication, and could be destroyed by fire. In this
way, he is believed to have refuted Galen’s miasma theory
(poison gas in sick people). He had written a book entitled
De contagione et contagiosis morbis in 1543. He was
considered the pioneer in promoting personal and envi-
ronmental hygiene to prevent disease through this treatise.
Subsequently, Anton van Leeuwenhoek had invented a
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sufficiently powerful microscope in 1675. This provided
visual evidence of living particles consistent with the germ
theory of disease.

Notwithstanding the above, Thomas Sydenham
(1624e1689) is considered another pioneer, who distin-
guished the fevers of Londoners during the later 1600s. His
theories on cures of fevers met with much resistance from
traditional physicians at that time. He was also unable to
find the initial causes of the smallpox fever he researched
and treated. Concomitantly, John Graunt was a haber-
dasher and amateur statistician. He published a number of
“Natural and Political Observations upon the Bills of
Mortality” in 1662. In these advocacies, he analyzed the
mortality rolls in London before the Great Plague. He also
presented one of the first life tables and reported time
trends for many new and old diseases. Further, he provided
statistical evidence for many theories on disease and also
criticized some of the widespread ideas about them.

4.1.2 The Modern Era

Concomitant to the above, John Snow is considered
famous for his investigations into the causes of the
cholera epidemics during the nineteenth century. He is
also often regarded as the father of modern epidemi-
ology. His exposition of the Broad Street pump as the
cause of the Soho epidemic is regarded as a classic
example of epidemiology. Snow used chlorine and also
removed the handle in an attempt to clean the water.
This ended the outbreak. Further, this has therefore been
perceived as a major event in the history of public
health, and has been considered the founding event of
the science of epidemiology, having assisted in shaping
public health policies around the globe. However, results
of Snow’s research on preventive measures to avoid
further outbreaks was not completely accepted or put
into practice until after he had expired. In addition to the
above, Danish physician Peter Anton Schleisner is also
regarded as a pioneer, who related his work on the
prevention of the epidemic of neonatal tetanus on the
Vestmanna Islands in Iceland in 1849 (Garðarsdóttir and
Guttormsson, 2008, 2009).

In addition to the above, another significant pioneer was
the Hungarian physician Ignaz Semmelweis, who in 1847
brought down infant mortality at a Vienna hospital by
instituting a disinfection procedure. His findings were
published in 1850, but were said to be ill received by his
colleagues, who had discontinued the procedure. Disin-
fection did not become widely practiced until British sur-
geon Joseph Lister discovered antiseptics in 1865 in light of
the work of Louis Pasteur.

Notwithstanding the above, mathematical methods were
introduced into epidemiology by Ronald Ross, Janet Lane-
Claypon, Anderson Gray McKendrick, and others during

the early twentieth century (Karl et al., 1900e1945;
Kermack and McKendrick, 1927).

With the advancement of research in the biomedical
sciences during the late twentieth century, a number of
molecular markers in blood, other biospecimens, and
environment were identified as predictors of development
or risk of certain diseases. Thus, “molecular epidemi-
ology” broadly emanated out of epidemiological research
in order to examine the relationship between these bio-
markers analyzed at the molecular level and the disease.
Specifically, “genetic epidemiology” was used for the
epidemiology of germ line genetic variation and disease.
Genetic variation is typically determined by using DNA
from peripheral blood leucocytes. Genome-wide associa-
tion studies have been commonly done to identify genetic
risk factors for many diseases and health conditions since
the 2000s.

It has been increasingly recognized that disease
evolution represents an inherently heterogeneous process
that differs from person to person, while most molecular
epidemiology studies still possibly use the conventional
disease diagnosis and classification system. Conceptually,
each individual is said to possess a unique disease
process, called the “unique disease principle,” that is said
to be different from that of any other individual (Ogino
et al., 2012a, 2013), considering the uniqueness of the
exposome (which is said to be a totality of endogenous
and exogenous/environmental exposures, and its unique
influence on molecular pathologic process in each
individual). In this regard, it could be noted that studies
related to the examination of the relationship between an
exposure and molecular pathologic signature of disease
became increasingly common throughout the 2000s.
However, the use of molecular pathology in epidemiology
has posed unique challenges such as the lack of research
guidelines and standardized statistical methodologies, and
the paucity of interdisciplinary experts and training
programs (Ogino et al., 2012b). Still further, the concept
of disease heterogeneity appeared to be in conflict with
the long-standing premise in epidemiology that in-
dividuals with the same disease name have similar etiol-
ogies and disease processes. In this connection, it may be
mentioned here that “molecular pathology” and “epide-
miology” were integrated into a new interdisciplinary
field of “molecular pathological epidemiology” (MPE)
(Ogino and Stampfer, 2010; Ogino et al., 2011), in order
to resolve these issues and advance population health
science in the era of molecular precision medicine (MPE).
MPE may be defined as “epidemiology of molecular pa-
thology and heterogeneity of disease.” In MPE, in-
vestigators analyze the relationships among the following:
(1) environmental, dietary, lifestyle, and genetic factors;
(2) alterations in cellular or extracellular molecules; and
(3) evolution and progression of disease. However, a
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better understanding of heterogeneity of disease patho-
genesis will further contribute to elucidate etiologies of
disease. Incidentally, the MPE approach could be applied
to both neoplastic and nonneoplastic diseases (Field et al.,
2013). The concept and paradigm of MPE are said to have
become widespread in the 2010s (Curtin et al., 2011,
Hughes et al., 2012; Ku et al., 2012; Chia et al., 2012;
Ikramuddin and Livingston, 2013).

4.1.2.1 Epidemiology and Bradford Hill
Criteria

Austin Bradford Hill (1965) had advocated a series of
considerations to help in assessing the evidence of
causation (Hill, 1965), which are commonly called the
“Bradford Hill criteria.” However, Hill’s considerations
are now sometimes considered a checklist to be
implemented for assessing causality (Phillips and Karen,
2004). Hill himself had asserted that none of his view-
points could bring indisputable evidence for or against the
cause-and-effect hypothesis and none could also be
required sine qua non (Hill, 1965).

Concomitant to the above, “correlation may not imply
causation.” It is a common theme for much epidemiolog-
ical literature. For epidemiologists, the key is in the term
inference. Epidemiologists use gathered data and a broad
range of biomedical and psychosocial theories in an iter-
ative way to generate or expand theory, test hypotheses,
and make educated, informed assertions about what
relationships are causaldthey also try to furnish explana-
tions for exactly how they are causal.

Notwithstanding the above, epidemiologists like Roth-
man and Greenland have emphasized that the “one
causeeone effect” understanding is a simplistic misbelief.
Most outcomes, whether disease or death, are caused by a
chain or web consisting of many component reasons.
Causes could further be distinguished as necessary, suffi-
cient, or probabilistic conditions. If a necessary condition
could be identified and controlleddfor example, antibodies
to a disease agentdthe harmful outcome could be avoided.

Some related terminologies are briefly dealt with below:

1. Strength: A weak association may not mean that there
is no causal effect. However, the larger the association,
the more likely that it is causal (Hill, 1965).

2. Consistency: Consistent findings observed by different
persons in different places with different samples are
said to strengthen the likelihood of an effect (Hill,
1965).

3. Specificity: Causation is likely for a very specific
population, at a specific site, that has a disease but no
other likely explanation. The more specific the associa-
tion between a factor and an effect, the bigger the
probability of a causal relationship (Hill, 1965).

4. Temporality: The effect has to occur after the cause,
and if there is an expected delay between the cause
and expected effect, then the effect may occur after
that delay (Hill, 1965).

5. Biological gradient: Greater exposure should generally
lead to greater incidence of the effect. However, in
some cases, the mere presence of the factor may trigger
the effect. In other cases, an inverse proportion is
observed: greater exposure leads to lower incidence
(Hill, 1965).

6. Plausibility: A plausible mechanism between cause and
effect is helpful. However, Hill noted that knowledge of
the mechanism is limited by current knowledge (Hill,
1965).

7. Coherence: Coherence between epidemiological and
laboratory findings increase the likelihood of an effect.
However, Hill noted that lack of such (laboratory)
evidence may not nullify the epidemiological effect
on association (Hill, 1965).

8. Experiment: Occasionally it is possible to appeal to
experimental evidence (Hill, 1965).

9. Analogy: The effect of similar factors may be consid-
ered (Hill, 1965).

4.1.2.2 Legal Interpretation

Epidemiology is said to be more related to the incidence of
disease in “populations” than to addressing the reasons for
an individual’s disease. The aspect of individual ailment is
often referred to as specific causation and is beyond the
regime of the science of epidemiology. Epidemiology has
its limitations at the point where a conclusion can be drawn
that the relationship between an agent and a subject disease
is causal (general causation), and the magnitude of excess
risk attributed to the agent has been determined. This could
mean that epidemiology emphasizes whether an agent
could cause a disease and not whether an agent did cause a
specific plaintiff’s disease (Green et al., 2008). Epidemio-
logical studies can only prove that an agent could have
caused, not that it did cause, an effect in any particular case.

In the legal scenario of the United States, epidemiology
alone may not be enough to outweigh the fact that causal
association does not generally exist. Conversely, in certain
individual cases, some US courts have allowed the
conclusion that a causal association does exist based upon a
balance of probability.

Concomitant to the above, the subdiscipline of forensic
epidemiology is said to be directed toward the investigation
of specific causation of an ailment or injury in individuals
or groups of individuals, in instances in which causation is
disputed or is unclear, for presentation in legal settings.

Epidemiological evidence is sometimes used to plead,
as in a public health discipline, for both personal measures
like diet change and corporate measures like removal of
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junk food advertising. The findings of such studies are
often disseminated to the people. This could help them to
make informed decisions about their health. Often
uncertainties about these findings are not well communi-
cated. News items and articles often prominently report the
latest result of one study with little mention of its limita-
tions, caveats, or context. Nevertheless, epidemiological
tools have proved to be effective in establishing major
causes of diseases like cholera and lung cancer (Hill, 1965).
However, such tools may often experience difficulties when
dealing with more subtle health issues where causation is
more complex. Nevertheless, it may be noted here that
inferences drawn from observational studies may be
reconsidered, as later data, from the randomized controlled
trials once they become available, as was the case with the
association between the use of hormone replacement
therapy and cardiac risk (Gabriel et al., 2005).

Potential health hazards to men, which could happen
due to availability and consumption of sick fishes, could
also be dealt with under the considerations indicated above.
Attempts could therefore be made in that direction.

4.1.2.3 Epidemiology and Population-Based
Health Management

Further, epidemiological practice and the results of epide-
miological analysis possibly make a significant contribu-
tion to the emerging population-based health management
infrastructure.

However, population-based health management
encompasses the capacity to:

1. adjudicate the health status and health requirements of
the target population;

2. materialize and evaluate interventions that are designed
to upkeep the health of that population; and

3. provide care for members of that population efficiently,
effectively, and in a way consistent with the commun-
ity’s cultural, policy, and health-resource values and
ethos.

Notwithstanding the above, the modern population-
based health management system is complex and
requires a multiple set of skills, which include medical,
political, technological, and mathematical. Nevertheless,
among these, epidemiological practice and analysis are
considered core components that collaborate with man-
agement science to provide efficient and effective health
care and health guidance to a population. Such a task
needs the ability to look forward to modern risk man-
agement approaches that could assist in transforming
health risk factors, incidence, prevalence, and mortality
statistics (derived from epidemiological analysis) into
management matrices. This not only could guide how a
health system might respond to current population health

issues, but also could give some clues to the issues of how
a health system could be managed to better respond to
future potential population health issues (Neil and Debra,
2011).

In this regard, it may be mentioned here that organi-
zations use population-based health management practices,
which leverage the work. Some examples of epidemio-
logical practice are said to include the Canadian Strategy
for Cancer Control, Health Canada Tobacco Control
Programs, Rick Hansen Foundation, Canadian Tobacco
Control Research Initiative (Smetanin and Kobak,
2005a,b, 2006), and so on. Such initiatives are also
expected to become available among fish health manage-
ment workers.

In this connection, it may be pointed out that each of
these organizations is believed to use a population-based
health management framework called life at risk. This
combines epidemiological quantitative analysis with de-
mographics, health agencies, operational research, and
economics to perform the following functions:

Simulation of impacts of disease on life of the
population: It is said to aim at measurement of the future
potential impact of a disease upon a population with regard
to new cases of disease prevalence, premature death, and
potential years of life lost from disability and death.

Simulation of impacts of disease on the life of the
labor force: It is said to aim at measurement of the future
potential impact of a disease upon the labor force with
regard to new cases, disease-prevalence, premature death,
and potential years of life lost from disability and death.

Simulation of impacts of disease on the economy: It is
said to aim at measurement of the future potential impact of
a disease upon disposable income of the private sector
(e.g., wages, corporate profits, and private health care costs)
and public sector (e.g., personal income tax, corporate
income tax, consumption taxes, and publicly funded health
care costs).

4.1.2.4 Types of Studies Related
to Epidemiology

Case studies, sometimes supported by statistical techniques,
may lead to formulation of new hypotheses. Using the data,
analytical studies could be done to reveal possible causal
factors. These could include caseecontrol and prospective
studies. The former would involve matching comparable
controls without the disease to the cases in the series. A
prospective study would involve pursuing the case series
over time to evaluate the disease’s natural history
(Hennekens and Julie, 1987). On the other hand, the latter
type, more formally denoted as self-controlled case-series
studies, splits individual patient follow-up time into
exposed and unexposed periods, and then uses fixed-effects
Poisson regression processes to compare the incidence rate
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of a given outcome between exposed and unexposed
periods. This technique has been extensively used in the
study of adverse reactions to vaccination, and has been
shown in some circumstances to provide statistical power
comparable to that available in cohort studies. Attempts
could be made to obtain tangible results in the fisheries
sector through the application of such techniques, maybe
after some necessary modification.

4.1.2.5 CaseeControl Studies

Caseecontrol studies usually choose subjects based on
their disease status. A group of individuals who are disease
positive (the “case” group) is compared with a group of
individuals that are disease negative (the “control” group).
The control group is supposed to come from the same
population, ideally, that yielded the cases. Further, the
caseecontrol study looks back through time at potential
exposures that both the groups (cases and controls) might
have encountered. It may be pointed out here that case-
econtrol studies are usually faster and more cost-effective
than cohort studies, but are sensitive to bias (both recall
bias and selection bias). The main task is to identify the
appropriate control group. The distribution of exposure
among the members of the control group should preferably
be representative of the distribution in the population that
gave rise to the cases. However, there are certain drawbacks
in caseecontrol studies.

4.1.2.6 Cohort Studies

Cohort studies attempt to choose subjects based on their
exposure status. The subjects of the study are usually at risk
of the outcome under investigation at the starting point of
the cohort study. This usually means that they should
preferably be disease-free when the cohort study starts. The
cohort is followed through time to adjudge later outcome
status.

4.1.2.7 Validity: Precision and Bias Related
to Epidemiology

Notwithstanding the above, it may be noted here that
different arenas in epidemiology have different levels of
validity. One of the means to estimate the validity of
findings is the ratio of false positives (claimed effects that
are not correct) to false negatives (studies that fail to
support a true effect). If we consider the field of genetic
epidemiology, candidate gene studies may produce >100
false-positive findings for each false negative. By contrast,
genome-wide association is nearly the reverse, with only
one false positive for every 100 or more false negatives
(Ioannidis et al., 2011). This ratio is said to have
improved over time in genetic epidemiology, because the
field has adopted stringent criteria. Conversely, other

epidemiological arenas are usually not required to have
such rigorous reporting. Hence, they are said to be much
less reliable (Ioannidis et al., 2011).

In this connection, the different kinds of errors are
briefly discussed below.

Random Error (RE)

Random error is the outcome or result of fluctuations
around a true value because of sampling variability. It may
occur during data collection, coding, transfer, or analysis.
RE could be of different kinds; for example, poorly worded
questions, misunderstanding in interpreting an individual
answer from a particular respondent, or a typographical
error during coding. RE may affect measurement in a
transient mainly because of inconsistent manners, and it
may be impossible to correct RE. Further, RE is said to
occur in all sampling procedures. This could be regarded as
sampling error.

In epidemiological variables, precision is a measure of
RE, and also is said to be inversely related. Thus, RE could
be reduced by increasing precision. Moreover, confidence
intervals are computed in order to demonstrate the preci-
sion of relative risk estimates. Thus, the narrower the
confidence interval, the more precise the relative risk
estimate could be.

Concomitant to the above, there are two basic ways of
reducing RE in epidemiological studies. The first could be
to increase the sample size of the studydthat is, to add
more subjects to our objectives of study. The second could
be to lessen the variability in measurement in the study.
This might be accomplished by using a more precise
measuring device or by increasing the number of obser-
vations in measurements. But it may be noted here that if
sample size or number of observations in measurements are
increased, or a more precise measuring tool is purchased,
the costs of the study are also supposed to increase. There is
generally an uneasy balance between the requirement for an
adequate precision and the practical issue of study cost.

Systematic Error or Systematic Bias

Systematic error (SE) or systematic bias (SB) is said to
occur when there is a difference between the true value (in
the population) and the observed value (in the study) due to
any factor other than sampling variability. A mistake in
coding, which may affect all responses for that particular
question, is another example of SB. Further, the validity of
a study is dependent on the degree of SB. Validity, how-
ever, is usually separated into two components as follows:

1. Internal validity: It is said to be dependent on the num-
ber of errors in measurement, including exposure, dis-
ease, and associations between these variables. Good
internal validity could indicate a lack of errors in mea-
surement. It also suggests that conclusions may be
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drawn, at least as they pertain to the subjects under
study.

2. External validity: It is said to pertain to the process of
generalizing the findings of the study to the population
from which the sample was drawn. It could even extend
beyond that population to inferences that are more uni-
versal. This requires an understanding of which condi-
tions are relevant to the generalization. In fact,
internal validity is clearly said to be a prerequisite for
external validity.

Concomitant to the above, “bias” plays a significant role
in sampling exercises. Three different types of bias are
briefly discussed below:

1. Selection Bias
Selection bias is one of three types of bias that could
impair the validity of a study. It is said to occur when
the subjects of study are selected or become part of
the study as a result of a third, unmeasured variable
that may be associated with both the exposure and the
outcome of interest (Hernán et al., 2004).

2. Information Bias (IB)
Information bias is said to arise from systematic error in
the assessment of a variable. An example of this is recall
bias.

3. Confounding
It has been traditionally defined as bias arising from the
co-occurrence or mixing of effects of extraneous fac-
tors, referred to as confounders, with the main effects
of interest (Greenland and Morgenstern, 2001). Some
epidemiologists prefer to think of confounding sepa-
rately from common categorizations of bias. This is
mainly because unlike selection and information bias,
confounding stems from real causal effects.

Notwithstanding the above, epidemiology, while
dealing with other aspects, could be said to be that branch
of science that deals with the study of the patterns, causes,
and effects of disease conditions on health in defined
populations. It is the principal item of study in public
health, and conveys policy decisions and evidence-based
practices by identifying risk factors of diseases and also
fixes the goals for preventive healthcare. Epidemiologists
further assist in designing a study through exploration and
statistical analysis of the data. Epidemiology also does not
lag behind in the interpretation and dissemination of results,
including conducting peer and systematic reviews. Epide-
miology is said to have played a key role in developing
methodologies to be used in clinical research, public health
studies, and to a lesser extent basic research in the bio-
logical sciences. Concomitantly, some of the major areas of
epidemiological study include etiology of the disease, its
transmission and propagation, investigation of the
outbreak, surveillance of the disease, as well as screening,

biomonitoring, and comparing the effects of treatment in
clinical trials, etc. Moreover, epidemiologists often rely on
other scientific disciplines like the biological sciences in
order to understand disease processes in better ways. It may
be noted here that statistics helps to make efficient use of
the data and assists in drawing appropriate conclusions. The
role of social sciences is significant because it provides a
better understanding of proximate and distal causes. Inci-
dentally, engineering is said to play a key role in exposure
assessment.

Concomitant to the above, epidemiologists are said to
apply a range of study designs from the observational to the
experimental stage. These could generally be categorized
into three aspects, viz., (1) descriptive; (2) analytical, which
usually aims to examine known associations further or to
try to hypothesize relationships; and (3) experimental,
which attempts to make clinical or community trials of
treatments and other interventions. Further, it may be noted
here that in observational studies, nature is allowed to take
its course as epidemiologists observe from the sidelines.
Conversely, in experimental studies, the epidemiologist is
the one in control of all factors entering a certain case
study. Furthermore, epidemiological studies are aimed,
where possible, at revealing unbiased relationships between
exposures such as alcohol or smoking, biological agents,
stress, or chemicals to mortality or morbidity. The identi-
fication of causal relationships between these exposures
and outcomes is an important aspect of epidemiology.
Modern epidemiologists use informatics as a tool. Inter-
estingly, observational studies have two components, viz.,
(1) descriptive and (2) analytical. Descriptive observations
generally pertain to aspects like the “who, what, where, and
when” of health-related states of occurrence. Incidentally,
analytical observations deal more with the “how” of a
health-related event.

Conversely, experimental epidemiology contains three
case types, viz., (1) a randomized control trial, which is
often used for new medicine or drug testing; (2) a field trial,
which is conducted on those at a high risk of conducting a
disease; and (3) a community trial, which is the research on
social implication of diseases (Refere, 2009). Incidentally,
the term “epidemiologic triad” is used to describe the
interaction of host, agent, and environment in analyzing an
outbreak.

Notwithstanding the above, epidemiology is the study
of the distribution and determinants (i.e., causes) of
disease in populations. Epidemiologists typically take a
wide view of causal factors, defining them as “any event,
condition, or characteristic that plays an essential role in
producing an occurrence of the disease.” By contrast,
many pathologists and microbiologists may consider, for
example, a particular infectious agent to be the cause of a
disease and may relegate all other contributions to
“contributing” or “predisposing” factors.
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Notwithstanding the above, the term “epidemiology” is
widely applied today to cover the description and causation of
not only epidemic diseases, but also diseases in general, and
even many nondisease health-related conditions such as high
blood pressure and obesity. Therefore, the term “epidemi-
ology” in a broader sense is based upon how the pattern of the
disease cause changes in the function of everyone.

4.2 MAJOR SPECIES AFFECTED

In India as well as many other countries, systematic study
since 1988 has revealed wide-scale attack among four
species of fishes. These are:

Channa punctata
Macrognathus aral
Mystus vittatus
Puntius conchonius

Study revealed a periodicity in the magnitude of the
disease among the four most widely affected species as
detailed below by periods studied.

1. From around mid-July to mid-August 1988:
M. vittatus > C. punctata > M. aral > P. conchonius

2. From around mid-August to the first week of September
1988:
M. vittatus > M. aral > P. conchonius > C. punctata

3. From around first week of September to around the last
week of September 1988:
M. vittatus > P. conchonius > C. punctata > M. aral

4. From around the last week of September to around the
third week of October 1988:
P. conchonius > C. punctata > M. aral > M. vittatus

Other species affected by epizootic ulcerative syn-
drome (EUS) during the same period, but not widely,
included Sperata aor, Amblypharyngodon mola, Catla
catla, Cirrhinus mrigala, Heteropneustes fossilis, Labeo
rohita, Lepidocephalus guntea, Notopterus notopterus,
and Salmostoma bacaila.

Our continued study revealed that during the period
1992e1994, the following species were found to be
severely affected by EUS: Parambassis ranga, Chanda
nama, Nandus nandus, and Glossogobius giuris (Kar et al.,
1994). Some of the other species affected by EUS to a
lesser extent during this period, included Mastacembelus
armatus, Macrognathus pancalus, Xenentodon cancila,
Colisa fasciatus, etc.

Our recent studies (Kar et al., 1997, 1998a,b,c, 1999,
2000, 2001, 2004) indicated that the following species of
fishes have been severely affected by EUS since 1995,
particularly during the period NovembereFebruary,
causing large-scale mortality among them: Channa
striata, C. punctata, Anabas testudineus, and Clarias
batrachus.

Thus, there has been a differential pattern of spread of
EUS among different fish species during different
seasons.

With regard to the global scenario, more than 100
fish species have been reported to be affected by EUS
(Lilley et al., 1992), but relatively few reports have
been confirmed by demonstrating the presence of MG
in histological section or by isolation of the pathogenic
fungus Aphanomyces sp. from tissues underlying
ulcers.

Some commercially important species are considered to
be particularly resistant to EUS. But not many studies have
been done to confirm these observations and to investigate
the mechanism of resistance. Species reported to be unaf-
fected by EUS outbreaks include the Chinese carps, tila-
pias, and milkfish (Chanos chanos). Hatai (1994)
experimentally injected catfish (Parasilurus asotus), loach
(Misgurnus anguillicaudatus), and eel (Anguilla japonica)
with hyphae of Aphanomyces invadans and found them to
be refractory to infection. Wada et al. (1996) and
Sharifpour (1997) experimentally injected common carp
(Cyprinus carpio) with zoospores of Aphanomyces from
MG and EUS outbreaks respectively, and demonstrated that
fungal growth was suppressed by an intense inflammatory
response.

Humphrey and Pearce had reported that in the Northern
Territory of Australia, EUS had been reported in archer fish
(Toxotes chartareus), barramundi (Lates calcarifer), bony
bream (Nematolosa erebi), chanda perch (Ambassis agas-
siz), fork-tailed catfish (Arius sp.), long tom (Strongylura
krefftii), mangrove jack (Lutjanus argentimaculatus),
mouth almighty (Glossamia aprion), mullet (Liza dia-
dema), primitive archer fish (Toxotes lorentzi), red scat
(Scatophagus argus), saratoga (Scleropages jardini),
rainbow fish (Melanotaenia splendida), sleepy cod
(Oxyeleotris lineolatus), spangled perch (Leiopotherapon
unicolor), striped grunter (Amniataba percoides), and
nursery fish (Kurtus gulliveri).

Notwithstanding the above, in Pakistan, EUS at the
moment appears to be confined to the regions of Rivers
Chenab and Ravi and their associated irrigation canals in
the districts of Kasur, Lahore, Gujranwala, and Sialkot. A
wide range of infections and large-scale mortalities had
occurred among some of the ichthyospecies, mainly
C. punctata, Channa marulius, Wallago attu, and Puntius
sp. Surprisingly, there had possibly been no mortalities
among L. rohita, C. catla, and C. mrigaladalthough they
became infected, no mortality was said to have been
observed, as reported by Anon (1998): “Epizootic
Ulcerative Syndrome (EUS) in Fishes of Pakistan: A report
regarding visit of Mission to Punjab in connection with
Epizootic Ulcerative Syndrome (EUS),” April 22e25,
1998. However, the common, silver, and grass carps had
been found to be refractory to EUS. Further, as reported by
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a number of other workers and mentioned earlier in this
treatise, EUS is said to be caused by a fungus called
A. invadans. EUS appears to occur with distinct lesions in
the temperature range of 15e30 �C, and sometimes at
temperatures <15 �C.

Concomitant to the above, in Bangladesh (Baruah
et al., 1991), the most affected ichthyospecies had been
recorded as those that were said to be highly susceptible to
EUS, notably the Puntius spp., Channa spp., Masta-
cembelus spp., and so on. Moreover, there had been re-
ports of variations in the status of susceptibility at the
species level among the different genera. This had been
revealed during selection of candidate species for aqua-
culture. For example, Puntius phutunio got priority over
Puntius terio with regard to selection of candidate species
for aquaculture. It was mainly because the former was
refractory to EUS attack (with perhaps none of the fishes
affected by EUS infection), whereas the latter was
severely affected by EUS. Furthermore, variations had
also been noted in the occurrence of lesions among
different fishes, which might not be accounted for by
flooding or other “risk factors.” Differences in the occur-
rence of lesions among different habitats had supported
the findings of Khan and Lilley (2001), who are said to
have opined that EUS is less likely to occur in the lotic
water bodies. Notwithstanding the above, it had been
further reported that fishes collected by little uncommon
fish catching devices, like the seine nets, seemed to have a
lower prevalence of lesions compared with fishes collected
using more common fishing gears, like the scooping nets,
spears, etc. The latter often damaged the body of the fish
and could make it more susceptible to disease.

Notwithstanding the above, some authors have com-
mented that the most severely affected species in natural
outbreaks are generally bottom dwellers (Llobrera and
Gacutan, 1987; Chondar and Rao, 1996) or fishes that
possess air-breathing organs.

In the case of snakeheads, no particular size group
appears to be more susceptible, with affected fish usu-
ally ranging from 40 to 900 g (Cruz-Lacierda and
Shariff, 1995). However, there is a possibility that size
or age may be significant in other species. For example,
the IMCs suffer high mortalities as fingerlings, but
larger fish, although they appear ulcerated, are not
reported as dying in large numbers (AAHRI, ACIAR,
IoA, NACA, 1997).

Notwithstanding the above, some of the
EUS-susceptible species seem to have a wide range of
geographical distribution, which could sometimes be
beyond the current limits of EUS outbreaks. For example,
several snakehead and clariid catfish species occur in Africa
and Central Asia. This suggests that there is potential for
further spread of the disease to these areas, and the EUS did
spread.

4.3 EPIDEMIOLOGY AND PATTERN
OF SPREAD OF EPIZOOTIC ULCERATIVE
SYNDROME

Concomitant to the above, epidemiological studies had
also been done with the disease-related episodes in fishes.
As indicated earlier, the hitherto unknown virulent and
enigmatic epizootic ulcerative condition in fish, known as
mycotic granulomatosis (MG), was first described from
Japan in 1971 (Egusa and Masuda, 1971). Involvement of
an invasive oomycete, subsequently named A. invadans,
had been widely postulated (Baldock et al., 2005). The
disease had since been reported from an increasing number
of countries, where it had become widespread in both
cultured and wild fish populations (Blazer et al., 2002).
The pattern of spread to distinctly separate geographic
locations within a relatively short period of time had been
considered by some quarters as consistent with the pro-
gressive dissemination of a single infectious agent, prob-
ably a mycotic element (Baldock et al., 2005; Lilley and
Roberts, 1997; Kar, 2007, 2010, 2013).

Concomitant to the above, the disease had been
spreading unabated from Australia since long. In
Australia, the infection had been recognized since 1972
and was known as red spot disease, as indicated earlier.
It was regarded as endemic in many Australian rivers
and estuaries (Baldock et al., 2005). Soon after, the
disease, variously called EUS, was reported from the
Philippines (Callinan et al., 1995), other East Asian
countries (Lilley and Roberts, 1997) and India (Kar and
Dey, 1988, 1990a,b,c; Kar, 1999, 2007, 2010, 2013;
Kar et al., 1990a,b, 1993, 1994, 1995a,b,c; Das and
Das, 1993), EUS had been spread to other countries
beyond India. Likewise, UM had been reported in
estuarine fish on the East Coast of the United States
since the early 1980s. This had been ascribed to the
same cause according to some workers (Blazer et al.,
2002). Further, the epidemic outbreak of ulcerative
conditions in fish in the Chobe and Zambezi Rivers in
Botswana and Namibia (near the Chobe Game Reserve)
in 2006 represented the first reports of the disease on
the African continent (Andrew et al., 2008; Anon,
2009a). Further, data were collected in the Caprivi
Region of Namibia during regular biological surveys
using experimental gill nets, inspection of fishermen’s
catches, and so on. Many of the juvenile and smaller
floodplain species were affected. Surveys had indicated
that Clarias gariepinus and Clarias ngamensis had
depicted the highest prevalence of lesions. Further data
from angling competitions indicated a high prevalence
of lesions in larger cichlids. In this regard, the report
about the outbreak, obtained from the fishing headmen
during 2006, while working in the Caprivi Region,
Namibia, for the Integrated Management of the
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Zambezi/Chobe River System Fishery Resource Project,
was also a significant one from Africa (Nsonga et.al.,
2013). There was also reported outbreak on the Zam-
bian side of the Zambezi River above Victoria Falls.
EUS-infected fishes have been observed seasonally at
the end of subsequent summers, but with a lower
prevalence. Fishes with typical EUS lesions could be
found during surveys of fishes brought to the Katima
Mulilo Open Market during the initial period of the
outbreak, between February and August 2007. However,
subsequent to August 2007, the presence of infected fish
in the market had been rare. Since fishermen were still
reporting about catching fish with lesions, it was
assumed that fishermen or traders had removed the
infected fish before offering them for sale.

The ulcerative condition was subsequently confirmed
as EUS and the causative agent A. invadans was identified
by histopathology (Andrew et al., 2008; Anon, 2009a),
culture and polymerase chain reaction (PCR) (Anon,
2009b). The annual cycle of flooding had brought about
changes in water quality that were thought to favor the
infectivity of A. invadans, with diseased fish appearing
soon after the plains had been flooded. However, it could
be noted that the optimal temperatures for vegetative
growth in vitro for A. invadans are in the range of
20e30 �C (Fraser et al., 1992; Lilley and Roberts, 1997),
and probably, for this reason, natural outbreaks of EUS, to
date, have been found to be restricted to the latitudes
between 35�N and 35�S. Experimental injection chal-
lenges of native European and American fish species have
shown that the pathogenic fungus A. invadans is capable
of causing lesions in rainbow trout at 18 �C, but is seems
to be less infective in stickleback (Gasterosteus aculea-
tus) and roach (Rutilus rutilus) at 11e16 �C (Khan et al.,
1998). Further, according to Humphrey and Pearce
(2004), infection occurs when motile spores of
A. invadans in the water are attracted to the skin of fish.
The spores penetrate the skin and germinate, forming
fungal filaments or hyphae. The hyphae invade widely
into the surrounding skin and deeply into underlying
muscle tissues, resulting in extensive ulceration and
destruction of tissues.

Concomitant to the above, it may be noted here that
the upper Zambezi floodplain at the confluence with the
Chobe River spans the four countries of Botswana,
Namibia (Reantaso and Subasinghe, 2012), Zambia, and
Zimbabwe, making disease control a challenge. The
floodplain ecosystem was considered to support a high
fish diversity of around 80 species, and was regarded as
an important breeding and nursery ground.

Since 2006, the disease had spread rapidly upstream
along the upper Zambezi and its tributaries. Reports from
Zambia had also indicated a rapid spread upstream in the
Zambezi River and some of its tributaries, along with large-

scale fish mortality in some cases (Anon, 2009a; Choonga
et al., 2009). So far, however, EUS had not been reported
from the Zambezi River downstream of Victoria Falls.
Nevertheless, EUS had of late been reported from the
Kafue River in Zambia (Mudenda, 2006). The lower
Zambezi River has two large impoundments, Lake Kariba
and Lake Cahora Bassa, both of which support significant
fisheries, while the former has one of the largest aquacul-
ture facilities in sub-Saharan Africa. By 2010, the disease
was reported from the Okavango Delta in Botswana and in
2011 from the Western Cape Province of South Africa. It is
often opined that EUS has the potential to disrupt flood-
plain ecosystems elsewhere in Africa where high fish
diversity forms the basis of subsistence fisheries and local
economies, and is a direct threat to freshwater aquaculture.

Concomitant to the above, a detailed epidemiological
investigation on the EUS fish disease was conducted from
January to December 2011 by Albert Nsonga et al. (2013)
in the Zambezi River System (ZRS) of Sesheke District in
the Western Province of Zambia. The study had aimed at
determining: (1) factors associated with outbreaks of EUS;
(2) the rate of infection; and (3) the distribution of the
disease. The disease outbreak had occurred during
2006 causing high mortality in various fish species
including Barbus and Clarias spp. As a result, the biodi-
versity of the fishery was threatened, thus posing food
insecurity to more than 700,000 people in 2000 villages,
with Zambia affected most. Incidentally, EUS had been
regarded as a newly confirmed disease in Southern Africa,
said to be caused by a fungal pathogen, A. invadans.
Active surveillance was conducted where a total of 4800
fishes had been examined during February, June, and
October for gross EUS-like lesions. The disease was
subsequently confirmed using histopathology. Environ-
mental cues were also assessed monthly for one year in
order to determine their association with the disease out-
breaks. The spread of EUS was also monitored by feed-
backs through a questionnaire. The Geographic
Information System (GIS) had helped to map the distri-
bution of the disease. Results of the study had implicated a
number of predisposing environmental factors. Heavy
rains preceded outbreaks resulting in excess flooding that
had resulted in a rise in the water level to 2 m higher than
normal. Further, the predominantly gleysol and arenosol
soils of the ZRS resulted in low water pH (4.53e6.5).
Thus, acidic soils of the plains had reduced water pH and
were implicated as a risk factor associated with EUS
outbreak. However, disease outbreaks were subsequently
reported in nonacidic agroecological zones as well. Other
factors significantly had predisposed the fishes to disease
conditions. An active surveillance coupled with partici-
patory epidemiological study had therefore being carried
out to further investigate the risk factors, prevalence,
severity, and spatial distribution of the disease.
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4.3.1 Current African Situation

In 2006, fishes caught in the ChobeeZambezi River were
found with clinical signs of ulcers and focal areas of skin
inflammation. In 2007, the disease was confirmed as EUS,
by the OIE reference Laboratory in Thailand with the
support of FAO. EUS was earlier reported to be confined
only to Asia, Australia, and America.

As from 2007, the disease was being reported in
Namibia and Zambia. In Namibia, the disease was being
reported from fish farms, while in Zambia, the wild fish-
eries were affected.

By 2008e2009, the entire Zambezi River was affected
along with its tributaries on the upper part.

In 2010, the disease was reported in the Kafue River.
In 2011, the disease was confirmed in some tributaries

of the Kafue River (Chongwe River). Zambia had been
mostly affected.

Currently in Zambia, there reportedly has been enzootic
stability in disease occurrence. Some species have depicted
signs of healing.

4.3.2 Brief Historical Resume of the
Spread of Epizootic Ulcerative Syndrome
in Africa

In the African region, the disease had been reported in
Zambia, Namibia, and Botswana, and subsequently in
South Africa, Botswana, and Namibia. Disease confirma-
tion was made up to 2010. The Okavango Delta had
reported clinical signs of the disease in 2010. Further, in
South Africa, the disease had affected the wild fish such as
the bluegill sunfish (Lepomis macrochirus) and the cich-
lids, but trouts in contact inside cages in the dam were said
to be not affected. Moreover, it was reported that fishes
found in a semiclosed freshwater pond were believed to
have developed the first incidence of the disease in South
Africa. Another report on EUS infection was on the
freshwater sharptooth catfish.

Concomitantly, Kamilya and Baruah (2014) had
reviewed the history and current status of understanding of
EUS disease in fishes. According to them, >100 species of
wild and cultured finfish have been affected by EUS. EUS
was first reported in farmed ayu (Plecoglossus altivelis)
from Japan in 1971 and had since then swept across
different continents including Asia, Australia, North
America, and Africa as mentioned above. Epidemiological
studies showed that the spread of the disease, especially in
the AsiaePacific region and Africa, had resulted in sub-
stantial damage and enormous losses in fish resources and
to the livelihoods of fish farmers. Perhaps no reports are
available as yet that confirm outbreak of the disease in
Europe and South America. The latest outbreak of EUS had

been reported from Canada. A new susceptible species of
brown bullhead, Ameiurus nebulosus, seemed to have been
affected by EUS. It appeared that the disease has the po-
tential to spread further because of its epizootic nature and
broad susceptible host range.

In addition to the above, Humphrey and Pearce (2006)
had dealt with EUS, or “red spot,” as it is known collo-
quially, and attempted to answer “what is epizootic
ulcerative syndrome?” They had opined that it is an
ulcerative syndrome of fish that had affected a range of
native species in the Northern Territory of Australia. The
disease had also occurred in New South Wales, Queens-
land, and Western Australia, and had been occurring in
many Asian countries as mentioned earlier. They had
opined that EUS begins as a small area of reddening over a
single scale, which subsequently spreads to involve a
number of adjacent scales. This is the characteristic “red
spot.” As the condition progresses, the “red spot” expands
and deepens, giving a deep ulcer that sometimes extends
into the abdominal cavity. Some fish, especially “barra-
mundi” (L. calcarifer) are said to develop unilateral or
bilateral cloudiness of the cornea. These changes in the eye
may or may not be accompanied by lesions in the skin.
Some cases of EUS may heal spontaneously, but many
affected fish, especially juveniles, were reported as having
died. Like many others, they (2004) also reported that a
pathogenic fungus A. invadans causes EUS. In the
Northern Territory of Australia, the factors that initiate
infection are not clear. Low water temperature depresses
the immune system of fish, which may partially explain the
apparent dry season occurrence of EUS. There appeared to
be no definite relationship between dissolved oxygen (DO)
levels and EUS. Affected fish had been found to occur in
water with DO levels between 2 and 8 mg/L. Further, while
dealing with the epidemiology of EUS, they (2004) further
pointed out that EUS was first seen in the Northern Terri-
tory of Australia during 1986 on mullet from the Mary
River. Subsequently, it was reported to affect fish from
many other river systems in the Top End. In 1986, fish of
all ages had appeared to be affected by EUS. As reported,
the disease had continued to appear in the subsequent years
and had occurred particularly in the early dry season,
around May and June. Fish younger than one year had
appeared to be most seriously affected, while only sporadic
cases had been reported in matured fish. There had been no
confirmed reports of EUS during the wet season from
December to April, and the syndrome seemed to be
restricted to fish in freshwater and in water of low salinity
in the upper estuarine reaches of the rivers.

With regard to implications for wild fish stocks in
aquaculture, it had been opined that the overall impact of
EUS on wild stocks of fish is uncertain, although high
losses in juvenile stocks are known to occur. Sometimes,
restrictions are placed in areas where EUS occurs on
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translocation of live fish from river basins and estuaries in
order to prevent further spread of the disease. If EUS in-
vades aquaculture farms, it may cause unsightly injuries in
fish, market rejection, and fish mortality.

Concomitant to the above, certain programs in
Bangladesh, notably the Bangladesh Flood Action Plan 17;
the Fisheries Studies and Pilot Project (FAP 17 1995), are
said to have accumulated significant information on the
occurrence of lesions on about 35,000 wild FW fishes
(Lilley et al., 2002). Analysis of the data depicted a sur-
prisingly high prevalence of lesions on the fishes. Of the
fishes examined, fishes with lesions made up greater than
50% of the entire population of fishes in the water body.
Thus, it is said to eliminate the danger of inadvertently
selecting subsamples of less healthy fishes. In fact, it
appeared that the population of samples had only a slightly
lower percentage of lesions (c 24%) than the population of
subsamples (c 28%). In addition, a greater occurrence of
lesions during the winter and in some species that are usually
considered more EUS-susceptible seems to provide further
evidence that lesions are predominantly the result of EUS
infections. Further, the FAP 17 database is said to include
comments on the severity of the infections in each sample.
These had been coded with X (mild) to XXXXX (severe
lesion). Further, the most affected ichthyospecies had been
recorded as those that were highly susceptible to EUS,
notably the Puntius spp., Channa spp., and Mastacembelus
spp. Moreover, there had been reports of variations in the
status of susceptibility at the species level among the
different genera. This had been revealed during selection of
candidate species for aquaculture. For example, P. phutunio
got priority over P. terio with regard to selection of candi-
date species for aquaculture, mainly because the former had
been refractory to EUS attacks (with perhaps none of the
fishes affected by EUS infection), whereas the latter was
severely affected by EUS. Furthermore, variations had also
been noted in the occurrence of lesions among different
fishes that might not be accounted for by flooding or other
“risk factors.” Differences in the occurrence of lesions
among different habitats supported the findings of Khan and
Lilley (2001), who are said to have opined that EUS is less
likely to occur in lotic water bodies.

Concomitant to the above, a study on the prevalence of
EUS in three floodplain areas of Bangladesh had been
undertaken by Subasinghe and Hossain (1997). They used
histological technique for diagnosis of the disease. It was
revealed from their work that prevalence of EUS was
generally lower in artificially stocked fishponds than in the
wild fish population. It seems quite unlikely that fry, which
had been reared in hatcheries within Bangladesh, could
pose a significant risk of EUS to wild fishes, mainly
because there are few accounts of EUS in carp hatcheries
and EUS seemed to have become endemic in natural wa-
terways throughout Bangladesh (Khan and Lilley, 2001).

Furthermore, water bodies that had been artificially stocked
with fishes did not display any significant association with
occurrences of EUS. The above-mentioned account seems
to be quite different from the situation in Northeast (NE)
India, where, EUS had been significantly affecting both
farmed and wild fishes since its inception in 1988 (Kar and
Dey, 1988a,b,c, 1990a,b,c).

Notwithstanding the above, reports revealed that there
had been a decreasing trend of occurrence of EUS in both
wild and farmed fish populations in Bangladesh since last
15 years approximately. The reduced severity of outbreaks
had been even more evident. EUS-affected ponds, netted
during initial outbreaks, had usually revealed that certain
ichthyospecies had been 100% infected with high rates of
mortality (Ahmed and Rab, 1995). However, these
susceptible species now usually depict lower rates of
infection. Further, lesions often heal as temperature grad-
ually rises. Moreover, an ADB/NACA (1991) question-
naire survey of carp farmers in Bangladesh had portrayed
that c 17% of the extensive farmers and c 53% of the
intensive and semi-intensive farmers reported somewhat
little respite from the EUS problem since 1992e1995. Such
was not the status, however, in neighboring India.
Similarly, Hossain (1998) reported that c 85% of the Thana
Fisheries officers (TFOs) had indicated that the general
aquatic animal disease situation had improved from 1994 to
1996; and that c 91% of the TFOs had indicated an
improvement from 1996 to 1998. Concomitant to the
above, survey of wild EUS fishes in Bangladesh revealed
the following:

1. Approximately 26% of 34,451 fishes examined had le-
sions as noted during the period October 1992 to March
1994 (FAP 17 data).

2. Approximately 0e23% of the stocked fishes and
2e37% of the wild fishes had been affected by EUS
in three floodplains, as recorded during the period
December 1992 to March 1993 (Subasinghe and
Hossain, 1997).

3. Approximately 0e9% of the stocked fishes and 0e11%
of the wild fishes were said to be affected by EUS, as
recorded during the period December 1993 to March
1994 (Subasinghe and Hossain, 1997).

4. Approximately 16% of the c 6433 wild fishes had
lesions, as noted during the period November 1998 to
March 1999 (Khan and Lilley, 2001).

4.4 CAUSAL HYPOTHESIS AND MODEL
FOR THE DISEASE

For most diseases, including EUS, there happens to be
strong evidence that outbreaks generally occur only when
a number of causal factors combine together. Many of the

Epidemiological Study Chapter | 4 73



causal factors that have been identified or suggested for
EUS, based on reasonable evidence, may be represented in
a causal web. It may be noted here that there are several
levels within the web, and that several factors may act at
the same level but not necessarily at the same time or
intensity. It may further be noted that for EUS to occur,
combinations of causal factors must ultimately lead to
exposure of dermis, attachment to it by A. invadans, and
subsequent invasion of the dermis and muscle by the
fungus. The resulting mycotic granulomatous dermatitis
and myositis may be considered expression due to EUS
(Lilley et al., 1998).

The multifactorial nature of the causes of EUS could
also be represented by using the concepts of “necessary
cause, component cause, and sufficient cause.” Each com-
bination of various causal factors (“component causes”)
that together cause a disease could collectively be regarded
as a “sufficient cause” for that disease to be initiated. It may
be important to note here that different combinations of
“component causes” may result in a sufficient degree of
cause for the initiation of a disease, which could be
different, however, under different circumstances. More-
over, all sufficient causes for a particular disease are said to
have in common at least one component cause, known as a
“necessary cause,” that must always be present as expected
for that disease to prevail.

For EUS, studies have suggested a number of sufficient
causes, and each could make up its component causes. It
may be noted here that each of these sufficient causes in-
cludes, among its component causes, one of the recognized
necessary causes, viz., propagules of A. invadans (Lilley
et al., 1998).

Notwithstanding the above, a unique feature of an
epidemiologist is to test the etiological hypothesis and to
identify the underlying causes (or risk factors) for the
diseases. A number of factors have been hypothesized as
either factors or determinants of EUS outbreaks. So, in
order to find out the exact causative organism, or the in-
fectious etiology, it is the need of the hour to study the
epidemiological aspects of the disease.

A standard pro forma has been designed (Kar, 2007).
This pro forma has been used to collect different informa-
tion related to epidemiology of EUS in the Barak Valley
region of Assam, where EUS had made its initiation in
India. It has been covered from the angles of socioeco-
nomic impact of it, epidemiology of the disease, and its
impact on aquaculture farms.

Since 1988, EUS has been considered to be one of the
most serious diseases affecting freshwater fishes. Here,
according to our (Kar, 2007) survey, the highest mortality
rate has been found among C. mrigala, C. striata, Puntius
ticto, Labeo gonius, and L. guntea. When analysis is used
to throw light on etiology, it is essential to use a specific

death rate (SDR). Therefore, we have attempted to
determine the SDR due to EUS:

SDR due to EUS

¼ Number of deaths during a year
Midyear population ðtotal number of speciesÞ � 100

To represent the killing power of the disease, we have
studied the case fatality ratio (CFR), which is calculated as
follows:

Total number of deaths due to EUS
Total number of cases due to EUS

� 100

Concomitant to the above, it may be mentioned here
that when EUS spreads into a fish culture pond, such as a
snakehead fishpond, high morbidity (>50%) and high
mortality (>50%) might be observed in those years that
have a long cold season, with water temperatures between
18 and 22 �C. However, some infected fishes may recover
when the cold period is over.

4.4.1 Characterize the Outbreak in Terms
of Time, Affected/Unaffected Fishes, and
Place

To describe patterns of disease by fish categories, it is first
necessary to outline what measures of disease frequency
are used in outbreak investigations. The basic measure of
disease frequency in outbreaks is the “attack rate” (AR).
An attack rate is a special form of incidence rate where
the period of observation is relatively short. An attack rate
is the number of cases of the disease divided by the
number of animals at risk at the beginning of the
outbreak. Where different risk factors for the disease are
to be evaluated, attack rates specific for the particular
factor must be calculated. For example, suppose there
were deaths due to suspected EUS in a pond and it
appeared that small fish were at greater risk of having
EUS than larger fish. We might make the following
calculations:

Number with EUS
For small fish, AR1 ¼ ddddddddd-
Total small fish
Number with EUS
For large fish, AR2 ¼ddddddddd-
Total large fish

With EUS, of course, the total numbers of fish in
different putative risk categories would have to be esti-
mated through representative sampling. Another problem
could be the estimation of the number of mortalities and
when they died. When investigating an outbreak of EUS, it
is postulated that such information could be necessary.
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It may also be noted that in studies with different
models, it had been understood that small fish (<30 cm in
length) could be three times more likely to have EUS
infection than medium-sized fish and six times more likely
than large fish. Also, medium-sized fish were at twice the
risk of larger fish. This doseeresponse phenomenon, when
relating size to attack rate, would lend support to a
hypothesis that nutritional stress, as manifested in size,
could be a “component cause” of EUS.

4.4.2 Prepare a Working Hypothesis

Based on analyses of time, place, and fish data, working
hypotheses are usually developed for further investigation.
These may concern one or more of the following:

1. Whether the outbreak is common source or propagating
2. If common source, whether it is point or multiple

exposure
3. The mode of transmissiondcontact, vehicle, or vector.

Any hypothesis should be compatible with all the facts
4. Corrective action that could be taken based on the more

realistic hypotheses

4.4.3 Intensive Follow-Up

This generally includes clinical, pathological, and micro-
biological examinations together with examinations of
water quality data and recent meteorological data. Epide-
miological follow-up will include detailed analyses of these
data as well as the search for additional cases on other
premises. Flowcharts of the management and movements
of fish, water, and equipment, for example, may be required
as part of this process. Transmission trials may be neces-
sary where additional infectious agents, such as bacteria or
ectoparasites, are suspected as component causes of the
outbreak.

Further, a model related to the study of factors
affecting the outbreak of EUS in farmed fish in
Bangladesh, carried out by Ahmed and Rab (1995), in
collaboration with ICLARM and the Department of Eco-
nomics, Islamic University of Bangladesh at Kusthia, was
replicated by us in the field in Assam University at Silchar
(Kar, 2007). In this model, three experimental ponds (viz.,
ponds A, B, C) were prepared of sizes 150 � 150 � 30 each.
Lime was applied during the poststocking, generally in
proportions of 0.027, 0.032, and 0.043 kg, respectively.
Pond A was seeded with five species of fishes, viz.,
C. mrigala, L. rohita, Ctenopharyngodon idella, Oreo-
chromis mossambicus, and C. punctata. Pond B was
seeded with only two species of fishes, viz., C. mrigala
and C. punctata. Pond C was seeded with only a single
species of fish, viz., the C. mrigala. No EUS-outbreak had
been found to occur in any of the experimental ponds

(viz., A, B, C) during the period from November 2003 to
March 2004.

Our epidemiological study conducted during 2002e2004
(Kar et al., 2003, 2004) revealed that the highest mortality rate
was found among C. mrigala, Channa spp., Puntius spp.,
Labeo spp., andC. batrachus.SDRdue to EUS ¼ (number of
deaths during a year/midyear population (total number of
species)) � 100 ¼ (22/38) � 100 ¼ 57.89%. In the same
study and period, the killing power of EUSwas represented by
CFR ¼ (total number of deaths due to EUS/total number of
cases due to EUS) � 100. CFR was calculated species-wise
and found to be high among C. mrigala (83.72%), followed
by P. ticto (75%), C. marulius (70%), M. armatus 69.23%),
and A. testudineus (53.85%).

Details of the outbreak of EUS, including inter- and
intracontinental states, were elucidated earlier.

4.4.4 Some More Information on the
Epidemiology of Epizootic Ulcerative
Syndrome

Notwithstanding the above, some more information on the
epidemiology of EUS is given below:

1. Callinan et al. (1995) had done preliminary compara-
tive studies on the Aphanomyces species associated
with EUS in the Philippines and RSD in Australia.
On the basis of preliminary comparative studies, they
proposed that the patterns of spread of both EUS and
RSD suggest involvement of one or more primary in-
fectious agents (Rodgers and Burke, 1981; Roberts
et al., 1992). A number of viruses and bacteria have
been recovered inconsistently from fishes with EUS
(Frerichs et al., 1986; Hedrick et al., 1986; Llobrera
and Gacutan, 1987; Roberts et al., 1990; Torres
et al., 1992) and RSD (Burke and Rodgers, 1981;
Callinan and Keep, 1989; Pearce, 1990)dand as had
been opined, no etiological agent has been conclu-
sively identified for either condition.

2. Anon (2009a), while dwelling upon EUS, dealt with
this fish disease as an exotic fish disease that threatens
Africa’s aquatic ecosystems.

3. Anon (2009b) described EUS in fishes by covering
various aspects such as scope; disease information;
agent factors; etiological agent, agent strains; stability
of the agent; life cycle; host factors; and so on.

4. In the event of disease outbreak, government agency
disease information as well as additional surveys
revealed that on the Indian subcontinent in general, c
57.7% (75 out of 130) of affected persons had
consulted a government fishery extension officer for
guidance and help. Concomitantly, affected farmers
also contacted other farmers (c 44.6%, n ¼ 58), other
hatchery owners (c 52.3%, n ¼ 68), and drug and
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chemicals salespersons (c 11.5%, n ¼ 15). Ranking of
information support revealed that the government
extension officers had provided the affected farmers
with perhaps the most useful information (c 42.3%,
n ¼ 55), followed by other hatchery owners (c
27.6%, n ¼ 36), other farmers (c 16.9%, n ¼ 22), and
drug and chemicals salespersons (c 6.2%, n ¼ 8).

5. Anon (2012), under the aegis of the Gladstone Fish
Health Scientific Advisory Panel, had prepared a
report that is based on information provided to the
panel by the Queensland government and other stake-
holders relating to the fish health issues observed in
Gladstone Harbor and surrounding areas. In 2011,
the Queensland government received reports (primarily
by commercial fishers) of barramundi fish and subse-
quently other species being caught with obvious signs
of disease, including bulging/red eyes, blindness,
severe skin lesions, and skin discoloration. The
government then undertook an investigation of Glad-
stone Harbor and surrounding areas following reports
that commercial fishers were sick with what appeared
to be bacterial infections on their arms, feet, and legs
following contact with or abrasions and fish spikes
from net-caught barramundi that were exhibiting
evidence of disease. At that time, the Queensland
government was concerned about the potential food
safety issues of consuming the diseased fish, given
that the type of disease remained unknown. Further-
more, there were concerns about the possibility of the
transfer of the disease from affected fish to other fish
and consequently its entry into the food chain.
From the initial testing of nine diseased barramundi,
two conditions were identified that were affecting
barramundi in the Gladstone area:
a. Red-spot disease (EUS), a fungus endemic to finfish

species of mainland Australia. This condition was
only confirmed in one fish from Port Alma.

b. An external parasitism due to the fluke Neobenede-
nia sp. was affecting the eyes and skin, particularly
in the barramundi in Gladstone Harbor. This para-
site has previously been found in Queensland
waters in Hinchinbrook Channel between
Hinchinbrook Island and mainland Queensland
where barramundi are in high densities.

6. Mohan and Shankar (1994) had made epidemiolog-
ical analysis of EUS of fresh and brackish water
fishes of Karnataka in India. According to them,
EUS had been causing large-scale mortality among
the fresh and brackish water fishes in various parts
of South and SE Asia since the early 1980s. It is
an infectious disease with mixed etiology. They
had further stated that EUS had first surfaced in India
during 1989 in the NE provinces, and then, had
extended its range to become a serious menace to

fresh and brackish water fishes in different parts of
the country.

7. Lilley et al. (1998) published Epizootic Ulcerative
Syndrome (EUS) Technical Handbook. They had
opined that EUS is an international problem that has
been studied independently, and collaboratively, by
many different workers. The early occurrences of
MG in Japan and the RSD in Australia more than
35 years ago are now considered to have been
outbreaks of the disease subsequently designated as
EUS. It had further been opined that the spread of
EUS might be due partly to the large-scale movement
of fish within the AsiaePacific region. The potential
for further spread is high. Consequently, the risk of
introducing EUS should be a matter of concern for
countries that are as yet unaffected. The need for devel-
opment of effective strategies to reduce risks associ-
ated with the spread of important aquatic animal
pathogens had been widely recognized, and in Asia
had been addressed through a cooperative FAO/
NACA/OIE Regional Program for the Development
of Technical Guidelines on Quarantine and Health
Certification and Establishment of Information
Systems for the Responsible Movement of Live
Aquatic Animals in Asia development.

8. Anon (2011) had dealt with EUS (aka RSD, MG, and
UM) while preparing Identification Field Guide for Aq
Animal Diseases Significant to Australia.

9. Anon (1992) had dealt with the spread of EUS across
Asia from Japan and Australia where it was first
identified in the early 1970s, and then to Pakistan in
1996 and to southern Africa in 2006. It was regarded
as a major epizootiological phenomenon.

10. Humphrey and Pearce (2006) had dealt with EUS
(red-spot disease) in Australia.

4.5 EPISODES OF FISH KILLS

Notwithstanding the above, there have been episodes of
fish kills from many causes that could be in addition to
EUS. The matter is briefly discussed below:

4.5.1 Fish Kills Due to Environmental
Degradation

Large-scale fish deaths occur worldwide and can be
attributed to a variety of factors including infectious
diseases, algal blooms, jellyfish blooms, toxins, brushfire
ash, water temperature extremes, stranding of school
fish, lifecycle events (spawning or migration), deranged
water pH, and depletion of dissolved oxygen (DO).
Notably, some of these events are completely natural
occurrences whereas others are the direct result of

76 Epizootic Ulcerative Fish Disease Syndrome



human activities. Toxins may be introduced from dino-
flagellate or algal blooms, industrial effluents, agricul-
tural spraying, precipitation from atmosphere, or
spillage/transport accidents. Lethal agricultural chemicals
include those that may derange water pH (fertilizer or
lime), pesticides (organophosphates, chlorinated hydro-
carbon), and herbicides. Industrial chemicals that may be
lethal to fish include elemental phosphorus, phenols,
cyanide, petrochemicals, and polychlorinated biphenyls.
Water pH may also be deranged by overflow of human
or animal waste matter.

4.5.2 Fish Kills Due to Algal Blooms

Algal blooms are especially a threat to fish that are con-
tained in freshwater, estuarine, or coastal aquaculture
systems, but could also affect free-living fish that swim
into affected waters. Algal blooms may be noticed by
discoloration of water or identification of scum accumu-
lation on the water surface. Some algae are also thought to
result in fish death through the production of neurotoxins.
This is the case with blooms of the dinoflagellate,
Gymnodinium breve (commonly referred to as “red tide”)
in the Gulf of Mexico. In Australia, blooms of Gymno-
dinium sp. have been associated with fish kills in New
South Wales, Tasmania, and Victoria. However, algal
blooms could result in fish death without neurotoxins.
Some species of algae, especially diatoms, have spiny
surface architecture and may lodge in the gills, mechan-
ically causing microtrauma and inciting bronchitis that
may result in death. The diatom Cerataulina pelagica was
associated with fish kills in New Zealand in 1983.
Similarly, a bloom of green microalgae, Tetraselmis sp.,
that adheres to the gill surface was held responsible for a
massive die-off of pilchards in Wellington Harbor in
1993. Another important mechanism in which algal
blooms result in fish death is referred to as “algal crash.”
In this case, the unsettling of nutrient-rich sediment or
provision of excess nutrients from anthropogenic or
natural sources contributes to the occurrence of an algal
bloom. The new algal population, often comprising
cyanobacteria, is unsustainable (has a “boom and bust”
cycle) and massive death of algae ensues. Dying algae
liberally consume oxygen, and thus fish within affected
water die from hypoxia. The water containing dying algae
often has brown discoloration and smells due to algal
decomposition. “Algal crash” could also be induced
without an algal bloom when various algicidal chemicals
(e.g., copper sulfate and formalin) are used to treat fish
disease in confined water systems with large algal
populations; for example, in ponds. It may be of interest
to note here that cyanobacteria that are toxic to mammals
(some causing hepatocellular necrosis) apparently have
not yet been found to cause toxicosis in fish.

4.5.3 Fish Kills Affecting River Systems

Large-scale mortalities affecting multiple species and wide
age ranges of wild fishes often represent particularly
disconcerting phenomena having profound potential
ecological impact. In the last decade in Australia, two such
fish kills affecting river systems in northern New South
Wales gained considerable public attention. These involved
the Richmond River catchment in 2001 and 2008. During
these periods, this area experienced widespread severe
rainfall and flooding followed by the deaths of millions of
finfish and shellfish. Although natural fish kills were known
to occur in Australian coastal rivers prior to European
settlement, fish kills of this scale had not been previously
documented (with the exception of the massive pilchard
kills occurring in southern Australian oceans during 1995
and 1998 due to pilchard herpesvirus). As a response to the
fish kills, river and near shore areas were closed to all forms
of fishing for an extended period to allow ecosystem repair.
Although supported by the community and industry, this
had profound economic impact on the community, espe-
cially commercial and recreational fisheries, etc.

The Richmond River catchment fish kills are an excel-
lent example of kills that occur as a result of low dissolved
oxygen (DO). In aquaculture, low DO is often simply the
result of power failure and loss of aeration, or over-
crowding. However, in natural water bodies consumption
of DO is a complex multifactorial process. Water conditions
that lead to low DO may include low water flow, high water
sediment or organic load (i.e., decomposing biota), high
water temperature, and algal growth. In coastal rivers such
as the Richmond River catchment, land use practices in
areas surrounding catchments are often to blame for epi-
sodes of low DO and low pH. These areas typically have
acid sulfate soils. In these areas, floodgates and drainage
systems have been placed to remove water from developed
wetlands and floodplains during rains and high tides. These
changes have increased drainage flow and depth, resulting
in lower groundwater and surface water levels of wetlands
and floodplains, thereby drying and oxidizing the acid
sulfate soils. Developed wetlands and floodplains had also
been altered to replace native inundation-tolerant vegetation
with inundation-intolerant vegetation (i.e., pasture for cattle
grazing, etc.). As a result of these land use practices, during
subsequent rainfalls, topsoil containing soluble acid and
iron is readily mobilized, acidifying the water and
consuming DO. Inundated vegetation readily decomposes
via microbial assistance, contributing to water sedimenta-
tion and DO consumption. “Black water” forms on
floodplains, reflecting the accumulation of monosulfide
black ooze (organic sediment that has been enriched with
iron monosulfides); this material potentiates water acidifi-
cation and consumption of DO. This toxic oxygen-depleted
backwater is flushed rapidly through drainage systems,
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overwhelming river ways and killing all fish swimming in
the supplied waterway. Interestingly, these water conditions
(a result of agriculture land use) had led to fish kills of a
magnitude that surpass those that had occurred elsewhere in
the world as a result of millions of liters of raw human
sewage and concentrated swine waste being diverted into
waterways following hurricane-associated flooding.

4.6 MANAGEMENT OF
EPIDEMIOLOGICAL EPISODES

4.6.1 Management

Epidemiological evidence suggests that EUS outbreaks
in farmed fish are more severe when stocking densities
are high. During high-risk periods; for example, when
EUS prevalence is high in adjacent wild fish pop-
ulations, stocking densities should be kept as low as
possible and farmed populations subjected to minimal
stress. In particular, fish could be monitored to ensure
that bacterial and parasitic skin pathogens do not cause
problems during high-risk periods. Similarly, the pond
environment could be monitored to ensure that abiotic
factors that may induce skin damage; for example, low
DO concentrations, are kept within acceptable limits. A
simple and effective form of prevention, which may be
acceptable in some endemic areas, is to farm species that
are resistant to EUS. For example, EUS has never been
reported in tilapia or milkfish, and very rarely in Chinese
or European carps. Incidentally, as a guide one could
note that epidemiological studies conducted by Kumamaru
(1973) from 1971 to 1972 in Lake Kasumigaura
revealed that freshwater fish such as yellowfin goby
(Acanthogobius flavimanus), gray mullet, oily gudgeon
(Sarcocheilichthys variegatus), trident goby, and slender
bitterling (Acheilognathus lanceolatus) were highly sus-
ceptible to MG, while carp (C. carpio), silver carp
(Hypophthalmichthys molitrix), and eel (A. japonica)
were not affected during the outbreaks.

As mentioned earlier, from an epidemiological
perspective to accommodate the apparently multifactorial
nature of EUS, Lilley et al. (1998) used the concepts of
“necessary cause,” “component cause,” and “sufficient
cause.” Each combination of various “component causes”
that results in disease is known (collectively) as a “suffi-
cient cause” for that disease. However, it is important to
recognize that under different circumstances, different
combinations of “component causes” may constitute “suf-
ficient cause” for a disease and these “sufficient causes” for
a particular disease have in common at least one “compo-
nent cause,” known as a “necessary cause,” that must al-
ways be present for that disease to occur.

It should also be noted that proponents of “EUS as
an aphanomycosis” usually consider A. invadans

(¼Aphanomyces piscicida) the only necessary infectious
cause for the disease. By contrast, proponents of “EUS as a
polymicrobial disease” generally suggest that the condition
has three necessary infectious causesda virus (in somecases a
rhabdovirus), a fungus (in many cases A. invadans), and a
bacterium (such as anAeromonas sp. or aVibrio sp.)dthat are
believed to act in sequence or in concert to induce lesions.

Both groups propose that one or more additional
component causes are usually involved in outbreak causa-
tion. These include environmental insults that increase the
probability that the necessary infectious causes could infect
the host and induce lesions. As examples, exposure to
acidified water, trauma-induced epidermal damage, and
conditions that could lead to immunosuppression have been
shown to increase susceptibility of fish to EUS.

REFERENCES

ADB/NACA, 1991. Fish Health Management in Asia-Pacific. Report on a
Regional Study and Workshop on Fish disease and Fish Health

Management. ADB Agriculture Department Report Series, No.1.
Network of Aquaculture Centres in Asia-Pacific, Bangkok.

Anon, 1992. Notes on mycological procedure. In: Workshop on Myco-

logical Aspects of Fish and Shellfish Disease, Bangkok, Thailand,
January 1992. Aquatic Animal Health Research Institute.

Ahmed, M., Rab, M.A., 1995. Factors affecting outbreaks of epizootic

ulcerative syndrome in farmed and wild fish in Bangladesh. J. Fish
Dis. 18, 263e271.

AAHRI, ACIAR, IoA and NACA, 1997. Epizootic Ulcerative Syndrome
(EUS) of Fishes in Pakistan. A Report of the Findings of an ACIAR/

DFID-Funded Mission to Pakistan. 9e19 March 1997.
Anon, April 1998. Epizooic Ulcerative Syndrome (EUS) in Fishes of

Pakistan: A Report Regarding Visit of Mission to Punjab in

Connection with Epizootic Ulcerative Syndrome (EUS), pp. 22e25.
Andrew, T.G., Huchzermeyer, K.D., Mbeha, B.C., Nengu, S.M., 2008.

Epizootic ulcerative syndrome affecting fish in the Zambezi river

system in southern Africa. Vet. Rec. 163, 629e631.
Anon, 2009a. Report of the International Emergency Disease Investigation

Task Force on a Serious Finfish Disease in Southern Africa, 18e26 May

2007. Food and Agriculture Organization of the United Nations, Rome.
Viewed in 2011, from: http://www.fao.org/docrep/012/i0778e00.htm.

Anon, 2009b. Manual of Diagnostic Tests for Aquatic Animals.
Anon, 2011. World Animal Health Information Database Interface:

Exceptional Epidemiological Events. World Organisation for Animal
Health, Paris. Viewed in 2011, from: http://web.oie.int/wahis/public.
php?page¼country_reports.

Anon, 2012. Gladstone Fish Health Scientific Advisory Panel, pp. 1e47.
Barua, G., Banu, A.N.H., Khan, M.H., 1991. An investigation into the

prevalence of fish disease in Bangladesh during 1988e1989.

Bangladesh J. Aquac. 11e13 (For 1989e1991): 27:29.
Baldock, F.C., Blazer, V., Callinan, R., Hatai, K., Karunasagar, I.,

Mohan, C.V., Bondad-Reantaso, M.G., 2005. Outcomes of a short

expert consultation on epizootic ulcerative syndrome (EUS):
re-examination of causal factors, case definition and nomenclature. In:
Wlaker, P., Lester, R., Bondad-Reantaso, M.G. (Eds.), Diseases in
Asian Aquaculture V. Fish Health Section, Asian Fisheries Society,

Manila, p. 555585.

78 Epizootic Ulcerative Fish Disease Syndrome



Blazer, V.S., Lilley, J., Schill, W.B., Kiryu, Y., Densmore, C.L.,

Panyawachira, V., Chinabut, S., 2002. Aphanomyces invadans in
Atlantic menhaden along the east coast of the United States. J. Aquat.
Anim. Health 14, 1e10.

Callinan, R.B., Keep, J.A., 1989. Bacteriology and parasitology of red spot
disease in sea mullet, Mugil cephalus L., from eastern Australia.
J. Fish Dis. 12, 349e356.

Callinan, R.B., Paclibare, J.O., Bondad-Reantaso, M.G., Chin, J.C.,

Gogolewski, R.P., 1995. Aphanomyces species associated with
epizootic ulcerative syndrome (EUS) in the Philippines and red spot
disease (RSD) in Australia: preliminary comparative studies. Dis.

Aquat. Org. 21, 233e238.
Cruz-Lacierda, E.R., Shariff, M., 1995. Experimental transmission of

epizootic ulcerative syndrome (EUS) in snakehead, Ophicephalus

striatus. In: Shariff, M., Arthur, J.R., Subasinghe, R.P. (Eds.), Dis-
eases in Asian Aquaculture II. Fish Health Section, Asian Fisheries
Society, Manila, Philippines, pp. 327e336.

Chia, W.K., Ali, R., Toh, H.C., 2012. Aspirin as adjuvant therapy for
colorectal cancer-reinterpreting paradigms. Nat. Rev. Clin. Oncol.
2012 (9), 561e570.

Chondar, S.L., Rao, P.S., January 29eFebruary 2, 1996. Epizootic Ul-

cerative Syndrome Disease to Fish and Its Control: A Review. World
Aquaculture 1996, Book of Abstracts. World Aquaculture Society,
Bangkok, p. 77.

Choongo, K., Hang’ombe, B., Samui, K.L., Syachaba, M., Phiri, H.,
Maguswi, C., Muyangaali, K., Bwalya, G., Mataa, L., 2009. Envi-
ronmental and climatic factors associated with epizootic ulcerative

syndrome (EUS) in fish from the Zambezi floodplains, Zambia. Bull.
Environ. Contam. Toxicol. 83, 474e478. Springer, New York.

Curtin, K., Slattery, M.L., Samowitz, W.S., 2011. CpG island methylation
in colorectal cancer: past, present and future. Pathol. Res. Int. 2011,

902674.
Das, M.K., Das, R.K., 1993. A review of the fish disease, epizootic ul-

cerative syndrome in India. Environ. Ecol. 11 (1), 134e145.

Egusa, S., Masuda, N., 1971. A new fungal disease of Plecoglossus

altivelis. Fish Pathol. 6, 41e46.
Field, A.E., Camargo, C.A., Ogino, S., 2013. The merits of subtyping

obestity: one size does not fit all. JAMA 2013 (310), 2147e2148.
Frerichs, G.N., Millar, S.D., Roberts, R.J., 1986. Ulcerative rhabdovirus in

fish in Southeast Asia. Nature 322, 216.

Fraser, G.C., Callinan, R.B., Calder, L.M., 1992. Aphanomyces species
associated with red spot disease e an ulcerative disease of estuarine
fish from eastern Australia. J. Fish Dis. 15, 173e181.

Gabriel, S.R., Sanchez, G.L.M., Carmona, L., Roqué i Figuls, M., Bonfill

Cosp, X., 2005. Hormone replacement therapy for preventing car-
diovascular disease in post-menopausal women. Cochrane Database
Syst. Rev. 2005 (2). Art. No: CD002229.

Garðarsdóttir, O., Guttormsson, L., 2008. An Isolated Case of Early
Medical Intervention. The Battle against Neonatal Tetanus in the
Island of Vestmannaeyjar (Iceland) during the 19th Century. Instituto

de Economía y Geografía (Retrieved 19.04.11).
Garðarsdóttir, O., Guttormsson, L., 2009. Public health measures against

neonatal tetanus on the island of Vestmannaeyjar (Iceland) during the
19th century. Hist. Fam. 14 (3), 266e279.

Green, M.D., Freedman, M.D., Gordis, L., 2008. Reference Guide on
Epidemiology (PDF). Federal Judicial Centre (Retrieved 03.02.08).

Greenland, S., Morgenstern, H., 2001. Confounding in health research.

Annu. Rev. Public Health 2.

Hatai, K., 1994. Mycotic granulomatosis in ayu (Plecoglossus altivelis)

due to Aphanomyces piscicida. In: Roberts, R.J., Campbell, B.,
MacRae, I.H. (Eds.), Proc. ODA Regional Sem. on Epizootic
Ulcerative Syndrome, 25e27 Jan 1994. Aquatic Animal Health

Research Institute, Bangkok.
Hedrick, R.P., Eaton,W.D., Fryer, J.L., Croberg, W.G., Boonyaratapalin, S.,

1986. Characteristics of a birnavirus isolated from cultured sand goby
Oxyeleotris marmoratus. Dis. Aquat. Org. 1, 219e225.

Hennekens, C.H., Julie, E.B., 1987. In: Mayrent, S.L. (Ed.), Epidemiology in
Medicine. Lippincott, Williams and Wilkins, ISBN 978-0-316-35636-7.

Hernán, M.A., Hernández-Díaz, S., Robins, J.M., 2004. A structural

approach to selection bias. Epidemiology (Cambridge, MA) 15 (5),
615e625.

Hill, A.B., 1965. The environment and disease: association or causation?

Proc. R. Soc. Med. 58 (5), 295e300. PMC 1898525. PMID
14283879.

Hossain, M.A., 1998. Survey of aquatic animal disease: Bangladesh

1994e1998. In: MacRae, I.H. (Ed.), The Proceedings of the Fourth
DFID-SEAADCP Network Meeting. Aquatic Animal Health Research
Institute, Bangkok.

Hughes, L.A., Khalid-de Bakker, C.A., Smits, K.M., van den Brandt, P.A.,

Jonkers, D., Ahuja, N., Herman, J.G., Weijenberg, M.P., van
Engeland, M., 2012. The CpG island methylator phenotype in
colorectal cancer: progress and problems. Biochim. Biophys. Acta

2012 (1825), 77e85.
Humphrey, J.D., Pearce,M., 2006. EpizooticUlcerative Syndrome (Red-spot

Disease). Fishnote,Northern TereritoryGovernment, Australia, pp. 1e4.

Ikramuddin, S., Livingston, E.H., 2013. New insights on bariatric surgery
outcomes. JAMA 2013 (310), 2401e2402.

Ioannidis, J.P.A., Tarone, R., McLaughlin, J.K., 2011. The false-positive
to false-negative ratio in epidemiologic studies. Epidemiology 22

(4), 450e456.
Khan, M.H., Marshall, L., Thompson, K.D., Campbell, R.E., Lilley, J.H.,

1998. Susceptibility of five fish species (Nile tilapia, rosy barb,

rainbow trout, stickleback and roach) to intramuscular injection with
the oomycete fish pathogen, Aphanomyces invadans. Bull. Eur. Assoc.
Fish Pathol. 18, 192e197.

Kar, D., Dey, S., 1988a. Preliminary electron microscopic studies on
diseased fish tissues from Barak valley of Assam. In: Proc. Annual
Conference of Electron Microscopic Society of India, vol. 18, p. 88.

Kar, D., Dey, S.C., 1988b. A critical account of the recent fish disease in
the Barak valley of Assam. In: Proc. Regional Symp. on Recent
outbreak of Fish Diseases in North-East India, vol. 1, p. 8.

Kar, D., Dey, S.C., 1988c. Impact of recent fish epidemics on the fishing

communities of Cachar district of Assam. In: Proc. Regional Symp. on
Recent outbreak of Fish Diseases in North-East India, vol. 1, p. 8.

Kar, D., Dey, S.C., 1990. Fish disease syndrome: a preliminary study from

Assam. Bangladesh J. Zool. 18, 115e118.
Kar, D., Dey, S.C., Michael, R.G., Kar, S., Changkija, S., 1990a. Studies

on fish epidemics from Assam, India. J. Indian Fisheries Assoc. 20,

73e75.
Kar, D., Bhattacharjee, S., Kar, S., Dey, S.C., 1990b. An Account of

‘EUS’ in Fishes of Cachar District of Assam with Special Emphasis
on Microbiological Studies. Souv. Ann. Conf. Indian Association of

Pathologists and Microbiologists of India (NE Chapter) 8, 9e11.
Kar, D., Dey, S.C., Kar, S., Bhattacharjee, N., Roy, A., 1993. Virus-like

Particles in Epizootic Ulcerative Syndrome of Fish. Proc. Int. Symp.

On Virus-Cell Interaction: Cellular and Molecular Responses 1, 34.

Epidemiological Study Chapter | 4 79



Kar, D., Dey, S.C., Kar, S., Roy, A., Michael, R.G., Bhattacharjee, S.,

Changkija, S., 1994. A candidate virus in Epizootic Ulcerative Syn-
drome of Fish. Proc. Natl. Symp. Indian Virological Society 1, 27.

Kar, D., Dey, S.C., Kar, S., 1995a. Lake Sone in Assam and its Biodi-

versity. Xth Annual Congress on Man and Environment. National
Environment Science Academy and National Institute of Oceanog-
raphy 10, 52.

Kar, D., Roy, A., Dey, S.C., Menon, A.G.K., Kar, S., 1995b. Epizootic

Ulcerative Syndrome in Fishes of India. World Congress of In Vitro

Biology. In Vitro 31 (3), 7.
Kar, D., Kar, S., Roy, A., Dey, S.C., 1995c. Viral Disease Syndrome in

Fishes of North-East India. Proc. Int. Symp. Int. Centre for Genetic
Eng. and Biotechnology (ICGEB) and the Univ, California at Irvine,
1, 14pp.

Kar, D., Saha, D., Laskar, R., Barbhuiya, M.H., 1997. Biodiversity
Conservation Prioritisation Project (BCPP) in barak valley region of
Assam. In: Proc. National Project Evaluation Workshop on BCPP,

Betla Tiger Reserve and National Park, vol. 1 (Palamu).
Kar, D., Saha, D., Dey, S.C., 1998a. Epizootic ulcerative syndrome in

Barak valley of Assam: 2e4. In: Project Report Submitted and
Presented at the National Symposium of Biodiversity Conservation

Prioritisation Project (BCPP) Held at WWF-India, 18e19 Jan 1998
(New Delhi).

Kar, D., Dey, S.C., Roy, A., 1998b. Present status of epizootic ulcerative

syndrome (EUS) in southern Assam. In: Proc. Regional Project
Initiation Workshop for NATP-ICAR-NBFGR Project, vol. 1, p. 9.

Kar, D., Dey, S.C., Kar, S., Roy, A., 1998c. An account of epizootic

ulcerative syndrome in Assam. In: Final Project Report of Biodiver-
sity Conservation Prioritisation Project (BCPP). Submitted and Pre-
sented at the International Project Finalisation Workshop of BCPP, 1,
22e28 April 1998 (New Delhi), pp. 1e3.

Kar, D., Rahaman, H., Barnman, N.N., Kar, S., Dey, S.C.,
Ramachandra, T.V., 1999. Bacterial pathogens associated with
epizootic ulcerative syndrome in freshwater fishes of India. Environ.

Ecol. 17 (4), 1025e1027.
Kar, D., Dey, S.C., Roy, A., 2000. Fish Genetic resources in the principal

rivers and wetlands in North-East India with special emphasis on

Barak valley (Assam), in Mizoram and in Tripura, with a note on
epizootic ulcerative syndrome fish disease. In: Proc. National Project
Initiation Workshop of the NATP-ICAR World Bank- aided Project

on ‘Germplasm Inventory, Evaluation and Gene Banking of Fresh-
water Fishes’, vol. 1. National Bureau of Fish Genetic Resources
(NBFGR), Lucknow, p. 12.

Kar, D., Mandal, M., Lalsiamliana, 2001. Species composition and

distribution of fishes in the rivers in Barak valley region of Assam and
in the principal rivers of Mizoram and Tripura in relation to their
habitat parameters. In: Proc. National Workshop, NATP-ICAR Proj-

ect, Mid-term Review, vol. 1. Central Marine Fisheries Research
Institute, Cochin, p. 25.

Kar, D., Dey, S.C., Datta, N.C., 2003. Welfare Biology in the New Mil-

lennium. Allied Publishers Pvt. Ltd, Bangalore pp. xx þ 97.
Kar, D., Roy, A., Dey, S.C., March 18e19, 2004. An overview of fish

genetic diversity of North-East India. In: Garg, S.K., Jain, K.L.
(Eds.), Proc. National Workshop on Rational use of Water Resources

for Aquaculture, vol. 1. CCS Haryana Agricultural University,
pp. 164e171.

Kar, D., 2007. Fundamentals of Limnology and Aquaculture Biotech-

nology. Daya Publishing House, New Delhi pp. vi þ 609.

Kar, D., 2010. Biodiversity Conservation Prioritisation. Swastik Publica-

tions2, New Delhi pp. xi þ 167.
Kar, D., 2013. Wetlands and Lakes of the World. pp. xxx þ 687. Springer,

London. Print ISBN: 978-81-322-1022-1; e-Book ISBN: 978-81-322-

1923-8.
Kar, D., 1999. Microbiological and environmental studies in relation to

fishes of India. In: Gordon Research Conference, Connecticut, USA.
Kar, D., Dey, S.C., 1990b. A preliminary study of diseased fishes from

Cachar district of Assam. Matsya 15-16, 155e161.
Kar, D., Dey, S.C., 1990c. Epizootic ulcerative syndrome in fishes of

Assam. J. Assam Sci. Soc. 32 (2), 29e31.

Kamilya, D., Baruah, A., 2014. Epizootic ulcerative syndrome (EUS) in
fish: history and current status of understanding. Rev. Fish Biol. Fish.
24, 369e380.

Karl, P., Ronald, R., Major, G., Hill, A.B., 1900e1945. Statistical
Methods in Epidemiology. Trust Centre for the History of Medicine at
UCL, London.

Kermack, W.O., McKendrick, A.G., 1927. A contribution to the mathe-
matical theory of epidemics. Proc. R. Soc. Lond. Ser. A, Containing
Papers of a Mathematical and Physical Character 115 (772),
700e721.

Khan, M.H., Lilley, J.H., 2001. Risk factors and socio-economic impacts
associatedwith epizootic ulcerative syndrome (EUS) in Bangladesh. In:
Proceedings of DFID/FAO/NACA Asia Regional Scoping Workshop

“Primary Aquatic Animal Health Care in Rural, Small-scale Aquacul-
ture Development in Asia”. Dhaka, 26e30 September 1999.

Ku, C.S., Cooper, D.N., Wu, M., Roukos, D.H., Pawitan, Y., Soong, R.,

Iacopetta, B., 2012. Gene discovery in familial cancer syndromes by
exome sequencing: prospects for the elucidation of familial colorectal
cancer type X. Mod. Pathol. 2012 (25), 1055e1068.

Kumamaru, A., 1973. A fungal disease of fishes in lake Kasumigiura and

lake Kitaura. Report Stan. Ibaraki Prefecture 11, 129e142.
Llobrera, A.T., Gacutan, R.Q., 1987. Aeromonas hydrophila associated

with ulcerative disease epizootic in Laguna de Bay Philippines.

Aquaculture 67, 273e278.
Lilley, J.H., Philhps, M.J., Tonguthai, K., 1992. A Review of Epizootic

Ulcerative Syndrome (EUS) in Asia. Aquatic Animal Health Research

Institute and Network of Aquaculture Centres in Asia-Pacific,
Bangkok.

Lilley, J.H., Roberts, R.J., 1997. Pathogenicity and culture studies

comparing Aphanomyces involved in epizootic ulcerative syndrome
(EUS) with other similar fungi. J. Fish Dis. 20, 101e110.

Lilley, J.H., Callinan, R.B., Chinabut, S., Kanchanakhan, S., MacRae, I.H.,
Phillips, M.J., 1998. EUS Technical Handbook. AAHRI, Bangkok, 88

p. McKenzie, R.A., Hall, W.T.K., 1976. Dermal ulceration of mullet
(Mugil cephalus). Aust. Vet. J. 52, 230e231.

Lilley, J.H., Callinan, R.B., Khan, M.H., 2002. Social, economic and

biodiversity impacts of epizootic ulcerative syndrome (EUS). In:
Arthur, J.R., Phillips, M.J., Subasinghe, R.P., Reantaso, M.B.,
MacRae, I.H. (Eds.), Primary Aquatic Animal Health Care in Rural,

Small-scale, Aquaculture Development, pp. 127e139. FAO Fish.
Tech. Pap. No. 406.

Mohan, C.V., Shankar, K.M., 1994. Epidemiological analysis of epizootic
ulcerative syndrome of fresh and Brakishwater fishes of Karnataka,

India. Curr. Sci. 66, 656e658.
Mudenda, C.G., 2006. Economic Perspectives of Aquaculture

Development Strategy of Zambia. Consultant Report, Development

Consultant, Lusaka Zambia.

80 Epizootic Ulcerative Fish Disease Syndrome



Neil, M., Debra, J., 2011. Measuring Health and Disease I: Introduction to

Epidemiology (Retrieved 16.12.11).
Nsonga, A., Mfitilodze, W., Samui, K.L., Sikawa, D., 2013. Epidemi-

ology of epizootic ulcerative syndrome in the Zambezi river system.

A case study for Zambia. Hum. Vet. Med. Int. J. Bioflux Soc. 5 (1),
1e8.

Ogino, S., Stampfer, M., 2010. Lifestyle factors and microsatellite insta-
bility in colorectal cancer: the evolving field of molecular pathological

epidemiology. J. Natl. Cancer Inst. 2010 (102), 365e367.
Ogino, S., Chan, A.T., Fuchs, C.S., Giovannucci, E., 2011. Molecular

pathological epidemiology of colorectal neoplasia: an emerging

transdisciplinary and interdisciplinary field. Gut 2011 (60),
397e411.

Ogino, S., Fuchs, C.S., Giovannucci, E., 2012a. How many molecular

subtypes? Implications of the unique tumor principle in personalized
medicine. Expert Rev. Mol. Diagn. 2012 (12), 621e628.

Ogino, S., King, E.E., Beck, A.H., Sherman, M.E., Milner, D.A.,

Giovannucci, E., 2012b. Interdisciplinary education to integrate pa-
thology and epidemiology: towards molecular and population-level
health science. Am. J. Epidemiol. 2012 (176), 659e667.

Ogino, S., Lochhead, P., Chan, A.T., Nishihara, R., Cho, E.,

Wolpin, B.M., Meyerhardt, J.A., Meissner, A., Schernhammer, E.S.,
Fuchs, C.S., Giovannucci, E., 2013. Molecular pathological epide-
miology of epigenetics: emerging integrative science to analyze

environment, host, and disease. Mod. Pathol. 2013 (26), 465e484.
Pearce, M., 1990. Epizootic Ulcerative Syndrome Technical Report

December 1987eSeptember 1989. Northern Territory Department of

Primary Industry and Fisheries. Fisheries Report No. 22. Northern
Territory, Australia. 82pp.

Phillips, C.V., Karen, J.G., 2004. The missed lessons of Sir Austin
Bradford Hill. Epidemiol. Perspect. Innov. 1 (3), 3.

Reantaso, M.B., Subasinghe, R.P., 2012. Field observations of fish species
susceptible to epizootic ulcerative syndrome in theZambeziRiver basin in
Sesheke District of Zambia. Trop. Anim.Health Prod. 44, 179e183. VA.

Refere, C., 2009. Principles of Epidemiology. In: Key Concepts in Public
Health, vol. 2009. Sage, London, UK.

Roberts, R.J., Frerichs, M.G., Miller, S.D., 1990. Studies on the Epizootic

Ulcerative Disease in South and South-East Asia. In: Symposium on
Diseases in Asian Aquaculture, 26e29 Nov., 1990, Bali (Indonesia).
Asian Fisheries Society, Manila, The Philippines, p. 20.

Rodgers, L.J., Burke, J.B., 1981. Seasonal variation in the prevalence of
red spot disease in estuarine fish with particular reference to the sea
mullet, Mugil cephalus L. J. Fish Dis. 4, 297e307.

Rousseau, J.J., 1754. A Dissertation on the Origin and Foundation of the

Inequality of Mankind and Is It Authorised by Natural Law. France.
Sharifpour, I., 1997. Histology of the Inflammatory Response of the Carp

(Cyprinus carpio L.) to Various Stimuli (Ph.D. thesis). University of

Stirling, Scotland.
Subasinghe, R.P., Hossain, M.S., 1997. Fish health management in

Bangladesh in floodplains. In: Tsai, C., Ali, M.Y. (Eds.), Openwater

Fisheries of Bangladesh, vol. 4. The University Press Ltd., Dhaka,
pp. 65e74.

Smetanin, P., Kobak, P., 2005a. Interdisciplinary cancer risk management:

Canadian life and economic impacts. In: First International Cancer
Control Congress.

Smetanin, P., Kobak, P., 2005b. Selected Canadian Life and Economic
Forecast Impacts of Lung Cancer.

Smetanin, P., Kobak, P., 2006. A population-based risk management
framework for Cancer control (PDF). In: The International Union
against Cancer Conference.

Swift, J., 2008. Gulliver’s Travels: Part IV. A Voyage to the Country of the
Houyhnhnms (Retrieved 03.02.08).

Torres, J.L., Shariff, M., Tajima, K., 1992. Serological relationships

among motile Aeromonas spp. associated with healthy and epizo-
otic ulcerative syndrome-positive fish. In: Shariff, M.,
Subasinghe, R.P., Arthur, J.R. (Eds.), Diseases in Asian Aquacul-
ture I. Fish Health Section. Asian Fisheries Society, Manila,

Philippines, pp. 451e460.
Wada, S., Rha, S.A., Kondoh, T., Suda, H., Hatai, K., Ishii, H.,

1996. Histopathological comparison between ayu and carp arti-

ficially infected with Aphanomyces piscicida. Fish Pathol. 31,
71e80.

Epidemiological Study Chapter | 4 81





Chapter 5

Pathology of Epizootic Ulcerative
Syndrome

5.1 PATHOLOGY OF EPIZOOTIC
ULCERATIVE SYNDROME

Epizootic ulcerative syndrome (EUS) is a seasonal epizo-
otic condition of great importance in wild and farmed
freshwater and estuarine fishes. It has a complex infectious
etiology, and according to some workers, it is clinically
characterized by the presence of invasive Aphanomyces
infection and necrotizing ulcerative lesions, typically
leading to a granulomatous response. EUS is also known as
RSD, MG, and UM. In 2005, scientists had proposed that
EUS be named epizootic granulomatous aphanomycosis or
EGA. However, the term EUS is being used by many
scientists. The oomycete that causes EUS is known as
Aphanomyces invadans or Aphanomyces piscicida. So far,
only one genotype of the EUS oomycete has been recog-
nized, and is said to be the cause of the widespread out-
breaks of EUS from the first one in 1971 in Japan to the
outbreak in 2008 in Zambia, and after. Further, 24 countries
in four continents, viz., North America, Southern Africa,
Asia, and Australasia, have recorded occurrences of EUS.
In addition, parasites and viruses (notably rhabdoviruses)
had also been associated with particular outbreaks, while
secondary Gram-negative bacteria are usually associated
with lesions due to EUS (FAO, 2009).

5.2 DIAGNOSIS

In order to distinguish EUS fish disease from other ulcer-
ative conditions, correct diagnosis of EUS is a prerequisite.
NACA’s general findings on the progressive diagnostic
symptoms of EUS are summarized below:

1. Presumptive diagnosis of EUS could be based on gross
appearance (open dermal ulcers) (Bondad-Reantaso
et al., 2001) and the observation of aseptate hyphae in
squashed preparations of the muscle underlying the
gross lesions.

2. Confirmatory diagnosis requires histological demon-
stration of the typical granulomatous inflammation
(OIE, 2006) around invasive hyphae or the isolation
of A. invadans from the underlying muscle (OIE, 2006).

In other words, positive diagnosis of EUS is made
by portraying the presence of mycotic granulomas in

histological sections followed by isolation of A. invadans
from internal tissues. Putting in a different form, positive
diagnosis is made by analysis of histological sections
demonstrating mycotic granulomas and isolation of the
causal fungus.

Diagnosis is based on clinical signs and histological
evidence of the typical aggressive invasiveness of the
nonseptate fungal hyphae, within the context of high
mortality. In fact, isolation of the fungus allows its char-
acteristic growth profile to be used as an aid to
identification.

5.2.1 Differential Diagnosis

The list of similar diseases may be usually available in
standard books dealing with fish diseases. However, gross
pathological signs may be representative of many diseases.
This may not always be helpful and conclusive in leading
to the correct diagnosis of an ailment. Thus, such infor-
mation may not always be used as a tool for a definitive
diagnosis, but rather as a tool to help identify the listed
diseases in standard guides.

5.2.2 Progressive Diagnostic Symptoms
of Epizootic Ulcerative Syndrome

Behavior: (1) reduced appetite; (2) swimming with head
out of the water; (3) floating lethargically; and (4) death.

5.3 GENERAL SIGNS OF DISEASE

It may be noted here that animals with disease may show
one or more of the signs mentioned below, but the
pathogen may still be present even in the absence of any
signs. Disease signs at the farm, tank, or pond level
generally are:

1. loss of appetite;
2. dark body color;
3. mass mortality;
4. erratic swimming;
5. rubbing on the surfaces of tanks; and
6. increased respiration and respiratory effort.

Epizootic Ulcerative Fish Disease Syndrome. http://dx.doi.org/10.1016/B978-0-12-802504-8.00005-5
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5.4 EXTERNAL SIGNS OF EPIZOOTIC
ULCERATIVE SYNDROME

1. Appearance of small amber-colored, red, or gray ero-
sions/lesions

2. Expansion of lesions into large ulcers, loss of scales,
hemorrhage, and formation of oedema

3. Snakeheads may show severe erosion of the head or
body cavity

5.5 GROSS PATHOLOGICAL SIGNS OF
EPIZOOTIC ULCERATIVE SYNDROME

1. Lesions on the body: red spots, black burn-like marks,
or deeper ulcers with red centers and white rims

2. Progressive lesions: lesions start as reddening under a
single scale but quickly spread to involve adjacent scales.
They continue to widen and deepen, forming ulcers that
erode underlying tissues to expose skeletal musculature,
vertebrae, the brain, or visceral organs, cause unilateral
or bilateral clouding of the eye and so on.

5.6 CLINICAL SIGNS OF EPIZOOTIC
ULCERATIVE SYNDROME

In the early stage of the disease, red spots or small
hemorrhagic lesions are generally found on the surface of
the fish. The spots/lesions then progress to become ulcers
and eventually large necrotic erosions. Fungal mycelium
is often visible on the surface of ulcers. Death usually
follows rapidly as a result of visceral granulomata,
septicemia, and failure of osmoregulatory balance.

Notwithstanding the above, the pathology in fish
collected from the Chobe and Zambezi Rivers in Africa had
been described by Andrew et al. (2008). Early lesions had
appeared as raised hyperemic foci in the skin several mil-
limeters in diameter. Advanced lesions consisted of large,
deep skin ulcers exposing the underlying musculature. The
tissues around the ulcers were characterized histologically
by a granulomatous inflammatory response surrounding
aseptate branched oomycete hyphae. Histological lesions in
the musculature typically consisted of necrotic muscle
remnants with an infiltration of large number of macro-
phages and other mixed inflammatory cells. Within these
areas, macrophages and fibroblasts formed dense granulo-
matous sheaths around hyphae. In severe cases, hyphae
were found to penetrate internal organs, and could be
demonstrated in the kidney and to a lesser extent in the liver
and mesentery of affected fish.

5.7 CLINICAL SIGNS AND PATHOLOGY

Studies on the pathology of EUS in Asia tended to focus on
the striped snakeheads (Channa striata), as this is the

species that is by and large said to be the most commonly
and severely affected. However, significant differences
with other species have been noted. In general, lesions on
EUS-affected fishes can be distinguished into three groups
based on gross appearance (Viswanath et al., 1997). Clin-
ical signs in the early stages of the disease are said to be
quite similar. Appetite is reduced or absent and fish be-
comes lethargic, either floating just beneath the surface or
swimming with the head out of water.

Concomitant to the above, there may be differences in
clinical signs and pathology among the affected fishes
under different situations. The initial signs could involve
mass mortality associated with distinct dermal lesions
including ulcers. The surviving fishes may typically have
lesions of varying degrees of severity. These may appear as
red-spots, blackish burn-like marks, or deeper ulcers with
red centers and white rims. Some fish, especially snake-
heads may survive for a longer time with such ulcers,
which may erode so deeply as to expose the vertebrae,
brain, and viscera.

Histological studies may portray necrotizing, granulo-
matous dermatitis and myositis associated with invasive,
nonseptate fungal hyphae, 10e20 mm in diameter. The
fungus may penetrate visceral organs, such as the kidney
and liver, after it has penetrated the musculature.

5.8 GENERAL SYMPTOMS AND GROSS
PATHOLOGY

EUS is characterized by the occurrence of large hemor-
rhagic or necrotic ulcerative lesions on the bases of the fins
and other parts of the body that becomes larger inflamed
areas with acute degeneration of epidermal tissues (Kar and
Dey, 1988, 1990a,b,c).

Initially, pinhead-sized red spots usually develop on the
body surface, head and fins, caudal peduncle, dorsum, or
operculum with no noticeable hemorrhages or ulcers. In the
early stages, these may simply be areas of acute dermatitis
forming rosacea.

Intermediate stage Lesions are represented by small
(2e4 cm) dermal ulcers, with associated loss of scales,
hemorrhage, and oedema. Roberts et al. (1989) had noted
that in Puntius spp., gouramies, and other mid-water fishes,
ulcers are particularly dark and usually circular; often only
one large superficial lesion occurs on the flank or dorsum.
Most species other than snakeheads and mullets may die at
this stage.

Advanced stage Lesions appear on other parts of the
fish’s body and expand into large necrotic open ulcers,
resulting eventually in death. Some affected species, for
example, stripped snakeheads, may survive with much
more severe chronic lesions that may have completely
destroyed the caudal peduncle or eroded deep into the
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cranium or abdominal cavity, sometimes even exposing the
swim bladder. Erosion of the cephalic tissue is a particu-
larly common feature of the diseased stripped snakeheads,
and specimens had been found with exposed optic nerves
or loosened articular bones such as maxillae and mandibles.
However, diseased stripped snakeheads, with moderately
advanced lesions, placed in improved water-quality
conditions, may often recover. Similarly, lesions on estu-
arine fish such as mullets appear to heal quickly when
the fish move into brackish or marine environments.
Healing ulcers are characterized by a conspicuous dark
color caused by increased number of melanophores (Lilley
et al., 1992, 1998).

Notwithstanding the above, in certain countries, notably
in Pakistan, EUS-infected fishes had displayed severe ul-
cers on the skin, but the distribution of ulcers had shown
variations in different species. The ulcerations were more
pronounced and found to be more severe on the head and
caudal regions in ichthyospecies like Channa marulius,
Channa punctata, Wallago attu, Sperata seenghala,
Heteropneustes fossilis, and Puntius spp. In some cases, the
ulcers had been deep enough to expose the cranium,
thereby resulting in grayish or red necrotic areas. In
extreme cases, the caudal lesions had eroded the affected
areas to such an extent that there had been total degener-
ation of the caudal peduncle portion, and in very severe
cases, the degeneration even had extended up to posterior
part of the abdominal cavity. However, hemorrhagic ul-
cerations were pronounced on the lateral sides of the body,
the tail, and the head region in fishes such as C. marulius,
W. attu, and S. seenghala. Nevertheless, Catla catla had
depicted ulcerations only in the head region. On the other
hand, Labeo rohita had displayed less intense ulcers on
the body.

5.9 GROSS PATHOLOGY AND LIGHT
MICROSCOPY

Egusa (1992) had summarized the clinical signs of MG
based on numerous published reports from Japanese studies
from naturally infected fishes (Egusa and Masuda, 1971;
Miyazaki and Egusa, 1972, 1973a,b,c; Kumamaru, 1973;
Hatai et al., 1977). These include localized swellings on the
body surface, protruding scales, hemorrhage, scale loss,
skin disintegration, exposure of underlying musculature
and ulceration. Ulcers spread over a broad area and develop
into a wide ulcer with exposed scarlet granuloma extending
from several mm below the skin. A nonseptate, branching
form of fungal hyphae with a diameter of 10e25 mm and
fungal granuloma was easily and consistently observed
from wet mount slide of the tissue under light microscopy.

More detailed pathology and the suggestion of a fungal
etiology were subsequently reported from naturally infected
cultured goldfish (Miyazaki and Egusa, 1972) and ayu

(Miyazaki and Egusa, 1973a). In goldfish, details of
morphological changes of granuloma progression were
described in tissues (e.g., in gills, skin, skeletal muscle,
brain, and spinal cord) and internal organs (e.g., liver,
spleen, pancreas, kidney, small intestine, gonads, and
mesenteries). Observations on multinucleate giant cells at
the lesion were also seen and varied depending on species
affected and there appeared to be some geographic differ-
ences. The multinucleated cells were classified as two
types: those that engulfed the fungal hyphae, which were
larger in size with a maximum diameter of 90 mm and
containing about 47 nuclei in the plane of the observed
section; and those that did not. Fish from Oita, Miyazaki,
and Tokyo areas exhibited multinucleate giant cells that
engulfed hyphae (80e90% prevalence), while fish from
Tokushima, Shiga, Nagano, and Tochigi Prefectures
exhibited multinucleate giant cells without hyphae
(80e100% prevalence).

5.10 CLINICAL PATHOLOGY

The initial features of an EUS outbreak in a new location
are dramatic, whether in wild fishes in rivers, estuaries,
lakes, and rice fields (where heavy losses often occur), or in
farmed fishes (Chinabut and Roberts, 1999). A significant
proportion of the fish stocks had been found to be floating
on the surface: most of them already dead, with large red or
gray shallow ulcers, often with a brown necrotic, fungus-
covered center. Generally, the ulcers are on the side,
though they can occur on any part of the head and body.
There is often remarkable symmetry of lesions, with the
ulcer located in the same position on each fish of a
particular species. This effect is very much noticeable
among major and minor carps and among the barbs such as
Puntius spp., all of which are highly susceptible to the
disease. EUS is seen in both wild and farmed fishes. Often
such lesions appear as brand marks or burn marks.

Some fish species such as the snakeheads (Channidae),
although highly susceptible, nevertheless, take much longer
time to succumb. Their lesions are therefore more extensive
and could lead to complete erosion of the posterior portion
of the body, or to necrosis of both soft and hard tissues of
the cranium, so that the brain is exposed in the living
animal.

When an outbreak occurs, although dead and dying fish
will appear to have similar, extensive lesions, by examining
fish from neighboring ponds or rice fields, it could be
possible to build up a clinical picture of the stages in the
pathogenesis of the disease.

The first signs of affected fish are that they become
darker and do not feed. They may float just below the
surface, or in some species, with the head just breaking the
surface. Sometimes, they may be hyperactive with a very
jerky pattern of movement.
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However, the initial lesions could vary. In IMCs and
Puntius spp., which in some regions appear particularly
susceptible, a small area of darkened skin may be seen
before they become moribund and die. In other fishes, there
may be one or more reddish or amber-colored areas of
acute dermatitis, which gradually ulcerate to produce small
(2e3 mm) ulcers that often displace a scale. Subsequently,
these enlarge and develop a gray necrotic center, with a
white rim of exposed dermal collagen. Around this is
usually a wide zone of darkly pigmented skin. In the center
of such larger lesions, there will generally be necrotic
adherent mat, consisting of fungal hyphae of secondary
species such as Achlya, hemorrhagic tissue and saprophytic
protozoa such as Epistylis sp., and certain opportunistic
bacteria.

Notwithstanding the above, our studies have revealed
the following with regard to initiation of EUS:

EUS in carps begins with a small tubercle-like swelling
in which bacteria and fungi could not be detected and
isolated. Gradually, this tubercle grew to a tuber-like size
and the fungi could be isolated. This faintly indicates that
bacteria and fungi are not the primary pathogens for the
initiation of EUS.

There could be further information on progressive diag-
nostic symptoms of EUS in India (Viswanath et al., 1997).

Type I: Early lesions
Pinhead-sized reddish or amber-colored spots on the
body surface. No noticeable hemorrhage or ulceration.
Skin around the spots is normal with no discoloration.
Sections show focal inflammatory changes. There are
several nodular structures associated with fungal
hyphae. Dermis and skeletal muscle are normal, without
evidence of fungal invasion.

Type II: Moderately advanced lesions
Moderately advanced lesions are raised, circular, and
discolored areas on the body surface that are approxi-
mately 2e4 cm in diameter. These areas are soft with
relatively intact skin and scales. In sections, mycotic
granulomas are seen in epidermis, dermis, and skeletal
musculature, associated with many nonseptate fungal
hyphae. Significant necrotizing dermatitis and myositis
due to fungal invasion are also seen. In most cases of
these lesions, however, the scales and epidermis are
not completely lost.

Type III: Advanced lesions
Advanced lesions are circular or oval, open dermal ul-
cers extending to the skeletal musculature. They are
characterized by large hemorrhagic and necrotic open
ulcers on the body surface, devoid of epidermis and
scales, with loss of dermis at the site of the ulcer. In
most cases, the underlying musculature is exposed
and largely replaced by fungal granulomas and host

inflammatory tissue. Fungal hyphae extend to all direc-
tions from the focus of the dermal ulcer. Necrotic mus-
cle fibers and fungal hyphae often found within
granulomas.

Notwithstanding the above, EUS has been described in
more than 30 species of FW fishes. Also, some species of
brackish water fishes have been affected by EUS. As might
be expected, there is great variation in the clinical picture
between the different species, and thus also in the under-
lying pathology.

Concomitant to the above, some workers (Chinabut and
Roberts, 1999) had conveniently attempted to classify the
clinical pattern based on their histopathology (HP) into five
types as follows:

Type (a)
Peracute infection with minimal host response or sec-
ondary infection and rapid death

Type (b)
Acute infection with some amount of host response and
often a secondary infection before death

Type (c)
Chronic slowly progressive infection with considerable
amount of host response; the outcome is generally fatal
but invariably with secondary bacterial and/or fungal
involvement

Type (d)
Chronic infection with host response sufficient to allow
recovery unless there is secondary infection

Type (e)
Superficial response to adventitious infection in fish
species that are generally resistant to infection. Unless
there is a significant amount of secondary infection,
such fish would almost invariably recover.

The above-mentioned classifications of clinical picture
could only be considered general in their application.
Specific circumstances may affect the outcome, but in
general, the response of a particular species and age group
could be consistent. This may allow a clear clinical
picture for an outbreak to be defined and the basic diag-
nosis to be made based on the specific histopathology that
underlies it.

5.11 SPECIES AFFECTED

It is believed that more than 100 species of fishes have been
affected by EUS (Lilley et al., 1992), but only relatively
few reports have been confirmed by demonstrating the
presence of mycotic granulomas in histological section or
by isolation of the pathogenic Aphanomyces fungus from
tissues underlying ulcers.
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In addition to the above, >50 species of both farmed
and wild fishes (freshwater and estuarine), are said to be
susceptible to EUS. These include, for example, the barbs,
the breams, the catfishes, the cichlids, and the churchills in
Africa; the eels, the gobies, the gouramies, the IMCs (catia,
mrigal, rohu), the mullets, the perches, the sea basses, the
sea breams, and the snakeheads in Asia; ayu in Asia, but
said to be particularly in Japan; menhaden in the United
States of America; the tilapias, the perches in Africa,
and so on.

However, ulcerative skin lesions are generally common
in freshwater and estuarine fishes.

As reported, EUS had affected some nonculturable but
economically important species, notably C. punctata, C.
marulius, W. attu, S. seenghala, etc. The culturable affected
fishes (mainly cyprinids) had included C. catla, Cirrhinus
mrigala, etc. The Chinese carps (notably, the silver carp
and the grass carp) had been refractory to EUS, as usual.
However, interestingly, L. rohita had been found to be
intermediate between susceptible and nonsusceptible
(i.e., could be mildly affected) although its IMC brethren
had been affected by EUS as mentioned above. As further
reported, the presence of A. invadans had been confirmed in
L. rohita.

Notwithstanding the above, Assam is the province
where EUS made its initiation in India. The present author
of this treatise, Professor D. Kar (Kar and Dey, 1988) began
his study of the ichthyological survey of the lentic water
bodies in the Barak Valley region of Assam (24�100 N,
93�150 E) with the identification of the four species of
fishes most widely affected by EUS during July 1988.
These were:

1. Macrognathus aral, which usually portrays lesions on
the skin, in the abdomen and occasionally in the caudal
region

2. Channa punctata, which generally shows lesions on
the skin, at the base of the caudal peduncle and some-
times show reddish swollen eyes (exophthalmos)

3. Mystus vittatus, which usually depicts amber-colored le-
sions at the base of the rayed dorsal fin and sometimes
at the base of the caudal fin

4. Puntius conchonius, which generally exhibits amber-
colored lesions at the base of the dorsal and caudal
fins and sometimes in other parts of the body

Other species affected (Kar and Dey, 1990a,b,c) by the
present epidemic, but not widely, include the following:

Mastacembelus armatus, Macrognathus pancalus,
Salmophasia bacaila, Gudusia chapra, Badis badis,
Glossogobius giuris, Ailia coila, Lepidocephalichthys
guntea, Clarias batrachus, C. mrigala, Cirrhinus rebZFa,
Parambassis ranga, and others. W. attu and Tenualosa
ilisha have not been found to be widely affected by the
prevailing EUS epidemics. Among the IMC during

July 1988, barring a few C. catla and C. mrigala, none
were found to be affected by EUS. Nevertheless, Ambly-
pharyngodon mola, Ctenopharyngodon idella, Rasbora
daniconius, Puntius ticto, and C. marulius have been found
to be affected only in certain areas of the district.

More information on EUS revealed from the continued
study of Dr Kar from 1988 to 2015 is presented in Chapter
6 of this treatise.

Studies conducted by workers in other countries,
notably Pakistan (FRTI, Lahore) and missions by foreign
experts, revealed that EUS had affected both wild and
farmed fishes. Puntius spp. and the Channa spp. were the
most affected species in the wild, whereas IMCs were
possibly the most affected species in the aquaculture farms.
It had also been reported that EUS was first recorded in the
lentic water bodies followed by its record in the lotic water
bodies with Channa spp. being the most affected ones.

Concomitant to the above, Africa has a unique aquatic
biodiversity, which in many areas forms the basis of
important subsistence fisheries. The Zambezi River sup-
ports at least 134 species of freshwater fishes (Skelton,
1993). Serious regional biosecurity shortcomings were
identified in Botswana and Namibia at the time of the EUS
outbreak during 2006 (Andrew et al., 2008; Anon, 2009)
and a number of urgent recommendations were made
(Anon, 2009). Subsequently, however, in 2010, the disease
was reported from the pristine wilderness area of the
Okavango Delta in Botswana (Anon, 2011) and in February
2011 from South Africa (Anon, 2011).

Notwithstanding the above, an outbreak of EUS in
Africa during October 2011 caused serious mortality
among the sharptooth catfish (Clarias gariepinus) in a farm
on the Eerste River near Stellenbosch in the Western Cape
(Anon, 2011; Van Helden and Grewar, 2011). The Western
Cape Province was known to be home to 11 endangered
endemic species of freshwater fishes (Skelton, 1993;
Skelton et al., 1995), with small populations in a few rivers.
It was not known how the disease was introduced into
South Africa.

Concomitant to the above, studies further conducted in
Africa revealed that a wide range of freshwater and
brackish-water wild and cultured fishes, involving >100
species, had been affected by EUS. Snakeheads were by far
the most seriously affected species, even though species
like Puntius spp., catfishes (H. fossilis, C. batrachus), IMCs
(C. catla, C. mrigala, L. rohita), climbing perch (Anabas
testudineus), mullet (Mugil cephalus), gobies (Glossogo-
bius giurus, Oxyeleotris marmoratus), spiny eel (Masta-
cembalus armatus), swamp eel (Fluta alba), and gouramis
(Trichogaster pectoralis) were also among those seriously
affected. Among the snakeheads, Channa striatus was the
most severely affected, while C. marulius and C. punctata
were affected to a slightly lesser extent (Scholin et al.,
1994). A few commercially important freshwater and
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brackish water species including milkfish (Chanos chanos),
tilapias, and Chinese carps were found to be consistently
resistant to EUS (Dykstra et al., 1986).

From the list of susceptible fish species (Anon, 2010), it
was clear that A. invadans had shown little host specificity.
Broad species susceptibility had been reported from
Australia (Anon, 2008), the United States (Sosa et al.,
2007), and elsewhere (Anon, 2010, 2011). The disease had
spread by spores released into the water. These might have
been disseminated through water, contaminated equipment,
and transport of live and dead fish.

In this connection, it may be noted here that the pres-
ence of lesions may often indicate contaminated or stressed
aquatic environments and may be associated with a variety
of infections including parasites, bacteria, viruses, and
fungi, as well as noninfectious causes such as the toxic
algae.

5.12 LESS SUSCEPTIBLE SPECIES

Notwithstanding the above, a few fish species had been
known to be less susceptible to EUS. Both the common
carp (Cyprinus carpio) and Nile tilapia (Oreochromis
niloticus) had been believed to be resistant (Anon, 2010).
At the expense of reiteration, it may be mentioned here that
W. attu and T. ilisha have not been found to be widely
affected by the prevailing EUS epidemics in India. More-
over, the role of O. niloticus in the spread of EUS in Africa
had not been very well known. However, one outbreak of
EUS had been noted in a tributary of the Kabompo River,
which is said to be a part of the upper Zambezi system in
western Zambia, just downstream from a farm holding
O. niloticus. Other indigenous tilapia species were, how-
ever, believed to be susceptible (Anon, 2010). Both Nile
tilapia and carps are known to be generally and actively
farmed in many parts of the world, including the southern
regions of Namibia. Although neither species was actively
farmed along the upper Zambezi and Chobe Rivers, they
had been introduced into the Kafue River in Zambia and
elsewhere in Southern Africa, and the Nile tilapia formed
the basis of a major aquaculture fishery in Lake Kariba.
Fishes like the common carp (Cyprinus capio), Nile tilapia
(O. niloticus), and milkfish (C. chanos) are believed to be
resistant to EUS.

5.13 SPECIES IN RELATION TO EUS

Some of the commercially significant species are consid-
ered to be particularly resistant to EUS. Species reported to
be unaffected by EUS outbreaks include the Chinese carps,
tilapias, and milkfish (C. chanos). But few studies had been
undertaken to confirm these observations, as well as to

investigate the mechanism of resistance. Further, Hatai
(1994) had injected catfish (Parasilurus asotus), loach
(Misgurnus anguillicausatus), and eel (Anguilla japonica)
experimentally with hyphae of A. invadans and found them
to be refractory to infection. Further, Wada et al. (1996) and
Shariffpour (1997) had experimentally injected common
carp (C. carpio) with zoospores of Aphanomyces from MG
and EUS outbreaks respectively. They had demonstrated
that fungal growth was suppressed by an intense inflam-
matory response.

Some authors have commented that the most severely
affected species in natural outbreaks are generally bottom
dwellers (Llobrera and Gacutan, 1987; Chondar and Rao,
1996) or the fishes that possess air-breathing organs
(Roberts et al., 1994), but this may not be always true.
Further, in the case of snakeheads, no particular size group
appears more susceptible than others do, with affected fish
ranging from 40 to 900 g (Cruz-Lacierda and Shariff,
1995). However, there is a possibility that size or age may
be significant in other species. For example, IMC suffer
high mortalities as fingerlings (Roberts et al., 1989) but
larger fish, although appearing ulcerated, were not reported
as dying in large number (AAHRI, ACIAR, IoA, and
NACA, 1997).

Some of the EUS-susceptible species may have a wide
geographical distribution, beyond the current limits of EUS
outbreaks. For example, several snakehead and clariid
catfish species occur in Africa as well as in Central Asia.
This suggests that there is potential for further spread of the
disease to these areas. However, it may be noted here that
optimal temperatures for vegetative growth in vitro for
A. invadans are in the range 20e30 �C (Fraser et al., 1992;
Lilley and Roberts, 1997). Probably, for this reason, natural
outbreaks, to date, have been limited to latitudes between
35� N and 35� S. Experimental injection challenges of
native European and American fish species have shown that
the pathogenic fungus A. invadans is capable of causing
lesions in rainbow trout at 18 �C, but is less infective in
stickleback (Gasterosteus aculeatus) and roach (Rutilus
rutilus) at 11e16 �C (Khan et al., 1998).

5.14 HOST FACTORS

5.14.1 Susceptible Host Species

EUS causes disease and mortality among both farmed and
wild fishes, almost worldwide. Around 76 species of fishes
have been confirmed by histological diagnosis to be natu-
rally affected by EUS. Suspect cases of natural infection
with A. invadans, in species other than those known, may
immediately be referred to the appropriate OIE Reference
Laboratory, whether or not clinical signs are associated
with the findings.
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5.14.2 Susceptible Stages of the Host

The susceptible life stages of the fishes are usually juvenile
and young adults. There had perhaps been no report of EUS
having attacked any fish fry or fish larvae.

Notwithstanding the above, an experimental injection of
A. invadans into the yearling life stage of the IMC catla,
rohu, and mrigal revealed resistance to EUS, even though
they are naturally susceptible species. Experimental in-
fections demonstrated that goldfish are susceptible, but
common carp and Nile tilapia are said to be resistant.

5.14.3 Species or Subpopulation
Predilection (Probability of Detection)

EUS could be readily detected in diseased fish specimens
collected from EUS-affected areas using histological tech-
niques. However, Aphanomyces could be isolated only
from fish with mild or moderate clinical signs of EUS,
exhibiting red spots or small ulcers.

5.14.4 Target Organs and Infected Tissue

The motile zoospore plays an important role in the spread of
the disease. Once the motile spore attaches to the skin of the
fish, the spore will germinate under suitable conditions and its
hyphaewill invade thefish skin,muscular tissue and reach the
internal organs. Fish skeletal muscle is the target organ and
exhibits major EUS clinical signs with mycotic granulomas.

5.14.5 Host Range

More than 100 estuarine and freshwater species of fishes
are known to be susceptible to EUS. Concomitant to
the EUS-affected fish species in Asia, etc., mentioned
above, known susceptible species likely to be encountered
in Australia are the Australian bass (Macquaria
novemaculeata).

5.15 PATHOGENS INVOLVED

As reported, dead and live fishes had been examined by
different workers in order to ascertain the presence of
pathogens, parasites, etc., along with the fungus
A. invadans. Parasites like Gyrodacrylus, Epistylis,
Trichodina, Costia, Lernea, and Ichthyophthirius had been
reported from the EUS-affected fishes. In addition, Anon
(1998) had recorded ectoparasites like Lernea sp., Costia
sp., and Trichodina sp., in EUS-affected fishes.

5.15.1 Disease Agent

According to a section of scientists, EUS is caused
by infection with the oomycete A. invadans. Although

previously regarded as a fungus, the genus Aphanomyces is
now classified with the diatoms and brown algae in a group
called Stramenopiles or Chromista.

5.16 POSSIBLE CAUSES (ETIOLOGY)

A number of predisposing “stress factors” leading to initi-
ation of EUS-infection had been identified (Baldock et al.,
2005; Choonga et al., 2009). In Asia, notably in India, the
sudden abrupt fall in total alkalinity (TA) of water had been
found to act as a predisposing stress factor for the initiation
of EUS outbreak (Kar, 2007, 2010, 2013; Kar and Dey,
1990a,b,c; Kar et al., 1993, 1994, 1995, 2000). In other
locations, the temperature could act as predisposing stress
factor. When the water temperature drops, EUS disease has
often manifested (Baldock et al., 2005), possibly as a
consequence of a retarded immune response in the fish.
Low soil and water pH had been said to increase suscep-
tibility of the fish to infection with A. invadans (Baldock
et al., 2005). The low soil pH might be because they are
naturally acidic, or disturbed by agricultural or residential
development. Either might lead to a lowering of soil and
water pH. Heavy rainfall might sometimes also accelerate
the process (Baldock et al., 2005; Choonga et al., 2009).
This might have also partly explained the relatively high
seasonal prevalence of infection in fish in the floodplains.

Concomitant to the above, severe floods in the upper
Zambezi river had followed several years of low rainfall
during 2007. Changes in water quality, resulting from
flooding of previously dry land, had been suspected to have
played a role in increasing susceptibility of fish to infection
by A. invadans. The natural acidification of groundwater
following periods of drought and subsequent contamination
of surface waters of floodplains was identified as one of the
main predisposing factors for EUS outbreaks in Zambia
(Choonga et al., 2009). Low water pH might have played a
similar role in the Okavango Delta outbreaks, where sea-
sonal flooding was considered an integral driver of the delta
ecosystem. Other causes of skin trauma, providing a portal
of entry for infective zoospores, could not be discounted in
an aquatic environment where predation is believed to be
common.

The role of the pathogenic fungi, A. invadans had been
found to be largely acceptable in the spread of EUS
(Hargis, 1985), However, according to some quarters, the
agent, by itself, had not been hitherto shown to induce the
disease. Hence, the role of different agents, including in-
fectious and noninfectious, had been implicated in the onset
of the disease. Further, bacterial pathogens had been
consistently found associated with EUS-infected fishes
(Noga et al., 1996; Burkholder and Glasgow, 1997;
Friedland et al., 1996). Experimental infections using
Aeromonas hydrophila, isolated from EUS-infected
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fishes had been said to induce EUS-like lesions in
fish (Noga et al., 1988). A further report was said to have
suggested possible entry of the zoospores of A. invadans
through intact skin of Atlantic menhaden (Brevoortia
tyrannus). However, the study had indicated that the entry
could have been through the epidermal cells.

Notwithstanding the above, it had remained unclear
how EUS was introduced into the Southern African region
and how it had spread between the catchments. It had been
suggested that A. invadans might have spread locally by
flood events, but that regional and international spreads
might have occurred through movements of fish for
aquaculture or ornamental purposes (Lilley et al., 1997).
A number of tropical ornamental fish are known to be
susceptible to EUS (Anon, 2010), as is the goldfish
(Carassius auratus) (Miyazaki and Egusa, 1972). Gold-
fish, as well as species of certain other tropical fish had
been farmed in the warmer regions of Southern Africa,
often in open water systems close to natural water sources
containing wild fish. The Okavango Delta and Chobe and
upper Zambezi Rivers are popular resorts of sport fishing.
Both sport and subsistence fishing might be associated
with movements of potentially infected fishes and
equipment.

Environmental factors such as high rainfall, poor water
quality, and low pH in the induction of EUS have been
documented (Brazer et al., 1999). Low salinity and sudden
rainfall were implicated in EUS induction in mullets in
estuaries. On the other hand, it had been found that an in-
crease in salinity increases healing of ulcers. Diseased
striped snakeheads, with moderately advanced lesions,
placed in improved water quality conditions, may often
recover, as had been possibly indicated earlier. Similarly,
lesions on estuarine fish such as mullet appear to heal
quickly when fish move into brackish or marine environ-
ments. Healing ulcers are characterized by a conspicuous
dark color caused by increased number of melanophores.

5.17 HOW EPIZOOTIC ULCERATIVE
SYNDROME IS SAID TO SPREAD

Spread of A. invadans is via zoospores in the water. Sec-
ondary zoospores enter the skin following a breach of the
epidermal barrier by physical or environmental causes
(Baldock et al., 2005; Lilley and Roberts, 1997). The
zoospores germinate and the hyphae invade the skin and
musculature, causing a focal necrotizing granulomatous
dermatitis and myositis. Hyphae may invade more deeply,
causing granulomatous inflammation in the internal organs
(Baldock et al., 2005). The tissue necrosis in early lesions is
associated with an intense inflammatory reaction that is
observed as a characteristic focal reddening and swelling of
the skin; hence the name “red spot disease” used in some
countries (Anon, 2008). More advanced lesions are

characterized by large and deep ulcers surrounded by a
raised rim of inflamed tissue. EUS’s full descriptive name
epizootic ulcerative syndrome has become the internation-
ally accepted term for infection with A. invadans.

5.17.1 Transmission Mechanisms

Notwithstanding the above, EUS is said to be transmitted
horizontally. The Aphanomyces zoospores may be trans-
mitted horizontally, from one fish to another, through the
water. It is believed that only the zoospores are capable of
attaching to the damaged skin of fish, and then germinate
into hyphae. If the zoospores cannot find the susceptible
species, or if they encounter unfavorable conditions, they
may form secondary zoospores. The secondary zoospores
may encyst in the aquatic environment and may wait for
conditions that favor the activation of the spores. How the
Aphanomyces pathogen or its spores survive after the
outbreak is still unclear as outbreaks usually occur about
the same time every year in the endemic areas (OIE, 1997).

Anon (1992) had held “Consultation on Epizootic
Ulcerative Syndrome vis-à-vis the environment and the
people” under the aegis of International Collective in Support
of Fishworkers. It had been opined that the spread of EUS
shows a certain pattern. Outbreaks are typically cyclical, with
the first occurrence being particularly severe and recurrences
over the next two to three years less so. There is, however, no
uniformity to this pattern. While the disease spread rapidly in
some areas like Malaysia and Thailand, in other areas like
Indonesia its progression was slow. Moreover, in Malaysia
there was a one-year gap between outbreaks.

The mechanism of spread is also not clear. The disease
had been said to spread rapidly northward, where the rivers
flow from east to west, and equally rapidly westward in
areas where the rivers are oriented from north to south. It
would thus not be possible to attribute the transport of the
pathogens to, say, monsoonal floods alone. Also mysterious
is the spread of EUS to areas like Sri Lanka and some
islands of the Philippines. The unrestricted trade in live fish
could be a mode of transmission.

5.18 PERSISTENT INFECTION WITH
LIFELONG CARRIERS

There is no information to indicate that fish could be life-
long carriers of A. invadans. Generally, most of the infected
fishes die during an outbreak. Some mild or moderately
EUS-infected fishes could recover, but they are unlikely to
be lifelong carriers.

Vectors: Not much information is perhaps available
about the possible vectors of EUS.

Known or suspected wild aquatic animal carriers: Not
much information is perhaps available about the known or
possible wild aquatic animal carriers of EUS.
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5.18.1 Prevalence

The prevalence of EUS in the wild and in aquaculture
farms is high in the endemic areas that is said to share the
same water way or system. Uncontrolled water exchange
in fish farms in endemic areas could result in EUS out-
breaks in most of the farms that culture susceptible fish
species.

Notwithstanding the above, the following are some
other works on EUS pathology:

Anon (2009) described EUS in fishes covering various
aspects such as scope, disease information, agent fac-
tors, etiological agent, agent strains, stability of the
agent, life cycle, host factors, and so on.
Pradhan et al. (2014) reported about the emergence of
EUS and large-scale mortalities of cultured and wild
fish species in Uttar Pradesh, India.

HP analysis was carried out according to the method
described by Chinabut and Egusa. The tissue sections were
stained with hematoxylin and eosin (H&E) for general
pathological investigation, and with Grocott’s methena-
mine silver nitrate for the presence of A. invadans hyphae.
Gross pathology of the affected fishes varied from red
hemorrhagic spots and scale losses to severe ulceration and
exposure of underlying tissues.

5.19 SIMILAR DISEASES

Aeromonas salmonicida: atypical strains, koi herpesvirus
disease, viral hemorrhagic septicemia. Diagnosis is based
on clinical signs and histopathology. No specific diagnostic
tests are currently available.

The fungus may be isolated and cultured without dif-
ficulty, provided measures are taken to exclude bacterial
and other fungal contaminants. Besides their typical
vulnerability to temperature above 30 �C, A invadans and
A. piscicida are said to be very similar to nonpathogenic
opportunistic Aphanomyces spp. that readily contaminate
the surface of affected fishes and often interfere with
isolation attempts. In the laboratory, the fungus had also
been shown to be pathogenic to a wide range of fishes,
inducing similar pathology and mortality under various
predisposing experimental conditions.
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Chapter 6

Aspects of Investigation of Epizootic
Ulcerative Syndrome Outbreaks

6.1 INTRODUCTION

A living body is prone to suffer from disease due to attacks
from pathogens or parasites. This is true also with a fish
body. Often, a disease may be so virulent that it could sweep
unabated in an epidemic dimension. In this connection, it
may be said that patterns and long-term trends are important
when deciding whether an epidemic exists in the present
period and in predicting future epidemics.

The temporal pattern of an outbreak is described in
terms of its epidemic curve. The epidemic curve is a graph
showing the onset of cases of the disease as either a bar
graph or a frequency polygon. The first case identified for a
particular outbreak is referred to as the “index” case. For
infectious diseases such as epizootic ulcerative syndrome
(EUS), information about the index case could be valuable
in identifying the source of the outbreak.

In general, an epidemic curve has four and sometimes
five segments:

1. The endemic level
2. An ascending branch
3. A peak or plateau
4. A descending branch
5. A secondary peak

The slope of the ascending branch could indicate the
exposure (propagating or common source) or the mode of
transmission and the incubation period.

If transmission is rapid and the incubation period is
short, then the ascending branch will be steeper than if
transmission is slow or the incubation period is long.

The length of the plateau and slope of the descending
branch are related to the availability of susceptible animals,
which in turn depends on many factors, such as stocking
densities, the changing importance of different mechanisms
of transmission, and the proportion of resistant or immune
fish in the population at risk.

The interval of time chosen for graphing cases is
important to the subsequent interpretation of the epidemic
curve. The time interval could be selected based on the
incubation or latency period and the period over which
cases are distributed. A common error in this regard is the

selection of a time interval that is too long and thus may
obscure subtle differences in temporal patterns. A general
rule is to make the interval between one-eighth and one-
quarter of the incubation period. Accordingly, for EUS,
which has an incubation period of about 10 days, the
incidence/prevalence in the population could be measured
every two days.

Snieszko (1974) had stated that an overt infectious disease
could occur when a susceptible host is exposed to a virulent
pathogen under stress. The influence of each subset could be
variable, and disease outbreak (e.g., EUS in this case) may
occur only if there is sufficient relationship among them.
Although a filterable biological infectious agent is thought to
be the primary cause of EUS outbreak, it is generally accepted
that certain abiotic factors that result in sublethal stress of fish
are also important in initiation of disease outbreaks. Snieszko
cited temperature, eutrophication, sewage,metabolic products
of fishes, industrial pollution, and pesticides as potential
sources of stressful environmental conditions.

Life and disease processes of fishes are similar in many
ways to those of other vertebrates, in that most animals
have muscles, skeletons, skins, and internal organs that
function in approximately similar ways. However, there is
one major difference: “fish live in water.” As such, all their
physiological structures and functions are influenced by
this fact. Thus, to understand what water means to fish is to
lay a foundation for a more complete understanding of what
fish needs for health and how disease processes are related
to physiological and environmental requirements.

In order to understand the influence of environmental
factors on fish disease, one must realize that there is much
greater chemical and physical variability in aquatic envi-
ronments than in terrestrial ones. In very large bodies of
water, such as oceans, conditions may be relatively stable,
but in the coastal and estuarine areas, there is a greater
magnitude of environmental change. In small bodies of
water, this variability is even greater, while in fish hatchery
operations (Kar et al., 2006), many human-initiated stresses
are added. Therefore, in the aquatic environment, life goes
on under dynamic and unstable circumstances and fishes
must continually adapt to changes in population density
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pressure, temperature, dissolved gases, light, pH, etc.
However, it may be noted here that the effects of these
parameters could be far more severe than those ever faced
by terrestrial animals. Such environmental changes could
impose stresses of considerable magnitude on the some-
what limited homeostatic mechanisms of fishes.

EUS is a hitherto unknown, dreadful, virulent, and enig-
matic disease among freshwater (FW) fishes that has swept
through water bodies in an epidemic dimension almost sem-
iglobally causing large-scalemortality amongFWfishes. This
has thus rendered many of them endangered and thrown the
lives of fishers out of gear though the loss of avocation, while
causing difficulties for fish consumers through the scarcity of
fish flesh as a protein-rich source of nutrition. This dreaded
fish disease has thus been amajor concern in several countries
of the world, particularly in the AsiaePacific region.

As a historical résumé, in Queensland, Australia, an
epizootic of marine and estuarine fishes, characterized by
shallow hemorrhagic ulcers, had occurred in 1972 with re-
currences in subsequent years. The disease had been named
“red spot disease” (RSD). A similar disease, characterized by
dermal ulcers, had been reported from Papua New Guinea
from rivers of the south during 1975e76, and from the north
during 1982e88. Concomitantly, Indonesia had also reported
a similar disease in Bogor during 1980, which subsequently
had spread to West, Central, and East Java. This disease was
named infectious dropsy or “hemorrhagic septicemia.” Dur-
ing 1981e83, the disease had been reported from Malaysia.
Infected fishes had depicted amber-colored necrotic areas of
ulceration over their whole body. Such symptoms were,
possibly, called ‘Webak Kudes’ in local vernacular language.
The disease was later reported from Malaysia during
1981e83. Affected fishes had red or necrotic areas of ulcer-
ation over their entire bodies andwere called “WebakKudes.”
The disease was subsequently reported from fishing areas of
Kampuchea during early 1984, along with a significant
decrease in the natural fish stock. A similar disease was re-
ported from southern and central parts of Lao PDR during
1984. Myanmar had experienced the outbreak of EUS during
1984e85 affecting both wild and cultured fish stocks. In
Thailand, the disease epizooticwasfirst reported in 1980 in the
natural water systems and the disease had recurred somewhat
regularly almost every year from 1980 to 1985 in different
water bodies. In Sri Lanka, the disease was first reported in
1988 in the Kelani River, Dandugan Oya, and in the nearby
streams, causing extensive fish mortality. In Bangladesh, the
first outbreak of EUS had occurred during FebruaryeMarch
1988 in the rivers Meghna, Padma, and Jamuna, as well as in
adjoining water bodies, resulting in colossal losses of the
commercial fish stock. In India, the outbreak of the virulent
EUS fish disease had been first encountered during July 1988
among fishes in freshwater bodies of Northeast (NE) India.
(Kar, 2000a,b, 2003b) In 1989, Nepal was also affected by
EUS (Das and Das, 1993; Kar, 2007a,b,c, 2013).

EUS had been a hitherto unknown enigmatic virulent,
epidemic among fishes for about four decades. It had been
designated by various names, some of which are often
colloquial. Egusa and Masuda (1971) first described the
disease in Japan as Aphanomyces infection. The infection
had also possibly occurred among other fishes and was
named mycotic granulomatosis (MG). Such nomenclature
was mainly based on histopathological (HP) results
(Miyazaki and Eugusa, 1972). Concomitantly, a hitherto
unknown EUS condition had been encountered since 1972,
mainly on the skin of estuarine fishes in Australia. Such an
element had been named RSD (McKenzie and Hall, 1976).
Subsequently, similar conditions had occurred among FW
fishes throughout Southeast (SE) and South Asia since the
late 1970s. The main symptoms included dermal ulcerations,
and there had been large-scale mortalities among fishes. The
condition was designated “epizootic ulcerative syndrome”
(EUS) at the consultation of Experts on Ulcerative Fish
Diseases held in Bangkok during 1986 (FAO, 1986). In
addition to the above, a similar ulcerative condition was also
reported among the estuarine fishes in east coast of the
United States since around 1978. The condition was termed
ulcerative mycosis (UM) (Noga and Dykstra, 1986).

Severe periodic outbreaks of EUS have affected wild
and cultured FW fishes, and wild estuarine fishes, in many
countries of South and SE Asia since the late 1970s (Lilley
et al., 1992). Fishes, affected typically by EUS, are char-
acterized in having one or more large dermal ulcers with
varying degrees of destruction of underlying tissues.
Further, mortality rates are often high. Periodic outbreaks
of EUS have occurred in the Philippines since 1985,
affecting a number of fish genera including Mugil, Anabas,
and so on (Leobrera and Gaeutan, 1987; Reantaso, 1991).

The last two decades havewitnessed the transformation of
aquaculture (AQC) and fisheries from their traditional natures
to important economic activities in India and many other
countries in Asia (Kar, 2001, 2002, 2003c). This has been
possible because of the development and adoption of various
scientific technologies in this field. However, anthropogenic
pressure and intensification in AQC has created some prob-
lems in the form of environmental stress (Kurhalyuk and
Tkachenko, 2011) resulting in outbreak of diseases. Pollutants
(industrial, pesticidal, and intensive fish-farming effluents)
discharged in various water bodies had been creating stress to
fishes and endangering their lives. Recent outbreaks of EUS in
fishes throughout India showed that fish disease could be a
major limiting factor for enhancing fish production. It also
brought to focus the lack of sufficient knowledge on fish
disease and lack of required infrastructure for fish health
management in India. There aremany types offish diseases so
far known to affect fishes externally and internally. They are
caused by various types of organisms (fungi, bacteria, pro-
tozoans, crustaceans, helminthes, etc.), causing damage tofish
from minor to major magnitude. Whereas therapeutic
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measures for some diseases are still not well known, there are
even such diseases known whose causative organisms are yet
to be ascertained. As such, though considerable know-how in
this field is available, much more is needed. Even many fish
health management measures known to scientists have not
reached functionaries in the field. These gaps are due to many
factors, including the lack of a trained workforce and inade-
quate infrastructure.

Asian AQC is characterized by a bewildering diversity of
species (Kar and Dey, 1982a,b, 1986, 1987), with innumer-
able marine and FW species being farmed (Kar, 2004a,b,
2005b). During the past two decades, EUS has been a serious
condition affecting a large number of wild and cultured FW
finfish species (Kar, 2004c, 2005c). The etiological agent,
according to some workers, is Aphanomyces invadans (also
calledAphanomyces invaderis andAphanomyces piscicida); a
variety of syndromes have been attributed, namely (MG),
EUS, RSD, andUM (APHA, 1995), in both estuarine and FW
fish (wild and cultured). The geographical distribution of these
Aphanomyces infections includes the eastern United States,
Australia, Japan, South and SE Asia (Barua, 1994), and India
(Blazer et al., 2002). The actual economic losses in the AQC
industry worldwide are estimated to be >US$9.0 billion per
year, equal to c 15%of the value of theworld’s farmedfish and
shellfish production.

Disease has becomes a major problem in fish production
both in culture system (Tamuli et al., 1995) and in the wild
in Asian nations, notably India (Kar et al., 1998d) and
Bangladesh (Khulbe and Sati, 1981). Extreme environ-
mental changes may be fatal or cause stress to fish leading to
secondary infections. Fish remaining in an unfavorable
environment loaded with innumerable agents such as
chemicals, pollutants, bacteria, viruses, parasites, and fungi,
either individually or in combination, can experience dam-
age to body tissues or systems that produce several kinds of
disease. Moreover, the external and internal biology of these
fishes are also altered by other physical, chemical, and
biological factors of the environment (Khulbe, 2001).

Common diseases of FW fishes in Asian nations,
notably India, Bangladesh, etc., are ulcer type disease
including EUS, septicemia, tail and fin rot, bacterial gill rot,
dropsy, and various fungal, protozoan, parasitic, and
nutritional diseases, tumors, etc. (Chauhan and Qureshi,
1994; Chinabut, 1994). In most cases, hemorrhages,
septicemia, various lesions, gill damage, etc. are common
symptoms of the affected fish. Carps are also affected by a
wide range of diseases and parasites. These are dermato-
mycosis, saprolegniasis, dropsy, fish pox or epidermal
epithelioma, bronchomycosis, dactylogryposis, furuncu-
losis, columnaris, tail and fin rot, bacterial gill disease,
bacterial kidney disease, white spot disease, trichodiniasis,
myxosporidiosis, argulosis etc. In fish, the most obvious
external clinical signs are inflammation, erythremia, and
hemorrhage of fins, skin or head, frayed or eroded fins,

hemorrhaged opaque eye, open necrotic and ulcerative
lesions at any location on the body, lepidorthosis of scales,
and excessive mucus production. A total lack of mucus;
edema; an enlarged abdomen; presence of yellow, white, or
black spots on the skin; prolapsed anus; and exophthalmia
are all clinical sings of fish disease (Khulbe, 1992). The
clinical signs, combined with parasitic investigation and
histopathology, may be very helpful in diagnosing fish
disease, which has been widely used throughout the world.
In Bangladesh, limited HP studies have been done on carp
species. So, the present work was undertaken for identi-
fying the occurrence of diseases in Cyprinus carpio.

EUS had been a new occurrence at the time of its first
initiation (during the late 1980s) in this region, and it is still
a hitherto unknown enigmatic virulent fish disease in the
Indian subcontinent (Kar et al., 2001b, 2002c,g,h). Because
of this, fish consumers, particularly at the initial period of
outbreak, apprehended a health disaster in the event of
consumption of EUS-affected fish; this was a little later
proven to be unfounded (Kar, 1991, 2007a,b,c, 2013; Kar
and Dey, 1988a,b; 1990a,b,c; Kar et al., 1990a,b, 1993,
1995a,b,c, 2007(a,b)).

Nevertheless, there had been an alarming decline in fish
prices and sales during the initial period of EUS outbreak.
This had given a severe blow to the economy of fish
farmers and fishers at large. Moreover, this situation might
also have had detrimental effects on the nutritional status of
fish consumers, because fish serves as a staple food and
source of animal protein in their diets. As reported, c 250
million families in SE Asia cultivate paddy (rice) as their
principal crop, often accompanied by fish culturedthat is,
paddy-cum-fish culture. Incidentally, much of the fish
harvested from this paddy-cum-fish culture goes into the
diets of growers as nutritional supplements (Macintosh,
1986). However, economic losses due to the ongoing EUS
outbreak had been estimated as 118.3 million taka in
Bangladesh (US$ 4.3 million; 1 US$ ¼ 35 taka at that time)
during 1988e89. Similar colossal losses occurred in other
Asian nations. The disease occurred with less severity and
magnitude during 1989e90, and economic losses were
estimated at 88.2 million taka (US$ 2.2 million). Inciden-
tally, the price of fishes dropped to 25e40% of the pre-
disease level during the first outbreak (Barua, 1994).

Likewise, EUS was considered a virulent disease in
epidemic dimension that had affected FW fishes on the
Indian subcontinent (including India and Bangladesh) since
1988. However, evidence suggests that the initiation of EUS
outbreaks happens when a number of determinants or causal
precipitating and predisposing stress factors amalgamate to
cause the effect. The principal effect is said to be the
exposure of the dermis. These exposed sites could serve as
potential points of entry for primary and secondary etio-
logical agents, viz. bacteria, fungi, and virusesdnot only
primarily initiating EUS, but also secondarily causing later
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havoc for fishes. There had been several hypotheses about
the dynamics of initiation of EUS. According to Lilley et al.
(1998), the exposed sites could provide points of attachment
and entry for spores of the fungus A. invadans. According to
Callinan et al. (1996), outbreaks of EUS in estuarine fishes
of Australia are said to be due to acid-sulfate soils, and they
were said to have reproduced EUS in estuarine fish by
exposing susceptible fish to acid water and spores of
A. invadans. Alternatively, Kanchanakhan (1996a,b) had
shown that EUS could be reproduced when susceptible
snakeheads (Channa sp.) were injected with a particular
strain of rhabdovirus and bathed in spores of A. invadans.
Thus, it appeared that there could be a number of sufficient
causes for the initiation (outbreak) of EUS, although every
set of sufficient causes could be different from another.
However, each combination might have the common result
of exposing the dermis and allowing the entry of etiological
agents. Nevertheless, the presence of the fungus A. invadans
is said to be common in almost all cases of EUS outbreak,
whether as a primary or secondary etiological agent. The
highly invasive ability of A. invadans to enter the tissues of
bones, gizzards, and spinal cords had been reported and
could indicate that under certain circumstances, the fungus
is able to invade the healthy skin of fish (Vishwanath et al.,
1998). During the peak SW monsoon period (JulyeAugust)
of 1991, the outbreak of a severe fish disease was reported
in FW fishes of Kerala province. The nature and spread of
the disease indicated that it was similar to the ulcerative
disease syndrome reported from various parts of SE Asia.
The main target of EUS was the snakehead (Channa spp.).
In 1990, the disease reached Sri Lanka. In February 1991,
the disease was reported from various parts of Tamil Nadu
(TN), particularly in the Kaveri Delta region. In July 1991,
the disease appeared in Pookodu Lake and the Padinjar-
athara Reservoir of the Wyanad district. Simultaneously the
disease started appearing in various parts of Kuttanadu
paddy fields and the canals adjoining Vembanad Lake. The
areas affected were mainly within the districts of Kottayam
and Alappuzha, in Kerala.

Everywhere, snakeheads (Channa striata) were the first
victims of the disease, followed by other bottom-dwelling
fishes like Heteropneustes fossilis, Wallago attu, Glossogo-
bius giuris, Etroplus suratensis, Etroplus maculatus, and
Puntius filamentosus. It was observed that fishes stopped
feeding, came to the surface, and remained vertical. Themost
remarkable feature of this disease was the formation of deep
oozing ulcers all over the body, including the tail and fins,
giving an ugly appearance to fish. In areas where the disease
surfaced initially, it disappeared frombottom-dwellingfishes
within a week, but spread to small pelagic fishes. Most
necrotic patches and erosions were initially covered with the
cotton wool-like growth of the fungus Saprolegnia sp. His-
tological studies showed inflammatory, necrotic, and pro-
liferative lesions in a number of tissues/organs like the

intestine, spleen, and pancreas. Experimental inoculation of
Aeromonas salmonicida produced disease symptoms in
goldfish. Microbiological studies revealed heavy infection
by fungi and Gram-negative bacteria such as A. salmonicida,
Aeromonas hydrophila, and Pseudomonas sp. Among them,
the role of A. hydrophila as a major pathogen is doubtful
because of its opportunistic nature. In this direction, Kerala
Agricultural University, Trichur, has identified a para-
myxovirus as a possible primary causative agent of EUS.

Notwithstanding the above, the epidemiology of EUS
seemed not to have been studied in much detail. A number of
factors had been hypothesized as “risk factors,” predisposing
and precipitating “stress factors,” or “determinants” of EUS
outbreaks. These factors were based on observations of the
mode of disease transmission, species, habitats, systems of
culture, and so on. Identification of the true “risk factors” of
EUS could allow rational control measures to be developed
and adopted. According to recommendations of the FAO
(1986), research requirements of EUS include the need for a
greater understanding of the influence of environmental
factors and pollutants on the disease and the identification of
causative agents. Roberts et al. (1989), during an EUS survey
in Bangladesh, stressed the need for an epidemiological
study of individual water bodies to collect information on
disease transmission, relative species susceptibility, mortality
and recovery rates for different species and ages of fish, fish
losses, and economic impacts. The present cross-sectional
survey was aimed at quantifying the risk factors that affect
outbreaks. Fish farmers and fishers were interviewed and the
information was used to measure the strength of association
between EUS and hypothesized risk factors.

While emphasizing India’s AQC potential with regard to
her enormous natural biotic and abiotic resources in the
form of lentic and lotic water bodies, their stock and utili-
zation, and AQC and fish breeding technologies, it has been
opined that India is a country bestowed with an amazing
diversity of enormous abiotic and biotic resources. In India,
tanks and ponds occupy 2.85 million hectares of land; lakes
and reservoirs occupy 2.05 million hectares; derelict water
bodies such as swamps, beels, and oxbow lakes make up
0.78 million hectares; rivers and canals account for
0.17 ha km; and brackish-water land, lakes, and estuaries
make up 1.42 million hectares. These resources have great
potential. The estimated potential for fish production in the
country, both marine and inland, is about 8.4 million tonnes
comprising 3.9 million tonnes of marine and 4.5 million
tonnes of inland fish production. Against this, the present
fish production is about 6.18 million tonnes, of which 3
million is inland and 3.18 million is marine.

Asia contributes >90% of the world’s AQC production.
Like other farming systems, AQC is plagued with disease
problems resulting from its intensification and commer-
cialization. This paper describes various factors, providing
specific examples, that have contributed to the current
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disease problems faced by what is now the fastest-growing
food-producing sector globally. These include increased
globalization of trade and markets; intensification of fish-
farming practices through the movement of broodstock,
post larvae, fry, and fingerlings; introduction of new spe-
cies for AQC development; expansion of the ornamental
fish trade; enhancement of marine and coastal areas
through the stocking of aquatic animals raised in hatcheries;
unanticipated interactions between cultured and wild pop-
ulations of aquatic animals; poor or lacking biosecurity
measures; slow awareness of emerging diseases; misun-
derstanding and misuse of specific pathogen-free stocks;
climate change; and other human-mediated movements of
AQC commodities. Data on the socioeconomic impacts of
aquatic animal diseases are also presented, including esti-
mates of industry failures and losses in production, direct
and indirect income/employment, market access to or share
of investment, consumer confidence, and food availability.
Examples of costs of investment in aquatic animal health-
related activities, including national strategies, research,
surveillance, control, and other health management pro-
grams, are also provided. Finally, strategies currently being
implemented in the Asian region to deal with trans-
boundary diseases affecting the AQC sector are high-
lighted. These include compliance with international codes
and the development and implementation of regional
guidelines and national aquatic animal health strategies;
new diagnostic and therapeutic techniques and new infor-
mation technology; new biosecurity measures including
risk analysis, epidemiology, surveillance, reporting, and
planning for emergency response to epizootics; targeted
research; institutional strengthening; and workforce devel-
opmentdfor example, education, training, and extension
research and diagnostic services (Melba et al., 2005).

There is a common Bengali proverb “Machhe Vate
Bangalee.” It means that Bengalees may not be able to live
without fish in two square meals a day. It is believed that c
1.4 million people earn their livelihood from the fisheries
sector. Further, c 11.0 million people are involved in fishing
and its related and other ancillary activities (Mazid, 1995).
Furthermore, c 80% of the population is rural and generally
catches wild fishes from various small and big lentic (lakes,
wetlands [beels, haors, baors, anuas, etc.], ponds, marshes,
fens, ditches, etc.), and lotic (rivers, streams, brooks, canals,
etc.) water bodies. Although fish is the staple food of the
people for nutrition, many poor people may not be able to
buy fish for every meal in a day.

Fisheries have been a lucrative sector in Asian coun-
tries, notably India and Bangladesh, in view of burgeoning
population pressure with increasing demand for finfish and
shellfish. In fact, pisciculture in the country seemed to have
been progressing toward semi-intensive AQC. Conversely,
the shrimp culture seems to have been moving toward
an improved traditional system. In fact, uncalculated,

unrestricted, and indiscriminate use of fertilizers and feed
has caused severe stress on fishes due to changes in water
quality parameters in the aquatic domain, thereby rendering
fishes susceptible to pathogens in foul water. At the same
time, not many rich databases are available on diseases and
health problems of finfish and shellfish, although mortality
and economic losses are inevitable consequences of disease
problems. Mass mortality of juvenile carps due to proto-
zoan and metazoan parasites is often reported. Neverthe-
less, EUS has been one of the most virulent, enigmatic,
hitherto unkown diseases among fishes and has been
sweeping through FW fishes semiglobally since around
1972. Concomitantly, white spot disease (WSD), said to be
caused by white spot syndrome virusd(WSSV) reported as
a systematic epidermal and mesodermal baculovirus
(SEMBV)dis said to have caused a loss of 44.4% of the
shrimp production alone during the mid-1990s in Asia in
general and the Indian subcontinent in particular. It is
believed that the shrimp culture industry has suffered a
setback since then. About 350,000 people associated with
the shrimp culture were thrown out of employment.
Consequently, it appears that diseases among finfishes and
shellfishes have had severe economic impacts on the lives
of those in the low-income group (LIG).

Production through AQC is said to be growing by leaps
and bounds in developing countries in Asia in order to meet
nutritional and avocational needs. Burgeoning population
pressure vis-a-vis shortages of alternative employment
opportunities in these countries has increased the attraction
of fisheries and AQC to people, mainly for avocation. But
these countries, notably Bangladesh and India, have faced
many difficulties in the appropriate management of AQC,
mainly due to a lack of up-to-date knowledge of manage-
ment practices and a lack of awareness among growers
(producers). Information pertaining to appropriate man-
agement of emerging problems is to be disseminated
among the fisheries and AQC sectors.

6.1.1 Freshwater Fisheries Sector

There seems to be widespread appreciation that the fisheries
and AQC sectors play significant roles in meeting national
goals in social, economic, and nutritional arenas. As
already mentioned, indiscriminate use of fertilizers and feed
has rendered fishes susceptible to diseases due to foul
water, and consequently the effects of diseases on improved
systems of AQC are said to be significant. At the same
time, outbreaks of disease had been insignificantly reported
and poorly documented.

It may be a common notion that there could be a
number of similarities between a smallholder of livestock
and a big AQC system. In both systems, similar outcomes
may result after the application of same principle of health
management. Thus, it may appear appropriate that lessons
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learned from the livestock sector could be applied to AQC
sector and vice versa. However, improvement in the sit-
uation of disease prevention and control may happen only
when there is a clear understanding of the etiology of
various disease syndromes and their epidemiology. In this
regard, effective measures could be adopted only when
the main reasons are found through epidemiological
surveys.

Differences exist in capabilities of governments at
different levels for improving the health of animals in the
smallholder sector. The responsibilities of livestock and
aquatic animal health are entrusted with the same govern-
mental department in countries like Lao PDR and the
Philippines. Thus, marvelous opportunities exist for
sharing experiences, expertise, and resources. Further,
livestock health surveillance and control systems for
smallholders are quite well developed in some Asian
nations. This could be expanded to other nations through
network collaboration.

Concomitant to the above, governments in different
nations are now seem to be under increasing pressure to
supply better-quality information about the health status of
livestock and aquatic animals. This could become more
increasingly important, over the coming decades, for
countries that export aquatic animal products, particularly
live animals and their products. The International Aquatic
Animal Health Code of The Office International des Epi-
zooties has guidelines about the modus operandi of sur-
veillance to be conducted and the concomitant reporting of
diseases, if any. Improvements in the reporting system
could be an ongoing process, with inputs in the form of
tables, figures, maps, plates, etc., so that targeted goals
could be achieved. Nevertheless, it may be appreciated that
the modus operandi of disease surveillance for livestock,
fisheries, and AQC may not be the same, and thus may call
for different strategies.

It is often appreciated that there are similarities between
smallholder livestock and AQC systems with regard to the
application of similar principles of health management
and their outcomes. Similar problems often occur with
increased stocking densities coupled with commercial
pressures for making production efficiency gains continu-
ally. This often may lead to enhanced chances of infectious
diseases.

Concomitant to the above, global production from
AQC is said to be increasing approximately 13%/y, and
thus production is expected to double every six years if
this rate of production is sustained along with uniform
rates of production from different countries. Conversely,
fast growth may also help the potential pathogens to find a
greater number of susceptible hosts. Also, rapid un-
checked growth might boost unhealthy competition
among the neighboring farms, thereby, might lead to
spread of infectious diseases in epidemic dimension,

leading to devastation among not only fishes, but also both
large-scale and small-scale aquafarms.

In this communication, certain issues from the livestock
sector have been outlined with some discussion regarding
how issues of the livestock sector might suitably be applied
to the rural small-scale AQC sector.

Small-scale fish farming has become increasingly pop-
ular among unemployed youths as a potential source of
income in view of the burgeoning unemployment problem.
Some small-scale farmers own ponds, but instead of
culturing, they lease their ponds to others in a kind of
ownershipetenant business. In view of this, diseases like
EUS, in the event of outbreak, cause colossal losses to
AQC, mainly because the tenant farmer may not always be
competent enough to tackle and manage grievous situations
posed by the outbreak of disease.

Indian major carps (IMCs) occupy an important posi-
tion among the cultivable fish species of Bangladesh. At
present, both major and exotic carps are commonly cultured
in our inland AQC because they are very delicious and
contain high levels of nutrients. They are easy to culture
because they are fast-growing species with minimum
mortality due to disease-resistant capacity and the ability to
tolerate a wide range of environmental conditions. How-
ever, natural populations of these fishes are rapidly
decreasing due to a lack of scientific management, and also
the draining of beels, marshes, ditches, and similar natural
habitats in order to meet excessive market demand and the
production needs of paddy and other agricultural crops
(Blazer et al., 2002).

Diseases in AQC are common phenomena today.
Disease-control strategies could form strong databases for
present and future works on fish health management. Such
databases, for each country, should invariably be based on
competent diagnosis, well-designed disease reporting
systems, and specific field surveys. The collection of
high-quality representative basic data from farms and
villages forms the prerequisite need for building a sound
database.

With innovative practices like high stocking densities,
water circulation and aeration, and provision of feed, pro-
duction rates of 8e10 t/ha/y have been achieved by Andhra
Pradesh, as against the national average of 2 t/ha/y. Thus,
provinces like Andhra Pradesh, Punjab, Maharashtra,
Haryana, and Gujarat are taking up fish culture on a large
scale, mainly with the objective of exporting the produce to
fish-consuming provinces and elsewhere.

With regard to AQC and fish breeding technologies,
the different carp culture systems that have been standard-
ized with minimum achievable production rates are com-
posite carp culture (4e6 t/ha/y), sewage-fed fish culture
(3e5 t/ha/y), weed-based polyculture (3e5 t/ha/y), biogas
slurry-fed fish culture (3e5 t/ha/y), integrated fish farming
with poultry, pigs, ducks, horticulture, etc. (3e5 t/ha/y),

100 Epizootic Ulcerative Fish Disease Syndrome



intensive pond culture with feeding and aeration (10e15
t/ha/y), pen culture (4 t/ha/y), cage culture (10e15 kg/m2/y),
and running-water fish culture (20e25 kg/m2/y). Intensi-
fication of culture systems is being standardized in pond
culture, cage culture, pen culture, and running-water fish
culture/flow-through systems. A significant achievement in
this direction has been the production of 15 tonnes ha y in
carp culture with high stocking densities, biofertilization,
supplementary feeding, aeration, and water replenishment.
Techniques for breeding and seed rearing catfish speciesd
viz. magur (Clarias batrachus) and singhi (H. fossilis)d
having been standardized, the culture of these species is
increasingly being adopted.

EUS and crayfish plague are two fungal diseases that
affect FW fish and crayfish, respectively. EUS is caused by
A. invadans, and crayfish plague is due to Aphanomyces
astaci. Members of the Aphanomyces genus belong to a
class of water molds (Oomycetes) from the family Sapro-
legniaceae, which comprise several pathogens of fish,
crustaceans, and plants. A. invadans is the causative agent
of Australian RSD, synonymous with EUS in SE Asia, MG
from Japan (Egusa and Masuda, 1971; McKenzie and Hall,
1976; Callinan et al., 1995a,b) and UM in North America
(Dykstra et al., 1986). EUS continued to spread through SE
Asia into India and Pakistan, and was implicated in mor-
talities of menhaden in the United States (Blazer et al.,
2002). In Australia, A. invadans affects ornamental, FW,
and estuarine fish, in particular silver perch, black bream,
and barramundi. Work by Dr. Richard Callinan (NSW) and
others fulfilled Henle-Koch’s postulates, and thus estab-
lished that the fungus A. invadans is the primary pathogen
in the syndrome, following an initial impact usually in acid
sulfate soil runoff. The acidified water damages the skin
increasing the fish’s susceptibility to infection with
A. invadans (Callinan et al., 1995a,b; Sammut et al., 1996).
The disease causes high mortality, and up to 80% of fish
may be affected. The large red ulcerated lesions make fish
unsalable. Affected fish (both wild caught and AQC)
accounted for the production of 6546 tonnes at a value of
$288 million in 2002e03 (Australian Fisheries Statistics,
2003).

Fishes are considered one of the important food sources
for human beings because their flesh contains a high per-
centage of proteins, calcium, and phosphorus. Therefore,
there is an increased attention given to fish farms and their
diseases. Pathogens such as viruses, bacteria, and fungi are
all causes for concern to aquaculturists. In fish farms, many
of these pathogens cause widespread mortality. The use of
antibiotics to treat bacterial infections has resulted in a
global increase of resistance. For this reason, studies are
conducted on immunostimulants that represent a modern
and promising tool in AQC as they enhance the resistance
of cultured fish to disease and stress. It comprises a group
of biological or synthetic compounds that enhance the

hormonal and cellular response both in specific and
nonspecific way. Immunostimulants also stimulate the
natural killer cells, complement, and lysozyme antibody
responses of fish (Sakai, 1999). Investigations regarding the
health status of a fish could be assessed by hematological
parameters (Hickey, 1976). By analyzing blood cells,
characteristic clues for diagnosis and prognosis of diseases
may be found (Anderson, 2003). Ascorbic acid is an
indispensable and multifunctional micronutrient. It plays
important roles in improving immune function, improving
growth, providing good health, feed conversion, survival,
stress resistance, and oxidation. Most fish species are not
capable of vitamin C biosynthesis due to the absence of the
enzyme L-gulonolactone oxidase necessary for ascorbic
acid synthesis. Vitamin C also plays an important role in
animal health as antioxidants by inactivating damaging free
radicals produced through normal cellular activity and from
various stress. It has been suggested that the antioxidant
function of these micronutrients could enhance immunity
by preserving the functional and structural integrity of
immune cells. In this respect, the need for specific nutrients
may be increased during infection that could require the
feeding on diets formulated for optimal immune compe-
tence rather than growth and survival. Supplementation
with vitamin C improved antibody production against
Edwardsiella ictaluri in channel cat fish (Li and Lovell,
1985).

Notwithstanding the above, Baldock et al. (2005) had
displayed results of a short expert consultation on EUS
that had taken place during the 5th Symposium on Dis-
eases in Asian Aquaculture held at Gold Coast in Australia
during November 2002. The workshop had aimed to re-
view the accumulation of information and knowledge on
EUS. To provide a scope for experts to present main-
stream and dissenting views on causal pathways and
reexamine issues pertaining to case definitions, syndrome
names and fungal nomenclature were some additional
aims of the workshop. Corroborating with the symposium,
it is now generally believed that EUS could be the same
disease as MG, RSD, and UM. Further, as a joint decla-
ration developed after the symposium in the presence of
experts and participants, the Japanese works on MG were
reviewed, and compared with results of works done on
EUS in Australia, SE Asia, South Asia, and the United
Kingdom, as well as UM in the United States. The
mainstream view of the symposium/workshop was that
EUS could essentially be an “aphanomycosis” with
A. invadans (¼A. piscicida) as the only necessary infec-
tious cause; this was deliberated upon by most participants
and experts, coupled with support by the weight of pub-
lished evidence and ongoing research findings. Their de-
liberations had been juxtaposed with those of the minority
of participating experts who had asserted that EUS is a
polymicrobial infection involving specific viral, bacterial,
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and mycotic pathogens with concomitant reflection of
primary and secondary etiologies. A number of case def-
initions had been proposed, which could be appropriate
for use in field surveys or for laboratory diagnosis.
Further, many participants had suggested a new name for
the disease, viz. “epizootic granulomatous aphanomy-
cosis” (EGA). It was further proposed that the name
A. invadans (¼A. piscicida) might be used in any initial
reference to the putative causal fungal pathogen, other
than in taxonomic contexts. The name A. invadans may be
used thereafter. Efforts had been made to identify the key
issues with an aim to unify the currently divergent views.
Further, there had been recommendations for further
works.

6.2 REVIEW OF LITERATURE

Concomitant to the above, literature on EUS and other
possible related diseases in fishes had been reviewed by
different workers since long ago (Roberts et al., 1993;
Chinabut, 1995, 1998; Lilley et al., 1998; Kar, 1990, 1999a,
b, 2003, 2004, 2007a,b, 2013; Kar and Dey, 1988; Kar and
Dey, 1988a,b, 1990a,b,c; Kar et al., 1990, 1993, 1994,
1995a,b,c, 1996a,b,c; 1997, 1998a,b,c, 1999a,b,
2000a,b,c,d, 2002d,e,f, 2003a,b,c,d, 2004a,b,c, 2006,
2007a,b; Kar and Das, 2004a,b; Kar and Upadhyaya, 1998;
Ahne et al., 1988; Barua, 1990, 1994; Bondad-Reantaso
et al., 1990, 1994; Boonyaratpalin et al., 1983; Boonyar-
atpalin, 1985; Cartwright et al., 1994; Chattopadhyay et al.,
1990; Das and Das, 1993; FAO, 1986; Frerichs et al., 1986,
1989; Hatai, 1980, 1994; Hatai et al., 1977, 1994; Miyazaki
and Egusa, 1972; Mohan et al., 1999; Mohan and Shankar,
1994; OIE, 1997; Phillips, 1989; Phillips and Keddie, 1990;
Poonsuk et al., 1983; Prasad and Sinha, 1990; Priyadi, 1990;
Purkait, 1990; Quddus, 1982; Rahman et al., 1988; Raina
et al., 1986; 1991; Reichenbach-Klinke and Elkan, 1965;
Reinprayoon et al., 1983; Richards and Pickering, 1978;
Roberts, 1989; Roberts et al., 1986, 1989, 1992, 1993,
1994a,b; Rodgers and Burke, 1981; Saitanu and Poonsuk,
1983; Saitanu et al., 1986; Shariff and Law, 1980; Shariff
and Saidin, 1994; Shrestha, 1990, 1994; Snieszko, 1974;
Soe, 1990; Tachushong and Saitanu, 1983; 1985; Temeya-
vanich, 1983; Tesprateed et al., 1983; Tiffney, 1939; Ton-
guthai, 1985; Viswanath et al., 1997a,b; 1998;
Wattanavijarn, 1983; Wattanavijarn et al., 1985; Widago,
1990; Wikramanayake and Moyle, 1989; Williams and
Amend, 1976; Wilson, 1909; Wilson and LoK, 1992; Wil-
loughby, 1968, 1970; Willoughby et al., 1995; Wood, 1968;
Wolf et al., 1960; Wolf and Darlington, 1971; Wolf et al.,
1972).

A disease outbreak is said to occur as an outcome of the
interaction between the organism and the pathogens
involving the environment. Stress factors influence the
initiation of the disease.

Further, some stress-inducing parameters, including the
underlying concept of stress, are given below:

6.3 STRESS-INDUCING PARAMETERS
AND THE UNDERLYING CONCEPT OF
STRESS

Mortality of fish or decline in a fish population in a water
body is, at present, the sole indicator that the effects of
environmental stress factors are exceeding the acclimation
tolerance limit of fish. However, several physiological and
whole animal changes occur that can be used to provide
prior information that the effect of stress will exceed
acclimation tolerance limit of fish and lead to dysfunction,
such as impaired fish health, growth, or survival. These
changes are a direct or indirect result of the physiological
response to environmental stress and could be quantified
and used as predictive indices.

6.3.1 Definition of Stress

The term “stress,” “stressor,” or “stress factor” could be
defined as a force or challenge in response to which there is
a compensatory physiological change in fish. Thus, an
environmental or biological stress is of significance, if it
requires a compensating response by a fish population or
ecosystem.

Some stresses and their associated parameters are
briefly discussed below:

6.3.2 Stress Due to Metal Toxicity

In natural water bodies, the concentration of metals is
generally low. However, if the water reaction is acidic, the
concentrations of Fe, Mn, and Al increase significantly and
may cause “stress” to aquatic animals. (Kurhalyuk and
Tkachenko, 2011) In West Bengal (Jalpaiguri) and Assam,
where soil and water reactions are generally acidic, the
growth and survival of fish in ponds are usually poor.
Further, industrial effluents containing significantly high
quantities of Cr, Pb, Hg, Zn, etc., when discharged to the
river, may cause considerable harm to fish and fish food
organisms. A tentative idea of toxic and safe levels of the
following elements reveal that aluminum is toxic at pH
5.0e5.5, safe level ¼ 0.1 ppm; cadmium: safe level ¼
0.004 ppm in hard waters and 0.0004 ppm in soft water;
copper: safe level ¼ 0.005e0.04 ppm; iron: safe level ¼
1 ppm and a level of 1.2e1.5 ppm is lethal to fishes; lead:
safe level ¼ 0.005 ppm in soft water, and a level of
0.05 ppm is toxic to the nervous systems of fishes; mercury:
safe level ¼ 0.0002 ppm; zinc: safe level ¼ 0.01e0.05 ppm
depending on the TH of water; and chromium: permissible
criteria ¼ 0.05 ppm, desirable ¼should be absent. However,
some metals may be either beneficial or toxic depending on
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their concentrations. At slightly alkaline pH (8.0e8.5),
metal toxicity is usually low. While deliberating upon
pesticides, it should be noted that they are complex organic
compounds that enter water bodies from adjacent catchment
areas such as agricultural fields and forests. There are three
types of pesticides, and in natural water, they are typically
present in very low concentrations. However, organochlo-
rine pesticides are very stable and may bioaccumulate in
living organisms. Given this, the damage caused to bio-
logical structures by the accumulation of pesticides may be
considerable. Even in sublethal concentrations, the pesti-
cides DDT and ethyl parathion are known to significantly
affect the standard (basal) metabolism and activity of fishes.

Safe levels of some common pesticides in water are as
followsdDOT: safe level ¼ 0.002 ppm; dieldrin: safe
level ¼0.005 ppm; endrin: safe level ¼ 0.002 ppm; and
malathion: safe level ¼ 0.008 ppm. It may be further noted
that the joint action of a mixture of pesticides may be more
lethal to fish than effect of a single pesticide. The toxicity of
pesticides varies with species and size of fish.

Notwithstanding the above, some other stress-related
information and associated syndromes and phenomena
are briefly discussed below:

6.3.3 Conceptual Framework of Stress
Response

The conceptual framework is to consider the stress response
in terms of primary secondary and tertiary changes.

1. Primary response: Following the perception of a stress-
ful stimulus by the central nervous system, the stress
hormones viz. cortisol and epinephrine are synthesized
and released into the bloodstream.

2. Secondary response: Changes in the blood and tissue
chemistry and in the hematology occur, such as elevated
blood sugar levels and reduced clotting time. Diuresis
begins followed by blood electrolyte losses and osmo-
regulatory dysfunction. Tissue changes include depletion
of liver glycogen and interrenal vitamin C hypertrophy
of the interrenal body.

3. Tertiary response: Manifestation in reduction of growth,
resistance to diseases, reproductive health, and survival.
These may decrease recruitment to succeeding life
stages, and as a result, population decline occurs.

Use of physiological responses as indicators: Several
changes that occur as responses to stress could be used as
measurable indices of the severity of stress on fish. These
changes could be quantified and used as predictive indices.

Methods for stress diagnosis: Several biochemical and
physiological procedures have been developed to assess the
severity of the physiological effects resulting from stress.
The physiological parameters of importance for assessing
stress in fish at the primary, secondary, and tertiary levels
are discussed below.

Plasma cortisol: A relatively direct assessment of the
severity and duration of the primary stress response
could be obtained by monitoring the rise and fall of
plasma cortisol or catecholamines (epinephrine and nor-
epinephrine) concentrations.

Secondary stress response: Secondary changes, which
occur mainly in the blood chemistry, also characterize the
severity of stress in fishes, viz. blood glucose, chloride, and
lactic acid. They are frequently used for assessing stress
response. Hyperglycemia for blood glucose and hypo-
chloremia for blood chloride is the physiological effect of
concern during stress response. Accumulation of lactic acid
in muscle is also an indicator of stress due to severe
exhaustion. The hematological parameters also provide
useful information about animals’ tolerance to stress.

Hemoglobin/Hematocrit: It increases or decreases
following acute stress, and could indicate whether hemo-
dilution or hemo-concentration has occurred.

Leukocyte: It generally decreases (leucopenia), commonly
occur during the physiological response to acute stressors.
The blood clotting time and changes in the WBC count are
among the most sensitive parameters indicating stress
response.

Histopathology: Many biochemical changes that occur
in response to stress are the result of cellular pathology.
Moreover, histological examinations could frequently pro-
vide information on the effects of stress factors on fish. For
example, interrenal hypertrophy, atrophy of the gastric
mucosa, and cellular changes in gills are indicative of stress
response (Jobling et al., 1996).

Tertiary stress response: Experiences had depicted
that several tertiary stress responses, including changes in
metabolic rate, health, behavior, growth, survival, and
reproductive success could indicate unfavorable environ-
mental conditions that have exceeded acclimation tolerance
limits of fish.

Metabolic rate: This is a fundamental aspect of animal
performance and is affected by stress.

Reproduction: Detrimental effects on reproduction, as
manifested by oocyte atresia, spawning inhibition, and
decreased fecundity and hatching success, are taken into
consideration for assessing stress response.

Disease: Incidence of fish disease is an important in-
dicator of environmental stress. Fish disease is actually
the outcome of the interactions among fish, their patho-
gens, and the environment. If the environment de-
teriorates, stressed fish are unable to resist pathogens that
they normally can resist. Certain diseases sometimes may
prove to be useful indicators of the fact that tolerances of
adverse environmental condition might have exceeded.
Thus, it is apparent that knowledge of the tolerance limits
for acclimation to the single or cumulative effects of
various biotic and abiotic stress factors is an important
part of the database for the speciesehabitat relationship
that could be required for effective management of
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fisheries. Such information could solve many problems
ranging from the prediction of the tolerance level the fish
could have for proposed habitat alterations to evaluation
of the effects on fish health exerted by modem intensive
fish culture.

6.4 GENERAL ADAPTATION SYNDROME

The various physiological changes that occur, as a fish
responds to stressful stimuli are compensatory, or in other
words it is adaptive in nature and are required for accli-
mation. Collectively, these phenomena have been termed
general adaptation syndrome (GAS).

6.5 CLIMATE VIS-À-VIS SEASONALITY

The globe is faced today with large-scale unpredictable
climate change. As such, there has been considerable erratic
behavior among climatic parameters. Many new ailments
have never been heard of before. Farmers, who had
reported the occurrence of EUS in their ponds during the
previous season, were faced with a higher risk of EUS
occurrence even during the current year (RR ¼ 3.00).
Unusually low air temperature and/or incessantly heavy
rainfall for approx. 3e15 days (prior to the present survey
had begun), as opined by fish farmers and fishers, might
also be correlated with occurrences of EUS.

Concomitant to the above, occurrences of EUS had
generally been associated with low temperature, and had
often occurred after periods of heavy rain. It had been
observed by Phillips and Keddie (1990) from the data
from 1988 to 1989 that EUS outbreaks had occurred
during months when the average daily temperature was
less than the annual average temperature in India,
Bangladesh, China, and Lao PDR. Nevertheless, EUS
outbreaks in the Philippines and Thailand were also
recorded during the warmer months. In addition,
Chinabut et al. (1995) had challenged stripped snakehead
(C. striata) by injecting zoospores of A. invadans, and
had found a weak inflammatory response. There had been
higher rates of mortality and more extensive fungal in-
vasion among fishes maintained at 19 �C , compared with
fishes held at 26 �C and 31 �C.

Some important environmental parameters of signifi-
cance to fish health are discussed below (Kar, 2007a,b,c).

6.6 ENVIRONMENTAL PARAMETERS OF
SIGNIFICANCE TO FISH HEALTH

Maintenance of a healthy aquatic environment and pro-
duction of sufficient fish food organisms in a water body
are two very important factors for fish production. To keep
the water body conducive for fish growth, physical and
chemical parameters like temperature, transparency, color,

odor, pH, dissolved oxygen (DO), and free carbon dioxide
(FCO2); toxic gases like ammonia (NH3) and hydrogen
sulfide (H2S); and nutrient elements like nitrogen, phos-
phorus, and organic matter may be monitored regularly.
When the physicochemical factors are at the optimum
level, the water body is usually said to be productive, but
when they are present in quantities above or below the
normal range, fishes and other aquatic organisms may be
under stress that may lead to fish disease and fish mortality.
It may be mentioned here that “stress” is the sum of the
physiological response by which an animal tries to main-
tain or reestablish a normal metabolism in the face of a
physical or chemical force. Brett (1958) correlated stress
with the fish disease situation; that is, when the normal
functioning is reduced significantly and finally may result
in death. In an aquatic environment, there is a profound and
inverse relationship between environmental quality and fish
disease. As environmental conditions deteriorate, severity
of infectious diseases increases. Thus, proper health
maintenance practices could play a major role in main-
taining a suitable environment where healthy fish could be
produced. With regard to environmental stress and fish
disease, a fish prefers an optimum environmental condition
for its growth and reproduction. Any change in environ-
mental conditions causes stress on fish. If such a change
occurs toward the increasing side at an arithmetic pro-
gression rate, the stress on fish may increase at a geometric
progression rate. Productivity of the ecosystem that
supplies food to fish is important for their growth and
maturation. In an attempt to discuss the significance of the
water quality parameters to fish health, deliberations may
begin with temperature. Every fish has an optimum tem-
perature for its growth and maturation. The immune
response of a fish also depends on temperature. Thus,
warmwater mirror carps, may not produce antibodies when
ambient temperature is <12 �C, but coldwater trouts may
produce antibodies even at 5 �C. Roberts (1975) and
Anderson and Roberts (had noted that both defense
mechanisms and susceptibility to disease in a fish depend
on temperature. With slightly higher than the optimal
temperature, the wound healing of fish is quicker. Solubi-
lity of oxygen and other gases also depends on tempera-
ture. At higher temperature, fish metabolism is more but the
solubility of oxygen is less. With regard to light, the
growth and maturation rates of fishes in general depend on
light or photoperiods. Fish food organisms depend on solar
energy for photosynthesis and growth. However, excessive
solar radiation may inhibit photosynthesis and cause sun-
burn to fishes (Roberts, 1978). DO is an important factor
that influences the growth and survival of fish in a water
body. Though oxygen is plentiful in air (20.95%), it is not
so abundant in water (0e14 ppm). Moreover, the solubility
of oxygen in water is inversely proportional to both tem-
perature and salinity. A water body may get oxygen by four
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processes, viz. (a) diffusion, (b) wave action,
(c) mechanical agitation, and (d) photosynthesis. On the
other hand, oxygen is consumed from water bodies by
fishes and other macro- and microorganisms present in
water and soil. The oxygen consumption of a fish depends
on species, size, activity, temperature, feeding rate, and
stress. Oxygen content in a water body ranging between 5.0
and 10.0 mg/L during morning, may be optimum for fish
health. Low levels of DO (traceel ppm) may be lethal to
many species if they continue for long periods. Oxygen
content ranging between 1.0 and 5.0 mg/L may have
adverse effects on growth, feed conversion, and tolerance
to disease (Snieszko, 1973; Plumb et al., 1976). Under
culture conditions, CO2 content is often high. Walters and
Plumb (1980) had opined that impacts of environmental
stresses could cause bacterial infections in fish. A fish
might survive in 0.5 mg/L of DO for some time, but may
not be able to survive after several days. According to
McKee and Wolf (1962), the DO content of warmwater
fish habitats be preferably not <5.0 mg/L during at least
16 h of any 24 h period. Supersaturation, of waters falling
over high dams, with atmospheric gases could cause gas
bubble disease and mortality in fish living in streams
below. Fish in a pond may die, when the DO content
reached 300% of saturation; the lethal effect was due to
oxygen bubbles surrounding the gills (McKee and Wolf,
1962). However, fish kills due to gas bubble disease may
not be so common in fishponds. Nevertheless, DO super-
saturation may affect the fry and eggs of fish adversely.
With reference to carbon dioxide (CO2), it may be opined
that CO2 is highly soluble in water, but it is present in
atmosphere in very small quantity. <1% of CO2 in water
forms carbonic acid. At higher CO2 concentration, pH will
be less. At a concentration of 30 mg/L, CO2 would give a
pH of 4.8. CO2 does not occur above pH 8.3; only car-
bonates occur above this pH. CO2 is not very toxic to
fish; most species will survive for several days in water
containing up to 60 mg/L of CO2, provided DO is plentiful
(Hart, 1944). However, CO2 content is generally quite high
when DO content is low (Boyd, 1982). Under low DO
content, high content of CO2 hinders oxygen uptake by
fish, causing respiratory problem and stress. For healthy
growth of fish, 3 mg/L or less of free CO2 is permissible in
pond or hatchery water. CO2 content, ranging between 12
and 50 mg/L, may have sublethal effects that may include
respiratory stress and the development of kidney stones.
High quantity (50e60 mg/L) of free CO2 is lethal to many
fish species with prolonged exposure (Das and Das, 1997).
Concomitantly, NH3 may enter into a water body as fer-
tilizer. However, in ponds where high densities of fish are
given supplemental feed, the NH3 content may increase to
undesirably high levels. In water, unionized NH3 exists in a
pH- and temperature-dependent equilibrium with ammo-
nium ions.

NH3 þ H2O: NH
þ þ OH�

Unionized ammonia is highly toxic to fish but ammo-
nium ion is relatively nontoxic. The higher the pH and
temperature, the higher is the percentage of total unionized
ammonia (Boyd, 1982).

Notwithstanding the above, in most natural water
bodies and fishponds, nitrite content is generally low. But if
the water body is contaminated with high organic pollution
and has low oxygen content, the nitrite content may in-
crease to toxic levels. Nitrite content between 1.0 and
10.0 mg/L is lethal for many warmwater fishes. In the range
of 0.02e1.0 mg/L, it is sublethal to many fish species.
Nitrite is highly toxic to fish. When nitrite is absorbed by
fish, it reacts with hemoglobin (Hb) to form methemo-
globin. Since, methemoglobin is not effective as an oxygen
carrier, continued absorption of nitrite may lead to hypoxia
and cyanosis. Addition of calcium and chloride may reduce
the toxicity of nitrite to fish (Boyd, 1982). With regard to
hydrogen ion concentration (pH), pH may be defined as the
negative logarithm of the hydrogen ion activity. pH ¼ �log
(Hþ). Most natural waters have pH ranging between 6.5
and 9.0. However, if waters are more acidic than pH 6.5 or
more alkaline than pH 9e9.5 for long periods, reproduction
and growth of fish may diminish. As far as the effect of pH
on fish health, fishes may not be at home in pH values of
4.0e6.0 and 9.0e10.0. However, the optimum range of pH
for a fish to be healthy in water is in the range of pH
7.4e8.2. Alkalinity refers to the concentration of bases in
water expressed in mg/L of equivalent calcium carbonate.
In most waters, bicarbonate, carbonate, or both are the
predominant bases. As far as the effect of alkalinity on
fish health, there is poor fish growth and stress in fishes in
the alkalinity range of 0e20 mg/L; low to medium fish
growth in the alkalinity range of 20e50 mg/L; and opti-
mum fish growth and production in the alkalinity range of
80e200 mg/L (Boyd, 1982). Liming of fishponds enhances
total alkalinity (TA). Total hardness (TH) refers to the
concentration of divalent metal ions in water expressed as
mg/L or equivalent calcium carbonate. TH in the majority
of FW ponds could sometimes be similar to TA. Liming of
fishponds enhances the TH values of water. Turbidity of
water has a profound impact on aquatic life including
fishes. Turbidity due to plankton is generally beneficial for
fish growth. Turbidity due to a high content of humic
matter is not directly harmful to fishes, but such waters are
generally dystrophic due to low nutrient levels, acidity, and
poor light penetration for photosynthesis. On the other
hand, turbidity due to suspended clay particles is very
harmful for fishes. Clay turbidity would reduce light
penetration, adversely affecting productivity. Some parti-
cles may settle to the bottom and smoother fish eggs, and
destroy benthic communities. With regard to the effect of
turbidity on fish health, carps, tilapia, and catfishes are
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generally tolerant up to 10,000 mg/L. However, turbidity
values >20,000 ppm could cause stress to a fish. High clay
turbidity in a water body may be controlled by alum
treatment at 150e250 kg/ha or by application of organic
matter (barnyard manure at 2.5 ton/ha).

In continuance of the above, it should be noted that
unfavorable values for the above parameters may render the
habitat unsuitable for fishes.

6.7 WORKS BY THE AUTHOR OF THE
PRESENT TREATISE

In India, EUS had made its first appearance in the province
of Assam. A number of different approaches have been
adopted by workers here, notably the author of the present
treatise, to ascertain causes of the disease. These are:

1. whether the outbreak of EUS is due to any severe
organic pollution of water and soil;

2. whether the outbreak of EUS is due to any radioactivity;
3. whether the outbreak of EUS is due to any heavy metals

contamination;
4. whether bacterial and fungal flora are the causative fac-

tors of EUS; and
5. whether there is any primary viral etiology for the initi-

ation of EUS.

These are analyzed in the paragraphs that follow.
Dr. Devashish Kar (Kar and Dey, 1988a,b) began his

study with the ichthyological survey of the lentic water
bodies in the Barak Valley region of Assam (24�100N,
�93�150E) with the identification of the four most widely
affected species of fishes (Plate 1) due to EUS during July
1988. These are:

1. Macrognathus aral, which portrayed lesions generally
on the skin of the abdomen and occasionally in the
caudal region;

2. Channa punctata, which showed lesions generally on
the skin at the base of the caudal peduncle, and some-
times also showed reddish swollen eyes (exophthalmos);

3. Mystus vittatus, which depicted amber-colored lesions
generally at the base of the rayed dorsal fin and some-
times at the base of the caudal fin; and

4. Puntius conchonius, which exhibited amber-colored
lesions generally at the base of the dorsal and caudal
fins and sometimes on other parts of the body.

Other species affected (Kar and Dey, 1988a,b) by the
present epidemic during July 1988, but not widely,
include:

Mastacembelus armatus, Macrognathus pancalus, Sal-
mophasia bacaila, Gudusia chapra, Badis badis, G. giuris,
Ailia coila, Lepidocephalichthys guntea, C. batrachus,
Cirrhinus mrigala, Cirrhinus reba, and Parambassis

ranga. W. attu and hilsa species Tenualosa ilisha were not
found to be widely affected by prevailing epidemics.
Among IMCs during July 1988, barring a few Catla catla
and C. mrigala, none were affected by EUS. Nevertheless,
Amblypharyngodon mola, Ctenopharyngodon idella,
Rasbora daniconius, Puntius ticto, and Channa marulius
were affected in certain areas of the district (Plate 2aef).

Our continued study revealed that during the period
1992e94, the following species had been found to be
severely affected by EUS: P. ranga, Chanda nama, Nandus
nandus, and G. giuris (Kar et al., 1994). Some other species
affected by EUS but to a lesser extent during this period
included M. armatus, M. pancalus, Xenentodon cancila,
and Colisa fasciatus.

Our recent studies (Kar et al., 1995a,b,c, 1997,
1998a,b,c, 1999a, 2000a; 2001a, 2002d,e,f, 2003a, 2004a)
indicated that the following species of fishes have been
severely affected by EUS since 1995, particularly during
the period NovembereFebruary, causing large-scale mor-
tality among them (Plate 2aef):

C. striata, C. punctata, Anabas testudineus, and
C. batrachus.

PLATE 1
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Thus, there has been a differential pattern of spread of
EUS among different fish species during different seasons,
as indicated earlier.

Some details of the analysis under different aspects of
the study indicated above are given below, preceded by the
significance of parameters.

6.7.1 Transparency or Secchi Disk
Transparency

The value of Secchi disk transparency (SDT) measured at
noon under bright sunlight is a good indicator of fish health.
In natural waters, a Secchi disk transparency of 30e80 cm

(a)

(c)

(e)

(f)

(d)(d)(d)

(b)

PLATE 2
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is good for fish health. In intensive fish culture ponds, this
value may range from 15 to 40 cm. Fish kills are said to be
quite common when the SDT is recorded <12 cm. This low
transparency is said to cause stress to fish and outbreak of
fish disease had frequently been reported in sewage-fed FW
fishing sites.

6.7.2 Turbidity

Appreciable fish mortality had been noted in highly turbid
water (>175,000 mg/L).

However, productive waters are said to possess turbidity
values around 25 mg/L. Turbid waters having values
>25 mg/L are said to have more bacterial density than
those of less turbid waters, and consequently may have
greater chances of outbreak of diseases.

6.7.3 pH

One of the most important abiotic factors behind the
outbreak of fish disease is the unfavorable pH of the water.
Fish do not grow well below pH 6.5 and this provides a
favorable environment for mycotic diseases. EUS is now
supposed to be a fungal disease according to some workers.
Fishes, including tilapia, could develop severe ulcers at
or < 4.0 pH. Similar disorders may also occur when the pH
> 9.5. In fact, fishes may grow comfortably in the pH range
of 6.5e8.5. Acidic waters with pH <6.5 and alkaline wa-
ters with pH >9.5 retards reproduction and growth of fish
(Swingle, 1961; Mount, 1973) and could lead to diseases
(Das and Das, 1993, 1994; Kar, 2007a,b,c).

6.7.4 Dissolved Oxygen

Concentration of DO is another important abiotic factor that
has a direct bearing on fish health and outbreak of fish
disease. DO may not be<5 mg/L for a period of 16 h within
a 24 h period. In fact, DO <5 mg/L for a period of 8 h may
act as a stress factor on fish. As such, DO, preferably, be
not <3 mg/L at any time (Boyd, 1982; McKee and Wolf,
1963). Prolonged exposure to low DO is said to be a pre-
cursor to bacterial infection in fish (Snieszko, 1973; Das and
Das, 1993; Das, 1997; Kar, 2007a,b,c). Further, Walters and
Plumb (1980) had revealed that high dissolved CO2

(>15 mg/L) and low DO, together are more influential in
initiating bacterial infections in fish. Low DO itself (Stewart
et al., 1967) retards intake of food and growth. Again, su-
persaturation of oxygen is believed to cause gas bubble
disease and mortality in fish (Nebeker and Brett, 1976).

6.7.5 Carbon Dioxide

CO2 is said to be accumulated in water due to respiration
of aquatic plants and animals. Its concentration <15 mg/L,

is quite conducive for fish health, but when the accumu-
lation of CO2 is >15 mg/L, it hinders the uptake of
oxygen by fish (Boyd, 1982). At higher concentration,
water becomes acidic and this favors pathogens to invade
fishes and may lead to outbreak of fish diseases (Kar,
2007a,b,c).

6.7.6 Alkalinity

Alkalinities actually mean the total concentration of ba-
ses in water expressed in mg/L of calcium carbonate.
Waters having alkalinities <20 mg/L have been believed
to favor the outbreak of EUS and other parasitic diseases
more virulently in fish (Kar and Dey, 1990a; Kar,
2007a,b,c 2013). Waters with low alkalinity show sharp
rise or fall of pH even with a small change in the con-
centration of bases because of its poor buffering capacity.
Waters having alkalinities >40 mg/L have been found to
be more productive with less possibilities of outbreak of
disease.

6.7.7 Total Hardness

Fishes are said to be more susceptible to diseases when
the TH of water is <20 mg/L. In fact, severe outbreaks
of EUS have been noted more frequently in waters with
low hardness (<20 mg/L) (Das and Das, 1995). Pro-
ductive water could have its hardness >20 mg/L (Ca
content >5 mg/L and Mg content >2 mg/L). Very hard
water (>300 mg/L) is also not congenial for fish health,
because at higher TH, nutrient availability is not opti-
mum. Most suitable value of TH for fish culture is said
to be in the range of 75e150 mg/L. Optimum TH is
also said to prevent the outbreak of common diseases in
fish.

6.7.8 Decomposing Organic Matter

High accumulation of humic substances through the
decomposition of profuse organic matter and macro-
vegetation is said to allow for the harboring of a higher
number of disease-producing organisms than is possible in
clean waters, having transparency >20 cm.

6.7.8.1 Whether the Outbreak of Epizootic
Ulcerative Syndrome Is Due to Any Severe
Organic Pollution of Water and Soil

Field estimation of various water and soil quality and other
limnological parameters conducted in various lentic water
bodies in the Barak Valley region of Assam during the
period July 1988 to October 1988 (i.e., the initial peak
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period of the EUS outbreak) revealed the following average
values (Kar and Dey, 1990a):

Water temperature (�C): 33.4

Turbidity: 61.9

pH: 6.9

Dissolved oxygen: 5.95 mg/L

Free carbon dioxide: 1.25 mg/L

Total alkalinity: 7.5 mg/L

Aquatic macrophytic
biomass:

0.406 kg/m2 (on
average)

Total limnoplanktonic count: 144 u/L (on average)

Similar field estimations for the above parameters,
conducted in the same water bodies and same region during
the predisease outbreak period since January 1979, revealed
the following range of values (Dey and Kar, 1987):

Water temperature (�C): 32e34

Turbidity: 50e70

pH: 6.0e7.2

Dissolved oxygen: 3.0e6.0 mg/L

Free carbon dioxide: 0.8e1.9 mg/L

Total alkalinity: 35e65 mg/L

Aquatic macrophytic
biomass:

0.308e0.706 kg/m2 (on
average)

Total limnoplanktonic
count:

87e173 u/L (on average)

The above data indicated similar parameter values
between predisease outbreak and outbreak periods. These
results indicated that lentic water bodies of the Barak
Valley region of Assam had largely maintained their
organically unpolluted nature, and therefore organic
pollution of water may not be assigned as a reason for the
outbreak of EUS in fishes. However, TA depicted alarm-
ingly lower values during the EUS outbreak period as
compared with the pre-EUS outbreak period, and therefore
could serve as a predisposing “stress factor” for EUS to set
in (Kar and Dey, 1990a,b,c).

6.7.8.2 Whether EUS Is Due to Any
Radioactivity

Studies conducted with the help of a gamma-ray spec-
trometer indicated that the level of radioactive contamina-
tion recorded in diseased fishes was too negligible to cause
any harm in fish or the human beings who consume fish
(radiation level: background, 770, 791; with healthy fish,
741, 716; and background, 400, 460; with EUS-affected
fish, 316, 306). As a result, radioactivity may not be
regarded as a possible cause of outbreak of EUS (Kar and
Dey, 1990a,b,c; Kar et al., 1990a,b).

6.7.8.3 Whether EUS Is Due to Any Heavy
Metals Contamination

Quantitative chemical estimation of trace elements (heavy
metals) in water, soil, and in EUS-affected fish tissues by
atomic absorption spectrophotometry (Vogel, 1978) did not
reveal appreciable quantities of mercury, lead, arsenic, and
cadmium that could be of lethal proportion (average
quantity in mg/kg of Hg, Pb, As, and Cd respectively: (a) in
EUS-affected fish tissues: 0.99, 0.60, 0.0001, and 0.0003;
and (b) in apparently healthy fish tissues: 0.63, 0.54,
0.00005, and 0.00028) (Kar and Dey, 1990a,b; Kar et al.,
1990a, 1993, 2003a). Therefore, with the effect of trace
elements being negligible, they may not be regarded as
possible causes of outbreaks of EUS.

Notwithstanding the above, results of similar work by
others are also appended in the present treatise.

6.7.8.4 Whether Bacterial or Fungal Flora Are
the Causative Factors

Bacterial Flora as Causative Factors

Bacterial culture (Cruickshank, 1972) from the surface le-
sions and gills of each of the four most widely affected fish
species revealed isolation of hemolytic Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella sp preliminarily
(Kar and Dey, 1990a,b,c). All these bacteria have been
found to be sensitive to gentamicin, nalidixic acid, nitro-
furantoin, ampicillin, chloramphenicol, tetracycline,
trimethoprim, and sulfamethoxazole (Kar et al., 1993,
1994, 1995a,b,c) (Plate 3).

Further works have been done on the culture and isola-
tion of bacterial flora from EUS-affected fishes belonging to
nine species, viz. P. conchonius, Notopterus notopterus, C.
mrigala, G. giuris, C. punctata, A. testudineus, Labeo
gonius, Labeo calbasu, and A. mola, which have been
collected from water bodies in the Barak Valley region of

PLATE 3
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Assam. Fishes portraying ulcerative lesions have been
selected for the isolation of bacteria. Fishes were brought to
the laboratory, cleaned properly and the parts showing le-
sions were sheared for taking swabs. Swabs from lesions and
from the different organs, such as gills, liver, viscera, and
kidney were streaked on to blood agar (5% sheep blood) and
MacConkey lactose agar (MLA). The plates have been
incubated at 35 �C aerobically for 24 h. Distinct and isolated
colonies were picked-up, purified, and identified on the basis
of their morphological, cultural, and biochemical character-
istics. All isolates have been tested in vitro against nine
antimicrobial agents by disk diffusion method with
commercially available discs (HiMedia, India). Results
showed that, nine species of fishes showing typical lesions
of EUS yielded different types of bacteria. In most cases,
lesions and the internal organs yielded similar bacterial
isolates. Mixed infection was common, with A. hydrophila,
P. aeruginosa, Klebsiella sp. The most common isolate was
A. hydrophila, followed by P. aeruginosa, Klebsiella sp.,
and Staphylococcus epidermidis. Strains of A. hydrophila
were highly susceptible to norfloxacin, tetracycline, and
chloramphenicol, while Pseudomonas sp. was resistant to
most antimicrobial agents (Kar et al., 1999).

Still further works have been done on the character-
ization of bacterial flora in EUS-affected fishes. Bacterial
cultures prepared form body lesions of live EUS-affected
A. testudineus have been confirmed as Aeromonas spp.
by biochemical tests including the indole test, oxidase test,
TSI test, citrate test, MLA, gas production, DNase test, and
slide agglutination with standard antisera AH4. Bacteria
were further confirmed to be A. hydrophila and Aeromonas
sobria by polymerase chain reaction (PCR) technique and
PCR-RAPD analysis. The bacterial slants, prepared at the
same time, were simultaneously tested for the presence of
A. hydrophila; it was found that slants prepared from
EUS-affected fishes contained A. hydrophila, whereas
slants prepared from corresponding healthy fishes did not
contain A. hydrophila.

Fungal Flora as Causative Factors

EUS-affected fishes, viz. C. mrigala and P. conchonius,
having pale raised lesions that have not yet completely
ulcerated, have been chosen for fungal isolation works. The
fish specimen had been killed by decapitation and pinned to
a dissecting board with the lesion uppermost. The scales
around the periphery of the lesion were removed and the
underlying skin was seared with a red-hot spatula to ster-
ilize the surface. The fish with the board was then removed
to a laminar flow cabinet with filtered air free from fungal
elements. Then, the stratum compactum underlying the
seared area was cut through using a sterile scalpel blade and
a sterile, fine-pointed pair of rat-tooth forceps. This was
followed by exposing the underlying muscle by cutting
horizontally and reflecting superficial tissues. Four pieces

of affected muscle c 2 mm3 in dimension had been
carefully excised up using aseptic technique and they were
placed in Petri dish containing CzapekeDox medium with
standard supplements. This experiment led to isolation
of Aphanomyces sp. with concomitant occurrence of the
same fungal genus in histological sections of the same
EUS-affected fishes (Kar, 2007a,b,c; 2013) (Plates 4a
and b).

It may be mentioned here that the isolated bacterial and
fungal flora have been living with fishes in water since time
immemorial without generally causing any harm to them.
As such, bacteria and fungi may not be considered the
primary etiology for outbreak of EUS in fishes. Further,
intradermal inoculation of these microbes into a guinea pig
(Cavia sp) revealed no lesion formation in the latter’s body
for about two years (Kar, 2007a,b,c; Kar and Dey,
1990a,b,c; Kar et al., 1990a,b).

Viral Particles as Causative Factors

Absence of hemorrhagic septicemia (quite characteristic of
Aeromonas infection) in almost all of the ulcerated fish
(Roberts, 1989); nonoccurrence of these pathogens in the
early part of the disease (Lilley et al., 1992); and close

(a)

(b)

PLATE 4
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association of these bacteria with fishes in water (as stated
earlier) since time immemorial (Kar and Dey, 1990a,b,c)
suggest that Aeromonas hydrophila is unlikely to have any
primary infective role in the pathogenesis of EUS. Like-
wise, a primarily viral (?) etiology (filterable biological
agent) is always suspected to be associated with the initi-
ation of EUS (FAO, 1986; Kar, 2007a,b,c, 2013; Kar et al.,
1990a,b).

As such, in order to confirm the presence of virus,
EUS-affected fish tissues have been subjected to virolog-
ical examination. Ulcerated tissues from EUS-affected
C. batrachus have been homogenized in PBS, clarified
in high-speed centrifugation (10, 000 rpm) for 10 min, and
decontaminated through membrane filtration (0.22 mm).
Monolayer cultures of BF2 fish cell line have been grown
in 96-well microtiter plate at 28 �C in Leibovitz’s L-15
Medium supplemented with 10% FCS and vitamin
mixture. A 50-mL aliquot of each dilution (up to 10�7) of
the filtered supernatant was added to an 80% confluent
monolayer of BF2 fish cell line grown in 96-well micro-
titer plate. After 2 h of adsorption at room temperature,
cultures were overlaid with 150 mL of maintenance me-
dium (L-15 supplemented with 2% FCS) and incubated at

28 �C. Progressive cytopathic effect (CPE) appeared be-
tween 48 and 72 h postinfection day (PID) in 10�1 to 10�4

dilution. The infection was passable in the subsequent
cultures indicating the isolation of virus (Kar et al., 1993,
1994, 1999a, 2003a, 2004a; Kar, 2007a,b,c, 2013)
(Plates 5a and b and 6a and b) Efforts are being made to
characterize the virus and correlate the same with viruses
isolated elsewhere (Frerichs et al., 1989; Ahne et al., 1988;
Wattanavijarn et al., 1985). Electron microscopical (EM)
studies (Kar and Dey, S 1988d) of the TCF showed oc-
casional round particles unlike those of Roberts’ group in
Scotland (Frerichs et al., 1986).

The above study confirms that EUS outbreak in FW
fishes is initiated by primary viral infections in the form of
very small red spots, which ultimately could be transformed
into amber-colored lesions and may terminate into ulcers;
followed by secondary bacterial/fungal/parasitic contami-
nations; and could culminate in the death of the fish (Kar,
2000). Viral presence is said to be only for a very brief
period and the havoc is caused mainly by bacteria and fungi
(Kar, 2002, 2007a,b,c, 2013). Similar findings were re-
ported by Tripathi and Qureshi (2012), which has been
elucidated later in this chapter.

(a)

(b)

PLATE 5

(a)

(b)

PLATE 6
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Some of our observations on tissue culture works done
during 2003e04 are as follows:

Successful explants culture from C. catla was grown in
L-15 medium and the cells showed good attachment to the
tissue culture flask (Plate 5a and b).

The BF2 fish cell lines have shown best results at room
temperature (RT) and at 28 �C. When BF2 cells were
infected with filtered suspension (10e20%) tissue extract,
the cells started showing signs of rounding and detachment
from the second day postinfection in 24-well plates. This
phenomenon persisted on serial passaging in 25 cm2

flasks
and CPE was observed from the second day onward. The
same was observed when the cells were grown in 75 cm2

flasks. The cells showed bulging and rounding, which
persisted for 7e8 days.

When another fish cell line, viz. SSN1, was infected
with the undiluted TCF collected from BF2 cells, at passage
level 4, after two blind passages, the infected SSN1 cells
started showing arrested growth with a few distorted cells.
This effect persisted on further passage.

The infected TCF collected after three to four passages
in BF2 cells was titrated. The CPE was observed up to the
dilution of 10�6 to 10�10 in freshly collected TCF and in
stored TCF at �20 �C with no loss of titer.

Test on various cell lines showed that BF2 and SSN1
cells are susceptible to the viral isolates. The CPE consisted
of granulation, rounding, and clumping followed by
detachment of cells in the case of BF2. In SSN1, cell
growth was arrested, while another fish cell line, viz.
RTG2, was found to be resistant to EUS infection.

After inoculation of suspected virus/filterable biological
agent, best infection result was obtained at 21 � 1 �C.

In all experiments with tissue culture, display of steady
CPE was observed up to the fifth passage level on average.

There has been a gradual decrease in CPE with increase
in dilution.

Experiment was conducted to see the effect of UV
radiation on susceptibility of cells vis-à-vis enhancement of
sensitivity of the cells to viruses. Confluent monolayers of
BF2 cells were exposed to UV radiation for various pe-
riods, viz. 15, 35, 45, and 60 s, and then, the irradiated cells
were infected with viral suspension. Nonirradiated cells
were used as control. It was found that UV-irradiated BF2
cells showed CPE in the second passage instead of nor-
mally at the fourth or fifth passage. It could be because the
virus was inhibited by certain cellular mechanism that was
unlocked due to UV radiation.

Experiment was conducted to see the effect of heat on
activities of the virus (filterable biological agent). Aliquots
of viral isolate were heated in a water bath up to 56 �C.
After 1, 2, 5, 10, 15, 30, 45, and 60 min of incubation,
treated virus was inoculated into confluent monolayer of
BF2 cell line. Unheated viral isolate was used as control. It
was found that the heat-treated virus could not show CPE

beyond 10�2, while viral isolates not treated with heat
showed usual CPE generally up to 10�6.

Further effects of temperature on viral virulence were
ascertained through experiments.

In temperature sensitivity experiment, cells infected
with virus and incubated at 20�e25 �C were found to show
prominent CPE. In contrast, cells incubated at 28�e30 �C,
after viral inoculation, did not show prominent CPE or
show late CPE. This indicates that temperature plays a very
important role in the pathogenesis of EUS. This lower
temperature range corresponds with that of the ambient
water temperature during NovembereFebruary when nat-
ural outbreaks of EUS generally occur.

Parasites as Causative Factors

Parasitism is an association in which one organism, known
as the “parasite,” lives on or inside the body and at the
expense of another organism known as the host. Parasitic
mode of life could be a secondary adaptation. The parasites
might have arisen independently from free-living ancestors.
Nevertheless, the relationship of a parasite to its host is of
varying degrees of intimacy. The parasite, however, may be
epizoic or ectoparasitic, which lives on the external sur-
face of the host, though it may wander into the buccal
cavity or rectum, particularly some protozoans. Conversely,
a parasite may also be entozoic or endoparasitic (living
within the body of the host).

Kar et al. (2011) performed a detailed study on fish
diversity and helminth fauna in fishes of some wetlands of
Assam and Manipur, India. Twenty-five species of fishes in
Dolu Lake, 34 species in Chatla Haor, 40 species in Kar-
bala Lake, 31 species each in Awangsoi Lake and Oinam
Lake, 33 species in Loktak Lake, and 32 species in Utra
Lake were recorded during the study period. The study
revealed that 22.72% of fishes of Dolu Lake, 5.76% of
Chatla Haor, 19.16% of Karbala Lake, 23.83% of
Awangsoi Lake, 33.86% of Oinam Lake, 49.75% of Loktak
Lake, and 48.8% of Utra Lake were parasitized. Incidence
of EUS-affected fishes was common.

Study Areas

Dolu Lake (24�55023.400 N and 92�47021.500 E) is situated
along the SilchareHaflong highway. In Dolu wetland, out
of 396 fishes examined, 90 (22.72%) fish specimens were
parasitized by one or more species of helminth parasites
with an overall intensity of 4.32. A total of 389 helminth
parasites belonging to four different groups of helminths
were found in the analyzed fishes. Of the infected fishes, 35
fishes (38.88%) were infected with only one group of
helminth parasite, while 55 (61.11%) were infected with
two or three species of helminth parasites. Regarding
frequency distribution, it was found that 30 (33.33%)
fishes contained nematodes, 12 (13.33%) trematodes, 21
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(23.33%) cestodes, and 27 (30.00%) acanthocephalans.
N. notopterus had the overall highest prevalence (54.76%)
and highest intensity of infection (9.91) as well (Singha
et al., 2014). EUS-affected fishes are often encountered.

Chatla Haor (92�46011.800E and 24�4203800N) is situ-
ated approximately 5 km away from Assam University,
Silchar. It is one of the biggest seasonal floodplain wetlands
located in the Cachar district of Assam. In Chatla wetland,
out of 833 fishes examined, 48 (5.76%) fish specimens
were infected by helminth parasites with an overall in-
tensity of 4.95. A total number of 238 helminth parasites,
belonging to four different groups of helminths have been
found in the analyzed fishes. Among fishes infected, 10
fishes (20.83%) contained nematodes, 5 fishes (10.41%)
trematodes, 14 fishes (29.16%) cestodes, and 19 fishes
(39.58%) carried acanthocephalans. C. batrachus had the
overall highest prevalence of infection and C. punctata had
the overall highest intensity of infection (Puinyabati et al.,
2013). EUS-affected fishes are often encountered.

Awangsoi Lake (24�3904800N and 93�4609000E) is
located to the south of Keinou village in Bishnupur district,
Manipur, about 22 km away from Imphal city. It contains
about 31 species of fishes belonging to 20 genera, 5 orders,
and 14 families. In Awangsoi Lake, out of 3206 fishes
examined, 764 fishes (23.83%) were found to be infected
by helminth parasites with an overall intensity of 5.06. A
total of 3866 helminth parasites were found to have
infected the analyzed fishes. Frequency distribution showed
that 434 (56.8%) fishes contained nematodes, 355 (46.46%)
trematodes, 74 (9.68%) cestodes, and 178 (23.29%) acan-
thocephalans. A. testudineus depicted the overall highest
prevalence of infection (69.4%) while the overall highest
intensity was found in C. fasciatus (9.2) (Puinyabati et al.,
2013). EUS-affected fishes are often encountered.

Karbala wetland (area 0.2345 ha at FSL) lying between
24� N and 92o420 E and situated 5 km from the Assam
University, Silchar is a potential fish habitat for earning
their livelihood by the riparian fishers. The wetland has a
maximum depth of 2 m at FSL. In Karbala wetlands, 11
species of fishes were found to be parasitized with helminth
parasites. Out of 663 individual fish of 11 species exam-
ined, 127 individual fish were parasitized with 665 hel-
minth parasites. The overall prevalence percentage was
19.16% and intensity 1.0 was recorded. Among fishes
examined, C. punctata was found to be infected with four
groups (trematode, cestode, nematode, and acanthoceph-
alan) of helminth parasites with maximum prevalence
percentage (10.8%) and intensity (0.1) of trematode infec-
tion. Monopterus cuchia was found to be infected with
three groups (cestode, acanthocephalan, and nematode) of
helminth parasites with maximum percentage (33.3%) and
intensity (0.5) of cestode infection. P. ticto and Puntius
sophore showed the infection of both cestode (3.92%, 0.16)
and acanthocephalan (5.3%, 0.21) parasites. C. fasciatus

was found to be infected with trematode (1.92%, 0.04) and
nematode (13.5%, 1.02) parasites. C. batrachus was found
to be infected with cestode (60.0%, 5.74) and nematode
(11.43%, 0.77) parasites. A. testudineus (9.09%, 0.09),
L. guntea (11.11%, 0.15), and Mystus bleekeri (4.76%,
0.05) were parasitized with nematode parasite only.
Further, H. fossilis (21.2%, 0.30) and C. striata (16.7%,
0.17) were found to be parasitized with cestode and acan-
thocephalan respectively (Binky et al., 2014). EUS-affected
fishes are generally encountered, particularly during the dry
season.

Oinam Lake is a shallow and very old semiterrestrial
FW lake having an area of about 0.71 km2 It is located in
the intersection of 24�250e24�400N latitude and
93�450e93�550 longitude and is situated about 783 m MSL.
It has a maximum depth of 0.82 m. In Oinam Lake, out of
313 fishes examined (belonging to four different orders),
106 specimens were parasitized by one or more species of
nematodes. The prevalence of infection is highest in
A. testudineus (44.44%) and lowest in N. notopterus
(16.66%), while the maximum intensity of infection was
observed in C. fasciatus with the intensity of infection to be
(6.33%). The lowest infection was observed in M. bleekeri
with the intensity of infection 1.5% (Sangeeta et al., 2014).
EUS-affected fishes are usually encountered during the
winterespring.

Loktak Lake is the largest natural lake in NE India and
situated about 38 km away from Imphal city in Manipur
state. It has an area of 26,000 ha with a catchments area of
more than 98,000 ha, and is situated between 93�460

E�93�550E and 24�250Ne24�420N. The lake stretches
from downstream of the Iril confluence near Lilong to the
Khuga confluence of Ithai. The maximum depth of the lake
is 4.58 m, and the average depth is 2.07 m. The unique
feature of Loktak Lake is the floating swamps or mats,
locally called Phumdi. In Loktak Lake, out of 2265 fishes
examined, 1127 fishes (49.75%) were found to be infected
with four different groups of helminth parasites, viz.
Acanthocephala, Trematoda, Cestoda, and Nematoda.
Among the four groups, nematode parasites are the most
commonly found, with 11 different species from 10
different fish species recorded. This was followed by
trematodes, with five different species from eight different
fish species. Among cestodes, three species have been
identified from three different fish species, and some are yet
to be identified. Two different species of Acanthocephala
are recorded from four different fish species (Ranibala
et al., 2013). EUS-affected fishes are often encountered.

Utra Lake is an old eutrophic wetland lying at a dis-
tance of 20 km to the south of Imphal town. It is situated
between 93�45΄e94�00E longitude and 24�300e25�450N
latitude and is located about 787 m above MSL. The total
surface area of the lake is about 0.366 km2. The dimensions
are found to be maximal in the rainy season. A rich
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diversity of about 32 species of fishes has been recorded in
this lake. In Utra Lake of Manipur, out of 684 fishes
examined, 334 fishes (48.8%) were found to be infected
with various helminth parasites with an overall intensity of
2.6. From this investigation, peak prevalence of infection
was found in Channa orientalis by the nematode parasites
(66.5%) while infection by the acanthocephalan parasite in
C. punctata (1.1%) was found to be the lowest. The highest
intensity of infection was observed in A. testudineus by the
trematode parasite (9.2) (Geetarani et al., 2011).
EUS-affected fishes were common.

Singh (2015) reported about parasite fauna in fishes of
Sone Beel, river Jatinga in Assam, and in Pumlen Lake
in Manipur. Sone Beel, situated between 92�2405000e
92�2802500E and 24�3604000e24�4403000N, within the Kar-
imganj district of Assam, 3458.12 ha at FSL, 409.37 ha at
DSL, probable origin in Mio-Pliocene, having continuous
inlet called river Singla and outlet called river Kachua, falls
in a valley geologically called syncline (Kar, 2007a,b,c). It
is the biggest wetland in Assam. Concomitantly, Pumlen
Lake, lying between 93�500E to 94�00E and 24�200N to
24�350 N. at an altitude of 768.5 m MSL, located in
Thoubal district of Manipur state and is situated at a dis-
tance 55 km from Imphal city (Singh et al., 1993, 2015).

Notwithstanding the above, river Jatinga, another site
of study of fish parasites, is a second-order stream that
originates from the North Cachar Hills in Assam and flows
down the side of Jatinga village. It is one of the north bank
tributaries of river Barak. The reach type is mainly pool-
riffle to braided-type, while the valley segment of the
river is colluvial to alluvial type. Bedrocks, boulders,
cobbles, gravels, and fine sand form the main components
of the river substratum. The study spots (selected reaches)
of the river were situated within the geographical limits of
24�57049.400N and 92�45041.300E having an altitude of 19 m
MSL on average. In river Jatinga, fishes like Danio
aequipinnatus, Botia dario, Barilius vagra, Barilius tileo,
etc., take shelter mostly in the interspace between logs and
fallen trees. Further, fishes like Garra gotyla gotyla, Psi-
lorhynchus balitora, Glyptothorax striata, Crossocheilus
latius latius, Labeo pangusia, and Neolissochilus hex-
agonolepis occur mostly in the rheophilic upstream region
where mainly riffle-pool characteristics exist. LGF-like
Bagarius bagarius occur mostly in the deeper pools in
the upstream region of the river (Kar, 2003a, 2005a; Kar
et al., 2002a; Kar, 2005a). The critically endangered mah-
seer fish Tor progenius has been recorded in the riffle-pool
region of upstream of river Jatinga (Kar et al., 2002b).

In addition to the above, Devi (2015) had portrayed
preliminary report about the status EUS-affected fishes in
relation to parasitic infestations and parasitization. Her
work revealed the occurrence of two species belonging to
the groups Trematoda, Cestoda, Acanthocephala, and
Nematoda. Out of these, nematodes were collected from

C. striata; cestodes were collected from H. fossilis; and
acanthocephalans were from C. striata and C. punctata.
However, trematodes were collected from C. punctata. Her
work further revealed that the percentage of prevalence was
found to be highest and lowest in M. armatus and C. striata
respectively, while M. armatus and C. punctata had
depicted the highest and lowest values of intensity of
infection respectively. The total percentage of prevalence of
infection was found to be 65.12%, while the intensity
of infection was 1.3. Limnological parameters such as
temperature, pH, DO (mg/L), FCO2 (mg/L), and TA (mg/L)
were recorded as 11.67 ± 0.88, 6.63 ± 0.12, 4.33 ± 0.15,
10.29 ± 1.62, and 35 ± 0.58 respectively. Further,
Choudhury and Barbhuiyan (2015) had also reported about
incidence of EUS-affected fishes in Assam University
hatchery.

Concomitant to the above, Sone Beel wetland (Kar,
1984) distinguished itself, in harboring a bewildering di-
versity of 70 species of fishes belonging to 49 genera, 24
families, and 11 orders (Kar, 2013). Incidentally, in the
Sone Beel wetland, two species of Trematoda, seven spe-
cies of Cestoda, two species of Acanthocephala, and four
species of Nematoda have been recorded. The Pumlen
Lake, situated in a different eco setup, had recorded 49
species of fishes belonging to 32 genera, 16 families, and 5
orders. The parasite load in Pumlen Lake revealed three
species of trematodes, six species of cestodes, two species
of acanthocephalans, and eight species of nematodes.
Concomitantly, the river Jatinga, a lotic environment,
revealed the occurrence of 61 species of fishes belonging to
36 genera and 16 families. About 14 species of parasites
belonging to Nematoda, Acanthocephala, and Trematoda,
including 2 new species of trematodes, were recorded from
the Jatinga River.

Notwithstanding the above, works done in other
prominent habitats by different workers in the region,
notably Mandal (2003); Dhar (2004); Mazumdar (2007);
Deb (2009); B. Das (2009); Sinha (2010); M.H. Barbhuiya
(2010); Barman (2011); Das (2013a); Kar and Kar (2014);
Das (2013b); Devi et al. (2014, 2015); and Singha (2015)
also often reveal the occurrence of EUS-affected and
parasitized fishes. Likewise, other rivers such as the Barak
River in AssameManipur and its tributaries (Kar, D., 1996,
1998, 2007) the river Kopili in Assam (B. Das, 2009); the
river Dhaleshwari in Assam (A.H. Barbhuiya, 2011); the
Siang River in Arunachal Pradesh (Das, 2015); the Towkak
River at the AssameNagaland border (Dutta, 2015); the
Tuirial, Kolodyne, and Karnafuli Rivers in Mizoram; and
the Singla and Longai Rivers along the Assam - Mizoram -
Tripura borders (Das et al., 2015) may also reveal
EUS-affected and parasitized fishes.

Riji et al. (2014), as a midterm report of the DBT
(government of India)-sponsored Project on Molecular
Characterization of Pathogens Associated with Fish
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Diseases in Assam, acknowledging DBT, had reported that
the collected fishes were processed and analyzed for the
presence of viruses by diagnostic PCR for four DNA and
three RNA viruses. The samples were also processed for
virus isolation using cell-culture systems. The analysis
depicted that infected fishes collected from NE India had
carried ranavirus infections indicated by amplicons of
specific sizes obtained by PCR. The sequence analysis of
fragment also had displayed that the infected virus is a
ranavirus with 90% homogeneity. In addition, Kar et al.
(2015) and Singha et al. (2015) reported about preliminary
epidemiological studies and associated limnological
parameters in connection with EUS fish disease.

Prevention

There has been no major attempt for the prevention of fish
parasites in the wild, although they may pose potential
health hazards. The main reason could be nonownership of
water bodies in the wild. However, attempts are being made
by the present team of workers for finding ways and means
of their control.

Hematological, Histochemical, and Enzymological

Preliminary hematological studies revealed higher DLC
and ESR but low Hb content in the blood of EUS-affected
fishes as compared with corresponding healthy fishes of the
same species (Kar et al., 1994).

Preliminary histochemical studies (Kar and Das, 2004a)
revealed interruption of glycogen synthesis in the liver and
blockade of respiratory pathways in the gills. Further
studies in this aspect are in progress.

Preliminary enzymological studies (Kar and Das,
2004b) with EUS-affected fishes revealed high values of
alkaline phosphatase, SGOT, SGPT, and LDH. Further
works in this direction are in progress.

Electron Microscopical Studies

Preliminary EM works done with EUS-affected tissues of
C. punctata and A. testudineus revealed the occurrence of
viruslike particles (Kar and Dey, S 1988d; Kar et al., 1993,
1995a). Detailed transmission electron microscopical
(TEM) studies done with ultrathin sections of
EUS-affected tissues of C. striata and A. testudineus
revealed membrane bound and granular abnormal struc-
tures, hepatocytes with vacuolations, and viruslike inclu-
sion bodies in the nucleus (Kar, 1999). Further, EM works
done with EUS-affected tissues of W. attu revealed the
presence of viruslike particles (Kar, 2004). More works in
this direction are in progress (Plates 8aei).

Histopathology

Detailed HP studies done with tissues of EUS-affected
fishes revealed focal areas of increased fibrosis and

chronic inflammatory cell-infiltration in muscles; focal areas
of fatty degeneration of hepatocytes surrounding the portal
triads in liver; hypertrophy of the muscle coat with mild
chronic inflammatory cell infiltration in the gut; and dense
infiltration with chronic inflammatory cell in the interstitium
of the kidney. The liver section further showed occasional
infiltration by mononuclear cells in the subcapsular region,
while the skin of diseased fish showed epidermal necrosis
and desquamation; the stomach portrayed atrophy of the
mucosa showing necrotic villi; and the section of gill
reflected infiltration by large number of mononuclear cells.
Section through heart of EUS-affected fish showed coagu-
lative necrosis of muscle fibres (Plates 7aeh) (Kar and
Upadhyaya, 1998; Kar et al., 2003a).

Our View

Although the water quality/limnological parameters were
by and large almost the same between the EUS outbreak
period and the pre-EUS outbreak period, there had always
been a sudden alarming fall in TA values just before the
start of EUS outbreaks, indicating that TA could serve as a
predisposing “stress factor” leading to decreased immunity
levels in fishes, thus enabling viruses to attack fishes
“primarily” for a brief period, causing trauma that makes
way for bacteria and fungi to infect fishes secondarily and
cause havoc in them.

The bacteria that have been isolated, are mostly acido-
philic and psychrophilic. Around NovembereFebruary
every year, when there is sudden fall in air and water
temperature, these psychrophilic bacteria grow prolifically,
producing large amounts of acid in water. High acidity
(caused due to large bacterial population) lowers TA and
makes the aquatic environment favorable for the “viruses”
to be activated. These viruses cause the trauma and disin-
tegrate soon. The bacteria and fungi then attack secondarily
and cause havoc in the affected fishes.

With the gradual rise in air and water temperature, with
effect from March, the psychrophilic bacteria show decline
in their population. Hence, there is less secretion of acid in
water. As a result, TA goes high and the aquatic environ-
ment is no longer favorable for viruses. Therefore, EUS
almost completely disappears during the period March to
October every year.

Works on Epizootic Ulcerative Syndrome by the
Author of the Present Treatise Are Summarized
Below

EUS has been causing large-scale mortality among FW
fishes since 1988, initially affecting four species of fishes
very widely. Our study revealed fluctuation in the intensity
of the disease in relation to species affected. Large hem-
orrhagic cutaneous ulcers, epidermal degeneration, and
necrosis followed by sloughing of scales are the principal
symptoms of EUS. Low TA could be a predisposing “stress
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PLATE 7aec
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factor.” Sick fishes show low hemoglobin and polymorphs,
but high ESR and lymphocytes. Communicative nature of
EUS revealed variation in time gap between fish and
infection in different species. Inoculation of microbes in the
test animals did not reveal of any sign of ulcerations for two
years. Bacterial culture revealed occurrences of hemolytic
E. coli, A. hydrophila, P. aeruginosa, Klebsiella sp., and
S. epidermidis in the surface lesions and gut, liver, gills,
heart, kidney, and gonads of sick fishes, all of which were
found to be sensitive to chloramphenicol, trimethoprim,
gentamicin, etc. Fungal isolation revealed the occurrence of

Aphanomyces sp with concomitant occurrence of the same
fungal genus in histological sections of EUS-affected
fishes. HP studies indicated focal areas of increased
fibrosis and chronic inflammatory cell infiltration in mus-
cles, focal areas of fatty degeneration of the hepatocytes
surrounding the portal triads in the liver. Preliminary his-
tochemical (HC) studies with regard to interruption in
glycogen synthesis and blockade of respiratory pathways
are being conducted. Similarly, preliminary enzymological
studies are being conducted with regard to amount of
alkaline phosphatase, SGOT, SGPT, and LDH. Inoculation

(d) (e)

PLATE 7de

Aspects of Investigation of Epizootic Ulcerative Syndrome Outbreaks Chapter | 6 117



of 10% tissue homogenate of EUS-affected C. batrachus
into an 80% confluent monolayer form BF2 fish cell line in
Leibovitz’s L-15 Medium revealed progressive CPE that
was passable in subsequent cultures, thus indicating the
“isolation” of virus.

EM studies with ultrathin sections of still-occurring
EUS in affected fish tissues revealed the presence of
viruslike particles (inclusion bodies). Preliminarily, the
picobirnavirus has been electron microscopically identified
as the primary etiological agent of EUS. Further studies in
this regard are being conducted.

On the basis of experiments conducted and observations
made consistently, EUS could be defined as “seasonal
epizootics of inland fishes with chronic mycotic granulo-
matous ulcers on the body, initiated with red spots followed
by red circular ring due to the SHRV under thermal and
chemical stress.”

Since its origin, life has developed in an Al rich envi-
ronment. But this element is usually found in insoluble
chemical forms. Under acidic conditions, aluminum com-
pounds become ionic, in a soluble or exchangeable form in
soils (Duchaufour).

(f) (g)

PLATE 7fg (geHP of Fish sill)
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6.8 SIMILAR WORKS DONE ON
EPIZOOTIC ULCERATIVE SYNDROME BY
OTHER WORKERS

6.8.1 Similar Works Done by Other
Workers Are Discussed Below

Work done by Das and Das (1993), which had similarities
with work done by Kar (Kar and Dey, 1990a,b,c; Kar et al.,
1993, 1994, 1995a,b,c; 2007; Kar, 2007a,b,c, 2013)
revealed that fishes were affected by EUS in various water

bodies spread across the length and breadth of India. The
disease could be encountered during any time of the year.
However, the period of occurrence of EUS may vary in
different places. In Kerala, which is fed by two mon-
soonsdthat is, the southwest in JuneeAugust and the
northeast in OctobereNovember, the disease may be found
throughout the year. In Assam, EUS generally occurs to-
ward the end of autumn and beginning of winter, and
usually with sudden and rapid falls in the temperature of the
environment. However, in West Bengal (WB), EUS
outbreak occurs at the time of waning of rainfall and fall in
water temperature. EUS first appeared in NE India during
July 1988 (Kar and Dey, 1990a,b,c; Kar et al., 1990a,b,
1993, 1994, 1995a,d,c, 2003; Kar, 2007a,b,c, 2013; Das
and Das, 1993). It gradually spread to the eastern, central,
western, southern, and northern provinces of India. The
disease in any particular area had been generally severe
during the initial outbreak and gradually had usually
diminished during the subsequent years and usually
remained confined to localized areas. In addition, the use of
adult and juvenile fishes from disease-prone or affected
water bodies has often resulted in EUS outbreaks in pre-
viously unaffected water bodies. India witnessed the first
major outbreak of EUS in July 1988 in the provinces of
Assam, Tripura, and West Bengal. It gradually spread until
1992 in the provinces of Orissa, Bihar, Uttar Pradesh,
Maharashtra, Andhra Pradesh, Tami I Nadu, Kerala, Kar-
nataka, etc. (Kar, 2007a,b,c, 2013; Das and Das, 1993). A
large number of ichthyospecies (numbering >100) living in
both fresh and brackish water have been affected by EUS,
out of which four are exotic and the rest are indigenous.
Study revealed that the following genera of fishes had been
found to be highly susceptible to infection by EUS:
Channa, Puntius, Mastacembelus, Mystus, Glossogobius,
Anabas, Clarias, and Heteropneustes. With regard to se-
miotics of the disease, it may be important to note here that
symptoms and other characters of EUS are conspicuously
different from the other low level ulcerative conditions
reported earlier. It has distinct manifestations. Fishes in
both lentic and lotic water bodies were said to exhibit
abnormal swimming behavior with head projected out of
water. In rivers, abnormal swimming behavior was wit-
nessed with several fishes floating near the bank. In the
initial stages of the disease, the infection usually began in
the form of multiple inflammatory minute red spots on the
body causing localized hemorrhage. In carps, these appear
within the scale pockets. In advanced stages of infection,
the ulceration covered larger areas with sloughing of scales
and degeneration of epidermal tissue. With further
advancement of the disease, ulcers became deep hemor-
rhagic and necrotic often with black melanistic rim. In
advanced stages of the disease, large and deep ulcers were
very commonly seen in all parts of the fish, especially on

(h)
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the head, abdomen, and caudal peduncle. HP studies con-
ducted on ulcerated fishes showed identical HP manifes-
tations. In heavily ulcerated fishes, there is degeneration of
epidermis of skin at the ulcerated areas and granulomatous
formations. Basically, fungal granulomata occur in the
dermis and hypodermis. A high degree of inflammatory
reactions involving infiltrations by macrophage cells and
lymphocytes around some of these granuloma formations
were found. Liver-affected fishes did not show any sig-
nificant change except vacuolization in certain cases.
However, frequently most of the sinusoidal space and
blood vessels were congested (hyperemia) and wandering
lymphocytes were plenty in liver parenchyma. No changes
were observed in kidney of affected fishes. Hematological
parameters of affected fishes showed higher counts of
phagocytic cells and reflected initiation of defense phago-
cytosis in blood circulation.

6.8.2 Investigation on the Causative
Factors of Epizootic Ulcerative Syndrome
in India

The causative agent of this dreaded disease has baffled
scientists. it is widely suspected that a biological infectious
agent is the primary cause of EUS and certain abiotic fac-
tors are responsible for creating stress to fish. The suspected
biological agents are viral, bacterial, fungal, and other an-
imal parasites. The investigations carried out in India until
now on the different probable causative agents reveal that
environmental factors such as the physicochemical pa-
rameters of water, and anthropogenic factors such as
pesticides, fertilizers, and heavy metals, could play important
roles in the outbreak of EUS. As such, data were recorded
at specific water bodies in EUS disease-prone areas of West
Bengal and in various other provinces, on selected

Viral like inclusions in the nucleus Dark inclusions in the nucleus suggestive of 
degeneration

Rounded vacuoles at higher power

Gill of diseased C. striata

Rounded profile of RER within
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physicochemical parameters having relevance to the EUS
outbreak. It revealed that the affected water areas with
severe EUS outbreak showed low alkalinity and hardness.
The observation was in agreement with earlier reports from
other countries affected by EUS that low alkalinity, hard-
ness, chloride concentration, and fluctuating pH showed a
link with EUS outbreak. EUS had also occurred in water
areas with high alkalinity and hardness, but with lesser
intensity. Investigations carried out at disease-prone areas in
Assam, revealed that EUS generally occurs toward the end
of autumn and beginning of winter, and usually with sud-
den and rapid falls in the temperature of the environment.
In addition, studies carried out at disease-prone sites in West
Bengal had showed that EUS outbreak did not occur during
the monsoon period. Sharp falls in the hardness of water
from higher summer values due to dilution during the rainy
season seems to be another predisposing factor for trig-
gering the outbreak of EUS disease. With regard to heavy
metal concentration in water, though in some affected water
areas significantly high values of Zn, Cu, and mercury were
found, the data collected so far did not suggest any

perceptible role of heavy metal content in creating stress to
fishes and subsequently predisposing it to EUS outbreak.
With regard to pesticides and other agrochemicals, since the
incidence of EUS is high in rice field environments in India,
as in case of other countries where EUS had also occurred,
pesticides were suspected to be associated with outbreak.
Most outbreaks of EUS in India occurred after rainfall. This
observation is in agreement with reports from-other coun-
tries leading to suspicion that drainages of agricultural
chemicals might have an important role as predisposing
factor for EUS outbreak. Further analyses of pesticide
residue in water, fish, and plankton of specific EUS-affected
water areas in India were carried out to assess the relation
between pesticide use and EUS outbreak. The studies
indicated that although occasionally higher concentrations
or organochlorine and organophosphorus pesticides had
been found in water and fish samples, no correlation could
be made with the presence of pesticide residues and disease
outbreak. The study indicated that the extent of pollution
may create a stressed condition for aquatic life and may be
the predisposing factor for EUS outbreak.

Degenerating feature amidst RER Nucleated cell with osmophilic inclusions Nucleated cell with osmophilic inclusions

Electron dense material in the cytoplasm Osmophilic inclusions within the
nucleated cell cytoplasm

Nucleated cell with rounded profile of RER & 
rounded osmophilic inclusions
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Tripathi and Quresh (2012) worked on the immuno-
logical diagnosis of naturally EUS-infected Channa
gachua. The pattern of their investigation and the results
obtained showed much similarity with results obtained by
Kar and Dey (1990a,b,c); Kar et al. (1990a,b, 1993, 1994,
1995a,b,c); and Kar (2007a,b,c, 2013). Tripathi and Quresh
(2012) had stated that an immunological approach had been
adopted to diagnose the causative agents of EUS. As
opined by them, it had been clearly established by the
observation of the syndrome under natural condition that it
usually develops at three different consecutive stages; that
is, the initial stage (red spots occur on whole body), fol-
lowed by an advanced stage (a red circular ring, distin-
guished by the circular hemorrhagic ring), and ultimately
terminating in an ulcer. To assess the involvement of
various claimed pathogens in EUS, two serological tests,
DIBA (Dot-Blot ELISA) and IEM (immunoelectron mi-
croscopy) had been conducted at the three different stages
of syndrome. It was clearly revealed by both tests that only
the virus SHRV-19E had been found at the initial stage
of EUS, as was also revealed by kar (2000). At the next
stage of involvement, the virus SHRV-19E and the fungus
A. invadans had been reported; at the last ulcerative stage,
meanwhile, only the involvement of the bacterium
A. hydrophila and the fungus A. invadans had been

reported. To test the virulence of the previously mentioned
pathogens of the infected C. gachua, a lymphocytes
transformation test (LTT) and serum profiling had been
conducted. The maximum transformation had been
reported against the SHRV-19E followed by A. invadans
while least was against A. hydrophila. In serum profiling
also, similar results were observed. As opined by Tripathi
and Quresh (2012), their present study had concluded
that the virus is the triggering factor for EUS in presence of
thermal and chemical stress, resulting in damage to the
physiological and immunological barriers of the host
reflected in the form of a “red circular ring” (inflammation)
and predisposed fish for the fungal attack. After fungal
invasion and their proper vegetative growth, zoospores are
liberated and probably make the host a receptor for all
opportunistic pathogens and lead to severe granulomatous
ulcers of EUS.

Based on experiments conducted and observations
made consistently for a period of three years, EUS could be
defined as “seasonal epizootics of inland fishes with
chronic mycotic granulomatous ulcers on the body, initi-
ated with red spots followed by red circular ring due to the
SHRV under thermal and chemical stress.”

Tripathi and Quresh (2012) had further stated that the
conflicting views of various workers regarding the
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causative agent of EUS have created confusion rather than
providing solution of the problem. It is observed that sci-
entists are working separately on different aspects of EUS
and everybody has been trying to prove the aspect of his/
her study as the cause of the disease. The complicated
nature of the problem thus requires well connected and
cooperative efforts. Attempts had been made to develop
symptoms of EUS through experimental infection trails
since 1988 by various workers, based on which EUS had
been considered to be of viral origin by Miller (1994),

Kanchanakhan (1996a,b, 1997), Lio-Po et al. (2000), John
and George (2012), Kar (2007a,b,c, 2013), Kar and Dey
(1990a,b,c); bacterial origin by Jhingran and Das (1990),
Pradhan and Pal (1993), Pal and Pradhan (1990), Ali and
Tamuli (1991), and Shariff and Subasinghe (1994) and
fungal origin by Roberts (1994), Robert et al. (1994a,b),
and Saylor et al. (2010). Tripathi (2008) claimed to have
developed the exact symptoms of EUS as they happen in
nature. The present communication attempted to isolate and
identify pathogens at various stages of EUS syndrome. It
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had been presumed that there might be more than one
pathogen involved rather than involvement of single
causative agent. To work out the same, a different study
plan had been designed. Under this present study, the
samples for the recovery of pathogens have been collected
at three different stages that were then processed and tested
by serological methods. To test the pathogenicity and
virulence of individual pathogens against the experimental
fish C. gachua, LTT and serum profiling had been con-
ducted. Activation and proliferation is a frequent response
of T lymphocytes to antigenic stimulation (Pechhold and
Kabelitz, 1998), and thus it could be taken-up as test for
virulence of pathogens against any given host.

For the present study, the severely infected fish species
of the region, C. gachua, was selected. To observe the
development of EUS syndrome under natural condition, six
heavily polluted water reservoirs of the region, where the
maximum incidences of EUS had been reported, were
selected. Some 25e30 fish were caught from the same
pond with help of local fishers and kept in happa after
proper tagging. A continuous observation had been made to
see the development of the syndrome and work out the
proper symptomatology. With regard to immunization of
rabbits to get PCA (polyclonal antisera), three female
rabbits obtained from the Indian Veterinary Research
Institute, Bhopal, were immunized to produce polyclonal
antisera against identified antigens (virus: rhabdovirus;
bacterium: A. hydrophila; and fungus: A. invadans) as per
the procedure given by Delves (Plumb, 1983). The PCA of
SHRV, A. hydrophila, and A. invadans were crosschecked
with antiserum obtained from AAHRI, Thailand, and IMT
Chandigarh, India. The antisera and spleens at different
stages of naturally infected fish were taken and processed
as per the procedure given by the Bendayan. The dissected
spleens were fixed with McDowelleTrump fixative
(4% formaldehyde, 1% glutaraldehyde, 80 mM sodium
hydrogenphosphate, and 68 mM NaOH) and postfixed in
2% osmium tetrachloride. The antibodies so produced by
the immunization were conjugated with gold. Float the
grids, section side down on 1% gelatin in PBS for 10 min.
Resin sections were stained with 1% methanolic uranyl
acetate and lead citrate according to routine electron mi-
croscopy procedures. Ultrathin sections were stained with
2% aqueous uranyl acetate, neutral uranyl acetate, and
embedded in methylcellulose. Sections were observed at
different magnifications at AIIMS, New Delhi. To assess
the presence of the three different pathogens indicated
above at three different stages of the syndromedthat is, red
spot, red circular ring, and finally ulcerationdby dot-blot
ELISA (DIBA), infected fish were collected from the
happa that was kept in natural water bodies. To assess the
presence of various pathogens, the spleen, skin, and liver
were selected. Fishes with above-mentioned symptoms
were brought into laboratory and dissected aseptically to
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take out the spleen, skin, and liver. The dissected organs
were thoroughly washed in PBS and sonicated separately
with help of ultrasonicator. This was followed by centri-
fugation of tissue at 300 � g to remove tissue debris.
Supernatants were taken and again filtered by various pore
size filter papers to segregate pathogens. For the purpose of
DIBA, the procedure given by Yamaura (Cunningham and
John, 1976) was followed. Infected fish were brought to the
laboratory and sacrificed to dissect out the spleen under
aseptic condition. The spleens from various samples were
thoroughly washed by the PBS and preserved. For the
purpose of IEM, PCA of SHRV, A. hydrophila, and
A. invadans samples at different stages of naturally infected
fish and artificially infected fish were taken and processed
per the procedure given by Beasley (Thompson et al.,
1973). A total of 27 DIBA tests were conducted for this
purpose. The first nine tests were conducted with the three
antisera raised against three claimed pathogens (rhabdo-
virus SHRV-19E, bacterium A. hydrophila, and fungus
A. invadans) and the antigen/s obtained from three different
samples of skin, spleen, and liver recovered at the initial
stage of syndrome. This test was positive only with virus
(rhabdovirus SHRV-19E) in all samples of skin, spleen,
and liver. The next nine tests were conducted at the circular
ring stage of syndrome with the same antigen/s and anti-
sera. In this case, fungus was reported from all three sam-
ples, virus was reported from the spleen and liver only, and
bacterium could not be recovered from any sample. Simi-
larly, the last nine tests were conducted at the ulcerative
stage of syndrome and with the same combination of an-
tigen/s and antisera. In this case, fungus was reported from
all samples, bacterium reported from skin and liver while
virus reported from the spleen only. With regard to
lymphocyte transformation, the degree of transformation
was measured as “count per minute” (cpm) of H1 count
incorporated into lymphocytes, and results are expressed in
terms of the SR ratio that may be defined as “the ratio of
cpm in stimulated culture to the cpm in unstimulated cul-
ture. The increase in number of transformed cells is
recorded in all three experimental antigens. The net cpm is
observed against the G-Protein of SHRV and it showed a
dose-dependent rise. The serum protein profile of fish
naturally affected by EUS was found to be in accordance
with the interpretation given by Laurell (Mulcahy, 1971)
for the stress conditions. The total protein of naturally
infected fishes was found quite low as against the healthy
fish. Albumin, a transport protein, was found to be quite
reduced in naturally infected fish as compared with healthy
fishes that might be due to the conversation of albumin in to
protective protein (globulin). The acute phase protein
CRP’s 2 mobility was found to be too high in naturally
infected fish, thereby indicating an extreme stress condi-
tion. The increase in globulin was a clear-cut sign of the
infectious nature of the disease.

6.9 RELATED WORKS ON EPIZOOTIC
ULCERATIVE SYNDROME DONE BY
OTHER WORKERS

6.9.1 Some of the Other Studies Done

In addition to the above, works had been done on different
parameters in order to reveal an answer to the enigmatic
EUS. Hatai et al. (1984) had studied alterations in blood
components in natural and experimentally infected ayu.
Their results depicted alterations in levels of different blood
parameters that, as they opined, are said to be the salient
features of early phases of MG. Further, statistically sig-
nificant differences had been revealed between healthy
(control) and experimental (inoculated) fishes with regard
to RBC count, Hb content, total cholesterol, and glutamate
pyruvate trans-aminase (GPT). Moreover, as reported,
fishes injected with A. piscicida SA7610 culture portrayed
reduced RBC, Hb content, alkaline phosphatase, leucine
amino-peptidase, and total cholesterol, but with concomi-
tantly higher levels of GPT and blood urea-N.

Notwithstanding the above, Melba et al. (2005) had
dealt with disease and health management in Asian
AQC. Also, Stephens et al. had worked on ornamental
fishes in relation to EUS.

Also, Rodger (2010) had reported about the Fish Dis-
ease Manual.

6.10 WORKS DONE BY DIFFERENT
WORKERS IN DIFFERENT PLACES

6.10.1 Prevalence in Japan

An epizootic disease, considered the first of its kind in
Japan (Egusa and Masuda, 1971), had been revealed to be
of mycotic origin. It had affected the cultured FW ayu
(Plecoglossus altivelis) in Oita Prefecture on the Kyushu
Island. Aeromonas liquefaciens had been isolated from the
ulcerative lesions. Workers were almost certain about the
mycotic etiology of the disease. There had been fish
mortality, sometimes on a large scale, to the extent of
about 500 kg of fish. Localized swellings of the body wall,
erosion of skin with lifted scales were some principal
symptoms of the aliments. Necrosis in the lesions’ centers,
loss of scales and overlying skin, and exposure of skeletal
muscles are some main symptoms of advanced stages of
the disease. Further, expressions of the disease had
differed significantly from those of Vibrio infection.
Furthermore, antibiotics like chloramphenicol, nalidixic
acid were also said to be ineffective. On the other hand,
branched fungal hyphae were consistently detected under
light microscopy from the skeletal muscle of lesion tis-
sues. The hyphae had been observed to be surrounded by
epitheloid cells associated with fibrosis in which
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multinucleate giant cells (30e50 mm) were quite common.
The diameters of the hyphae were reported to vary from 5
to 25 mm. However, the fungus was later identified as
Aphanomyces belonging to the family Saprolegniaceae.
Subsequently, further information regarding its mycotic
cause along with more detailed pathology had been re-
ported by Miyazaki and Egusa (1972) in cultured goldfish
and ayu by Miyazaki and Egusa (1973a). Concomitant to
the above, in goldfish the details of morphological
changes of granuloma progression, with regard to tissues
of gills, skin, skeletal muscles, brain, spinal cord, liver,
pancreas, spleen, kidney, intestine, etc., have been known.
The multinucleated giant cells at the lesion site varied
from species to species and from locations to location, and
were of two types. Studies were also made on the behavior
of the hyphae at different temperatures. In addition,
Miyazaki and Egusa (1973b,c) had worked on the HP
aspects of certain other icthyospecies like the bluegill
(Lepomis macrochirus), wild snakehead (Channa argus),
grey mullet (Mugil cephalus), etc. Dermatitis and myositis
are the general pathological features associated with deep-
penetrating granulomatous inflammation diagnosed by
several layers of epithelioid cells surrounding the fungal
hyphae that is the disease condition known as MG. Oc-
casionally, multinucleated giant cells with or without
fungal hyphae were also found.

Kumamaru (1973) had done epidemiological studies on
EUS fishes in Lake Kasumigaura during 1971e72. He
found yellowfin goby (Acanthogobius flavimanus) grey
mullet, oily gudgeon (Sarcocheilichthys variegates), trident
goby to be highly susceptible to MG. Conversely, silver
carp (Hypophthalmichthys molitrix), common carp
(C. carpio) and certain eels (Anguilla japonica) were
generally found to be unaffected by MG.

Studies on MG-affected fishes with regard to gross
pathology and light microscopy revealed localized swell-
ings on the body surface, protruding scales, hemorrhage,
loss of scales and exposure of underlying muscles and
formation of ulcers. Spreading of ulcers over the broad area
with exposed scarlet granuloma, and spreading of hyphae
several millimeters below the skin, was observed in the
advanced stages of MG. Under the light microscope,
nonseptate branching of fungal hyphae and fungal granu-
loma were generally observed in MG-affected tissue
sections.

Concomitant to the above, HP studies had been done
from naturally affected fish (Egusa and Masuda, 1971;
Miyazaki and Egusa, 1973a,b,c; Hatai et al., 1994);
and from artificially infected fish (Hatai, 1980; Hatai
et al., 1994). Lesions were found in those studies. These
hyphae were said to be typically associated with granu-
lomatous response and necrosis in tissues. Other things
that were consistently observed in older lesions were
marked inflammatory infiltration and formation of

granulation tissue. In this regard, it may be mentioned
here that a granulation tissue, as explained, is a reparative
response not to be confused with granulomas. It com-
prises a fibrous network, regenerating capillaries and
muscle fibres, mild hemorrhage and extensive inflamma-
tory infiltration.

6.10.2 Epizootic Ulcerative Syndrome,
Aphanomycosis, and Studies in Different
Regions of the World: Australia, Asia, the
United Kingdom, and the United States

Concomitant to occurrences and analyses of MG in Japan,
studies on EUS outside Japan followed in many affected
countries. Such studies had included detection of out-
breaks followed by analyses of tissues, etc. In fact, works
in this direction had continued from the early 1970s,
beginning with Australia and followed by SE and South
Asia due to sweeping of the region by the EUS epidemic,
and probably continuing with its spread to the United
States. Incidentally, the pattern of spread within and
among the nations was, more or less, consistent with
progressive dissemination of a single infectious agent. In
fact, there had been a number of reviews on EUS that had
been published during the 1990s (Roberts et al., 1993;
Chinabut, 1995, 1998; Lilley et al., 1998).. Earlier
studies are said to have confirmed that EUS is caused by
A. invadans (A. piscicida).

6.10.3 Works Done in the United Kingdom

There possibly had been no large-scale outbreak of EUS in
the United Kingdom. Like many other workers, Lilley and
Roberts (1997) had opined that Aphanomyces invadans is
possibly the primary causative agent that could be
responsible for the development of the salient pathology
of EUS. In order to initiate EUS in possible susceptible
host fishes, they had inoculated zoospores from 58
mycotic isolates intramuscularly into C. striata. The list of
the fungi are as follows: (a) Aphanomyces strains isolated
from EUS-affected fishes in Asia and Australia;
(b) saprophytic Aphanomyces, Achlya, and Saprolegnia
spp. from infected waters in different places; and (c) other
saprolegnious fungi supposedly associated with causing
other types of diseases in aquatic animals. It may be noted
here that out of the above mentioned fungal genera, only
Aphanomyces strains isolated from fishes affected by
EUS, RSD, and MG could grow invasively through the
muscles of fishes and also produce distinctive lesions of
EUS. These pathogenic strains from the snakehead fish
could further be demarcated from other comparable
mycotic forms by their typical growth profile in relation to
temperature and their inability to grow on any mycotic
media.

126 Epizootic Ulcerative Fish Disease Syndrome



In order to have more supportive background, Lilley
et al. (1997a, 2003) further had attempted for analysis of
r-DNA by using RFLP technique through sequencing of the
ITS one region and RAPD in order to ensure that the 20
A. invadans isolates, which had been collected from
EUS-affected fishes in Asia and Australia, could be repre-
senting a single fish-pathogenic species. Moreover, it had
been portrayed that A. invadans seemed to be clearly
distinct from a host of other aquatic animal pathogenic
Saprolegniaceae collected from EUS-affected countries.
The outcome of the study seemed to have indicated a gross
absence of genetic diversity among all Aphanomyces iso-
lates. In fact, some authors prefer to consider them not only
to be conspecific, but also to represent a single clonal ge-
notype. In view of the above results, some workers opined
that Aphanomyces might had been able to colonize in
Australia, Asia, and subsequently in the United States in
relatively quick successional episodes associated with
concomitant reports of disease outbreaks.

6.10.4 Research in Australia

The laboratory-based studies on EUS with estuarine fishes
in Australia was said to have begun with two key field
observations. The first was the prevalence of EUS in the
susceptible wild estuarine fish population in the main
channel of the Richmond River. In fact, EUS is supposed to
be having its maximum prevalence at the sampling site
close to the junction with tributaries that contain acidified
runoff water from leached acid sulfate soils. The second
was the prevalence and sampling of EUS-affected fishes
from the wild EUS-susceptible FW population that could
be confined to a drainage canal with a water pH <4.0, and
that were exhibiting necrotizing dermatitis.

Attempts to initiate EUS symptoms in healthy fishes
have been made preliminarily in trial tanks by exposing
fishes to zoospores of A. invadans. Results did not reveal
any expression of EUS symptoms. Further, it was believed
that prior damage to skin was perhaps necessary before
EUS-specific symptoms could be induced in the experi-
mental fishes. As such, fingerlings of healthy experimental
fish, sand whiting (Sillago ciliata), were sublethally
exposed to acid sulfate runoff (pH 3.1). The subjected fish
had developed severe epidermal necrosis. Concomitantly,
fishes subjected to somewhat less acidic acid sulfate runoff
(pH 5.1) had also developed mild to moderate epidermal
necrosis. Further, when these fishes were later exposed to
A. invadans zoospores, typical EUS lesions consisting of
necrotizing granulomatous dermatitis and myositis
occurred (with and intensity that was possibly much greater
than in controls) associated with invasive nonseptate fungal
hyphae. Subsequently, the fungus was also recovered in
culture from the newly affected fish. These outcomes por-
trayed that A. invadans is possibly the primary infectious

agent of EUS and disruption of epidermal continuity might
be a prerequisite to fungal attachments and lesion initiation.
It was further opined that sufficient causes developed
mainly artificially included a putative agent, A. invadans,
and a concomitant abiotic cause in the form of chemically
induced epidermal damage. There was possibly no evi-
dence for bacteria, viruses, or other biotic agents as the
possible etiology of EUS.

6.10.5 The Indian Scenario

A host of various studies had been done on EUS by the
workers in India, as referred to above. Among these,
experiments with cohabitation of EUS-affected and corre-
sponding healthy fish of the same species yielded both
positive and negative resultsdthat is, in some cases EUS
was reproduced, while in others it was not. Studies on
communication nature of EUS revealed variation in disease
occurrence with fish species and time (Kar, 2007a,b,c,
2013). Further experimental infectivity studies have been
done under the IFS-funded project (1999e2001) in order to
evaluate the disease susceptibility and sequential inflam-
matory response among different age groups of IMCs, viz.
Labeo rohita, C. mrigala, and C. catla. Comparisons had
been made with corresponding age groups of susceptible
snakeheads (Channa sp.), Puntius sp., and the resistant
common carp (C. carpio). Experimental infectivity studies
had been carried out using A. invadans (Strain B 99C,
provided by J.H. Lilley, as reported). It was found that bath
exposure to zoospores often failed to reproduce the disease.
Nevertheless, EUS could be initiated in a small population
of fish by this method of challenge. Conversely, EUS could
be consistently reproduced by injecting spores under the
dermis.

Concomitant to the above, there is said to be variations
in resistance to Aphanomyces invadans infection among the
species and age-classes of different ichthyospeces, as re-
ported by various workers. In this regard, it may be pointed
out that the fry and fingerlings of IMCs seemed to be more
susceptible to A. invadans infection, while yearlings of the
same group appear to be less susceptible and resistant.
Further, there is said to be decrease in susceptibility vis-à-vis
increase in resistance with age among IMCs, contrary to the
status in Puntius spp. and snakeheads. It could be mainly
because the cellular defense mechanisms against the fungus
appear to be well developed among yearlings of IMCs and
the common carp, as compared with Puntius spp., and
snakeheads, whose well-developed monoclonal antibodies
(MAbs) against A. invadans had been developed of late. The
strain B 99C had been given by JH Lilley. The MAbs (using
an immunoperoxidase test) are said to had reacted consis-
tently (a) with the fungal hyphae in HP sections of experi-
mentally infected fish; (b) with EUS-affected fish collected
from various parts of India during 2002; and (c) with the
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retrospective EUS tissue samples of 1995 and 1997. Such a
result is said to support the view that a single mycotic
pathogen has been involved in all EUS-affected cases.

Concomitant to the above, a simple immunodot test on
nitrocellulose paper had been devised and tested on a
number of suspected EUS-affected samples. Consistent
results had been obtained in the immunodot test, if the
samples for dotting had been taken from below the ulcer
followed by the sides and contralateral part of the ulcer. On
the other hand, it had been observed that samples dotted
from the ulcer’s surface did not yield consistent results. As
reported, this could suggest that there had possibly not been
any mycotic antigen in this area.

6.10.6 Works Done in Thailand

Quite a host of works had been done on EUS by different
workers in Thailand. Kanchanakhan et al. (2002) was
reportedly successful in inducing lesions of EUS in 20 out
of 20 (20/20) juvenile snakehead fish (C. striata) main-
tained at 20 �C and injected intramuscularly with a rhab-
dovirus strain T9412 followed by bath challenge with
spores of A. invadans. Concomitantly, it may be noted here
that experimental fish that had received only growth media
through injection, followed by spore challenges, also
developed EUS, but strikingly fewer in number; that is,
only 7 out of 20 were affected. Further, rhabdovirus in-
jection alone could induce only small hemorrhagic lesions
at the site of injection, most of which had healed by the end
of the experiment. Concomitantly, a similar induction
experiment, conducted at 29 �C, could not induce EUS. As
reported, this had led the authors to infer that low tem-
perature coupled with an infection with rhabdovirus could
possibly be a prerequisite for initiation of EUS infection in
murrels. It could subsequently be followed by an Apha-
nomyces challenge as a combination of events for trans-
forming the disease into a virulent form.

6.10.7 Works Done in the United States

Different workers in the United States had worked on EUS.
Notably, Kiryu et al. (2002) is reported to have generated
lesions of EUS by both injection and bath exposure to
zoospores of A. invadans. In doseeresponse studies with
menhaden (Brevoortia tyrannus), it had been pointed out
that c 31% of fish specimens inoculated with as few as one
zoospore is said to had developed characteristic lesions of
EUS within two weeks of inoculation. On the other hand,
LD50, by injection had been estimated to be only 10 zoo-
spores per fish (Kiryu et al., 2003). These findings seemed
to corroborate that oomycete is a primary pathogen and is
highly virulent. These also seemed to support Koch’s
hypothesis.

6.10.8 Works Done in Pakistan

The financial losses due to the impact of EUS fish disease in
some parts of the Punjab province in Pakistan had been
estimated and reported (Iqbal, 1992, 1998). It had been re-
ported that fish losses to the tune of Rs 1,25,000 � (US$
3125.0) is said to relate to losses incurred in fish farms. In
fact, losses spread over c 10% of fish farms are included in
the five affected districts, notably Kausar, Lahore, Gujran-
wala, Sialkot, and Narowal in the province of Punjab. The
total economic loss amounted to US$ 300,000.0 approx.
(AAHRI, NACA, 1989, IoA, and NSW-Fisheries, 1997).
Moreover, wild fish catch had been reported to had declined
by c 25% due to EUS. Further, complete disappearance of
murrels, notablyC. punctata in portions of the rivers Chenab,
Ravi, and Sutlej, as well as associated canals, was reported.

Notwithstanding the above, loss of fishes due to EUS
also had social and economic impact son fishing commu-
nities. There had been a loss of c 80% in the daily income
of fishers in Maliwal village, on the bank of river Ravi, said
to represent a reduction of Rs. 1.92 million (US$ 48,000.0)
over one fishing season. In addition, there was also a c 20%
reduction in government revenue from auction of fishing
rights during August 1996, which had been caused, perhaps
due to EUS. Further, it had represented an economic loss of
revenue of c Rs 8.0 million (US$ 200,000.0), which could
accumulate to a total of Rs. 40.0 million in successive years
(AAHRI, NACA, 1989, IoA, NSW-Fisheries, 1997).

6.11 WORKS DONE ON DIFFERENT
PARAMETERS RELATED TO EPIZOOTIC
ULCERATIVE SYNDROME

6.11.1 Epizootic Ulcerative Syndrome
Study Based on Epidemiology

The spread of EUS had been quite fast across the continents
leading to large-scale mortality of fishes. Lilley et al. (1998)
had used the following three components in connection
with epidemiology of EUS:

6.11.1.1 Component Cause

The various causes that lead to a disease are individually
called “component cause.”

6.11.1.2 Sufficient Cause

Each combination of the various “component causes” that
result in a disease is called “sufficient cause.”

6.11.1.3 Necessary Cause

Different combinations of “component causes” may
constitute “sufficient cause” for a disease to happen. These

128 Epizootic Ulcerative Fish Disease Syndrome



“sufficient causes” for a particular disease may have at least
one “component cause” in common. This is known as the
necessary cause that must always be present for that disease
to happen.

In view of the above, believers in “EUS as an apha-
nomycosis” are said to consider A. invadans (A. piscicida)
to be the only necessary infectious cause for EUS. To the
contrary, proponents of “EUS as a polymicrobial disease”
suggest that EUS has three necessary infectious causes, viz.
(a) a virus (which in some cases is a rhabdovirus); (b) a
fungus (which in some cases is A. invadans); and (c) a
bacterium (which in some cases is A. hydrophila or
sometimes Vibrio sp.). All three components may act in
sequence or in concert to initiate EUS.

It is quite evident from the above that one or more
additional component causes are usually involved in the
causation of the outbreak. These could include the envi-
ronmental predisposing “stress factors” that are said to
increase the probability of infection by the necessary
infectious agents that could infect the host and induce
lesions; for example, exposure to acidified water, or water
with low alkalinity, trauma-induced epidermal damage or
conditions that lead to immunosuppression, which have
been depicted as increase of susceptibility of fish to EUS.

EUS was first seen in the Northern Territory (of
Australia) during 1986 on mullet from the Mary River. It
was subsequently reported from many other river systems
in the Top End in 1986, and fish of all ages appeared to be
affected. There were reports depicting fewer outbreaks of
EUS as the wet season approached. The disease had
continued to appear in subsequent years, and has occurred
particularly in the early dry season around May and June.
Fish less than one year of age appeared to be very badly
affected, while only sporadic cases had been reported in
mature fish. There had been no confirmed reports of EUS
during the wet season, from December to April and the
syndrome seemed to be restricted to fish in FW and in water
of low salinity in the upper estuarine reaches of rivers.

Koch’s Hypothesis with Regard to Disease
Reproduction

An infectious pathogen would possibly be able to cause a
disease, only if it could come in contact with a susceptible
host. Host-susceptibility is said to depend on a number of
innate factors and environmental, nutritional, and toxic
influences said to influence disease resistance. Henle-
Koch’s postulates have been in use for >100 years in
evaluating the causal relationship of a new infectious agent
to a clinical cause (Davis et al., 1980). In fact, Koch’s
postulates, when applied, tries to distinguish a pathogen
from an adventitious microbe (Davis, 1980). The principal
criteria of the postulates are as follows:

1. The organism is expected to be found regularly in the
lesions of the disease.

2. The organism is expected to isolated in pure culture in
artificial media.

3. Inoculation of this culture is expected to produce a
similar disease in experimental animals.

4. The organism is expected to be recovered from the
lesions of the experimental animals.

Concomitant to the above, there is said to be strong
evidence that postulates have been satisfied with regard to
A. invadans as the causal infectious agent of EUS. HP
examination of lesions consistent with EUS from most
affected nations has shown beyond reasonable doubt that
one or more invasive fungi could be responsible for
most of the host responses and tissue destructions.
Various works had shown that A. invadans could be
consistently recovered from progressing lesions, subject
to the fact that stringent focus had been laid on obtaining
uncontaminated inocula; as well, favorable culture con-
ditions had been used (Lilley et al., 1998; Blazer et al.,
2002).

Concomitant to the above, various works are said
to have now fulfilled Koch’s postulates and have led
us to conclude, at least tentatively, that A. invadans
(¼A. piscicida) is the primary etiological agent of EUS
(Hatai, 1980; Hatai et al., 1977, 1994, Catap and Munday,
1985; Kiryu et al., 2002, 2003. However, it is said that
there had been apparent differences between the studies in
rates and the severity in lesion-induction (Kiryu et al.,
2003). Differences in the susceptibility of exposed fish
species coupled with progressive loss of pathogenicity
and/or virulence of the pathogen A. invadans isolates
maintained for different periods in artificial media could
serve as the possible reasons for the variations in severity
of lesion induction.

Notwithstanding the above, a number of viruses,
bacteria, and putatively saprophytic fungi have been
inconsistently recovered from lesions of EUS-affected
fishes. But attempts to fulfill Koch’s postulates and
initiate EUS lesions using these agents alone have had
been largely not successful. For instance, an Aphanomyces
sp. (not Aphanomyces invadans) had first been isolated
from UM lesions in menhaden. This fungus was said to be
incapable of initiating EUS-like lesions, and is now
considered to be a saprophytic species (Blazer et al.,
2002). Likewise, other workers had also failed to induce
lesions, which could be said to be histopathologically
consistent with the lesions of EUS (Lilley and Roberts,
1997). Other than Aphanomyces, the workers had exposed
fish to many other fungi, including isolates from
EUS-endemic areas. Nevertheless, immunohistochemical
or in situ hybridization studies could be required to prove
conclusively whether A. invadans is the sole fungal
element that could be said to be involved in granuloma-
tous lesions of EUS.

Notwithstanding the above, viruses isolated from EUS-
affected tissue lesions include birnavirus (Wattamavijarn
et al., 1985), a number of rhabdoviruses (Frerichs et al.,
1989), reoviruses and a distinct group of type-C retroviruses.
Frerichs et al. (1986) had suggested a virus to be the
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causative etiology of EUS. Further, infectivity experiments
done by using a rhabdovirus alone could induce EUS ulcers
but not lesions in exposed striped Channa sp. In fact, EUS
lesions were induced only in fishes that were first exposed to
rhabdovirus and then to A. invadans.

Notwithstanding the above, a number of bacteria were
also isolated from ulcerative lesions in EUS-affected fishes,
notably A. hydrophila, Vibrio sp, Pleisomonas spp. (Iqbal
et al., 1998; McGarey et al., 1990). These bacteria had either
been proposed as the causative agent of EUS (Rahman
et al., 2002), or had been regarded as capable of inducing
lesions macroscopically. In fact, these bacteria have been
known to cause skin lesions in fishes and may act as sec-
ondary etiological agents or as “component causes.” It had
further been argued that if by definition, EUS lesions
include a granulomatous response around invasive fungal
hyphae, the lesions caused by bacteria could not be those
of EUS.

6.11.2 EUS Study Based on Pathology

Biswas et al. (2006) had reported about pathomorpho-
logical changes in fish affected with EUS. A total of 67
inland FW bodies including floodplain wetlands (beels),
culture ponds, and community tanks of seven develop-
ment blocks spread over three districts in West Bengal
were studied for pathomorphological changes of FW
fishes affected with EUS during the period from May
2001 to April 2002. Hemorrhagic and necrotic ulcerative
lesions were observed in tissues of EUS-affected FW
fishes. In addition, granulomas of central necrotic area
with presence of fungal spores, surrounded by inflam-
matory cells with fibroblast encapsulation were observed
in skeletal muscles of C. striata, C. mrigala, and Labeo
bata.

6.11.3 Epizootic Ulcerative Syndrome
Study Based on Histopathology

Concomitant to the above, HP studies had been done
from naturally affected fish (Egusa and Masuda, 1971;
Miyazaki and Egusa, 1973a,b,c; Hatai et al., 1994), and
from artificially infected fish (Hatai, 1980; Hatai et al.,
1994). Studies portrayed similar pathological alterations.
A number of branched aseptate hyphae had been found in
the lesions. These hyphae were said to be typically asso-
ciated with granulomatous response and necrosis in tis-
sues. Other things that were consistently observed in older
lesions were marked inflammatory infiltration and for-
mation of granulation tissue. In this regard, it may be
mentioned here that a granulation tissue, as explained, is a
reparative response not to be confused with granulomas. It
comprises a fibrous network, regenerating capillaries and

muscle fibres, mild hemorrhage and extensive inflamma-
tory infiltration. With regard to HP procedure, dehydra-
tion through ascending alcoholic grades forms part of the
processing of fixed tissues. The process also involves
clearing in a wax-miscible agent and impregnation with
wax. Fish tissue blocks are cut at about 5 mm and are
mounted on a glass slide. The section is completely de-
waxed before staining. Staining is done with hematoxy-
lin and eosin (H and E). H and E are general fungal stains
(e.g., Grocott’s stain) that could demonstrate typical
granulomas and invasive hyphae. With regard to diag-
nosis that could be confirmatory, it may be noted here
that earlier EUS lesions were erythematous dermatitis with
perhaps no oomycete involvement. The hyphae of
A. invadans could be observed to be growing in skeletal
muscle as the lesion progressed from a mild chronic active
dermatitis to a severe, but locally extensive, necrotizing
granulomatous dermatitis with severe floccular degenera-
tion of the muscles. The oomycete elicits a strong in-
flammatory response, and granulomas are formed around
the penetrating hyphae.

Further detailed HP studies done with tissues of
EUS-affected fishes revealed focal areas of increased
fibrosis and chronic inflammatory cell-infiltration in
muscles; focal areas of fatty degeneration of hepatocytes
surrounding the portal triads in liver; hypertrophy of the
muscle coat with mild chronic inflammatory cell infiltra-
tion in the gut; and dense infiltration with chronic in-
flammatory cell in the interstitium of the kidney. The liver
section further showed occasional infiltration by mono-
nuclear cells in the subcapsular region, while skin of
diseased fish showed epidermal necrosis and desquama-
tion; the stomach portrayed atrophy of the mucosa
showing necrotic villi; and the section of gill reflected
infiltration by large number of mononuclear cells. Section
through heart of EUS-affected fish showed coagulative
necrosis of muscle fibres (Kar and Upadhyaya, 1998; Kar
et al., 2003a).

Chavda and Bhatt (2014) had reported about the HP
and ultrastructural analysis of microsporidian infection in
catla (C. catla) and their effects on antioxidant enzymes
and protein expression. They had stated that the micro-
sporidian infection had been detected in catla and catla
fry. The sporophorous vesicles, necrosis, and liquefaction
of muscles, as well as hypertrophy, hyperplasia, and ne-
crosis in gills and liver, were observed. In the ultrathin
muscle section, ellipsoidal (1.95 � 2.12 mm) spore with
anchoring disc, protuberant area and basal vacuole; oval
meronts (3.2 X 3.1 mm), bounded by the membrane stakes
with interrupted pores were observed. In the gill epithelia,
disrupted organelles, tubular structures, coated vesicles, and
round spores (1.43 � 1.47 mm) in direct contact with
cytoplasm were found with TEM. The microsporidia appear
to belong to Pleistophora species. The significant changes
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in antioxidant enzyme activities in liver in the infected catla,
indicates activation of defense mechanism. The water
analysis showed high level of ammonia, COD, and alka-
linity. The heavy metal contents and the level of indicator
microorganisms were found to be low in pond during
infection. The protein analysis indicated expression of new
proteins in muscle, gill, and liver in the infected catla.
The black spot region of catla fry has shown large
number of spores; TEM analysis revealed the presence of
spores in muscle (0.41 � 0.58 mm) and defense cells
(0.28 � 0.39 mm).

Anon (1992) had reported about HP changes in the skin
of C. batrachus exposed to acidified water. They had stated
that fisheries and AQC in India are threatened by several fish
disease problems often caused by aquatic pollution. The
exploitation of water resources for various purposes; for
example, abstraction for drinking and for industrial and
agricultural use, energy, and transportation; indiscriminate
discharge of industrial effluents, sewage disposal, uncon-
trolled use of pesticides and fertilizers and agricultural activ-
ities, etc., could influence the outbreak of EUS.

Chandra et al. (2012) had made some HP observations
of farmed carp fingerlings of Mymensingh area. They
had stated that HP studies were conducted on carp
fingerlings of L. rohita, C. catla, and C. mrigala during
October 2003 to May 2004 from fish farms of Mymensingh
area. Monthly samplings were done with 10 fish of each
species with the help of seine net. Skin, muscle, gill, and
liver were collected, processed, and stained in hematoxylin
and eosin. Histologically, carp fingerlings of different fish
farms were more affected in colder months by protozoan,
monogenean, bacterial, and fungal pathogens. Pathological
changes like necrosis, fungal granuloma, protozoan cyst,
vacuolation, melanomacrophage, hemorrhage, hypertro-
phy, hyperplasia, and clubbing were recorded in all
investigated organs. The fish C. mrigala had pathological
symptoms like hypertrophy, hyperplasia, necrosis, hemor-
rhage, inflammation, vacuolation, and clubbing. Similar
signs were also recorded in L. rohita and C. catla, but
degrees of severity were less. Among fish, gills were the
organs most affected by protozoans, followed by the skin
and the liverdthe less affected portion was the muscle. In
some cases, a large bacterial colony and protozoan cysts
were observed in the secondary gill lamellae of C. mrigala

Mastan and Qureshi (2003) had reported about obser-
vations on the histological alterations in various tissues of
EUS-affected fish C. striata (Bloch)

6.11.4 Epizootic Ulcerative Syndrome
Study Based on Hematology

Pathiratne and Rajapakshe (1998) worked on hematological
changes associated with EUS in the Asian cichlid fish
E. suratensis. As reported, apparently healthy and

EUS-positive E. suratensis had been collected from
Hamilton Canal, Negombo, Sri Lanka. They had been
subjected to a hematological examination of total RBC
count, total WBC count, hematocrit, Hb content, mean RBC
volume, mean RBC-Hb content, mean RBC-Hb concen-
tration, and differential leukocyte count (DLC). Results had
indicated that severely affected fish were anemic as shown
by significant decrease in total RBC count, hematocrit, and
Hb content. In addition, the DLC of severely EUS-affected
fish indicated a significant increase in the percentage of
neutrophils. However, the anemic condition could be
attributed to the hemorrhagic lesions that resulted in the loss
of blood in the severely EUS-affected fishes. Nevertheless,
increase in neutrophils may be due local inflammation and
tissue damage due to severe EUS lesions.

Sharma and Sihag (2013) had worked on the effect of
probiotic on hematological parameters of diseased fish
(C. mrigala). They had stated that EUS is a dreadful disease
of several aquatic animals including mrigal (C. mrigala
[Ham]). Prevention of the disease with the help of chemical
compounds may prove harmful for fish and the end con-
sumer. Nowadays, the use of probiotics has become firmly
established due to the beneficial effects on nutritional and
therapeutic levels. Therefore, research efforts have been
concentrated on optimizing production with ecofriendly
alternatives to the therapeutic use of antimicrobials.
Commercially available probiotics were used for control-
ling this disease in mrigal in the present study. The effect of
probiotics on four hematological parameters, viz. Hb, he-
matocrit/packed cell volume, total erythrocyte count (TEC),
and total leukocyte count (TLC) were studied over a period
of eight weeks. The levels of these parameters decreased
significantly in the blood of fish treated with pathogenic
bacteria. Fish administered probiotics showed significant
increases in hematological parameters, thus contributing to
overall fish health.

Innocent et al. (2011) worked on the hematology of
C. mrigala fed a vitamin Cesupplemented diet and
postchallenged by A. invadans. They reported that disease
outbreaks in fish culture systems interfere with productivity.
Oral immunostimulant containing vitamin C could result in
activating the immune system in a nonspecific way, thus
providing resistance against pathogens. In the present study,
the fish C. mrigala was given feed supplemented with
vitamin C (100 mg/100 g) for 40 days and post challenged
with two different dilutions (102 and 105) of A. invadans.
The hematological parameters like TEC, TLC, and differ-
ential leukocyte counts were analyzed 24 h, 72 h, and
7 days after infection. TEC counts and lymphocyte counts
of infected fishes previously fed with control diet decreased
significantly (43%, 36%), whereas it was minimal in fishes
(21%, 8%) fed a vitamin Cesupplemented diet. Post-
challenged fishes exhibited an increase in TLC in the
vitamin-supplemented diet (20%, 32%) over control
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dietefed fishes. In differential leukocyte counts, lympho-
cytes decreased in both experimental groups (9%, 11%),
whereas neutrophils increased in both. However, the in-
crease was higher in the control dietefed group (34%).
Basophils and eosinophils increased significantly in vitamin
Cesupplemented diets only (10%, 60%). Thus, supple-
mentation of feed with vitamin C improved fishes’ tolerance
to infection.

6.11.5 Epizootic Ulcerative Syndrome
Study Based on Immunology

Bhatt et al. (2014) had worked on the immunological role of
C4 CC chemokine-1 from snakehead murrel C. striata.
They had reported that a cDNA sequence of C4 CC che-
mokine identified from snakehead murrel (also known as
striped murrel) C. striata (named CsCC-Chem-1) normal-
ized cDNA library constructed by genome sequencing
FLX� technology. CsCC-Chem-1 is 641 base pairs (bp)
long and contain 438 bp open reading frame (ORF). The
ORF encodes a polypeptide of 146 amino acids with a
molecular mass of 15 kDa. The polypeptide contains a small
cytokine domain at 30e88. The domain carries the CC
motif at Cys(33)-Cys(34). In addition, CsCC-Chem-1 con-
sists of another two cysteine residues at C(59) and C(73),
which together with C(33) and C(34) make CsCC-Chem-1
as a C4-CC chemokine. CsCC-Chem-1 also contains a
“TCCT” motif at 32e35 as CC signature motif; this new
motif may represent new characteristic features, which may
lead to some unknown function that needs to be further
focused on. Phylogenetically, CsCC-Chem-1 clustered
together with CC-Chem-1 from rock bream (Oplegnathus
fasciatus) and European sea bass (Dicentrarchus labrax).
Significantly, (p < 0.05) highest gene expression was
noticed in the spleen and is upregulated upon fungus
(A. invadans), bacterium (A. hydrophila), and virus (poly
I:C) infections at various time points. The gene expression
results indicate the influence of CsCC-Chem-1 in the im-
mune system of murrel. Overall, the gene expression study
showed that the CsCC-Chem-1 is a capable gene to increase
the cellular response against various microbial infections.
Further, we cloned the coding sequence of CsCC-Chem-1 in
pMAL vector and purified the recombinant protein to study
the functional properties. The cell proliferation activity of
recombinant CsCC-Chem-1 protein showed a significant
metabolic activity in a concentration-dependent manner.
Moreover, the chemotaxis assay showed the capability of
recombinant CsCC-Chem-1 protein that can induce the
migration of spleen leukocytes in C. striata. However, this
remains to be verified further at molecular and proteomic
level.

Kurata et al. (2000) were reported to be some workers on
fish immunology related to EUS, MG etc. Some earlier

reports of a hemagglutinin in fish pathogenic peronospor-
omycete had portrayed a galactose-binding protein (GBP)
from A. piscicida activated carp WBC. This could be
responsible for the inflammatory response, said to be unique
to MG. Such a revelation could also throw some light on the
mechanism of host immune system (Valsa Judit Anto and
Balasubramanian, 2014).

Miles et al. (2003) worked on the immunofluorescence
of the EUS pathogen A. invadans, using MAb. They had
reported that an MAb designated 3gJC9 had been raised
against a protein antigen (Ag) of A. invadans, the oomyce-
tous pathogen that causes EUS. TheAgwas expressed on the
surface of hyphae and secreted extracellularly. MAb 3gJC9
did not cross-react with other oomycetous or fungal patho-
gens of fish, although it did react to the crayfish plague
pathogen A. astaci. The MAb had been used for immuno-
fluorescent staining on HP sections of fish infected with
EUS, and was found to be more sensitive than conventional
staining methods for detecting A. invadans. It may therefore
have some usefulness in framing the case definition of EUS.
It also portrayed very small filamentous structures, but the
significance of these was not clear. However, they could
represent an early stage of infection. This could help in
earlier detection of the disease. It may be noted here that they
are not detected using conventional staining methods.

Sudhakaran et al. (2006) had worked on the immunosti-
mulatory effect of Tinospora cordifoliaMiers leaf extract in
O. mossambicus. As reported, they investigated the immu-
nostimulatory effect of the leaf extract of T. cordifolia on:
(a) specific immunity (antibody response); (b) nonspecific
immunity (neutrophil activity); and (c) disease resistance
against A. hydrophila in O. mossambicus. Ethanol and pe-
troleum ether extracts of leaves were used. Both ethanol and
petroleum ether extracts administered at doses of 0.8, 8.0,
and 80.0 mg/kg body weight, prolonged the peak primary
antibody titers by one to three weeks. Further, ethanol extract
at a dose of 8 mg/kg body weight and petroleum ether extract
at doses of 0.8 or 8.0 mg/kg body weight enhanced sec-
ondary antibody response. Moreover, it had been observed
that all doses of ethanol extract had significantly enhanced
neutrophil activity. Fishes injected with petroleum ether or
ethanol extract at a dose of 8 mg/kg body weight were
protected against experimental infection from virulent
A. hydrophila. The results thus portrayed the potential of
T. cordifolia leaf extracts as an immunoprophylactic to
prevent diseases in finfish AQC.

Rattan and Parulekar (1998) had worked on diseases
and parasites of laboratory reared and wild population of
banded pearl spot Etroplus suratensis (Cichlidae) in Goa.
They had reported that the banded pearl spot (E. suratensis)
is an inhabitant of coastal backwaters and lagoons.
Significantly, it is one inhabitant of coastal backwaters and
lagoons and is identified as a species for backwater fish
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farming. They had described the common diseases and
parasites from the wild population of Goa and from the
laboratory reared fish. Their study had revealed that the fin-
rot disease and Ancyrocephalus infestations could lead to
heavy losses in the lentic water systems.

Mayo (2012) reported about the immune response of
common carp (C. carpio) under stress. It had been stated
that the effect of simulated stress induced by cortisol im-
plantation in common carp (C. carpio) had been studied.
Humoral-mediated responses to injected antigens following
cortisol administration were assessed by using the passive
hemolytic plaque and indirect hemagglutination (HA) as-
says. A single cortisol implant and subsequent challenge to
A. hydrophila elicited modulation in the fish immune system
and HP changes in the thymus, kidney, and spleen. There
had been significant decreases in hemolytic plaque-forming
cells and HA antibody (Ab) titer in cortisol-administered
carps, which indicated the Ab-mediated responses.

Valsa and Balasubramanian (2014) had reported about
immunological studies of disease-induced common carp
C. carpio fed with neem extract added to the feed. They
had stated that low concentrations of plant extracts can act
as an immunostimulant. It is biodegradable and environ-
mental friendly. Azadirachta indica (neem) extract was
used to prepare artificial feed at concentrations of 250, 500,
750 mg/kg of dry diet. The prepared diets were fed to
experimental fishes common carp (C. carpio) for 30 days
and then injected with 0.1 mL of 105 CFU/mL of
A. hydrophila and at seven-day intervals, the following
immunological aspects were studied, including antibody
titer, phagocytic activity, and hepatosomatic index. In the
plant extract treated groups, no mortality was seen. Low
dose of plant extract (250 mg/kg) showed maximum anti-
body titer, phagocytic activity, and hepatosomatic index
compared with control and other experimental groups. A
dose of 250 mg/kg feed was found more effective than
control and other fish groups.

Miles et al. (2003) reported on the immunofluorescence
of the EUS pathogen A. invadans using a monoclonal
antibody. They had stated that a monoclonal antibody
(MAb), designated 3gJC9, was raised against a protein
antigen of A. invadans, the oomycetous pathogen that
causes EUS. The antigen was expressed on the surface of
hyphae and secreted extracellularly. MAb 3gJC9 did not
cross-react with other oomycetous or fungal pathogens of
fish, although it did react to the crayfish plague pathogen
A. astaci. The MAb was used for immunofluorescent
staining on histological sections of fish infected with EUS,
and was found to be more sensitive than conventional
staining methods for detecting A. invadans. It thus has
utility in confirming the case definition of EUS. It also
revealed very small filamentous structures, the significance
of which was uncleardthey may represent an early stage of
infection, thus allowing earlier detection of the disease
because they are not detected using conventional staining
methods.

Kales (2006) had reported about a functional study of
major histocompatibility expression and immune func-
tion in rainbow trout (Oncorhynchus mykiss). He had
stated that the major histocompatibility complex (MHC)
receptors serve a critical role in self/nonself recognition
through the presentation of peptide antigen to circulating T
lymphocytes and are believed to play a role in mate se-
lection. Through the development of antibodies to MHC
homologues in trout, this report demonstrates the presence
of MHC expression in germ cells and a soluble form in
seminal fluid.

6.11.5.1 Immunodiagnostic Methods
for Microbial Fish Diseases

Bhatia (1998) reported about immunodiagnostic
methods for microbial fish diseases. He had stated that
the term immunodiagnosis refers to any diagnostic tech-
nique based on detection of either antigen or antibody in-
side or outside the host system (e.g., fish). The antigen,
defined as a macromolecule (usually a protein of viral or
bacterial origin) that can evoke specific immunoresponse
inside the body of the host, and the antibody, a globular
protein that can neutralize a specific antigen, are the two
most important variables of an immune process. Nearly all
immunodiagnostic techniques are based on either the
detection of an antigen with antibody of known specificity,
or the detection of an antibody with a known antigen. When
an antibody complements a known antigen, antigen and
antibody molecules complement each other when mixed,
the reaction being manifested by precipitation, agglutina-
tion, etc. On the basis of the reaction that results from the
interaction of antigen and antibody, one possible immu-
nodiagnostic method is an agglutination test, which is
based on the visible clumping (agglutination) of a partic-
ulate antigen with an antibody when the two test reagents
are mixed together on a glass slide. Bhatia concluded that
immunodiagnostics have great prospects in fish disease
diagnosis since they can specifically detect different
microbial diseases with great sensitivity. The advantage of
these methods over other conventional tests is that they can
differentiate between closely related strains of same species
of bacteria or virus. This is an important aspect in case of
fish pathogen, since many of the bacteria are normal
inhabitant of aquatic bodies with only some strains being
pathogenic to fish.

6.11.6 Epizootic Ulcerative Syndrome
Study Based on Tissue Culture

6.11.6.1 Tissue Culture

Much Work on Epizootic Ulcerative Syndrome Has
Been Done Using the Tissue Culture Technique

Ahmed et al. (2011) had worked on the health condition of
juvenile exotic carp C. carpio from various fish farms of
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the Mymensingh area, Bangladesh. In this work, clinical
and HP studies were done with juvenile common carp
(C. carpio) from a government fish farm and an NGO fish
farm in Mymensingh area for nine months from April to
December 2005. Clinically, red spots, loss of scales, weak
body, hemorrhage, and subcutaneous lesions were noticed,
especially during November and December. A moderate
pathological change in the investigated organs of all fishes
was recorded in summer season (AprileMay), whereas in
rainy season (JuneeJuly) pathological symptoms were
significantly reduced, which again increased to some extent
in the autumn season (AugusteSeptember).

6.11.7 Epizootic Ulcerative Syndrome
Study Based on Electron Microscopy

6.11.7.1 Viruses Observed in Electron
Microscopy

The presence of virus particles in the tissues of
EUS-infected fishes was first demonstrated by electron
microscopy. The initial observations of viral association
with EUS were noted by TEM studies of tissues of diseased
striped snakehead fish and walking catfish specimens ob-
tained from the epizootic in Thailand during 1983 and 84.
Viruslike particles were reported in hepatocytes, the spleen,
the kidney, blood cells, the capillary endothelium, and
muscle myofibrils taken from the site of ulceration in
diseased specimens. These particles observed in the cyto-
plasm were approximately 70 nm in diameter but could not
be precisely identified, as they were pleomorphic with
various shapes including round, oval, elongate, and kidney.
Particles of rhabdovirus-like morphology were noticed in
skin lesions of infected barramundi (Lates calcarifer).
Presence of rhabdovirus and infectious pancreatic necrosis
virus like particles in cell cultures inoculated with tissue
extracts from EUS-infected snakeheads was noted by
Wattanavijarn et al. Rhabdoviruses were also observed in
cell cultures inoculated with tissue extracts from a variety
of infected fishes including that of a barramundi, which
showed extensive CPE.

Further preliminary EM works done with EUS-affected
tissues of C. punctata and A. testudineus revealed the
occurrence of viruslike particles (Kar et al., 1993, 1995a).
Detailed TEM studies done with ultrathin sections of
EUS-affected tissues of C. striata and A. testudineus
revealed membrane bound and granular abnormal struc-
tures, hepatocytes with vacuolations, and viruslike inclu-
sion bodies in the nucleus (Kar, 1999). Further EM works
done with EUS-affected tissues of W. attu revealed the
presence of viruslike particles (Kar, 2004). More works, in
this direction, are in progress.

Irina et al. (2011) had reported about SEM in-
vestigations regarding bacterial infections in C. carpio and
Salmo trutta fario. They had stated that Aeromonas is
among the most common bacteria in FW habitats
throughout the world, and these bacteria frequently cause
disease among cultured fishes It is the predominant bacteria
isolated from the hemorrhagic lesions and necrotic ulcers in
fish skin. Bacterial infection of fish constitutes a huge
menace for AQC farming, leading to disastrous economic
loss and health risks for the consumer. Aeromonas are often
referred to as a complex of disease organisms associated
with bacterial hemorrhagic septicemias and other ulcerative
conditions in fishes. These bacteria can cause the following
diseases: furunculosis of salmonids, goldfish ulcer disease,
carp erythrodermatitis, and trout ulcer disease. Regarding
problem formulation, they had stated that ulcerative lesions
in fish are usually a consequence of bacterial, viral, or
fungal pathogens, as well as parasites. They had also opined
that fish skin is an important defense system against path-
ogens because they are in contact with numerousness
microorganisms in the aquatic habitat. Fish skin poses a
highly developed antimicrobial defense mechanism. The
antibacterial role of fish skin mucus has been known for
many years. It contains antimicrobial bioactive substances
including lysozyme, complement, C-reactive protein,
hemolysins and lectins, and the epidermal migration of
inflammatory cells and their secretions, which are of interest
with regard to fish immunity. The mucus plays a role in the
prevention of colonization by parasites, bacteria, and fungi.
Fish bacteriosis was investigated by numerous authors
having histological, microbiological, and taxonomical
points of view. Since the 1980s, molecular methods have
provided useful tools for diagnostic microbiology and for
taxonomic and epidemiological studies on pathogenic bac-
teria. With regard to taxonomical point of view, they had
observed that since the 1980s, molecular methods have
provided useful tools for diagnostic microbiology and for
taxonomic and epidemiological studies on pathogenic bac-
teria. They had further stated that increased preoccupations
in fish culture have increased the interest regarding bacteria
that affect fish health, growth, and survival. The majority of
fish bacteriosis may only be identified by the use of
microbiological and molecular techniques. In this study, the
scanning electron microscope (SEM) was used for the first
time in characterization of the bacterial lesions produced by
Aeromonas sp. on C. carpio skin.

Chakrabarty et al. (1996) had reported about EM
characteristics of actinomycetic agents having etiological
association with human leprosy and EUS of fish.

Rattan and Parulckar (1998) had reported on EM
characteristics of actinomycetic agents having etiological
association with human leprosy and EUS of fish.
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6.11.8 Epizootic Ulcerative Syndrome
Study Based on Nanoparticles

Kuan et al. (2013) had dealt with gold-nanoparticle based
electrochemical DNA sensor for the detection of fish
pathogen A. invadans.

Sarkar et al. (2012) had worked on the inhibitory role of
silver nanoparticles against the important fish pathogen
A. hydrophila. They had stated that A. hydrophila is a het-
erotrophic, Gram-negative bacterium that is a primary or
secondary cause of ulcers, fin rot, tail rot, and hemorrhagic
septicemia in fish. The treatments for this infection are only
restricted to some antibiotics. Therefore, novel materials are
being sought to combat bacterial infections and their conse-
quences Biplab et al. In the present study, silver nanoparticles
were synthesized chemically& biologically and characterized
by UVevisible spectrophotometer and TEM. The antimi-
crobial activities of silver nanoparticles, synthesized by both
the methods were checked by both well diffusion and turbi-
dimetric (spectrophotometric) method. Both biologically and
chemically synthesized nanoparticles exhibited their antimi-
crobial efficacy in both the standard inhibitory assays; how-
ever chemically synthesized particles that were also smaller in
size, exhibited more inhibitory effect than biologically syn-
thesized nanoparticles. These results thus provide a scope for
further research on the application of silver nanoparticles as
disinfectant and/or antibiotic in the fishery industry.

6.11.9 Epizootic Ulcerative Syndrome
Study Based on PCR

Works related to EUS revelation were also done using
sophisticated know-how. As reported, PCR-based analyses
had been done using ITS. Primers had been sequenced from
A. piscicida NJN 0204 isolated from Channa sp. and
registered under the accession number AY283640 in
GenBank. The study had involved the use of a number of
isolates of pathogenic Aphanomyces spp., that had been
collected from different countries, notably 20 isolates of
Aphanomyces recovered from EUS lesions from different
fish species from different regions across the globe, like
grey mullet from Australia; dwarf gourami from Singapore;
eel and snakeheads from Thailand and the Philippines; ayu
and golden gourami from Japan; menhaden from the United
States; and so on. Results preliminarily revealed that 20
Aphanomyces spp., pathogenic to fish, had tested positive
for PCR. In addition, nonpathogenic Aphanomyces isolates,
and other fungi used in the study, tested negative to PCR.

6.11.10 Epizootic Ulcerative Syndrome
Study Based on Mycology

6.11.10.1 In Vitro Screening of Novel
Treatments for Aphanomyces invadans

Campbell et al. (2001) hadworked on the in vitro screening of
novel treatments for A. invadans. In their study,

49 compoundswere tested in vitro for fungicidal activity (Volf
and Steinhauer, 1997; Yuasa and Hatai, 1995) against hyphae
of the fish-pathogenic Oomycetes fungus A. invadans. These
were: (a) chemicals with previous reported activity against
Oomycetes fungi; (b) chemicals in use in Asia to treat ulcer-
ative disease outbreaks; (c) commercial biocides and fungi-
cides; (d) natural products with potential antimicrobial
potency; and (e) surfactants tested separately and in combi-
nation with some of the above-mentioned treatments. No
compounds tested had proved as effective as malachite green.
However, some low-toxicity natural compounds and partic-
ular surfactants showed potential for further studies. Some
compounds currently in use in Asian AQC were shown to
have no effect on A. invadans hyphae at recommended treat-
ment rates. A range of compounds that demonstrated activity
against the mycelium was selected for further testing in a
zoosporemotility assay. Lower treatment concentrationswere
required to inhibit zoospore motility than were required to
inhibit hyphal growth.

Recent works seemed to have confirmed that a single
species of fungus, viz. Aphanomyces, is said to be a
necessary cause of EUS; that is, it occurs in all outbreaks.
In some outbreaks (e.g., in Australian estuaries), it may
be the only biological factor required for the disease to
occur.

The Pathogenic Fungal Genus Aphanomyces

Fungi have been known to be involved in the etiology of EUS
in SE Asia (Min et al., 1994; Miyazaki, 1994) since the initial
outbreaks in Thailand. Limsuwan and Chinabut (1983)
described a “severe chronic granulomatous mycosis” in his-
tological sections of affected fish. However, the dominance of
saprophytic fungal contaminants on the surface of EUS le-
sions led to the identification of Achlya and Saprolegnia spp.
from affected fish. These were soon recognized as secondary
agents (Tonguthai, 1985), but it was also assumed that this
may be the case for all mycotic involvement in EUS (Tom-
linson and Faithfull, 1979).

As discussed, before the first appearance of EUS in SE
Asia, the pathogenic A. piscicida had been isolated from
MG-affected fish in Japan (Hatai et al., 1977), but MG had
not yet been recognized as synonymous with EUS. An
Aphanomyces fungus was subsequently obtained from RSD
outbreaks in Australia in 1989 (Fraser et al., 1992),
and independently from EUS outbreaks in Thailand in
1991e1992.

The genus Aphanomyces is contained within the family
Saprolegniaceae and class Oomycetes, and it should be
noted here that Oomycetes are no longer regarded as true
fungi, but rather fungal-like protists. They are now often
classed alongside diatoms, brown algae and xanthophytes
within the phylum Heterokonta as part of the third botanical
kingdom, the Chromista. They are sometimes called
pseudofungi as either a general term or a formal taxon.
They are still commonly referred to as fungi, however, and
that term will be used in this treatise.
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These isolates were shown to be capable of repro-
ducing typical EUS lesions when injected below the
dermis of susceptible fish. All these pathogens of MG,
RSD, and EUS isolates were shown to be slow growing
and thermolabile in culture (Roberts et al., 1993). Similar
isolates were obtained from the Philippines, Indonesia,
Bangladesh (Lilley and Roberts, 1997), and India. Further
pathogenic Aphanomyces cultures from most of these
countries were compared directly and shown by means of
protein banding profiles (Callinan et al., 1995b; Lilley
et al., 1997b), growth characteristics (Lilley and Roberts,
1997), and chemical susceptibility (Lilley and Inglis,
1997) that all three belong to the same species. Genetic
fingerprinting techniques were also used to show that the
various isolates were genetically quite similar (Lilley
et al., 1997a). This probably had served as a proof that
isolates are not long-term residents in each locality, as
could be expected of an opportunistic fungi. Rather, they
are said to be part of one fungal strain that has colonized
much of Asia and Australia, probably for decades, and
resulted in the spread of EUS. Notwithstanding this, the
pathogenic Aphanomyces had been named variously as
A. piscicida (Hatai, 1980), A. invaderis (Willoughby
et al., 1995), and ERA (EUS-related Aphanomyces sp.:
Lumanlan-Mayo, 2011). This could be mainly because
isolates in each case had been shown to be conspecific.
However, it is believed that Aphanomyces invadans is
probably the only valid taxon, according to the Interna-
tional Code of Botanical Nomenclature, and this name
was adopted.

A. invadans is known to grow fastest in culture at a
temperatures between 26 and 30 �C (Fraser et al., 1992;
Lilley and Roberts, 1997), and has been shown to grow in
snakehead muscle tissue between 19� and 31 �Chinabut
et al., 1995). However, further investigations revealed that
snakeheads are able to recover from A. invadans infection
at higher temperatures (26e30 �C), but are unable to
prevent fungal invasion and eventually succumb to the
disease at lower temperatures (<19 �C) (Chinabut et al.,
1995). The humoral and cellular immune responses of fish
are suppressed at low temperatures (Bly et al., 1996),
which may explain why mortalities from EUS occur when
water temperatures are low. Naturally and artificially
infected snakeheads have been shown to produce an
antibody response against A. invadans, and the cellular
macrophage response is considered important in enabling
fish to resist infection.

A summary of various published descriptions of the
characteristics of Aphanomyces invadans from the tissues
of fishes affected by EUS, MG, and RSD had been dealt
with. Moreover, techniques for isolating A. invadans from
fish and water, and confirmed identification of the
candidate fungus as belonging to the genus Aphanomyces,
were also dealt with. As with other saprolegnious fungi,

A. invadans is aseptate and produces two zoospore forms,
viz. the secondary form being free-swimming and later-
ally biflagellate. No sexual reproductive structures had
been observed in any isolates from EUS, MG, or RSD
outbreaks. In fact, it may be noted here that the lack of
sexual structures is considered a particularly common
phenomenon among the more pathogenic members of
Saprolegniaceae (Alderman and Polglase, 1988). The
Fisheries Research and Development Corporation plans,
invests in, and manages fisheries research and develop-
ment throughout Australia. It is a federal statutory au-
thority jointly funded by the Australian government and
the fishing industry. They had reported that disease
outbreak in fish culture system interferes with productiv-
ity. Oral immunostimulant containing vitamin C may
result in activating the immune system in a nonspecific
way, thus providing resistance against pathogens. In the
present study, the fish C. mrigala was given feed sup-
plemented with vitamin C (100 mg/100 g) for 40 days and
postchallenged with two different dilutions (102 and 105)
of A. invadans. The hematological parameters like TEC,
TLC, and differential leukocyte counts were analyzed
24 h, 72 h, and 7 days after infection. Fishes are consid-
ered one of the important food sources for human beings
because their flesh contains a high percentage of proteins,
calcium, and phosphorus. Therefore, increased attention is
given to fish farms and their diseases. Pathogens such as
viruses, bacteria, and fungi are all items of concern to
aquaculturists (RantamaEki et al., 1992). In fish farms
many of these pathogens cause widespread mortality. The
use of antibiotics to treat bacterial infections has resulted
in a global increase of resistance. For this reason, studies
are conducted on immunostimulants that represent a
modern and promising tool in AQC as they enhance the
resistance of cultured fish to disease and stress. It com-
prises a group of biological or synthetic compounds that
enhance the hormonal and cellular response both in spe-
cific and nonspecific way. Immunostimulants also stimu-
late the natural killer cells, complement, and lysozyme
antibody responses of fish (Sakai, 1999). Investigations
regarding the health status of a fish may be assessed by
hematological parameters (Hickey, 1976). By analyzing
blood cells, characteristic clues for diagnosis and prog-
nosis of diseases may be found (Anderson, 2003).
Ascorbic acid is an indispensable and multifunctional
micronutrient. It plays important roles in improving im-
mune function, improving growth (Boonyaratpalin et al.,
2001), providing good health, converting food, survival
(Journal of Applied Pharmaceutical Science 01 (09);
2011: 141e144), resisting stress, and oxidation. Most fish
species are not capable of vitamin C biosynthesis due to
the absence of the enzyme L-gulonolactone oxidase
necessary for ascorbic acid synthesis. Vitamin C also
plays an important role in animal health as antioxidants by
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inactivating damaging free radicals produced through
normal cellular activity and from various stress. It has
been suggested that the antioxidant function of these
micronutrients could enhance immunity by preserving the
functional and structural integrity of immune cells. In this
respect, the need for specific nutrients may be increased
during infection that could require the feeding on diets
formulated for optimal immune competence rather than
growth and survival. Supplementation of vitamin
Ceenhanced antibody production against E. ictaluri in
channel cat fish (Li and Lovell, 1985).

Adil et al. (2013) had reported about the development
and standardization of a monoclonal antibody-based rapid
flow-through immunoassay for the detection of A. invadans
in the field.

Adil et al. (2013) developed a monoclonal antibody
(Mab)-based flow-through immunoassay (FTA) using a
nitrocellulose membrane placed on the top of adsorbent
pads enclosed in a plastic cassette with a test zone at the
center. The FTA could be completed within 10 min. Clear
purple dots against a white background indicated the
presence of A. invadans. The FTA limit of detection was
7 mg/mL for A. invadans compared with 56 mg/mL for the
immunodot. FTA and PCR could detect A. invadans in
fish tissue homogenates at 10�11 dilution, compared with
10�8 dilution by immunodot. FTA and PCR could detect
A. invadans in 100% of the samples compared with
89.04% detected by immunodot in fishes suffering from
natural cases of EUS collected from Mangalore, India.
Moreover, FTA reagents are said to be stable and pro-
duced expected results for four months when stored at
4e8 �C. This rapid test could serve as a simple and cost-
effective on-site screening tool to detect A. invadans in
fish affected by EUS outbreaks in required areas, and in
ports, during the shipment of live or frozen fish. The
authors opined that EUS, caused by Aphanomyces (A.)
invadans, is one of the most destructive diseases affecting
several species of fresh and brackish-water fishes in both
farms and the wild. The salient diagnostic features of EUS
are the presence of the fungus and MG in the tissues of
the affected fishes. The fungus is said to be largely
responsible for extensive damage to the tissues. They are
also said to cause ulcers on the fish body. Ulcers and fish
mortality are considered to be due to the invasive activity
of the fungus. However, not all ulcers in a fish are related
to EUS, because lesions do not occur in epizootic pro-
portions and are not seasonal in nature. In addition, they
had further opined that incidence of the disease coupled
with large-scale mortality due to EUS are said to be
accelerated by several environmental situations, such as
low temperature along with rapid change in salinity and
dissolved oxygen. Recently, EUS has started recurring in
endemic regions like the NE India (from 1988 to present),
Bangladesh (2001e2003, even today), Nepal (2005),

Kerala (1999), Karnataka (2005), and so on. New oc-
currences of EUS are still being reported in previously
unaffected areas and farming systems. In 2009, snake-
head fingerlings with characteristic lesions collected
from the wild in southern Florida (United States) were
confirmed to be affected by EUS. More recently, the first
outbreaks of EUS were reported in Canada, and could be
said to have recurred in Australia during 2010. Tradi-
tionally, EUS is diagnosed by selectively growing the
fungus from fish tissue in glucose peptone (GP) broth.
This method is not ideal for routine diagnosis. Histolog-
ical examination, the most common technique used to
diagnose EUS, is time-consuming. Furthermore, in situ
diagnostic methods such as in situ DNA hybridization,
immunohistochemistry, and immunofluorescence assays
are specific but time-consuming and require sophisticated
equipment. Hence, the present method has been
developed. The development of field-friendly, rapid,
sensitive, and low-cost tests could be, according to the
authors, highly useful for managing diseases such as
EUS. The goal of the present study was to develop a
simple and rapid monoclonal antibody-based flow-
through immunoassay (FTA) for detecting A. invadans in
fish.

Huchzermeyer and van der Waal (2012) had reported
about EUS, an exotic fish disease that threatens Africa’s
aquatic ecosystems.

Boys et al. (2012) had reported about emergence of
EUS in native fish of the Murray-Darling river system,
Australia: hosts, distribution, and possible vectors.

Saikia and Kamilya (2012) had worked on immune
responses and protection in catla (C. catla) vaccinated
against EUS. They had stated that three different antigenic
preparations from the EUS pathogen A. invadans
were evaluated as vaccine candidate in catla (C. catla).
Anti-catla enzyme immunoconjugate was prepared after
isolating catla immunoglobulin and raising hyperimmune
sera against it, in rabbit. Three antigens, namely fungal
extract (FE), fungal extract mixed with Freund’s incom-
plete adjuvant (FIA) in a 1:1 (v/v) ratio (FE þ A) and
extracellular product were prepared, and three groups of
catla were vaccinated intramuscularly with all these
antigens (200 mg/fish). Different cellular and humoral
immune responses were measured for the all vaccinated and
control groups at 0, 5, 15, and 25 days postvaccination.
Thirty days after vaccination, fish were challenged with
an A. invadans zoospore dose of 1 � 10(5) mL(�1), and
mortality and relative percent of survival were recorded.
Study of cellular immunological parameters including
antigen-specific leukocyte proliferation, antigen-specific
nitric oxide production, and superoxide anion produc-
tion showed significantly higher values (p < 0.05) in
general at 5 and 15 days postvaccination, compared with
day zero.
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Oidtmann (2012) had reviewed the biological factors
relevant to import risk assessments for EUS.

Songe et al. (2011) had reported about their field ob-
servations of fish species susceptible to EUS in the Zam-
bezi River basin in Sesheke District, Zambia.

Saylor et al. (2010) had reported about EUS caused by
A. invadans in captive bullseye snakehead C. marulius
collected from south Florida in the United States.

Choongo et al. (2009) had worked on the environmental
and climatic factors associated with EUS in fish from the
Zambezi floodplains in Zambia (Africa).

Oidtmann et al. (2008) had reported about experimental
infection and detection of A. invadans in European catfish,
rainbow trout and European eel.

Callinan et al. (2005) had reported about dermatitis,
bronchitis, and mortality in empire gudgeon, Hypseleotris
compressa, exposed naturally to runoff from acid sulfate
soils.

Lio-Po et al. (2003) had reported about horizontal
transmission of EUS-associated virus in the snakehead
Ophicephalus striata under simulated natural conditions.

Lilley et al. (2003) had dealt with the molecular char-
acterization of the fish-pathogenic fungus A. invadans.

Lilley et al. (2003) had worked on the immunofluo-
rescence of the EUS pathogen A. invadans using a mono-
clonal antibody (MAb)

Lilley et al. (2001) had worked on the characterization
of A. invadans isolates using pyrolysis mass spectrometry
(PyMS).

Anon (2012) had reviewed the biological factors
relevant to import risk assessments for EUS in relation
to A. invadans. They had opined that EUS is a disease
affecting both wild and farmed fish in FW and estuarine
environments. After it was first described in Japan in 1971,
the disease had spread widely across Asia and to some
regions of Australia, North America, and Africa. In Asia
and Africa, the spread of the disease had substantially
affected livelihoods of fish farmers and fishers. Reports had
not yet been published showing the presence of the disease
in Europe or South America. Given its epizootic nature and
its broad susceptible fish species range, it would appear that
the disease has the potential for further spread. This study
provides a review of the scientific literature on several
biological factors of the pathogen A. invadans associated
with the disease EUS and aspects of the disease that are
relevant to undertaking import risk assessments (IRA)
covering (i) life cycle and routes of transmission; (ii)
minimum infectious dose; (iii) tissue localization and
pathogen load; (iv) predisposing factors for infection and
factors influencing expression of the disease; (v) carrier
state in fish; (vi) diagnostic methods; (vii) survival in the
environment; (viii) permissive temperature range; (ix)
stability of the agent in aquatic animal products;
(x) prevalence of infection; and (xi) affected life stages.

Much of the biological information presented is relevant to
a broad range of risk questions. Areas where data are
lacking were identified, and the information provided is put
into context with other aspects that need to be addressed in
an IRA.

Miles et al. (2003) had reported on immunofluorescence
of the EUS pathogen A. invadans using a monoclonal
antibody.

Nuryati et al. (2005) had studied the antimycotic po-
tency of Terminalia catappa, and Andrographis pan-
iculata on the growth of Aphanomyces sp. in vitro as an
effort to prevent its infection in fish. Use of such a natural
material is said to be easy and economic, as they are not
much difficult to obtain and said to be safe for the envi-
ronment. There have been possibly some works on the
antimycotic potency and efficacy of scalded-leaf extract of
T. catappa, Psidium guajava, and A. paniculata on the
prevention of growth of Aphanomyces sp. in vitro in GYA
medium. The results of the study indicated that T. catappa
in a dosage of 40 g/L had the most potent prevention
activity.

Nuryati et al. (2005) had studied on antifungal
potency of T. catappa, Piper betle, P. guajava, and
A. paniculata on the growth of Aphanomyces sp.
in vitro. They had stated that an effort to prevent aquatic
fungi Aphanomyces sp. infection on fish using natural
material could be an economic way with easy-to-find
materials that are easy to apply and safe for the environ-
ment. The antifungal potency and efficacy of scalded-leaf
extract of T. catappa, Piper betle, P. guajava, and
A. paniculata on the prevention of Aphanomyces sp.
growth in vitro in GYA medium. Scalding was performed
in the water at 50 �C. Concentration of leaf extracts tested
was 0, 10, 20, 40 and 80 g/L. The results of the study
showed that T. catappa in a dosage of 40 g/L had the best
prevention activity, followed by Piper betle in the same
dosage. P. guajava and A. paniculata had no prevention
activity on growth of Aphanomyces sp.

Gozlan et al. (2014) had reported about the current
ecological understanding of fungal-like pathogens of fish.
He had queried about what lies beneath.

Concomitant to the above, there had been extensive
fungal studies on MG since the early 1970s. The ambit of
studies had ranged from evolving an artificial culture me-
dium for MG fungus coupled with studies related to
isolation of the fungus (Hatai, 1980); pathogenicity studies
(Hatai et al., 1977, 1994); the effect of chemicals on
mycelial growth of the fungus; and cultural, biological, and
biochemical characterization of the fungus (Hatai et al.,
1994). Incidentally, Hatai (1980) had described the fungus
and named it A. piscicida. In addition, fungal isolates were
also recovered from ayu (Hatai, 1980), dwarf gourami, and
ornamental fish (Hatai et al., 1994), and were said to be
morphologically and culturally consistent with A. piscicida.
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In addition to the above, there had been comparative
studies with the Japanese isolates done by scientists from
different parts of the world (Lilley and Roberts, 1997;
Lilley et al., 1997b; Blazer et al., 2002).

Artificial Initiation of the Infection

There had been a number of artificial infection experi-
ments to reproduce the disease. Hatai et al. (1977) had
been considered the pioneer in generating the same
granuloma formation as seen in the naturally affected fish.
They had injected the cultured hyphae into the muscles of
ayu after successful isolation of the suspected fungi.
Subsequently, Hatai (1980) is said to have reproduced the
same disease by inoculating the hyphae of A. piscicida
from ayu to a number of fish species; for example, rosy
bitterling carp (Rhodeus ocellatus ocellatus), crucian carp,
bluegill, goldfish (Carassius auratus auratus), rainbow
trout (O. mykiss), eel, and loach. It was found that of the
above-mentioned fishes, rosy bitterling was highly sus-
ceptible to EUS, but rainbow trout was less susceptible.
Incidentally, loach was not susceptible.

Notwithstanding the above, different workers had used
various animals as test models for conducting tests of
pathogenicity. In this regard, Hatai et al. (1994) used
goldfish (C. auratus auratus) and ayu to ascertain the
pathogenicity of a strain of Aphanomyces that had
been isolated from an outbreak of a disease supposedly
caused by Aphanomyces sp. in dwarf gouramies, notably
Colisa lalia, The consignment had possibly arrived
from Singapore and the experiment had been done
through zoospore injection. Likewise, in another study
had attempted to generate the disease by artificially
infecting ayu and carp with A. piscicida using zoospore
injection of A. piscicida 1989 isolates (NJM8997) from
ayu. By following the methods of Wada et al. (1996),
Bondad-Reantaso et al. (1999b) had initiated the disease
in goldfish by Artificial injection of Aphanomyces sp.
isolated from EUS-affected snakeheads in the Philippines
(1998); from MG-affected ayu in Japan (1998); and from
EUS-affected C. mrigala in Bangladesh (1999). The re-
sults depicted not only successful reproduction of the
disease, but also the finding that HP lesions caused by the
reisolated fungus were quite indistinguishable from those
found in naturally occurring cases.

Characterization of the fungus in connection with
EUS-affected tissues is usually done in HP sections, which
alone may not always be conclusive. Further, there are
variations in the rate of isolation of A. invadans from
EUS-affected tissues; the presence of dead mycelia in the
lesions is sometimes considered the possible reason for low
rates of isolation of A. invadans from EUS-affected tissues
(Roberts et al., 1993). By following the method of Wil-
loughby and Roberts et al. (1993), some workers had tried

to isolate A. invadans from fish showing clinical signs
consistent with EUS. However, the fungus had been
recovered only from c 5% of these fishes.

Concomitant to the above, there had been efforts toward
initiation of EUS lesions experimentally in various spe-
cies of fishes, by (a) intramuscular injection of fish with a
large number of viable zoospores; (b) the same thing done
with small pieces of fungal hyphae; or (c) exposure of
sacrificed fish to spores (Roberts et al., 1993; Hatai et al.,
1994). However, there had not been any portrayal of a high
rate of lesion-induction in the experimental fishes without a
breach of the physical barriers of the skin of the test fish.
Nevertheless, it had been depicted by Kiryu et al. (2002)
about the formation of lesions by both injection and bath
exposure.

In view of the above, the definition of EUS as an
epizootic, with the involvement of A. invadans as a path-
ogen, warrants further study on the involvement of
other microbes in the epizootic syndrome. Incidentally, as
reported, there had been an outbreak of ulcerative disease
among fishes in Pakistan, in two locations fed by the same
river. However, experts had identified two different and
distinct diseases, although microscopical examinations
showed similar lesions. One symptom had been identified
as that of EUS because of the presence of A. invadans. The
other symptom could not lead to any identification of dis-
ease because of the absence of A. invadans, and had been
left as unidentified. The fishefungus relationship could be
less specific if we consider other fungal forms such as
Achlya, Saprolegnia,etc.

Notwithstanding the above, workers had compared the
RAPD patterns of two isolates from India and two isolates
form Thailand (Karunasagar, 1995), in order to study the
genetic diversity of A. invadans isolated from EUS-affected
fish. Results had indicated possible genetic diversity among
the few isolates that had been studied using four RAPD
primers.

6.11.10.2 Further Inputs to Fungal Study

Several workers have successfully and consistently isolated
A. invadans from EUS-affected fishes, although isolation of
the putative causal fungus from EUS-affected fishes was
one of the significant controversies about regarding Apha-
nomyces sp. as one of the etiological causes of EUS. Ever
since the pioneering successful isolation of the fungus in
Japan (Hatai et al., 1977, 1980), there had been a series of
successful isolations from naturally EUS-affected fishes
in several countries, notably Australia, the Philippines,
Thailand, Bangladesh, India, the United States, and so
on (Fraser et al., 1992; Roberts et al., 1993; Paclibare
et al., 1994; Roberts, 1994; Blazer et al., 2002; Bashar et
al., 2009). Subsequently, stringent application of advanced
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methods of isolation (Fraser et al., 1992; Roberts, 1994)
coupled with standardization of methods for growing and
sporulating the fungus (Lilley et al., 1998) are said to have
accelerated the rate of successful recovery of the fungus.
This is said to have helped the workers in the field in
comprehending the etiology of EUS.

EUS-affected fishes, viz. C. mrigala and P. conchonius,
having pale raised lesions that have not yet completely ul-
cerated, have been chosen for fungal isolation works. The
fish specimen had been killed by decapitation and pinned to
a dissecting board with the lesion uppermost. The scales
around the periphery of the lesion were removed and the
underlying skin was seared with a red hot spatula so as to
sterilize the surface. The fish with the board was then
removed to a laminar flow cabinet with filtered air free from
fungal elements. Then, the stratum compactum underlying
the seared area was cut through using a sterile scalpel blade
and a sterile, fine-pointed pair of rat-tooth forceps. This was
followed by exposing the underlying muscle by cutting
horizontally and reflecting superficial tissues. Four pieces of
affected muscles c 2 mm3 in dimension had been carefully
excised up using aseptic technique and they were placed in a
Petri dish containing CzapekeDox medium with standard
supplements. This experiment led to isolation of Aphano-
myces sp. with concomitant occurrence of the same fungal
genus in histological sections of the same EUS-affected
fishes (Kar, 2007a,b,c, 2013; Kar, 2007a,b).

It may be mentioned here that the isolated bacterial and
fungal flora have been living with fishes in water since
time immemorial without generally causing any harm to
them. As such, bacteria and fungi may not be considered
the primary etiology for outbreak of EUS in fishes.
Further, intradermal inoculation (Dey and Dey, 1980) of
these microbes into a guinea pig (Cavia sp) revealed no
lesion formation in the latter’s body for about two years
(Kar, 2007a,b,c; Kar and Dey, 1990, a,b,c; Kar et al.,
1990a,b).

Lilley et al. (2001) had worked on fungal pathogens of
EUS. They had opined that A. invadans is the fungal
pathogen associated with the Asian fish disease EUS. A
total of 21 isolates of the fungus were compared with other
Oomycetes fungi in terms of their pyrolysis mass spec-
trometry (PvMS) profiles. Canonical variate analysis
(CVA) of pyrolysis mass spectra distinguished Aphano-
myces species from a wide scatter of Achlya and Sapro-
legnia isolates. Further CVA and hierarchical cluster
analysis (HCA) separated Aphanomyces species into two
main groups. The first group clustered A. invadans isolates
from EUS outbreaks in Thailand, Bangladesh, Indonesia,
Philippines, Australia, and Japan together. However, HCA
also included the crayfish plague fungus A. astaci within
this group. Nonpathogenic Aphanomyces strains isolated
from UM-affected fish were shown to be distinct from
A. invadans, instead, clustered with saprophytic

Aphanomyces strains to form the second group. Of late, an
invasive Aphanomyces pathogen has been isolated from
UNI-affected fish, but that was not tested here. This is the
first report using PyMS in the study of Oomycetes sys-
tematics. The technique was not sensitive enough to show
any intraspecific differences, but it was considered a useful
technique for the discrimination of species where taxo-
nomic relationships are uncertain.

The microbial flora of the liver, gills, intestine, and
muscles of EUS-infected murrel C. striata in Tirunelveli,
Tamilnadu was estimated quantitatively and qualitatively
by Muthukrishnan Dhanraj et al. (2008). The isolates were
identified generically and specifically. Total viable micro-
bial count was measured as highest range in gills (5.9 �
0.5 � 107 CFU (colony forming units) g-1) and lowest
range in intestine (8.7 � 1.8 � 104 CFU g-1). In total, 17
bacterial and mycotic species were isolated and identified.
Among them, A. hydrophila, Enterobacter sp., Vibrio sp.,
Pseudomonas sp., E. coli, A. invadans, and Aspergillus sp.
were the most predominant. in all samples. The purpose of
this study is to isolate and identify the microflora of
EUS-infected C. striata.

Murrels, commonly called snakeheads, belonging to
the family Channidae, constitute the most common and
dominant group of air-breathing FW fishes and are highly
regarded as food fish in the South and SE Asian countries.
It had long been commercially cultured in Thailand,
Taiwan, and the Philippines. There are several species of
murrels belonging to the genus Channa, but only one
species, namely C. striata, also called the striped murrel,
enjoys a good deal of popularity as a food fish in many
parts of India. Besides the high quality of their flesh in
terms of taste and texture, they also have good market
value due to the low fat, fewer intramuscular spines, and
medicinal qualities. Over the past two decades, EUS has
had a serious impact on tropical fisheries, resulting in
heavy economic losses. It is one of the most destructive
diseases among FW and brackish-water fish in the
AsiaePacific region and it is very common in both
northern and southern India and has spread though rivers,
reservoirs, and paddy fields to neighboring provinces and
countries, causing considerable losses to fish farmers. In
the initial stages, the disease is marked by little red spots
on the skin surface, which progress in size until eventually
a circular to oval deep hemorrhagic ulcer exposing the
skeletal musculature is visible. A diverse group of biotic
agents such as viruses, bacteria, and cutaneous ectopara-
sites may initiate skin lesions that are subsequently colo-
nized by A. invadans and ultimately lead to EUS.
Different pathogenic organisms, including bacteria, fungi,
and viruses, have been reported to be isolated from
naturally infected fish. Roberts et al. had reported that in
natural outbreaks, >100 fish species, especially air-
breathing fishes, had been affected by EUS.

140 Epizootic Ulcerative Fish Disease Syndrome



Theirs is said to be the first study undertaken to assess
quantitatively and qualitatively the bacterial and mycotic
species from EUS-infected murrel C. striata, collected in
and around Tirunelveli region during 2006. Fourteen
bacterial species and three mycotic flora were isolated and
identified. Among the 17 isolates, dominant bacterial and
fungal species were A. hydrophila, Flavobacterium sp.
Aspergillus flavus, and A. invadans. The following were the
most frequently isolated bacterial and mycotic flora with a
prevalence of >10%: A. hydrophila, Aeromonas sp.,
Flavobacterium sp., Vibrio vulnificus, Staphylococcus sp.,
Yersinia enterocolitica, Shigella sp., A. salmonicida,
A. flavus, Aspergillus sp., and A. invadans. Further, 11
colonies of A. hydrophila were identified predominantly
from 25 microbial colonies in gill samples.

Notwithstanding the above, in Bangladesh, C. punctata
and L. rohita were affected by various ulcer-type diseases,
such as EUS, bacterial hemorrhagic septicemia, tail rot, fin
rot, gill rot, and fungal and parasitic diseases. Conversely,
in India, different species of fishes have been affected by
EUS; for example, in Tirunelveli district in Tamil Nadu
(TN), C. striata was said to be largely affected by EUS.
Concomitantly, A. hydrophila is said to be one of the most
significant FW fish pathogens isolated from EUS-affected
fish. Survey of bacterial flora in EUS-affected fishes from
different parts of the world in general and Asia in particular
have largely showed that Aeromonas sp. was generally one
of the most predominant microorganisms isolated from
different sites of the fish body, viz. the skin, gills, intestine,
and so on. Sufficient information is also said to be avail-
able regarding the pathogenic mechanism and virulence of
A. hydrophila, said to have caused mass mortality in
cultured Japanese catfish larvae. Further, A. hydrophila
was considered the main cause of >75% mortality among
IMCs that resulted from outbreak of the disease.
A. hydrophila was also isolated from channids. Further-
more, Lio-Po et al. had reported that a number bacterial
and fungal flora are said to be associated with
EUS-affected snakehead, C. striata, and c 89% of the total
isolates were A. hydrophila. In addition, 25 bacterial and
mycotic species were identified from a number of FW
carps in Himachal Pradesh in India. Interestingly, 15 iso-
lates of bacteria have been reported from hybrid tilapia in
Saudi Arabia. Notably, 17 bacterial and mycotic forms
had been isolated from EUS fishes in Tirunelveli district in
TN, with most isolates coming from muscle and gills.
Incidentally, there had been gill diseases among the sheath
fishes and silver carps in Hungary during winter and
spring. It has been opined by many that A. invadans, a
highly invasive, specific, slow-growing fungus, causes
EUS in fishes.

Concomitant to the above, mycobiotic agents A. flavus
and Aspergillus fumigates have been considered the prin-
cipal fungal flora isolated from the Nigerian FW fish in

cultured systems. Even in the Indian scenario, mycotic
species such as A. invadans, A. flavus, and Aspergillus sp.
had been isolated from the affected fish samples.

In fine, it has been suggested by many that further
molecular level research on this subject is required to iden-
tify the causative agents, disease mechanisms and methods
of, prophylaxis and treatment of EUS.

Harikrishnan et al. (2010) had reported on their work
on a supplementation diet containing probiotics, herbs, and
azadirachtin and the resulting hematological and biochem-
ical changes in C. mrigala against A. invadans. In their
study, C. mrigala (63 � 2 g) were injected intramuscularly
(i.m.) with 2.3 � 107 CFU mL/1 of A. invadans (isolate
B99C). The hematological and biochemical parameters
were studied in the experimental and control groups for
30 days. The WBC count depicted a significant increase
(WBC: 10 6 mm�3) (p < 0.05) in the infected untreated
group (I), as compared with control. But there was no
change in groups fed with probiotics, herbal, and azadir-
achtin supplementation diets. A similar trend was found in
the hemoglobin (Hb: g/dL) and hematocrit (Hct: %) levels.
It may be noted here that infected fish fed with probiotics,
herbal, and azadirachtin supplementation diets, did not
differ (p > 0.05) from the control. A similar trend had been
found to prevail in the percentage proportion of lympho-
cytes, monocytes, eosinophils, and neutrophils. The total
protein (g dL�1), glucose (mg dLl�1), calcium (mmol L�1),
and cholesterol (mmol L�1) levels were affected (p < 0.05)
in the affected group. It had been reported that the
administration of probiotics, herbal, and azadirachtin-
supplemented diets (for 30 days) could protect the hema-
tological and biochemical parameters in C. mrigala from
A. invadans.

Gayathri et al. (2008) had worked on the “Determina-
tion of Specific Sampling Site on EUS Affected Fish for
Diagnosis of Aphanomyces invadans by Immunodot Test
Using Monoclonal Antibodies.” This paper is repeated here
(vide p. 88 in this file). They had stated that the current
study was the first in India to utilize a MAb based immu-
nodot test duly developed for the early, speedy, and specific
diagnosis of EUS pathogen A. invadans in fish. It aimed at
evaluating a specific site for sampling on fish to detect the
pathogen. The test was standardized to obtain the result
within 3 h with sensitivity range of 45e99 ng of the fungal
protein using MAb C1, C13, and C14. Serotyping was also
done to deduce the class of antibodies and their consistency
in the result on immunodot test. Furthermore, it had been
demonstrated by present immunodot test that A. invadans
antigen was consistently found in deeper portion of the
ulcer and very poorly at the surface of the ulcer. Therefore,
it was determined that the ideal site for early diagnosis of
A. invadans on fish would be the deeper portion of the
ulcer. This technology would certainly help fish farmers to
prevent further economic losses in cases of EUS incidence.
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Further, more emphasis currently is given to expand FW
AQC in all government sectors utilizing vast inland aquatic
resources available worldwide. This increased attention to
nonfarming sector such as AQC will help to substantially
alleviate the pressure on agriculture sector. Intensive inland
AQC system essentially demands a strict implementation
of good management practices (GMPs). In such a system
of AQC, new problems will inadvertently emerge when
GMPs are not followed diligently. Anticipating such a
crisis, advanced disease diagnostic techniques, and
innovative preventive and curative methods need to be
continuously developed to effectively combat the same.
Moreover, EUS is one of the most destructive diseases
affecting fresh and brackish water fish (cultured and wild)
in the AsiaePacific region, resulting in decreased produc-
tion and high economic losses, although incidence has
come down in FW fish in the recent past. Routinely, EUS is
diagnosed by histopathology of multiple sampling sites
demonstrating mycotic granuloma and by isolation of the
fungus for study of hyphal characters and sporulation,
which is laborious. Rabbit antisera based detection and
PCR have been developed for EUS, but have their own
disadvantages for cost-effective, rapid, specific, and simple
detection. Therefore, specific, rapid, and cost-effective
immunodot test using monoclonal antibody (MAb) was
developed for the first time in India. However, it was
necessary to detect the pathogen at an early stage of
infection so as to avoid the spread of disease and further
losses. Therefore, a study was conducted to determine a
specific sampling site to detect the pathogen at a most
possible early stage of infection in fish. Technique devel-
oped in the present study has immense applications in
aquatic animal health management.

Chauhan (2012) had reported on a study of certain
fungal diseases in culturable and nonculturable species of
fishes of Upper Lake, Bhopal. It was opined that fungal
diseases of FW fishes are known to be problematic dis-
eases. The aim of this study was to investigate the
increasing aquatic fungal flora of the Upper Lake and the
percentage of infection of various species in fishes. For
this, investigation was carried out on fungi-infected fishes
from November 2011 to April 2012. A total number of
2066 fishes were examined. Out of them, about 287 fishes
were found to be infected. The most affected species of
fish were C. batrachus (24.6%). A total of 13 species of
fishes were found to be infected, from which 27 isolates
had been found out, which belonged to 8 genera and 14
species. Cultures were made on hempseeds, sesame seeds,
and mustard seeds. Pure cultures were made on Sabouraud
dextrose agar, glucose yeast agar, and potato dextrose
agar. Identification of various species was made based on
their vegetative and reproductive characteristics and
through consultation of standard literature. During inves-
tigation period, among all eight genera, Achlya and

Saprolegnia were found to be most virulent. Maximum
percentage of infected fishes were found in December
(32.3%), followed by November (24.6%) and January
(22.8%). Aspergillus niger and Fuzarium sp. were isolated
first from fungi-infected fishes of this region. To find the
pathogenicity of these species, there is a need for further
study.

Anon (2008) reported on experimental infection and
detection of A. invadans in European catfish, rainbow
trout, and European eel. They had stated that European
catfish (Silurus glanis), European eel (Anguilla Anguilla),
and rainbow trout (O. mykiss) were challenged by intra-
muscular injection of zoospores of A. invadans, the
oomycete associated with EUS. The tropical three-spot
gourami Trichogaster trichopterus is known to be highly
susceptible and was used as a positive control. European
catfish were highly susceptible and rainbow trout had
moderate to low susceptibility, whereas eels appeared
largely unaffected. Inflammatory host response in Euro-
pean catfish deviated from effects seen in most other
susceptible fish species and was characterized by a more
loosely arranged accumulation of macrophages, small
numbers of lymphocytes and multinucleated giant cells
without occurrence of EUS-characteristic mycotic granu-
lomas. Semi-nested and single-round PCR assays were
developed for this study to detect A. invadans DNA in
clinical samples of experimentally infected fish. The
detection limit of the assays equals one genomic unit.
Specificity was examined by testing the DNA of various
oomycetes, other relevant pathogens and commensals and
host DNA. The single round assay used was fully specific,
whereas cross-reaction with the closely related Aphano-
myces frigidophilus was observed using the semi-nested
assay. Analysis of samples by PCR allowed detection
prior to detectable HP lesions. Two other published PCR
protocols were compared with the PCR protocols pre-
sented here.

Mohan et al. (2001) had opined about the possibility of
specific fungus as the primary pathogen of EUS in fishes
(Mohan et al. (1999) had posed the question, “Is
EUS-specific fungus of fishes a primary pathogen?” They
had stated that earlier findings on EUS, and the present
observation of the authors on the transmission of EUS to
snakehead (Channa sp.) without skin damage, provide
evidence to suggest that the invasive fungus associated with
EUS is a primary pathogen.

Campbell et al. (2001) reported on the in vitro
screening of novel treatments for A. invadans. They had
stated that 49 compounds were tested in vitro for fungi-
cidal activity against hyphae of the fish-pathogenic
Oomycetes fungus A. invadans. These comprised:
(a) chemicals with previous reported activity against
Oomycetes fungi; (b) chemicals in use in Asia to treat
ulcerative disease outbreaks; (c) commercial biocides and
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fungicides; (d) natural products with potential antimicrobial
activity; and (e) surfactants tested separately and in com-
bination with some of the above treatments. No compounds
tested proved as effective as malachite green, but some
low-toxicity natural compounds and particular surfactants
showed potential for further studies. Some compounds
currently in use in Asian AQC were shown to have no
effect on A. invadans hyphae at recommended treatment
rates. A range of compounds that demonstrated activity
against the mycelium was selected for further testing in a
zoospore motility assay. Lower treatment concentrations
were required to inhibit zoospore motility than were
required to inhibit hyphal growth. Zoospore activity ceased
within 1 h of exposure to 2.5 ppm coconut diethanol-
amide; 1.25 ppm propolis þ0.5 ppm 13/6.5; 5 ppm neem
(Azadirachta siamensis) seed extract þ0.01 ppm, OP10;
20 ppm tea tree (Melaleuca alternifolia) oil; and 25 ppm
D-limonene þ 0.05 ppm E-Z-MulseTM. The treated spores
were shown to be nonviable in culture medium. Selected
compounds were further tested for ability to inhibit
zoospore production by A. invadans mycelium over a 72-h
period. In toxicity trials, silver barb [Barbonymus gonio-
notus (Bleeker] exposed to 2.5 ppm coconut dieth-
anolamide; 2.5 ppm OP10; 0.5 ppm E-Z-MulseTM;
20 ppm neem seed extract þ 0.5 ppm OP10; and 5 ppm
D-limonene þ 0.5 ppm E-Z-MulseTM suffered no mortal-
ities and no obvious behavioral changes. Similarly, rainbow
trout O. mykiss (Walbaum), exposed to 25 ppm propolis þ
1 ppm OP10; 10 ppm neem seed extract þ 0.01 ppm
13/6.5; and 10 ppm D-limonene þ 0.01 ppm OP10 suffered
no mortalities and no obvious behavioral changes.

Callinan et al. (1995a,b) had done preliminary compar-
ative studies on Aphanomyces species associated with EUS
in the Philippines and RSD in Australia. They had reported
that fungi morphologically consistent with the class
Oomycetes had been recovered in primary culture from 20
out of 22 ulcers in 21 fish species affected by EUS and
collected from five sites in the Philippines. Eleven primary
isolates and the unifungal cultures derived from them were
identified as Aphanomyces spp. The Aphanomyces isolates
seemed to be morphologically and culturally indistinguish-
able from those reported from RSD in Australia. Compari-
son of four representative Aphanomyces isolates from
Australian fish with RSD and three representative Aphano-
myces isolates from the Philippine fish with EUS, using
SDS-PAGE, portrayed similar peptide banding profiles. This
could be an indication of a single Aphanomyces species.
These findings, coupled with epizootiological and patho-
logical similarities between EUS and RSD, seemed to sug-
gest the two syndromes to be identical; and that a single
Aphanomyces sp. could be the primary infectious etiology.

Severe periodic outbreaks of EUS have affected wild
and cultured FW fishes, and wild estuarine fishes, in many
countries of South and SE Asia since the late 1970s (Lilley

et al., 1992). Fishes, affected typically by EUS, are char-
acterized in having one or more large dermal ulcers with
varying degrees of destruction of underlying tissues.
Further, mortality rates are often high. Periodic outbreaks
of EUS have occurred in the Philippines since 1985
affecting a number of fish genera, including Mugil, Anabas,
and so on.

On the other hand, periodic outbreaks of a similar
syndrome, known colloquially as “red spot disease” in
eastern and northern Australia, have occurred since 1972 in
wild FW and estuarine fish (McKenzie and Hall, 1976).
Affected fish genera included Mugil sp., among others.

The patterns of spread of both EUS and RSD suggested
the involvement of one or more primary infectious agents
(Rodgers and Burke, 1981, Roberts et al., 1992). No
etiological agent had been conclusively identified for either
condition to date, although a number of viruses or bacteria
have been recovered inconsistently from fish affected by
EUS (Frerichs et al., 1986, Roberts et al., 1992) and RSD
(Burke and Rodgers, 1981). Further, a number of invasive
fungal hyphae, morphologically consistent with the classes
Oomycetes or Zygomycetes among fungi, have been
recorded in histological sections of advanced ulcers from
EUS-affected fish (Tonguthai, 1985; Roberts et al., 1993)
and in early and advanced ulcers in RSD-affected fishes
(McKenzie and Hall, 1976). Moreover, severe necrotizing
granulomatous dermatitis and myositis are associated with
the invasive hyphae. Similar fungal morphology and host
tissue responses in numerous ichthyospecies with EUS and
RSD had suggested that fungi may be the primary infec-
tious agents in both conditions, although there have been
conflicting opinions regarding this. While it is possible that
these fungi are opportunists that have invaded ulcers
initiated by other agents. In that case, the other so-called
agents are “viruses” (considered “primary etiological
agents” by many schools of thought); the opportunistic
agents could also be “bacteria” (in addition to “fungi”) that
are “secondary opportunistic agents” (Kar, 2013). There
have been several studies to identify them. In addition,
Fraser et al. (1992) had isolated an apparently single
Aphanomyces sp. from 27 out of 28 RSD lesions in three
species of estuarine fish from widely separated river sys-
tems in eastern Australia. They had used methods, how-
ever, that are supposed to minimize contamination of
inocula. These isolates were morphologically and cultur-
ally very similar.

The authors had thus suggested that the putative
species was the cause of the typical RSD granulomas. To
the contrary, Achlya spp. had been recorded from
EUS-affected fishes in Thailand and Sri Lanka. Achlya
spp. occurred commonly in the freshwaters of SE Asia. It
had been experienced that the isolation methods used in
these studies were likely to result in a high rate of re-
covery of contaminant fungi. Later, Roberts et al. (1993)
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had recovered three putative Aphanomyces pathogens
from EUS-affected striped snakeheads (C. striata) in
Thailand. These isolates were said to be morphologically
and culturally consistent with those recovered by Fraser
et al. (1992), except that the RSD isolates typically had
one or two lateral evacuation tubes on each sporangium,
rather than the four reported as typical for the Thai EUS
isolates.

Identification of Aphanomyces spp. was based on dif-
ferential morphology of oogonia and antheridia. None of
these structures were observed in the study of Callinan et al.
(1995a,b). Also, none were said to be observed in RSD
isolates by Fraser et al. (1992), and none were described for
the Thai EUS isolates by Roberts et al. (1993).

In addition to the above, total protein electrophoresis is
said to provide useful but not definitive information about
relationships within and between species of Oomycetes
fungi. In order to determine possible relationships between
isolates, peptide extracts from four representative RSD
Aphanomyces isolates, three representative EUS Aphano-
myces isolates, as well as an Aphanomyces laevis type
isolate, an Aphanomyces cochloides type isolate, and an
Aphanomyces euteiches type isolate, had been compared
electrophoretically in a study. Peptides resolved by
SDS-PAGE were visualized by silver staining. Band
similarities or differences between isolates were assessed
based on band clusters over specific molecular weight
class ranges. On this basis, the banding profiles of isolates
from striped snakehead (Bautista), striped snakehead
(Laguna), sea mullet (Queensland), and yellowfin bream
(Clarence) were similar over the 14e94 kDa range, indi-
cating a close degree of relatedness between these Phil-
ippine and Australian strains. The remaining EUS and
RSD isolates had similar banding profiles to the above
group and to each other. However, they showed various
band cluster differences across this molecular weight
range, suggesting they may be less closely related to the
above isolates.

Manna (1998) had reported about diagnosis and
therapy of fungal and bacterial diseases of fish. He had
stated that fish husbandry had been practiced for at least
3000 years in China and a little less so in other parts of
the world. But AQC had grown into a significant industry
in many countries only during the last few decades
through gradual transition from extensive to semi-
intensive and intensive farming systems. However,
outbreak of infections diseases, caused by fungi, bacteria,
viruses, and parasites, are becoming more common today
mainly due to increased farming intensity and high pop-
ulation density in culture systems; they pose serious social
and economic threats to successful fish and prawn hus-
bandry (Siddique et al., 2009). Concomitantly, extensive
works have been done on fish diseases and fish pathogens
in developed countries that practice large-scale fish

farming activities. However, such studies, in India, is
scarce and had just picked-up in the recent years. Diseases
caused by fungi have long been recognized in fish, but far
less is known about the mycotic diseases than those of
bacterial or viral origin. Fungi associated with fish dis-
eases belong to a wide range of taxa, the most frequent
being the so-called water molds known as oomycetes. The
principal members are Saprolegnia, Achlya, and Apha-
nomyces. Two important pathogens, viz. Branchiomyces
and Ichthyophonus are still of uncertain taxonomic af-
finity. The majority of these fungi are at best facultative
parasites and attack their hosts when they are injured or as
secondary infectants. Only A. astaci, Ichthyophonus, and
Trichomaris invadans are obligate parasites and may
cause severe mortalities. Mycotic infections of fish by FW
oomycetes can develop at all stages of a fish’s life cycle
and are of considerable economic significance. Unless
treated, such infections are usually lethal to fish and
extensive zoospore production ensures that infections
spread rapidly through a population. Nearly every
important fish species in India has been affected by
Saprolegnia infection. These wool-like lesions are nor-
mally white in color, but may be discolored by the
accumulation of debris between the fungal hyphae or as a
result of simultaneous bacterial infection. Generally
fungal growth is restricted to epidermis and dermis and
occasionally growth extends to or beyond muscles. His-
tologically, there are focal areas of cellular necrosis,
spongiosis or intercellular oedema, and ultimately
epidermis sloughs-off. Inflammatory responses are nor-
mally absent or weakly developed. Fishes die from
massive osmoregulatory problems caused by destruction
of the superficial tissues. The most common pathogen is
the Saprolegnia parasitica. Other species of interest are
Saprolegnia diclina and Saprolegnia ferax. Among the
other fungal infections, infection of fishes by Achlya,
Pythium, and Aphanomyces have been recorded by many
workers. Notwithstanding the above, EUS is the most
dreaded fish disease causing severe and chronic skin ul-
ceration and heavy mortality. Nearly all fish species, both
cultured and wild, had been affected. In India, the disease
was first reported in 1988 in northeastern provinces (Kar
and Dey, 1988; Kar and Dey, 1990a,b,c; Kar et al.,
1990a,b, 1993, 1994, 1995a,b,c, Kar, 2007a,b,c, 2013),
which gradually spread to almost the whole of India. The
disease gradually diminished in subsequent years and is
restricted mainly to some areas now. The disease is most
commonly observed during postmonsoon periods and
falls in water temperature. The incidence is more in acidic
low calcium soil areas. Pesticides, fertilizers, and heavy
metals are suspected to have some role in EUS outbreak.
Clinically disease commences with inflammatory red
spots that gradually ulcerate. Histologically, the changes
are mycotic granuloma with cellular infiltrations.
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Etiology of EUS is still confusing. Some rhabdovirus-like
particles could be detected from the affected fishes.
However, the pathogenicity of the virus particles could
not be proved. A number of bacterial floras, such as
A. hydrophila, Pseudomonas spp., Staphylococcus sp.,
members of the Enterobacteriaceae group, and chemoau-
totrophic nocardioform bacteria have been isolated from
EUS-affected diseased fishes. Initially Achlya and Sap-
rolegnia spp. were identified from EUS-affected fishes,
but these were later dismissed as secondary agents.
However, A. invadans, has been believed to be one cause
of EUS, according to some workers. Classically, diag-
nosis of infectious diseases is done from natural history,
clinical findings, gross pathology and histopathology, and
perhaps most importantly, from isolation and identifica-
tion of the causative organism. Often, particularly for
sporadic outbreaks, natural history is not available. Clin-
ical signs exhibited by affected fishes are a few and often
overlapping and confusing. Environmental impact on fish
health makes the problem more complex. Perhaps. the
best way of diagnosis is to isolate and identify the caus-
ative agent through Koch’s postulates. Sometimes, the
concentration of bacteria used to induce disease may be
critical or particular environmental situation may be
required for clinical manifestation of the disease. For
example, pathogenic strain of A. hydrophila may not
induce disease unless fishes are exposed to environmental
stress of low DO and high stocking density and acute
injury. However, Saprolegnia is said to affect fishes only
when there are surface abrasions. Notwithstanding the
above, it may be noted here that the bacteria are tradi-
tionally isolated on different bacteriological media and are
identified by their morphology, cultural and biochemical
characters, genetic relatedness, and the production of
virulent factors such as toxins and enzymes. On the other
hand, fungi are identified by their morphology and char-
acteristics of reproduction. Serodiagnosis of bacterial fish
diseases is becoming common with availability of diag-
nostic antisera.

6.11.11 Epizootic Ulcerative Syndrome
Study Based on Bacteriology

Das et al. (2009) reported about Antimicrobial resistance
and in vitro gene transfer in bacteria isolated from ulcers
of EUS-affected fish in India. They had stated that disk
diffusion assay showed that all strains were resistant to
ampicillin and sensitive to streptomycin. Of the 15 iso-
lates examined, 93.3% isolates were resistant to erythro-
mycin, sulfadiazine, and novobiocin, while 66% were
resistant to rifampin and 20% to chloramphenicol. All
isolates harbored plasmids with sizes ranging from 64 to
23 kbp with a 23-kbp plasmid in common. Plasmids from

11 Aeromonas strains were transferred to E. coli DH5
alpha recipient strain along with the transfer of ampicillin,
erythromycin, and chloramphenicol resistance de-
terminants with frequencies ranging from 7.0 � 10(�6) to
1.8 � 10(�5) transconjugants per recipient cell. The
resistance to ampicillin, erythromycin, sulfadiazine,
novobiocin, and chloramphenicol is prevalent among the
bacteria isolated from EUS-affected fish, and resistant
determinants of some of these antibiotics have been
transferred to the bacteria of other origin. The emergence
of antibiotic resistance bacteria and gene transfer in vitro
suggests that antibiotics should be used more cautiously
to treat Aeromonas infections in AQC.

Miles et al. (2001) had reported about the effect of
macrophages and serum of fish susceptible or resistant to
EUS on the EUS pathogen A. invadans.

Mastan and Qureshi (2001) had reported about the role
of bacteria in EUS of fishes.

Rahman et al. (2002) had worked on the identification
and characterization of pathogenic Aeromonas veronii
biovar sobria associated with EUS in fish in Bangladesh.

Hassan et al. (2010a,b) had reported on studies of the
effects of bacterial diseases on the skin and gill structure of
Clarias gariepinus in the Dakahlia Governorate, Egypt
(Hassan et al., 2010a,b).

The sharp tooth catfish (C. gariepinus) is one of the
most important FW fishes in the river Nile in Egypt. A total
of 94 samples of the live mature catfish C. gariepinus were
collected from tributaries of the river Nile, Egypt during
summer and winter seasons of 2008e2009. Both healthy
and diseased fish were examined macroscopically for skin
and gill disease. The skin and gills of both healthy and
diseased fish were subjected for microbiological identifi-
cation of pathogenic bacteria. SDS-PAGE and DNA frag-
mentation analysis and light, scanning electron, and
electron microscopical investigations were done. The
infected fishes possessed ulcerative and hemorrhagic skin
patches, which were more intensified in winter than in
summer. The isolated bacteria from both gills and skin of
diseased fish were Acinetobacter lwoffii, Enterobacter
amnigenus, E. coli, Citrobacter amalonaticus, Serratia
odorifera and Aeromonas jandaei (Gram negative),
S. epidermidis (Gram positive). SDS-PAGE revealed no
variations between healthy and diseased skin and gills.
However, DNA fragmentation was moderately detected in
diseased skin, which was more than that of the gill. Ex-
amination by SEM revealed necrotic patches in both skin
and gills. Light microscopical study showed massive atro-
phy, thinning, and degenerative changes of both skin and
gill. TEM study exhibited abundant distribution of cyto-
plasmic vacuoles and alterations of cytoplasmic organelles
including mitochondria, rough endoplasmic reticulum, and
lysosomes of club cells and epithelial cells. The nuclear
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envelope of both club and epithelial cells became convo-
luted. The mucous cells showed widespread of vacuoles.
The macrophage cells were apparently degenerated. The
epidermaledermal junction lacked irregular pattern and the
dermis exhibited internal hemorrhage and hyaline necrosis.
Finally, C. gariepinus was found to be highly susceptible to
bacterial infection inducing pathological alterations in skin
and gills of fishes and may lead to mortality of fish.

Satyalatha and Vardhani (2014) had reported about
SDS-PAGE analysis of protein in muscle and head
kidney of L. rohita in response to aeromoniasis.

Aeromonas infections are regarded as the most common
bacterial infections in FW fish. Fish suffering due to aer-
omoniasis show external symptoms like hemorrhages at the
base of fins or on the skin, distended abdomen, and pro-
truding eyes. L. rohita, one of the most important FW
IMCs, is selected to understand the pathogenic effects of
A. liquefaciens. Tissues of muscle and head kidney were
separated and analyzed for protein profile by SDS-PAGE
analysis. The protein bands in muscle and head kidney
showed remarkable changes in the experimental groups of
fish (groups A, B, C, D, and E treated with A. liquefaciens)
on day 1e4 of experimental period due to the sensitization
of bacterial antigens.

Pramanika and Santrab (2012) had reported about fish
pathogenic A. hydrophila)-induced HP attributes in
spleens and lymph nodes of Swiss albino mice. They
stated that the effect of the fish pathogenic bacteria
A. hydrophila on the spleen and lymph nodes of male
Swiss albino mice has been investigated and examined
histopathologically. Morphological and histological
changes were noticed 7, 14, 21, and 30 days postinfection.
Time exposure showed no significant difference in body
weight between control and treated mice but the value
showed a tendency toward increment. Spleen weight had
increased significantly (p < 0.001) at 14 and 21 days for
posttreated mice. The treatment groups showed hepato-
cellular necrosis of the spleen and other immunores-
ponsive tissue like lymph-node of mice also. The
damaging nature of the immunoresponsive tissues of mice
to the pathogenesis of bacteria A. hydrophila is provoked
in the results obtained.

Sharma and Sihag (2013) had reported about Pathoge-
nicity test of bacterial and fungal fish pathogens in
C. mrigala infected with EUS disease. The study was
conducted for eight weeks to determine pathogenic effect of
different fish pathogens in C. mrigala that had been
affected by EUS disease. The pathogenic organisms (bac-
teria and fungi) were collected from the infected part of the
diseased fish. Isolation and screening of microbes were
carried out with the help of a number of biochemical tests.
A total of eight bacterial isolates were obtained from the
diseased fish. Out of eight, six bacteria viz. Streptococcus
grp Q1, A. hydrophila, Shigella spp., Streptococcus

faecalis, Cellobiosococcus sciuri, Micrococcus luteus were
found to be pathogenic. The fungus A. invadans was also
isolated from the diseased fishes. The pathogenicity of
disease causing organisms was tested through in vitro and
in vivo experiments in different treatments. The result of
experiment was found to be significant at level of p � 0.05.

Harikrishnan et al. (2009) had reported about the use of
an herbal concoction in the therapy of goldfish (Car-
assius auratus) infected with A. hydrophila. The aim of
the study was testing the efficacy of a herbal concoction in
goldfish (C. auratus) experimentally infected with
A. hydrophila. After an intramuscular injection of the
pathogen, scales sloughed off on the site of the injection,
with an appearance of a muscular hemorrhagic protuber-
ance, which progressed into an extensive ulcerative
dermatitis associated with focal hemorrhage, oedema, and
dermal necrosis exposing the underlying muscle
(Stanghellini 1997). The progression of the disease affected
organs in the following order: muscle, gills, liver, and
finally the heart. The dip treatment with the 1% herbal
concoction for 5 min daily restored the macro- and micro-
scopic structure of the altered primary gill lamellae, liver,
heart, and muscles. The changes after recovery were
described.

Saha and Pal (2002) had worked on in vitro antibiotic
susceptibility of bacteria isolated from EUS-affected fishes
in India. They had evaluated 12 antibiotics for in vitro
sensitivity against 16 bacterial strains isolated from surface
lesions of fishes affected by EUS, in connection with their
studies on in vitro antibiotic susceptibility of bacteria iso-
lated from EUS-affected fishes in India. Disk diffusion
assay in MuellereHinton agar, in their study, showed that
pseudomonads and aeromonads were mainly resistant to
penicillin, ampicillin, and erythromycin. However, addi-
tionally, some were resistant to gentamycin and amoxy-
cillin. But resistance toward antibiotics, which were
previously recommended for EUS treatment, such as
oxytetracycline and chloramphenicol, was not observed. It
was further revealed in their study that four aeromonads
and two pseudomonads were found to induce ulcers when
injected intramuscularly in healthy A. testudineus. Never-
theless, all six pathogenic isolates were sensitive toward
oxytetracycline, chloramphenicol, and nalidixic acid.
Oxytetracycline seems to be an effective antibiotic. Further
investigations to determine the mode of treatment and dose
appear to be worthwhile.

Roy et al. (2013) studied isolates of multiple antibiotic
resistant Aeromonas sp. from the skin, gill, and gut of FW
loach L. guntea collected from four different sites of river
Lotchka in the Darjeeling district of West Bengal in India.
Isolated bacteria were identified by different biochemical
procedures. PCR was performed using genus-specific
16S rDNA primers for confirming the identification of
Aeromonas sp. Antibiotic susceptibility test of bacterial
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isolates was done by disk diffusion method. A total of 18
Aeromonas spp. were isolated from skin, gill, and gut of
fish. Maximum resistance was exhibited for penicillin-g,
ampicillin, and cephalothin (100%, 92%, and 84% resis-
tant in the gut of fish). Resistance was almost nil in
ciprofloxacin and tetracycline. Among all isolates, one
particular strain showed resistance against eight antibi-
otics. The bacterial strain was subjected to PCR analysis
with Aeromonas-specific 16S rRNA primers and the PCR
product was sequenced. The sequence was performed by
comparative analysis with GenBank, and maximum sim-
ilarity was found with A. veroni. Presence of A. veronii
resistance to multiple antibiotics indicated that loaches
were contaminated with multiantibiotic resistant enteric
pathogenic bacteria. Their study concluded with the
view that the presence of A. veronii and its resistance to
multiple antibiotics indicated that fish were contaminated
with multiantibiotic-resistant enteric pathogenic bacteria.
This study evidently provides valuable information for
making policy decisions aimed at reducing microbial
contamination of fish and the indiscriminate use of
antibiotics. Further research on antibiotic susceptibility in
the aquatic environments of northern region of West
Bengal (India) may be needed to throw more light in the
matter.

Das et al. (2009) worked on the antimicrobial resistance
and in vitro gene transfer in bacteria isolated from ulcers of
EUS-affected fish in India with the aim to reveal the
occurrence of drug resistance and plasmid-mediated trans-
ferability. Disk diffusion assay portrayed that all strains
were resistant to ampicillin and sensitive to streptomycin.
Further, c 93.3% of isolates were resistant to erythromycin,
sulfadiazine, and novobiocin, out of the 15 isolates exam-
ined; 66% were resistant to rifampin and 20% to chlor-
amphenicol. Nevertheless, all isolates harbored plasmids,
with sizes ranging from 64 to 23 kbp with a 23-kbp plasmid
in common. Further, plasmids from 11 Aeromonas strains
were transferred to E. coli DH5 alpha recipient strain along
with the transfer of ampicillin, erythromycin, and chlor-
amphenicol resistant determinants with frequencies ranging
from 7.0 � 10(�6) to 1.8 � 10(�5) transconjugants per
recipient cell.

The resistance to ampicillin, erythromycin, sulfadiazine,
novobiocin, and chloramphenicol are prevalent among the
bacteria isolated from EUS-affected fish; resistant de-
terminants of some of these antibiotics have been trans-
ferred to the bacteria of other origin.

The main significance and impact of the study could be
the fact that the emergence of antibiotic resistant bacteria
and gene transfer in vitro seem to suggest that antibiotics be
used more cautiously to treat Aeromonas infections in
AQC.

It is common sight that murrels are often affected by the
dreadful disease EUS. The primary causative agent of EUS,

according to some workers, is said to be the fungus
A. invadans and the opportunistic bacterial pathogen is said
to be A. hydrophila. performed in vitro and in vivo anti-
microbial effects of Wrightia tinctoria (Roxb.) R. Br.
against EUS in C. striata.

The antibacterial and antimycotic activity of Wrightia
tinctoria was studied against selected pathogens. Also,
in vivo antibiotic effect in EUS-affected striped murrel
C. striata was examined. The leaves of the medicinal herb,
viz. W. tinctoria (Roxb.) R. Br. was evaluated against five
fish pathogens. Phytochemical screening of leaves
revealed the presence of steroids, reducing sugars, alka-
loids, phenolic compounds, flavonoids, saponins, and
tannins. The TLC chromatogram of extracts revealed
several colored bands. Antibacterial activities of extracts
were determined by the agar disk diffusion method.
Chlortetracycline (5mcg/disc) was used as positive control
for comparison of the inhibition zones. The extract
depicted efficient antibacterial activity against
A. hydrophila with maximum zone of inhibition. The
minimum inhibitory concentration of the extract against
pathogens was determined. Growth of A. invadans was
found to be inhibited by 85%e90%. The herbal paste
applied on lesions showed a positive effect by controlling
and curing lesions. Thus, the active extract of W. tinctoria
could be taken to the next step of bioassay guided puri-
fication to characterize the novel antimicrobial agents.
Almost similar work was done by Rungratchatchawal
(1999).

Twenty-five bacterial strains were isolated by Hossain
et al. (2011) from various locations (culture and capture
sources) in different geographical areas of Bangladesh. Six
pathogenic bacterial isolates had been chosen from among
the 25 isolates of Aeromonas and Pseudomonas spp. in order
to characterize them and analyze their potential virulence
status. The bacterial pathogens were put in four types of
water, viz. pond water, physiological saline, distilled water,
and tap water. The isolates were injected into silver barb
(B. gonionotus) with low to high doses. Out of the six iso-
lates, Pseudomonas fluorescens Pf-16 was detected as highly
virulent. This pathogen had resulted in 40% lesions and 30%
mortality among the experimental fish. On the other hand,
A. hydrophila, Ah-25, was detected as medium virulent.
They reported that this pathogen could successfully produce
30% lesions with 20% mortality among the experimental
fishes. Concomitantly, A. veronii biovar sobria A 44 was
detected as low virulent. It could produce 50% lesions and
40% mortality among the experimental fishes. Bacterial
diseases are a potential threat to both wild and AQC fishes in
Bangladesh. They have been isolated from food and from
different aquatic systems such as lentic bodies, lotic bodies,
and drinking water, and a variety of foods. Various diseases,
like EUS, bacterial hemorrhagic septicemia, tail and fin rot,
bacterial gill rot, dropsy, and different fungal and parasitic
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ailments are said to be significant limiting factors for sus-
tained fish production.

Datta Ray and Homechaudhuri (2014) have worked on
the morphological and functional characterization of he-
patic cells in IMC, C. mrigala against A. hydrophila
infection. As reported, the IMC mrigala (C. mrigala) was
exposed to sublethal doses of A. hydrophila in order to
study the innate immune responses. Hepatic morphology,
characterized by light microscopy and flow cytometry,
revealed production of oxygen radicals, hepatic catalase
and significant (p < 0.05) increase of super oxide dismut-
ase activity in liver of treated fish. Condition factor and
hepatosomatic index (HSI) were calculated as indices of
energy status. Results portrayed a significant (p < 0.05)
increase in HSI; the condition factor had significantly (p <
0.05) decreased in the treated fishes. HP studies showed
changes including focal necrosis, hemorrhage, hyperplasia,
and early stages of granulomatous formation in hepatocytes
of infected fishes. Cytolysis due to bacterial toxins was also
noted. Flow cytometry study had confirmed the presence of
apoptotic cells among the treated fish. As such, distinctive
immune responses had been noted in C. mrigala due to
bacterial infection. The work thus is said to present an
insight into the innate immune response in conjunction with
the identification of potential fish biomarkers, which could
be screened for timely application of proper preventive
measures.

Kurhalyuk and Tkachenko (2011) worked on the in-
duction of oxidative stress and antioxidant defenses in
livers of sea trout, S. trutta L. with ulcerative dermal
necrosis. As reported, the aim of this study was to
investigate the lipid peroxidation (thiobarbituric acid
reactive substance content) and oxidative modified protein
levels (stable 2.4-dinitrophenyl hydrazine derivatives of
the carbonyl groups), and antioxidant defense system
(superoxide dismutase, catalase, glutathione peroxidise,
glutathione reductase activity, and total antioxidative ac-
tivity) in livers of males and females from a control group
(healthy specimens) and a group of sea trout, S. trutta L.
affected by ulcerative dermal necrosis (UDN). UDN tends
to induce protein oxidative destruction and negatively
affects livers of infected trout by initiating oxidative
stress. UDN-affected males are characterized by higher
expressed oxidative-modified protein levels in their livers
compared with those of healthy specimens. Our results
seem to indicate a link between the level of oxidative
stress and antioxidant defenses in livers of trout with
UDN. Increased levels of protein oxidation and modified
activities of antioxidant defenses had caused declines in
total antioxidant activity in livers of UDN-affected fe-
males. The glutathione-mediated antioxidant defense
system and endogenous catalase play a critical role in the
intracellular antioxidant defenses under UDN-induced
oxidative stress.

Rahman et al. (2004) had worked on the distribution of
Aeromonas spp. emphasizing on a newly identified species
Aeromonas sp. T8 isolated from fish and aquatic animals in
SE Asia. As reported, the distribution pattern of a collection
of 106 Aeromonas strains, isolated from both healthy and
EUS-affected fish as well as septicemic disease-affected
frogs and turtles in Bangladesh, Japan, Malaysia, the
Philippines, and Thailand had been investigated. The study
had been done through the physiobiochemical character-
ization of the strains and subsequent confirmation by
analysis of the 16S rDNA sequences of some randomly
chosen representative strains from all identified phenotype.
Special emphasis had been laid on confirmation of a group
of strains, which possibly belonged to a newly identified
species Aeromonas sp. T8 bDNAeDNA hybridization
method; this was particularly found in different species
EUS-affected fish in the Philippines and Thailand.
A. hydrophila subsp. hydrophila and A. hydrophila subsp.
ranae were found only in Thailand. A. veronii biotype
sobria and A. veronii biotype veronii had been found to
dispersed mostly in EUS-affected fish in various countries.
A. jandaei was obtained from EUS-positive fish in
Bangladesh and Malaysia, but Aeromonas media came
from healthy fish in Bangladesh.

Ramkumar et al. (2013) had reported on studies on ul-
cerative disease caused by Providencia stuartii bacteria in
the IMC L. rohita (Ham).

Rohu (L. rohita) is a species of fish of the carp family
Cyprinidae. A survey was conducted from September 2012
to August 2013 to study the prevalence of bacterial ulcer-
ative disease in L. rohita, cultivated in a FW farm located at
the Moongilthuraipattu village in the Villupuram district of
Tamil Nadu, India. To mimic the infection in healthy fish,
organs such as liver, gill, and ulcerative skin were used to
prepare the inoculum in PBS buffer. The inoculum was
injected into healthy fishes through intramuscular injection,
immersion challenge, and oral route. The tissue supernatant
from infected rohu fish was screened for isolation and
screening of the causative organism responsible for ulcer-
ative lesion in L. rohita. Based on the biochemical,
morphological, and molecular features, the bacterial culture
isolated from infected rohu was tentatively identified as
Providencia species like bacterium that was further
confirmed by analysis of its 16S rRNA gene using PCR and
DNA sequencer and it has been identified as P. stuartii.
Further, its partial sequence was deposited in GenBank
(KF155520.1).

Notwithstanding the above, with regard to Signal
transduction pathway of A. hydrophila, their results sug-
gest that there is a signal transduction pathway participating
in the interaction between the pathogen A. hydrophila and
EPC cells. It is likely that A. hydrophila adheres to the host
cell surface before internalization. The adhesins may be the
0-antigen of lipopolysaccharide or the outer-membrane
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protein isolated by Lee et al. (1997) that mediate the
adhesion and internalization of the bacterium. At present it
is not clear whether A. hydrophila also produces invasins to
aid in internalization. After adhesion, A. hydrophila prob-
ably initiates a signaling cascade that involves tyrosine
kinase. Hence this kinase appears to function as part of an
uptake signal for this fish pathogen. At the end of the
signaling pathway, A. hydrophila causes the rearrangement
of microfilament (F-actin) in EPC cells to form actin
clouds. These actin clouds might be associated with the
internalization of bacteria. Subsequently, the internalized
bacteria replicate intracellularly and cause morphological
changes in the EPC monolayer.

6.11.12 Epizootic Ulcerative Syndrome
Study Based on Viruses

Rodger (1994) had reported about the NRED-ODA
Aquaculture Research Program. The executive sum-
mary revealed that in order to investigate the significance
of viruses isolated from fish affected by EUS, a series of
viral characterization and pathogenicity studies were un-
dertaken (Juan, 1994). Further investigation of EUS and
non-EUS diseased fish were undertaken with regard to viral
involvement. A rhabdovirus (T9412) was demonstrated as
a primary pathogen for striped snakehead fish and a com-
bination of this virus and Aphanomyces spp. fungi appeared
to produce more severe EUS disease than a single infection
with the fungus. Improved virus isolation methodology
resulted in higher viral recovery rates from EUS outbreaks.
The genome of the snakehead cell line-isolated retrovirus
was fully sequenced and cloned and demonstrated to be
distinct from other gene sequenced retroviruses. The
EUS-associated reovirus (T9231) was shown to be a
member of the genus Aquareovirus, family Reoviridae, but
was a new serotype. Experimental studies with this virus in
snakehead fish demonstrated nonpathogenicity. The BSN
cell line-associated virus was shown to be a new member of
the family Birnaviridae and was also shown to be
nonpathogenic for snakehead fish. Enzyme-linked immu-
nosorbent assays (ELISA) were developed for both the
aquareovirus and the BSN virus and new cell lines devel-
oped from Asiatic snakehead fish. A regime to remove
mycoplasma contamination from cell lines was developed
and demonstrated as effective. The piscine neuropathy
nodavirus was isolated from diseased spotted brown
grouper from Thailand. As background information, EUS
disease is widely recognized as the most significant
limiting factor in the development of food fish culture, as
dramatically illustrated by the annually recurring outbreaks
of EUS that have now become established throughout the
Indo-Pacific region. The rational implementation of
methods of treatment and control of infectious fish disease
requires a thorough understanding of the etiology,

epidemiology, and pathogenesis of such conditions and the
availability of rapid and accurate means of diagnosis of the
clinical and latent states of infection.

The additional factors that emerged were:

1. Higher virus isolation rates were obtained when tissues
were processed and inoculated into cell cultures within
24 h of sampling without storage or transport.

2. Virus could only be isolated from fish during the early
stages of a disease outbreak and not from the same
population two weeks later.

Similar results were also obtained by Kar and Dey
(1990a,b,c) and Kar (2007a,b,c, 2013).

3. Virus could be isolated directly from skin lesion mate-
rial, demonstrating local association of the virus with
the lesion.

4. Virus could be isolated from more than one fish species
(snakehead and gourami) in the same environment, at
the same time.

b) Reexamination of 100 selected fish tissue extracts
from SE Asian FW species and mullets from southern
India, affected with ulcerative disease conditions, did not
result in any further virus isolations. There was no apparent
survival of EUS-associated rhabdoviruses in original tissue
extracts after prolonged storage at low temperatures.

It is important to note the isolation of the piscine
neuropathy nodavirus, a very significant breakthrough in
fish disease research and opens up a vista of opportunities
for the diagnosis, control, and prevention of this devas-
tating disease of marine fish, both farmed and wild. The
specific cell line utilized for the isolation of the virus is
available to other fish disease centers through the ECACC.

Concomitant to the above, with regard to epizootic
hematopoietic necrosis is an infection caused by EHNV,
a member of the genus Ranavirus in the family Iridovir-
idae with the type species frog virus. It causes systemic
clinical or subclinical infection in rainbow trout and redfin
perch. The virus is currently restricted to Australia.
Further, Bonamia exitiosa is a protistan parasite of the
phylum Haplosporidia. Perkinsus marinus is a pathogenic
dinoflagellate of oysters. Mikrocytos mackini is an
eukaryotic protistan of uncertain taxonomy. Taura
syndrome is due to a small icosahedral virus not envel-
oped. The agent is an RNA virus classified in the
Discistroviridae family. Taxonomy of the yellowhead
virus, which causes yellowhead disease, had been the
subject of some controversy.

John et al. (2001) had worked on the characteristics of a
new reovirus isolated from EUS-infected snakehead fish.

John and George (2012) had reported about an update
of viruses associated with EUS in fishes.

Frerichs (1995) had reported about viruses associated
with EUS) of fish in SE Asia.
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Workers had to take recourse to virological study,
when studies with bacteria and fungi were not fully able to
answer to the riddles of EUS. However, virological studies
could be possible, only where there had been tissue culture
laboratory with electron microscope. This could be the
possible reason for paucity of works on the virological
aspects of EUS. Nevertheless, a range of viruses has been
recovered from whatever virological works have been
done to date (Frerichs et al., 1986; Frerichs, 1995; Kar
et al., 1993; Kar, 2007a,b,c, 2013). It is believed that
A. invadans could invade more readily and induce lesions
in the affected fish, but it appears to take place only if the
skin of the affected fish is damaged rather than intact
(Kiryu et al., 2002). Further works done by in Thailand
had portrayed that rhabdoviruses could be isolated only
from samples collected during the early stages of out-
breaks in snakeheads. It has been suggested that rhabdo-
viruses usually initiate a very preliminary and primary
lesion on the skin, said to provide a portal of entry for the
bacteria (notably A. hydrophila) and the fungi (notably
A. invadans) to cause EUS.

John and George (2012), while reporting about
“Viruses Associated with Epizootic Ulcerative Syndrome:
An Update,” had stated that since 1983, several viruses had
been observed and isolated from fishes infected with EUS.
These viral isolates were principally rhabdoviruses and
birnaviruses. A single isolation of a reovirus-like agent was
also made during the 1992 Thailand epizootic. A ranavirus
isolation was also reported recently from an ulcerated fish
from China.

With regard to viruses observed in electron micro-
scopy, it was reported that the presence of virus particles in
tissues of EUS-infected fishes was first demonstrated by
electron microscopy. The initial observations of viral
association with EUS were noted by TEM studies of tissues
of diseased striped snakehead fish and walking catfish
specimens obtained from the epizootic in Thailand during
1983 and 84. Virus-like particles were reported in hepato-
cytes, the spleen, the kidney, blood cells, the capillary
endothelium, and muscle myofibrils taken from the site of
ulceration in diseased specimens. These particles observed
in the cytoplasm were of approximately 70 nm diameter but
could not be precisely identified as they were pleomorphic
with shapes varying from round, oval, elongate to kidney
shaped. Particles of rhabdovirus-like morphology were
noticed in skin lesions of infected barramundi (L. calcari-
fer). Presence of rhabdovirus and infectious pancreatic
necrosis viruslike particles in cell cultures inoculated with
tissue extracts from EUS-infected snakeheads was noted by
Wattanavijarn et al. Rhabdoviruses were also observed in
cell cultures inoculated with tissue extracts from a variety
of infected fishes including that of a barramundi, which
showed extensive CPE. In addition, with regard to viruses
isolated in cell culture, birnaviruses belonging to coldwater

infectious pancreatic necrosis virus (IPNV) serotypes and
different from existing reference strains (Sp, Ab, VR299
and TV-1) were isolated from EUS-infected fishes. The
first isolation of a virus associated with EUS was from an
ulcerated sand goby (Oxyeleotris marmoratus) in Thailand.
The agent named sand goby virus (SGV) was found to
belong to the family Birnaviridae although the biological,
serological, and biochemical characteristics of the virus
differed from the existing reference strains of IPNV
VR299, Sp, and Ab. Although SGV was found to replicate
well at temperatures ranging from 5 to 30 �C, its role in
inducing EUS was not determined. SGV was later reported
to be a mixture of two strains Sp and Ab of IPNV based on
a comprehensive reciprocal cross-neutralization study.
Second isolation of another birnavirus was from
EUS-infected snakehead fish (C. striata) in Thailand in
1986. The snakehead fish virus was found to be similar
to IPNV based on morphometric characteristics and
biophysical properties such as resistance to chloroform and
heat treatment, but was not serologically compared with the
existing strains of IPNV. Third birnavirus isolation was
made from pooled organ extracts of EUS-infected snake-
head fishes from Myanmar and Thailand and eye spot barb
(Hampala dispar) from Lao PDR in SE Asia in 1988. The
isolate was serologically compared and identified as Sp
serotype of IPNV. A fourth isolation of an aquatic birna-
virus was reported in 1993 from the spleen of an ulcerated
giant snakehead (Channa micropeltes) in Singapore. The
isolate had differed from the existing strains of IPNV in the
relative mobility patterns of nucleic acid and structural
polypeptides. Further comparative studies of the isolate,
however, were not reported. However, none of the above
viruses have been reported to have any causal role in the
pathogenesis of EUS. Rhabdoviruses are quite well known
with regard to EUS. Since its first isolation from striped
snakeheads and a FW eel (Fluta alba) in 1986 in Northern
Thailand and in Myanmar, rhabdoviruses were further
isolated from infected snakehead fish. The five ulcerative
rhabdo-virus isolates (UDRV) that had been obtained, grew
in AS, BF-2, snake-head (C striata and C. micropeltes) and
climbing perch (A. testudineus) cell lines. CHSE-214,
RTG-2, EPC, nile tilapia (Oreochromis niloticus) and
grass carp (C. idella) cell lines were all refractory to
infection. Characterization of these isolates by cross-
neutralization showed that they were serologically distinct
from the common pathogenic fish rhabdoviruses VHSV,
IHNV, EVA, EVX, SVCV, PFRV, and perch Rhabdovirus.
Rhabdovirus isolates were subsequently isolated from
infected snakehead fish (SHRV) in central Thailand in
1986. UDRV and SHRV were distinguishable by serology
and the relative mobility pattern of their structural poly-
peptides. Both viruses were serologically unrelated to the
other known fish rhabdoviruses and phylogenetic analysis
of the SHRV G protein indicated that the SHRV belonged
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to the genus Novirhabdovirus. The rhabdovirus isolates
obtained from EUS-infected fishes have been found to
grow well in the cell lines established from the susceptible
fishes. The UDRV failed to induce any clinical lesions in
snakeheads subjected to intraperitoneal inoculation or bath
exposure. EUS lesions were however induced in snake-
heads (C. striata) held at 20 �C injected intramuscularly
with a rhabdovirus (strain T9412) followed by bath chal-
lenge with Aphanomyces invadans spores. Rhabdovirus
injection alone induced only small hemorrhagic lesions at
the injection site most of which had healed by the end of
the experiment. They did not get any EUS induction in a
similar experiment conducted at 29 �C indicating the
combinatorial conditions that lead to the development of
EUS lesions. Cell culture grown EUS-associated rhabdo-
virus was experimentally shown to induce slight to mod-
erate skin lesions in all tested naive snakeheads at rearing
water temperatures of 20e22.5 �C, but not at 28e32 �C.
LioPo et al. transmitted rhabdovirus isolated from the
Philippines horizontally from virus infected fish to naive
snakehead (C. striata) by cohabitation and lesions appeared
in 6e14 days on the naive fish. Naive fish exposed to lake
water only developed lesions in 16e21 days. Rhabdovirus
was isolated from fish in both treatments suggesting
transmission via water from infected fish. Fish in aquifer
water only without contact with EUS-infected fish did not
develop the disease. Further isolation of rhabdoviruses
was reported during the later incidences of EUS in
Thailand, Sri Lanka, and the Philippines, making this group
of viruses the most isolated from EUS-infected fishes.
Though the rhabdoviruses isolated were heterogenic, their
frequent isolation, range of areas from which isolates have
been obtained and ability to induce dermal lesions in
experimental infectivity studies make rhabdoviruses one of
the likely potential primary etiological agents that could be
triggering the onset of EUS paving way for the invasive
fungus A. invadans to develop characteristic dermal le-
sions. While reporting about reoviruses, a reovirus had
been isolated from EUS-infected snakehead fish in 1992
following a cohabitation experiment. EUS was induced in
six healthy snakehead fish by cohabitation with six char-
acteristically EUS-infected snakehead fish. All six
EUS-infected fish died within five days of cohabitation
trial. Tail ulcerations developed in the healthy snakehead
fish 12 days post cohabitation. They were sampled for
virological examination by inoculating the tissue homoge-
nate onto SSN-1 and BF-2 cells. The CPE was developed in
SSN-1 cells incubated at 25 �C after eight days. Virus was
further passaged onto fresh SSN-1 cells and CPE observed
in two days. This isolate (snakehead reovirus SKRV) was
characterized in comparison with other European and
American aquareoviruses and observed to be different due
to a 10-segmented dsRNA genome, lack of syncytium
formation, and the inability to multiply in coldwater fish

cell line CHSE-214. The snakehead reovirus (SKRV) was
found to belong to the Orthoreovirus genus and is the first
orthoreovirus to be isolated from a fish host. SKRV was
found to grow in SSN1 and SSN3 cell lines at 25e30 �C.
Serologically, the virus was distinctly different from golden
shiner virus, catfish reovirus, tench reovirus, and chub
reovirus. Pathogenicity studies indicated that the virus was
not capable of producing EUS-associated lesions in
snakehead juveniles. While discussing about ranaviruses,
it was reported that a virus belonging to ranavirus of Iri-
doviridae family was isolated from cultured largemouth
bass (Micropterus salmoides) experiencing extensive mor-
tality in the Guangdong province, China in 2008. Though
not categorized into EUS, affected fish had ulcerations on
the skin and muscle. The virus grew well in EPC cell
cultures and TEM study of the ulcerative muscle tissue and
the infected EPC cells revealed cytoplasmic, icosahedral
virions of 145 nm in diameter. The virus resembled doctor
fish virus and was closely related to largemouth bass virus
upon sequence analysis of viral major capsid protein and
DNA methyltransferase. Intramuscular injection of the
virus resulted in clinical signs of the disease and caused
100% mortality of healthy largemouth bass.

With regard to viruses associated with cell culture, it
had been stated that some cell cultures developed from
tropical warm-water fishes were found to harbor persistent
retrovirus and birnavirus-like infections. Spontaneous
production of C-type retrovirus particles was noticed in cell
lines developed from healthy striped snakehead, snakeskin
gourami (Trichogaster pectoralis), and climbing perch
(A. testudineus), which are known to be susceptible to EUS.
Similarly, a cell line developed from blotched snakehead
(Channa lucius) was found infected with a birnavirus that
was found to be a new serotype (serotype C) of the IPNV
group. Pathogenicity studies indicated that both the
snakehead retrovirus and BSNV were unable to induce the
disease condition in snakeheads. The role of these persis-
tent viral infections in acting as potential reservoirs of
viruses and their effect on the immune system of the carrier
fish had not been fully investigated.

Absence of hemorrhagic septicemia, (quite character-
istic of Aeromonas infection) in all but most of the ulcer-
ated fish (Roberts, 1989); nonoccurrence of these
pathogens in the early part of the disease (Lilley et al.,
1992); and close association of these bacteria with fishes in
water (as stated earlier) since time immemorial (Kar and
Dey, 1990a,b,c); suggest that Aeromonas hydrophila is
unlikely to have any primary infective role in the patho-
genesis of EUS. Likewise, a primarily viral (?) etiology
(filterable biological agent) is always suspected to be
associated with the initiation of EUS. (FAO, 1986; Kar,
2007a,b,c, 2013.

Therefore, in order to confirm the presence of virus,
EUS-affected fish tissues have been subjected to virological
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examination. Ulcerated tissues from EUS-affected
C. batrachus have been homogenized in PBS, clarified by
high-speed centrifugation (10,000 rpm) for 10 min, and
decontaminated through membrane filtration (0.22 mm).
Monolayer cultures of BF2 fish cell line have been grown in
96-well microtiter plate at 28 �C in Leibovitz L-15 medium
supplemented with 10% FCS and vitamin mixture. A 50-mL
aliquot of each dilution (up to 10�7) of the filtered supernatant
was added to 80% confluent monolayer of BF2 fish cell line
grown in 96-well microtiter plate. After 2 h of adsorption at
room temperature, cultures were overlaid with 150 mL of
maintenance medium (L-15 supplemented with 2% FCS) and
incubated at 28 �C. ProgressiveCPEhad appeared between 48
and 72 h postinfection day (PID) in 10�1 to 10�4 dilution. The
infection was passable in the subsequent cultures indicating
the isolation of virus (Kar et al., 1993, 1994, 1999a, 2003a,
2004a; Kar, 2007a,b,c, 2013). Efforts are being made to
characterize the virus and correlate the same with viruses
isolated elsewhere (Frerichs et al., 1989; Ahne et al., 1988;
Wattanavijarn et al., 1985). EM studies of the TCF showed
occasional round particles unlike those of Roberts’ group in
Scotland (Frerichs et al., 1986).

The above study confirms that EUS outbreak in FW
fishes is initiated by primary viral infection followed by
secondary bacterial and fungal contaminations. Viral pres-
ence is said to be only for a very brief period, and the havoc
is caused mainly by bacteria and fungi.

Gilda et al. (2000) is said to have published a first report
of the isolation and characterization of a virus from the
Philippines that supposedly causes EUS in fishes. As
reported, the virus was isolated using snakehead spleen cells
(SHS) from EUS-affected snakehead fishes (C. striata)
with severe lesions collected from Laguna de Bay during
January 1991. The virus was said to induce CPE in SHS
cells and yielded titer of 3.02 � 106 TCID50/mL at 25 �C
within two to three days. As reported, other susceptible cell
lines included bluegill fry (BF-2) and catfish spleen cells.
However, it was reported that the replication in Chinook
salmon embryo cells (CHSE-214) was minimal. On the
other hand, Epithelioma papulosum cyprinid cells (EPC)
and rainbow trout gonad cells (RTG-2) were refractory.
Incidentally, there was no replication of the virus at 37 �C.
Further, the virus could be stored at �10 �C for 30 days
without much loss of infectivity. Exposure of the virus to
chloroform or heating to 56 �C for 30 min inactivated the
virus. Further, there was a loss of >100-fold viral infec-
tivity after exposure to a medium with pH 3.0 for 30 min. It
was revealed to be an RNA genome, as virus replication
remained unaffected in 5-iododeoxyuridine (IUdR).
Neutralization tests using the Philippine virus, the ulcera-
tive disease rhabdovirus (UDRV), and infectious hemato-
poietic necrosis virus (IHNV) poly-valent antisera, depicted
slight cross-reaction between the Philippine virus antiserum
and the UDRV. It, however, did not reveal any serological

relationship with SHRV and IHNV. TEM studies with SHS
cells infected with the virus showed virus particles with
typical bullet morphology with an estimated size of 65 �
175 nm. The Philippine virus was therefore regarded as a
rhabdovirus with no possible role in the epizootiology of
EUS.

Lio-Po et al. (2000) had reported about the character-
ization of a virus obtained from snakeheads O. striata with
EUS in the Philippines.

Zhang et al. (2000) had reported the isolation of a
lethal rhabdovirus from the cultured Chinese sucker
Myxocyprinus asiaticus. It had been stated that a rhabdo-
virus was found to be associated with a lethal hemorrhagic
disease in the cultured Chinese sucker M. asiaticus
(Bleeker). The rhabdovirus was amplified and isolated
from infected grass carp ovary cells. The virus particles
(150e200 nm in length and 50e60 nm in diameter) from
the ultrathin sections of the liver cells had been reported
to exhibit the characteristic bacilliform morphology with
two rounded ends rather than a typical flat base, budded
through vesicle membranes of the infected cells. Most of
the other characteristics, like size, virus infectivity to fish
cell lines, cytopathogenic effects, stability at high tempera-
tures, vesicle formation in infected cells, electrophoretic
patterns of structural proteins and the presence of an RNA
genome, seem to reflect close resemblance to other fish
rhabdoviruses. However, it is not very well known, whether it
is a novel virus species or it is an isolate of a known fish
rhabdovirus. The authors opined to name it tentatively as
Chinese sucker rhabdovirus until its confirmed identification
is done.

John et al. (2002) had reported on VP2 protein carries
neutralization epitopes in blotched snakehead virus
(BSNV). They had stated that new aquabirnavirus BSNV
had been isolated from a persistently infected warmwater
fish cell line (BSN) developed from blotched snakehead
(C. lucius). Four polypeptides of molecular mass 112
(polyprotein) (VP1), 44 (VP2), and 37 (VP3) kDa had been
identified as BSNV. Reciprocal cross-neutralization anal-
ysis involving BSNV and four classical strains of infectious
pancreatic necrosis virus (IPNV) strains WB, Sp., Ab, and
TV-1 revealed that BSNV antiserum was capable of
neutralizing only homologous virus, while no cross-
reaction had been evident against the other viruses. West-
ern blot analysis of separated viral proteins had been done
using antisera against BSNV and IPNV Sp in order to study
and compare the antigenic properties of the virion structural
proteins of BSNV and IPNV strain Sp. The analysis indi-
cated that VP2 p2 protein (44 kDa) of BSNV alone was
recognized by homologous antiserum while antiserum
against IPNV Sp and SGV using BSNV antiserum had
showed that VP2 is probably the only protein expressed on
the virion surface. This protein carries neutralization
epitopes in BSNV.
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6.11.12.1 Viruses Observed in Electron
Microscopy

Presence of virus particles in tissues of EUS-infected fishes
was first demonstrated by electron microscopy. The initial
observations of viral association with EUS were noted by
TEM studies of tissues of diseased striped snakehead fish
and walking catfish specimens obtained from the epizootic
in Thailand during 1983 and 84. Presence of viruslike
particles was reported in hepatocytes, the spleen, the kid-
ney, blood cells, the capillary endothelium, and muscle
myofibrils taken from the site of ulceration in diseased
specimens. The particles observed in the cytoplasm were
approximately 70 nm in diameter, but could not be pre-
cisely identified as they were pleomorphic and varied
among round, oval, elongate, and kidney-shaped. Particles
of rhabdovirus-like morphology were noticed in skin
lesions of infected barramundi (L. calcarifer). Presence of
rhabdovirus and infectious pancreatic necrosis viruslike
particles in cell cultures inoculated with tissue extracts from
EUS-infected snakeheads was noted by Wattanavijarn et al.
Rhabdoviruses were also observed in cell cultures
inoculated with tissue extracts from a variety of infected
fishes including that of a barramundi, which showed
extensive CPE.

6.11.13 Molecular Diagnosis

6.11.13.1 Aphanomyces invadans: Its
Identification

As reported, A. invadans does not produce any sexual
structure. It thus may not be diagnosed by morphological
criteria alone. Nevertheless, the oomycete could be identified
to the genus level by inducing sporogenesis, demonstrating
typical asexual characteristics of Aphanomyces. In fact,
A. invadans is characteristically slow growing in cultures
and fails to grow at 37 �C on GPY agar. However, the two
procedures that confirm A. invadans are (a) bioassay and
(b) PCR amplification of the rDNA of A. invadans.

6.12 WORKS DONE ON EUS IN
RELATION TO SOCIOECONOMICS

EUS fish disease has been having a devastating effect on
the socioeconomic conditions of fishers and fish farmers. In
connection with discussing aquatic animal health in rural
and small-scale AQC, Subasinghe et al. (2001) had
reported that the incurred losses due to EUS fish disease
affected the livelihoods of people involved in AQC and the
communities in which they live. The effect of the disease is
reflected through the reduced availability and loss of food,
income, and employment; and other social consequences,
notably shortfalls, shortages, and destabilization of
markets.

While addressing disease problems in small-scale AQC,
it had been opined that rural, small-scale farmers are
generally resource-poor with usually limited knowledge of
disease and health management among fishes. Thus, it is
perhaps essential to understand how the rural small-scale
AQC sector is being managed by farmers and their asso-
ciates engaged in various sectoral activities. This could,
concomitantly, help us in framing appropriate interventions
through better health management practices. Some signifi-
cant health management practices could be as follows:
(a) framing of effective quarantine measures at the national
level; (b) access of farmers to the basic aquatic animal
health services; (c) basic health management measures are
to be incorporated into fisheries enhancements and rural
livelihood programs; and (d) strengthening the extension
services and acceleration of communication exchange
could bring about a let-up in the situation through fast
responses to disease situations. In this connection, primary
health care may be defined as that kind of care that could be
considered practical, community-based, scientifically
sound, socially acceptable, and last, but not the least,
appropriate to the needs of the small-scale farmers. In
others words, “primary health care” generally refers to an
appropriate approach for small-scale AQC, which reduces
the risk of disease outbreaks and concomitant loss of
production. Primary health care also stresses that the
emphasis should be on “people” and not to be narrowed
down to pathogens and technology only. The main objective
of any such study could be the unraveling of the intensity
and scale of aquatic animal disease problems and their
impacts in order to gain better insights into their risks to
rural livelihood.

Concomitantly, Chris (2002) had highlighted the health
management issues in the rural livestock sector and the
useful lessons for consideration when formulating pro-
grams on health management for rural, small-scale AQC.
He had further stated that there could be a number of
similarities between a smallholder of livestock and a big
AQC system. In both systems, similar outcomes may result
after the application of same principles of health manage-
ment. Thus, it may appear appropriate that lessons learned
from the livestock sector could be applied to AQC sector
and vice versa. However, improvement in the situation of
disease prevention and control may happen only when there
is a clear understanding of the etiology of various disease
syndromes and their epidemiology. In this regard, effective
measures could be adopted only when the main reasons
could be found through different means including epide-
miological survey programs, adopted at the village level,
may gradually be extended to national level. These disease-
control strategies could form strong database for present
and future works on fish health management. However,
such databases for those countries should invariably be
based on competent diagnosis, well-designed disease
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reporting systems, and specific field surveys. However,
collection of high-quality representative basic data from
the farms and villages forms a prerequisite need for
building a sound database. Differences exist in capabilities
of governments at different levels for improving the health
of animals in the small-holder sector. The responsibilities of
livestock and aquatic animal health are said to be entrusted
with the same governmental department in countries like
Lao PDR and the Philippines. Thus, marvelous opportu-
nities exist for sharing experiences, expertise, and
resources. Further, the livestock and aquatic health sur-
veillance and control systems for the small-holders are said
to be quite well-developed in some Asian nations. This
could be expanded to other nations through network
collaborations.

Concomitant to the above, governments of different
nations now seem to be under increasing pressure to supply
better-quality information about the health status of livestock
and aquatic animals. This could become more increasingly
important, over the coming decades, for those countries that
export aquatic animal products, particularly the live animals
and their products. The International Aquatic Animal Health
Code of The Office International des Epizooties has guide-
lines about the modus operandi of a surveillance to be
conducted and concomitant reporting of diseases, if any.
Improvements in the reporting system could be an ongoing
process, with inputs in the form of tables, figures, maps,
plates, etc., so that targeted goals could be achieved.
Nevertheless, it may be appreciated that the modus operandi
of disease surveillance for livestock, fisheries, and AQC may
not be the same, and thus may call for different strategies. It
is often appreciated that there are similarities between
smallholder livestock and AQC systems with regard to
application of the similar principles of health management
and their outcomes. Similar problems often occur with
increased stocking densities coupled with commercial pres-
sures for continual production-efficiency gains. This often
may lead to enhanced chances of infectious diseases.

Concomitant to the above, global production from AQC
is said to be increasing at approximately 13%/y, and thus
production is expected double every six years if this rate of
production is sustained, along with almost uniform rate
of production from different countries. Conversely, fast
growth may also help potential pathogens to find additional
susceptible hosts. Also, rapid unchecked growth might
boost unhealthy competition among the neighboring farms;
this might thereby lead to the spread of infectious diseases
in epidemic dimension, leading to devastation among not
only fishes, but also both large-scale and small-scale
aquafarms. In this communication, certain issues from the
livestock and AQC sectors have been outlined with some
discussion regarding how issues of the livestock sector
might suitably be applied to the rural small-scale AQC
sector. With regard to the statement, how important is

the small-scale livestock sector, it had been reported
that the percentage of the population involved in agricul-
ture ranges from 50% to 90% in the Asian region (FAO,
1999). Approximately 10e20% of GDP is derived from
livestock in these countries. Further, small-scale producers
are said to raise 60e90% of the livestock. With regard to
organization of the small-scale livestock and AQC sec-
tors, the target of a service provider such as an elected
government is the “individual farmer,” particularly a small-
scale farmer in a farming system who may not always be
competent enough to handle and tackle situations such as
floods and droughts. On the other hand, apex bodies such
as governments operate on a collective basis like a “group
of farmers” rather than as “individuals.” In fact, the small-
scale livestock and AQC sectors usually operate in hierar-
chical manner, beginning with small-scale farmers and
followed by villages, provinces, and countries.

On a larger scale, international trade at the global level
has enhanced the risks of disease emergence to almost an
exponential scale. The situation seems to have been
aggravated with the raising of GMOs, cross-breedings, and
other modern applications, sometimes without considering
the consequences. As such, there have been emergence of
global bodies like the WTO, with the responsibility for
administration of a number of multilateral agreements,
notably the GATT, Agreement on Agriculture, Agreement
on Sanitary and Phytosanitary measures (SPS Agreement),
and so on, to take care of frameworks to facilitate trade,
along with steps to evolve mechanisms to reduce risks
associated with free trade. The SPS agreement provides the
core principles, while the International Animal Health
Code of the OIE (OIE, 2000) provides standards for man-
agement of these risks. Concomitantly, the Animal Health
Service of the FAO, after appreciating and recognizing the
international spread of diseases as one of the potentially
greatest downsides in emerging changes to world trade,
consolidated its activities under the EMPRES (Emergency
Prevention System for Animal and Plant Pests and Dis-
eases) to control and contain serious and severe epidemics
among the livestock and AQC sectors, such as Trans-
boundary animal diseases (TADs), notably rinderpest,
FMD, Newcastle disease, EUS, and so on. In keeping an
eye on the interests of consumers, awareness among
consumers is said to be on the rise. Concomitantly, it had
been noted that government involvement had been
reduced. In view of the global economic crisis, there have
been an increasing trend in the reduction of government
subsidies in different countries, notably Australia, New
Zealand, Zimbabwe, and so on. As such, services have
become more focused. In view of curtailing and control-
ling costs, there have been attempts to adopt a more busi-
nesslike approach in some countries, like the outsourcing of
works to private laboratories rather than doing the same
works in government laboratories.
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In this connection, it may be emphatically noted here
that the welfare of animals has of late been a major issue
in livestock and fisheries management systems.

A brief account about the Trans-boundary animal
diseases (TADs) is given below.

It is a common notion that diseases know no boundaries
and generally spread in an epidemic form like wild fire.
Nevertheless, they have enough potential to affect the human
population adversely (Baldock, 2002). Concomitantly,
TADs may be defined as ”those epidemic diseases that are
severely contagious and have the potential to spread very
fast irrespective of national boundaries or borders, causing
serious socioeconomic and public health consequences.”
Such high risks of morbidity and mortality among
susceptible animals pose a serious threat to the livelihood
of livestock and AQC farmers. With regard to the aspect
that TADs to be combated, an effective national animal
quarantine system could always be the first line of defense
against the entry and establishment of TADs. There could
be a second line of defense as well. As such, in order to
deal appropriately with TADs, there is a need for the
application of appropriate technology. Some points in this
regard could be as follows: (a) disease surveillance and
animal health information systems; (b) To device various
alternative methods for studying epidemiology of disease
outbreaks; (c) disease diagnosis and characterization of the
etiological agents; and (d) production of vaccines for
disease control and eradication. It has been detailed later.

In fine, it could be inferred that there is the possibility
for more disease occurrences, rather than less, in AQC
systems as they expand. However, the underlying endemic
diseases may be managed at the farm level. Moreover, the
rapidly sweeping infectious diseases are to be managed at
different levels. Producers, consumers, stakeholders, and
almost the whole nation could be affected by impacts of
certain virulent diseases.

Solutions are supposed to lie at all levels of production,
marketing, and policy framing. Treatment with chemicals
and antibiotics, proper hygienic measures, adequate quar-
antine steps, appropriate policies, etc., could go a long way
in the proper healthy management of farms.

Further, Mazid and Banu (2002) had reported about an
overview of the Social and Economic Impact and Man-
agement of fish and Shrimp disease in Bangladesh, with
an emphasis on small-scale AQC. They had stated that
fisheries have been a lucrative sector today in Bangladesh,
in view of burgeoning population pressure with increasing
demands for finfish and shellfish. In fact, pisciculture in
the country seemed to have been progressing toward semi-
intensive AQC. Conversely, shrimp culture seems to have
been moving toward an improved traditional system. In
fact, uncalculated, unrestricted, and indiscriminate use of
fertilizers and feed has caused severe stress on fishes due
to changes in water quality parameters in the aquatic

domain, and thereby has rendered fishes susceptible to
pathogens in foul water. At the same time, not much rich
database are seem to be available on the disease and health
problems of finfish and shellfish, although mortality and
economic losses are the inevitable consequences of dis-
ease problems. Mass mortality of carp juveniles due to
protozoan and metazoan parasites seems to be often re-
ported. Nevertheless, EUS has been one of the most
virulent, enigmatic, hitherto unknown diseases among
fishes and has swept through FW fishes semiglobally since
about 1972. Concomitantly, the white spot disease
(WSD), said to be caused by white spot syndrome virus
(WSSV, reported as a systematic epidermal and meso-
dermal baculovirus or SEMBV) is believed to have caused
the loss of 44.4% of shrimp production alone during the
mid-1990s in Asia in general and the Indian subcontinent
in particular. It is believed that the shrimp culture industry
has been suffering a setback since then. About 350,000
people associated with the shrimp culture were thrown out
of employment. Consequently, it had appeared that dis-
eases among finfishes and shellfishes had severe economic
impact on the life of the LIG. However, production
through AQC is said to be continuing leaps and bounds in
the developing countries in Asia in order to meet the needs
of nutrition and avocation. Burgeoning population pres-
sure vis-a-vis a shortage of alternative employment op-
portunities in these countries had increased the attraction
of fisheries and AQC to people, mainly for avocation. But
these countries, notably Bangladesh, India, etc., had faced
many difficulties in the appropriate management of AQC,
mainly due to lack of up-to-date knowledge of manage-
ment practices, and lack of awareness among growers
(producers). Information pertaining to appropriate man-
agement of emerging problems is to be disseminated
among fisheries and AQC sectors.

With regard to the FW (freshwater) fisheries sector,
there seems to be widespread appreciation that the fisheries
and AQC sectors play significant roles in meeting national
goals in social, economic, and nutritional arenas. As
already mentioned, indiscriminate use of fertilizers and feed
had rendered fishes susceptible to diseases due to foul
water, and consequently the effects of diseases on improved
systems of AQC are said to be significant. At the same
time, outbreaks of disease had been insignificantly reported
and poorly documented. While dealing with landless
farmers and their seasonal occupations, c 80% of the
population in Bangladesh is poor and landless, their live-
lihood is uncertain, and they live mostly hand to mouth. As
such, they have to be always on the move in the lookout for
improved living conditions. They often may migrate to the
urban areas for so-called economic opportunities. Some of
such villagers may settle in the “char” areas, which may be
found to be uninhabited, and earn their livelihood mainly
through fishing. Further, they operate traps in rivers during
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fish breeding season (FebruaryeJuly) for catching juvenile
carps (notably C. catla, C. mrigala,, etc.) that are usually
sold to pond owners on the mainland. In addition, landless
people also fish in canals and open waters during the rainy
season. Similar situation is also said to exist in India. With
regard to communities that depend on fish and fisheries,
fish and fishery-dependent people generally dwell in boats,
floating houses, or on the banks of rivers and shores of
wetlands. They are said to depend exclusively on fishing or
fish-related avocations such as fabrication and construction
of fishing gears (fish catching devices) and crafts (mainly
boats), growing and processing of fishes, fish trade, etc.
However, the people belonging to these communities are
usually socioeconomically poor and downtrodden. In
dealing with the development in AQC and problems of
diseases, it is usually opined that there has been
enhancement in AQC in countries of the region, mainly
through increased stocking densities. This may rather invite
disease and health problems among intensely stocked fishes
(mainly due to overcrowding), and may lead to large-scale
mortalities and consequently poor production rather than
so-called enhanced production. While deliberating upon
diseases among FW fishes, the occurrence of fish dis-
eases among carp-rearing farms in Asia, notably
Bangladesh, had been reported in c 31% of the extensive
farms and in c 24% of the semi-intensive farms. The most
common and virulent disease problems among FW fishes is
EUS, which has caused large-scale mortalities among FW
fishes since the early 1970s and renderedmany ichthyospecies
endangered.

Concomitant to the above, there have been risk factors
and socioeconomic impacts associated with EUS in
Bangladesh. While dealing with this, Khan and Lilley
(2002) had stated that an interview-based questionnaire
survey of a fish farmer and a fisher, who had been
randomly selected from each of the 64 districts of
Bangladesh, was conducted in order to study the risk
factors associated with outbreaks of EUS. The survey was
conducted during the EUS outbreak season between
December 1998 to April 1999. Data had revealed a
significantly higher relative risk of EUS among the farmed
fishes when wild fishes had also occurred in the same pond
at the same time. EUS might have occurred in the same
pond during the previous season when pond embankments
not high enough to prevent incoming floodwater from
entering the pond. However, ponds are usually connected
to natural water bodies; at the same time, they are not
usually dried up and limed before or even after stocking.
Further, fish catching devices like nets are generally not
properly washed, dried, or disinfected. All these things
aggravate the risk of initiation of fish diseases, notably
EUS, etc. In addition, it could be further revealed that
fishes sampled from the “haor” (seasonal floodplain wet-
lands) depicted a greater risk of being affected by EUS, as

compared with their counterparts in rivers and other types
of lentic water bodies.

Concomitant to the above, of 64 districts in Bangladesh,
fish farms in 32 (50%) of them recorded fishes with lesions;
fishes in 30 (47%) of the 64 districts were confirmed as
EUS-positive. Concomitantly, wild fishes from 52 (81%) of
the 64 districts depicted lesions; wild fishes with lesions in
49 (77%) of the 64 districts were confirmed as
EUS-positive. Incidentally, in total 6433 wild fishes and
6401 farmed fishes were examined for lesions, and average
prevalence was estimated as 16.0% and 15.5% respectively.
Moreover, out of the total ichthyospecies found in water
bodies, 40 species were recorded as possessing lesions; of
those 40 species, 31 were confirmed as EUS-positive.

Notwithstanding the above, c 88% of fish farmers
interviewed had one to four ponds at their disposal. These
small-scale marginal farmers are, usually, at risk of
suffering from serious financial constraints and signifi-
cantly depleted production levels due to abrupt and large-
scale outbreaks of diseases. On the other hand, losses in
wild fisheries could deprive poorer sections of society of
relatively cheap sources of animal protein.

Notwithstanding the above, EUS, is, still perhaps the
most damaging disease among the FW fishes (according to
fishers and fish farmers), and probably has significant
effects on fish production. However, no authentic infor-
mation about mortalities of fishes resulting from EUS could
be obtained as yet, although c 86% of farmers and c 89% of
fishers interviewed had regarded EUS to be a significantly
major problem. Nevertheless, the total loss of fishes due to
EUS during 1998e99 had been approximately quantified to
be 39,797 metric tonnes (mt) in Bangladesh, which had
been estimated to be approximately equivalent to US$ 3.97
million, calculated based on the prevailing data from the
study.

While analyzing aquatic animal health management is-
sues in rural AQC development in Lao PDR, Funge-Smith
and Dubeau (2002) had stated that their communication
tried to highlight the role of small-scale AQC in subsistence
farming systems in rural Lao PDR. In fact, small AQC is
said to be a popular component of subsistence farming
systems in Lao PDR. Moreover, rice-cultivation happens to
be one of the principal activities during the rainy season.
Concomitantly, collection of aquatic products from the rice
fields is also quite common. Results from a production-
cum-consumption survey, among the subsistence farmers
of rural Lao PDR had revealed that many (c 84%) of them
had been engaged in fish culture. However, consumption of
fish and other aquatic products had been estimated to be
13e48 kg/capita/y, thereby, accounting for c 22%e55% of
the total consumption of animal products. Further, fish
production and livestock farming are said to be the prin-
cipal sources of income generation, and the value of fish
production/household was US$ 81 on average. In addition,
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the overall income of families had ranged between
US$ 372e594/household/y.

One of the principal strategies in subsistence farming is
to minimize the “risk factors.” This is possibly reflected
through the occasional low input vis-a-vis low productivity
from rural Lao AQC. Size of Lao ponds are said to range
from 550 to 1520 m2 with a water depth of c 50 cm on
average. Productivity is sometimes said to be low, ranging
from 417 to 708 kg/ha/y, mainly due to low stocking
densities (generally one to four fish/m2), and limited
artificial feeding. It may be important to note here that low-
input AQC systems are generally not much disease-prone,
but may become so during the dry season, or with
increased inputs.

Notwithstanding the above, Lilley et al. (2002) had
reported about the social, economic, and biodiversity im-
pacts of EUS as part of the major treatise on primary
aquatic animal health care in rural, small-scale AQC
development. According to them, not many surveys had
been conducted to accurately assess the impact of EUS on
fish populations and associated fishing communities. A
review of previous information on various aspects of EUS
is said to have failed to prominently focus the social,
economic, and biodiversity impacts of EUS in view of
the advocated fact that HP-based diagnosis of EUS had not
been much applied in most studies on EUS before 1994.
Information from the Bangladesh Food Action Plan 17
(FAP 17) Project from October 1992 to March 1994 had
portrayed that c 26% of the 34,451 FW fishes examined had
lesions of some kind. Further, a recent cross-sectional
survey in Bangladesh displayed that c 80% of the 471
fishes with lesions sampled from 84 sites had been diag-
nosed as displayed-positive. This points out that studies on
EUS in Bangladesh, which had just examined fishes with
lesions, had not been grossly overestimating the prevalence
of EUS disease.

Concomitant to the above, outbreaks of EUS had been
subsiding in many regions. However, new occurrences are
being reported from previously unaffected areas as well as
in newly developed fisheries and farming management
systems. It has been recently revealed that EUS may not
always occur as seasonal outbreaks, and may not always
cause high mortalities, but may prevail at low levels
throughout the year. It may thus portray some effect on
productivity that may not be measured in terms of
mortalities alone. Nevertheless, as reported, communities
that depend on local fisheries had been affected much by
outbreaks of EUS. On the other hand, societal impacts may
sometimes extend beyond persons who are directly affected
by the loss of fishes. Notwithstanding the above, there have
been reports of direct economic losses due to EUS-caused
deaths in various affected nations. In addition, further
estimates are being prepared based on recent survey data.
But losses due to lower productivity could be of greater

significance. Naturally, during periods of severe EUS
outbreaks, reduced AQC and fish production could be
demonstrated. But that the decline in fish production was
positively due to EUS, could not be positively ascertained.
However, during periods of severe EUS outbreaks, it may
sometimes be difficult to locate the susceptible species as
revealed from anecdotal evidence. There had not been
much information available, however, on the long-term
effects of EUS on aquatic ecology, as reported.

Concomitant to the above, Little et al. (2002) had sur-
veyed health management issues in FW fish hatcheries,
nurseries, and fry distribution, with emphasis on expe-
riences in Vietnam and Bangladesh. They had opined
that, an understanding of the status of fish seed production
and marketing in various countries in Asia calls for an
analysis of the health management issues. There had been
rapid development of the sector in dealing with fish seed
production by small and marginal entrepreneurs during the
last few decades. However, the concentration of institutions
of this sector at certain favorable locations might have
either positive or negative impacts on the health status of
fish seed. Attempts had been made to identify the key
features for hatcheries, nurseries, and traders. Decentralized
fish seed production approaches had been found to have the
greatest potential for minimizing health management
problems.

In addition to the above, Hasan and Ahmed (2002) had
dealt with issues in carp hatcheries and nurseries in
Bangladesh, with special reference to health manage-
ment. Their study presents results of a case study that had
been carried out in 180 hatcheries and nurseries in the NE
and SW regions of Bangladesh over a 30-day period during
AugusteSeptember 1999. Study of various aspects of
management issues in small-scale carp hatcheries and
nurseries, with particular reference to their health man-
agement was the principal objective of the survey. Three
IMCs (rohu, catla, and mrigal) and three exotic carps
(common, silver, and grass) were the ichthyospecies
generally cultured in most hatcheries and nurseries in
Bangladesh. In this context, the average production of
spawn in hatcheries was 844 kg/ha, while in nurseries, the
production was found to depend on the size of the fry.
Nevertheless, the average production of fry in nurseries had
been found to be 1.722 million/ha, 1.339 million/ha, and
0.837 million/ha respectively for early fry, fry, and
fingerlings respectively. Moreover, the average survival of
spawn, fry, and fingerlings in hatcheries and nurseries had
been reported to be reasonably high, varying between 74%
and 82%. The study further portrayed that the major source
of spawn for nurseries was hatcheries, while the hatchery
broodstock had been reported to be collected mostly from
farmers’ grow-out ponds. In general, hatcheries had been
reported to be more profitable than nurseries. Further, the
profitability of nursery operations appeared to fluctuate
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mainly because of high variability in market prices of fry
and fingerlings. Furthermore, hatcheries and nurseries had
been reported to provide full-time employment to farmers
and labors. It is significant to note here that the average
contribution of AQC to the household income of hatchery
and nursery owners had been reported to vary between
79.3% (nursery owners) and 95.1% (hatchery owners).

Concomitant to the above, occurrence of diseases, and
incidences of droughts and floods happened to be the major
management problems faced by hatcheries and nurseries.
However, reports had revealed that diseases are less preva-
lent among the former than the latter. However, major ail-
ments reported from nurseries include the following: white
spot, tail and fin rot, gill rot, sudden spawn mortality, dropsy,
malnutrition, EUS, etc. Conversely, the major diseases re-
ported from hatcheries are fish lice and sudden spawn
mortalities. As reported, the economic loss due to disease
had been about 7.6% of the profit in Bangladesh. Never-
theless, gill rot probably caused the greatest financial losses
to affected farms, followed by EUS, sudden spawn mortal-
ity, fish lice, and malnutrition. The case studies in
Bangladesh indicated that on average, disease is a significant
issue in hatcheries and nurseries. The issue of disease and
health management must be taken care of with due emphasis.
In spite of adversities, hatchery and nursery operations have
remained profitable enterprises in Bangladesh.

Notwithstanding the above, Phan Thi van et al. (2002)
had reported about the impacts of RSD on small-scale
AQC in Northern Vietnam. They had stated that
small-scale and marginal AQC is said to play a significant
role in the livelihoods of rural Vietnam. The principal
culturable species are, L. rohita, C. mrigala H. molitrix,
C. idella, Aristichthys nobilis, C. carpio, Tilapia spp., etc.
A hitherto unknown, yet-to-be identified RSD, opined by
some quarters as similar to EUS in its gross symptoms, has
been causing significant losses to the economy of Vietnam
and had been a potential constraint in the development of
AQC in Vietnam.

The objectives of such studies are generally aimed at
providing an overview of RSD in Vietnam and impacts the
disease might have on the small-scale AQC and on the
socioeconomic aspects of the marginal farmers in Vietnam.
As reported, a total of 145 fish farmers from Thai Nguyen
and Bac Ninh provinces, representing highland and low-
land AQC systems, had been interviewed using question-
naires provided by the Network of Aquaculture Centres in
AsiaePacific (NACA, 1989). The Epi-Info software pro-
gram (it is a specialized program for epidemiological ana-
lyses, and is distributed free of cost by the Centers for
Disease Control, Atlanta, Georgia, United States. A copy
(obtainable at the CDC’s website at http://www.cdc.gov)
was used for analyzing the data. Results of the study had
reported grass carp to be the most susceptible species to
RSD. This was reflected by the fact that out of the c 81.4%

of farms that had disease problems, c 73.1% had depicted
RSD problem. Consequently, the disease had portrayed a
strong negative impact on the socioeconomics of both
lowland and highland AQC systems in the north of Viet-
nam. However, it did depict a seasonal pattern, registering
its occurrences mainly during MarcheApril and during
OctobereNovember. The results had also reported about a
close liaison between the AQC farms and extension officers
of the government in tackling the disease. However, as
reported, farmers may have less knowledge and experience
about various aspects of RSD, including its prevention and
control. Even government extension officers may be igno-
rant about modern know-how for tackling the disease. As
suggested, trainings could be arranged for (a) fish farmers
in basic aspects of disease recognition and fish health
management, and (b) government extension officers in
advanced modus operandi for disease and health manage-
ment. In fact, research is needed to (i) identify the etiology
of RSD; (ii) investigate its epidemiology; and (iii) find
methods for its prevention and control. As was opined,
knowledge generated and experience gained through these
exercises could go a long way toward serving as a useful
model on which effective aquatic health management
strategies could be built up for success in small-scale AQC
systems in Vietnam.With regard to fisheries and AQC in
Bangladesh, the fisheries sector is said to contribute c 5.3%
to the gross domestic product (GDP) of Bangladesh. Also,
>7% of the country’s population is supported by fisheries
and their allied activities. Further, c 6% of export-related
earnings is contributed by the fisheries sector, thus paving
the way to earn the third rank after jute products and
leather. Furthermore, fish accounts for c 6% of per capita
protein intake and contributes about 60% of the animal
protein consumed throughout Bangladesh. Moreover, the
fisheries sector is said to provide income to c 1.5 million
full-time and 11.0 million part-time fishers. A similar sit-
uation is said to exist in India.

Notwithstanding the above, c 1.31 million mt of fish
were reportedly produced during 1996e97. Out of this, c
1.0 million mt had been obtained from the inland waters
contributing to c 79% of the total fish production. Further,
open water capture fishery was said to contribute c 58% of
total inland production, with the remaining c 42%
contributed by closed-water culture fishery. However, the
quantum of production from culture fishery has been
increasing since 1983e84. Its yearly growth rate over
previous years had varied between 4% and 20%. Further,
the contribution of culture fisheries to inland fish produc-
tion had been c 16% during 1983e84; this increased to c
33% by 1996e97. However, the average rate of depletion
from capture fisheries was c 1.7% per year during the
period 1983e84 to 1989e90. Moreover, a trend of
increasing fish production had been registered since
1991e92, perhaps due to large-scale open-water stocking
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programs initiated by the government of Bangladesh.
Concomitant to the above, the projected target of fish
production during 2001e02 was 2.08 million mt. It was
anticipated that this goal could be achieved only through
intensification of AQC, and possibly through enhanced
fisheries from floodplains. However, sustained supply of
large-sized quality fish fry and fingerlings could be a pre-
requisite for both the intensification of AQC and
enhancement of fisheries through open-water stockings. A
similar situation is also said to exist in India.

Concomitantly, Ahmed et al. (2011) had reported on the
health condition of juvenile exotic carp, C. carpio, from
various fish farms of Mymensingh area in Bangladesh. They
had reported that clinical and HP studies were conducted
with juvenile common carp (C. carpio) from a government
fish farm and an NGO fish farm in Mymensingh area for
nine months from April to December 2005. Clinically, red
spots, the loss of scales, a weak body, hemorrhage, and
subcutaneous lesions were noticed, especially during
November and December. Moderate pathological changes in
the investigated organs of all fishes were recorded in the
summer season (AprileMay), whereas in the rainy season
(JuneeJuly), pathological symptoms were significantly
reduced, before again increasing to some extent in the
autumn season (AugusteSeptember). However, marked
pathological changes such as necrosis, protozoan cyst, bac-
terial colony, vacuum, melanomacrophage, hemorrhage,
hypertrophy, hyperplasia, and clubbing were recorded in all
investigated organs like skin, muscle, gill, liver, and kidney
in the months of October, November, and December.
Among the affected organs, gills were more affected with
the presence of numerous protozoan cysts followed by skin,
liver, and the less affected portion was the muscle. Clinically
and histopathologically, juvenile common carp of govern-
ment fish farms were more affected than NGO fish farms,
especially in colder months of the year.

In addition to the above, Faruk et al. (2004) had
reported on the status of fish disease and health management
Practices in rural FW AQC of Bangladesh. They had stated
that a questionnaire survey and participatory rural appraisal
(PRA) tools were used in five districts of Bangladesh, viz.
Mymensingh, Comilla, Jessore, Natore, and Dinajpur, in
order to examine the current status of fish disease and
health management practices in rural FW AQC. A total of
500 farmers had been interviewed and 25 PRA sessions had
been conducted. The majority of farmers (c 87.8%) inter-
viewed had experienced disease problems in their fish-
ponds. Prevalence of fish disease had varied with districts
and the size of farms. However, average prevalence of fish
disease had been reported to highest in Jessore district
(c 18.2%), followed by Comilla (c 13.4%), Mymensingh
(11.4%), and Dinajpur district (c 10.4%). On the other
hand, minimum prevalence (c 5.5%) had been recorded
from Natore district. Further, small farms (c 0.4 ha) had

suffered from high disease prevalence (c 13.8%) followed
by medium (c 0.2e0.4 ha) and large (>0.4 ha) farms with c
12.4% and 9.3% of diseases, respectively. In fact, the most
prevalent disease was tail and fin rot (c 20.5%), followed by
EUS (c 18.9%), nutritional diseases (c 15.3%), red spot
(c 13%), and gill rot (c 12.3%). Further, other conditions of
ailment like argulosis, dropsy, and white spot were also
reported by farmers, but with lower incidence. Notably,
diseases had occurred mainly during the winter season.
Incidentally, the overall knowledge of farmers was found to
be very poor. However, most farmers (c 83.8%) had used
treatment measures in response to particular fish disease
problem. Also, c 46% of farmers had used combination of
lime and potassium permanganate; c 26% of farmers had
used only lime and c 10% of farmers had used lime and salt
together. In addition, some fish health management-related
problems had been identified in rural AQC, such as lack of
assistance, poor technical knowledge and lack of suitable
therapeutics and their proper uses.

It is a well-known fact that diseases affect health,
survival, and recruitment of any individual susceptible for
diseases. As a consequence of disease, harvests from
natural resources, and in particular those from AQC dwindle
quite severely. While an appreciable volume of information
on the variety of mycotic diseases in marine organisms is
available on a global scale, studies from Indian waters are
few. There have been attempts to bring together a set of
information deemed useful for stimulating marine myco-
pathological investigations in our waters.

Further, Bhaumik (1998) had reported about the impact
assessment of fish disease epizootics. India is endowed with
a vast expanse of inland waters. Maximum sustained yield of
fish from natural waters and the assurance of a recurring
bountiful harvest of fish without the depletion of resources
and wastage of fishing effort, are necessary for the nation.
Although AQC is an age-old practice, it has acquired the
shape of an industry during the last two decades due its rapid
development and high profit turnover. During this period,
there had been fast expansion of fish and prawn farming and
products in the country had increased many-fold. But the
growth and development of fisheries had been hampered
mainly by outbreaks of various fish diseases of bacterial and
viral origin, poor management, and improper planning that
had led to drastic reductions in production and colossal
economic losses. Generally, during the outbreak of diseases,
society is afflicted on three tiersdproducers, fish traders,
and consumers. Of course, producers become the worst
victims, especially when disease takes shape in epidemic
form. Thus, it becomes imperative to know the impact of
diseases in society. Keeping this in view, it is highly
essential to know:

1. the socioeconomic conditions of fish farmers and extent
of suffering caused due to disease;
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2. the impact of the disease on fish traders and consumers;
and

3. the role of communications media toward the creation
of mass awareness.

It is also imperative to harmonize the AQC system for
sustainable development, so that fish farmers do not suffer
much. It is important to involve all groups of people
including scientists, extension functionaries and fish
farmers in the process of formulating and implementing the
package of management practices toward the development
process. Effective communication is warranted to motivate
fish producers toward adoption of proper management
measures for sustainable production for larger benefit. A
case study on the impact of EUS, a dreadful fish disease
reported in the country during July 1988, became a matter
of grave concern for fishery scientists, administrators, and
policy makers. The disease had a striding progress to
several provinces, and had caused havoc in the provinces of
Assam, Tripura, Meghalaya, West Bengal, Bihar, and Uttar
Pradesh resulting the poor fish farmers to become poorer.
Importantly, fish serves as a significant item of diet of c
70% population of the country. However, consumers were
baffled by various rumours related to the diseased fish and
finally, fish markets were affected. People stopped
consuming even the unaffected and healthy fishes. More-
over, some provincial governments had banned consump-
tion of fish during the outbreak period. In this sequel, fish
farming community and fish traders started suffering
adversely. Thus, the outbreak of the disease established a
setback in biological and socioeconomic conditions of
society.

EUS had been a hither to unknown virulent, enigmatic
disease among the FW fishes ever since its inception in SE
Asia. EUS had also spread to Pakistan. It had inflicted
colossal losses to fish farmers mainly because of its
sweeping the rice fields and fish farms. As usual, there had
been a widespread fear psychosis of EUS disease trans-
mission into the human consumers, which has been found
to be totally unfounded and baseless. But this consequently
led to a drastic decrease in the market demand for fish
including marine species that were not, in fact, affected by
EUS.

Notwithstanding the above, there had been obvious
nutritional deficiency among fish consumers mainly due
to the exclusion of fish, because Pakistan happened to be
one of the countries where “fish” happens to be a main
source of animal protein available to accompany a rice
meal. It has been estimated that c 250 million families in
SE Asia cultivate paddy as a principal crop and eat rice
as a staple food item. As such, a big portion of the
incidental fish harvest from paddy fields forms an
important part of the family diet (Macintosh, 1986). In
fact, it is quite difficult to estimate the economic value of

fish losses due to virulent fish diseases like EUS. It is
mainly because in rural areas, fish is mostly consumed at
a local level and only a small portion is marketed.
Tonguthai (1985), however, had estimated direct losses
to the culture fishery in Central Thailand to be approx-
imately US$ 8.0 million.

Concomitantly, the average daily income of c US$ 4.0
for Filipino fishers is said to had declined to US$ 1.50
during the EUS disease outbreak period in Laguna de Bay
mainly due to the rejection of EUS-affected fishes by
consumers. Further, it had been opined that the repeated
yearly outbreak of EUS, especially in Laguna de Bay, could
lead to a significant decline in natural fish population and
could, eventually, result in dwindled stock of the affected
ichthyospecies.

In addition to the above, there have been reports of
economic losses due to fish mortalities caused by EUS in
countries like, India, Bangladesh, Nepal, Pakistan, Sri
Lanka, Myanmar, Thailand, Lao PDR, Kampuchea, Viet-
nam, The Philippines, Malaysia, Indonesia, and in the
Australian continent, etc.

As in other countries, the outbreak of EUS in India
created panic in the affected areas, with a sizable loss of
valuable edible fish. This unprecedented appearance of the
disease caused grave bioecological and socioeconomic
consequences. Large lentic water bodies and occasionally
rivers were much affected at the initial stages, with heavy
mortality of valuable stock of fish. As a result, there could
be destruction of fisheries and depletion of fish yields,
with consequent impacts on fishers’ socioeconomic
development.

Concomitant to the above, investigations carried out in
five districts of West Bengal revealed that c 73% AQC
operation units were adversely affected by EUS. The
outbreak of the disease depressed fish consumption rate by
28.7%, 23.3%, and 20.5% in urban, suburban, and rural
sectors respectively. Consequently, the fish trade was also
affected seriously. Owing to consumer resistance, traders
did not accept such fish for selling. In rural markets,
diseased fishes were sold at a very low price. About
42.19% of aquaculturists suffered a 31e40% loss of fish in
their culture ponds. The pecuniary loss faced by
50% aquaculturists was in the range of Rs. 1001 to Rs.
5000þ/�, while 19.73% culturists suffered a greater loss
ranging from Rs. 5001 to 10,000. A section of farmers had
to look for alternate jobs. 88.9% fish traders also suffered
losses to some extent during the affected period. Another
study undertaken in five districts of Kerala revealed that the
spread of EUS completely paralyzed the inland fish market
and threw fishers out of their occupation. Further, the
women fish vendors were particularly subject to severe
hardship. They had to seek alternative employment as
agricultural laborers, head-load and quarry workers, etc.,
but without much success.
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6.13 TAXONOMIC ANALYSIS

Changes in nomenclature of organisms often happen in the
field of taxonomy in response to different contemporary
needs. As such, there had been deliberations among taxon-
omists with regard to Aphanomyces sp. Hatai (1980) had
described a new species by the name A. piscicida based on
salient features of asexual reproductive stages of isolates. It
may be mentioned here that the species A. piscicida was
differentiated from Aphanomyces spp. and other aquatic
biota, notably A. laevis and A. astaci. Other pertinent
research in the field of mycotic systematics includes that of,
Yuasa and Hatai (1996), and so on. The former had ascer-
tained the importance of using ubiquinone systems as
probable new taxonomic feature for the fungal biota
belonging to Oomycetes. On the other hand, the latter had
contributed to identification of some biochemical features
that could be used to demarcate among the mycotic genera
Achlya, Aphanomyces, and Saprolegnia.

Notwithstanding the above, Japanese works had yielded
powerful evidence thatA. piscicida is the primary etiology of
EUS. This had been achieved by fulfilling Koch’s postulates
based on inoculation of the putative agent. Consequently, the
new name “epizootic granulomatous aphanomycosis”
(EGA)was proposed. As such, under the said case definition,
occurrences of epizootic fungal infection, secondary ulcer
formation, nonseptate fungi, and granulomas nearly every
time in the lesion are salient features of EGA. However,
PCR-based work is done for confirmed diagnosis of EGA.

6.14 ETIOLOGICAL AGENTS OF EUS

According to OIE Manual (1997), diagnosis of EUS is based
on clinical signs and histopathology. No specific diagnostic
tests are seemed to be available. The fungus could be
isolated and cultured without much difficulty, provided that
measures are taken to exclude bacterial and other fungal
contaminants. Besides their typical vulnerability to temper-
atures >30 �C, A. invadans and A. piscicida are very similar
to nonpathogenic opportunistic Aphanomyces spp. that
readily contaminate the surface of affected fish and often
interfere with isolation attempts. In the laboratory, the
fungus was also shown to be pathogenic to a wide range of
fish, inducing similar pathology and mortality under
various predisposing experimental conditions.

ODA (1994) had defined EUS as a “seasonal epizootic
condition of FW and estuarine warm water fishes of com-
plex infectious aetiology characterized by the presence of
invasive Aphanomyces infection and necrotizing ulcerative
lesions typically leading to a granulomatous response.”
There have been wide ranging interactions at different
times on various aspects of EUS since its inception during
the 1970s. As such, a large amount of scientific information
has been generated during this long period. Consequently,

different views and definitions have cropped-up to unravel
the etiology of this hitherto unknown enigmatic fish
disease. However, two groups of inconclusive case defini-
tions have been briefly stated below to take care, as far as
possible, of different situations and views:

1. Case definitions for screening programs, surveys, etc.:
a. A fish with focal to locally extensive cutaneous

ulceration.
b. A fish with focal to locally extensive cutaneous ery-

thema or ulceration.
2. Case definitions for definitive diagnosis

a. A fish with necrotizing granulomatous dermatitis and
myositis associated with A. invadans hyphae.

b. A fish with necrotizing granulomatous dermatitis
and/or myositis and/or granulomas in internal
organs, associated with the presence of A. invadans
(¼A. piscicida) found within the lesion.

6.14.1 New Common Names for Epizootic
Ulcerative Syndrome

Concomitantly, two new common names have been sug-
gested for EUS. These are:

1. epizootic granulomatous aphanomycosis (EGA) and
2. ulcerative aphanomycosis.

6.14.2 Synonymy of Aphanomyces sp.

Synonymy is a matter of opinion, often with formal
nomenclatural requirements. As such, it is sometimes
proposed that in cases other than purely taxonomic con-
texts, the Aphanomyces causing EUS, MG, RSD, and UM
could be initially referred to as A. invadans (¼A. piscicida)
followed by A. invadans.

From the foregoing discussion, it could be tentatively
concluded that etiology of EUS is based on two schools of
thoughts, viz. EUS as (a) an “aphanomycosis” and (b) a
“polymicrobial infection.”

6.14.2.1 Definition of Epizootic Ulcerative
Syndrome

A seasonal epizootic condition of FW and estuarine warm-
water fish of complex infectious etiology characterized by the
presence of invasive Aphanomyces infection and necrotizing
ulcerative lesions typically leading to a granulomatous
response.

6.14.2.2 Similar Diseases

Pathological and epizootiological evidence had indicated
that the condition known as RSD in Australia is indistin-
guishable from EUS. Similarly, all available evidence
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seemed to suggest that the condition known in Japan as MG
is indistinguishable from EUS.

6.14.2.3 Extension of Range

EUS is endemic in many countries and is still extending its
geographical range even into subtropical, subtemperate,
and temperate climates. Experimental evidence indicates
that the Aphanomyces involved is capable of causing
disease in temperate species.

6.14.3 Human Significance

All available evidence suggests that consumption of
EUS-infected fish poses no proven specific health problems
to human beings, provided that they are properly prepared
in sanitary conditions.

6.14.4 Present State of Knowledge on
Epizootic Ulcerative Syndrome

Till now, investigators throughout the world have put in a
great deal of effort toward ascertaining the etiology of EUS in
fishes, but to date no firm conclusions have been reached
regarding the cause(s) of the disease. During January 1994, in
the regional seminar on Epizootic Ulcerative Syndrome
(EUS) organized by Overseas Development Administration
(ODA) and Aquatic Animal Health Research Institute
(AAHRl) in Bangkok, scientists from affected countries had
presented up-to-date findings on EUS and its relationship to
RedSpotDisease (RSD) inAustralia,menhaden disease in the
United States, and Piscida disease in Japan. The conclusions
and recommendations that emanated from the deliberations
revealed the latest state of knowledge on EUS.

6.15 RECOMMENDATIONS FOR FUTURE
WORK

In view of the importance and continuing extension of this
serious disease, there had been emphatic recommendations
for conducting researches on EUS on a priority basis.

6.15.1 Investigation of Early Stage

It was clear from the information presented at the seminar that
there is a distinct and critical early premycotic stage of the
pathogenesis of the disease, and it is essential that detailed
multidisciplinary research is carried out at this stage.

6.15.2 Virology

Studies have shown the presence of a wide range of viral
agents in fish affected with EUS. It had been recommended
that further extended works be undertaken to determine

more accurately the incidence and distribution of tropical
food fish viruses throughout the region, in addition to
specific EUS related-investigations.

6.15.3 Epidemiology

Proposed studies are likely to produce a large amount of
complex data relating to EUS outbreaks in fish populations.
It is, however, recommended that epidemiological expertise
be developed within the region to enable these data to be
effectively utilized.

6.15.4 Environment

The evidence presented at the seminar had strongly pointed
to a relation between the initiation of EUS and environ-
mental factors. It was recommended that further studies on
environmental conditions, including physical, chemical,
and biological factors, be carried out to better understand
their role in outbreaks of EUS. The seminar expressed
concern over the limited understanding of the relationship
between fish health and environmental conditions in
general, and recommended expansion of research efforts in
this important subject area.

6.15.5 Speciation of Fungus

Aphanomyces sp. is a significant fungus related to EUS.
Detailed mycological and molecular biological works be
carried out on Aphanomyces. The isolates are fully char-
acterized and their relationship defined.

6.15.6 Diagnosis

Currently diagnosis is of necessity based upon a number of
clinical and pathological features of the disease. It is
important that a rapid, specific, accurate, low cost diag-
nostic test capable of being used under field conditions is
developed.

6.15.7 Development of Resistance

Evidence from some countries suggests that after the initial
outbreak, an element of resistance to the disease might
develop in fish. This resistance may be ecological, genetic,
or associated with some acquired immunity. It is important
that the mechanism for this be now investigated.

6.15.8 Mode of Transmission

The evidence suggests that the spread of the disease in
Asian countries was largely via the lotic systems and nat-
ural waterways. Nevertheless, there was said to be evidence
of distinct transfer over marine barriers. It is important that
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there could be an understanding as to the mechanism of
transfer between various water bodies. Further, it is
essential that attention be paid to the development of
quarantine measures to prevent the transfer of these via
transportation or live fish or infected materials.

6.16 CONCLUDING REMARKS

The welfare of an animal is its state as regard its attempts to
cope with its environment Ulcerative Fish Disease Com-
mittee (1983). This means that welfare is a characteristic of
an individual animal that can vary fromgood to very poor and
can be assessed scientifically. Fish welfare or animal right
law is related to farmed fish. It means that fish have a right to
live a life as good as possible and express their natural
behavior as much as possible while being free of negative
experiences. Fish are in intimate contact with their environ-
ment through the large surface of their gills and skin, and of
necessity they defecate into themedium inwhich they live, so
water quality (in terms of DO, FCO2 ammonia, and pH) and
the presence of contaminants (organic and inorganic pollut-
ants) are probably the most critical aspects of the environ-
ment for fish welfare and also the best defined. Optimal
conditions vary markedly between species; for example,
catfish do poorly in clear water, whereas salmon do poorly in
cloudy water and cyprinid fish are very tolerant of low dis-
solved oxygen levels,whereas salmonidfish are not (Kramer,
1987). The flow characteristics of the fish’s natural habitat
are also of importance. A degree of environmental
complexity may be important, depending on the species
concerned. Conditions that produce unacceptable levels of
anxiety, fear, distress, boredom, sickness, pain, thirst, hun-
ger, and so on should be minimized in fish as in other
vertebrates.

6.17 SUMMARY

1. A living body is prone to suffer from a disease being
attacked by pathogens or parasites. This is true also
with a fish body. Often, a disease may be so virulent
that it could sweep unabated in an epidemic dimension.

2. The temporal pattern of an outbreak is described in
terms of its epidemic curve. The epidemic curve is a
graph showing the onset of cases of the disease either
as a bar graph or frequency polygon. In general, an
epidemic curve has four and sometimes five segments:
(i) the endemic level; (ii) an ascending branch; (iii) a
peak or plateau; (iv) a descending branch; and (v) a
secondary peak.

3. If transmission is rapid and the incubation period is
short, then the ascending branch will be steeper than
if transmission is slow or the incubation period is
long. The length of the plateau and slope of the
descending branch are related to the availability of

susceptible animals, which in turn depends on many
factors, such as stocking densities, the changing impor-
tance of different mechanisms of transmission and the
proportion of resistant or immune fish in the population
at risk.

4. Snieszko (1974) had stated that an overt infectious
disease could occur when a susceptible host is exposed
to a virulent pathogen under stress.

5. In order to understand the influence of environmental
factors on fish disease, one must realize that there is
much greater chemical and physical variability in
aquatic environments than in terrestrial ones.

6. Epizootic ulcerative syndrome or EUS is a hitherto
unknown, dreadful, virulent, and enigmatic disease
among FW fishes that has swept through water bodies
in an epidemic dimension almost semiglobally causing
large-scale mortality among FW fishes, thus rendering
many of them endangered and throwing the lives of
fishers out of gear though the loss of avocation and
causing difficulties to fish consumers through scarcity
of fish flesh as a protein-rich source of nutrition. This
dreaded fish disease has thus been a major concern in
several countries of the world, particularly the
AsiaePacific region.

7. The epidemiology of EUS seemed not to have been
studied in much detail. However, a number of factors
had been hypothesized as “risk factors,” predisposing
and precipitating “stress factors,” or “determinants” of
EUS outbreaks. These factors are based on observations
of the mode of disease transmission, species, habitats,
systems of culture, and so on. However, identification
of the true “risk factors” of EUS could allow rational
control measures to be developed and adopted.

8. There seems to be widespread appreciation that the
fisheries and AQC sectors play significant roles in
meeting the national goals of social, economic, and
nutritional arena. As already mentioned, indiscriminate
use of fertilizers and feed had rendered fishes suscepti-
ble to diseases due to foul water, and consequently the
effects of diseases on improved systems of AQC are
said to be significant. At the same time, outbreaks of
disease had been insignificantly reported and poorly
documented.

9. Small-scale fish farming has become increasingly pop-
ular among unemployed youths as a potential source of
income, in view of the burgeoning unemployment
problem. Some of the small-scale farmers own ponds,
but instead of culturing, they give their ponds on lease
to others leading to a kind of ownershipetenant busi-
ness. In view of this, diseases like EUS, in the event
of its outbreak, causes colossal losses to AQC, mainly
because the tenant farmer may not always be compe-
tent enough to tackle and manage grievous situations
posed by the outbreak of EUS.
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10. Concomitant to the above, governments of different
nations now seem to be under increasing pressure for
supplying with better quality information for the health
status of livestock and aquatic animals. This could
become more increasingly important, over the coming
decades, for those countries that export aquatic animal
products, particularly the live animals and their prod-
ucts. The International Aquatic Animal Health Code
of The Office International des Epizooties has guide-
lines about the modus operandi of a surveillance to
be conducted and concomitant reporting of diseases,
if any.

11. Literature on EUS and other possible related diseases
in fishes was reviewed by different workers long ago.

12. Stress inducing parameters, and the underlying
concept of stress: Mortality of fish or decline in a
fish population in a water body is, at present, the
sole indicator that the effects of environmental stress
factors are exceeding the acclimation tolerance limit
of fish.

13. The term “stress,” “stressor,” or “stress factor” could
be defined as a force or challenge in response to which
there is a compensatory physiological change in fish.
Thus, an environmental or biological stress is of signif-
icance, if it requires a compensating response by a fish
population or ecosystem. Stresses could be due to
many parameters, notably (a) stress due to metal
toxicity; (b) conceptual framework of stress
response; (c) secondary stress response; and
(d) tertiary stress response.

14. GAS: The various physiological changes that occur as
a fish responds to stressful stimuli are compensatory, or
in other words adaptive in nature, and are required for
acclimation. Collectively, these phenomena have been
termed GAS.

15. There are environmental parameters that are of signif-
icance to fish health

16. The author of the present treatise has been working
on EUS fish disease pertaining to different aspects,
notably whether (a) the outbreak of EUS is due to any
severe organic pollution of water and soil; (b) the
outbreak of EUS is due to any radioactivity; (c) the
outbreak of EUS is due to any heavy metallic contam-
inations; (d) bacterial and fungal flora are the causative
factors of EUS; and (e) there is any primary viral etiol-
ogy for the initiation of EUS.
EUS has been causing large-scale mortality among FW
fishes since 1988, initially affecting four species of
fishes very widely. Our study revealed fluctuation in
the intensity of the disease in relation to species
affected. Large hemorrhagic cutaneous ulcers,
epidermal degeneration, and necrosis followed by
sloughing of scales are the principal symptoms of
EUS. Low TA could be predisposing “stress factor.”

Sick fishes show low hemoglobin and polymorphs,
but high ESR and lymphocytes. The communicative
nature of EUS revealed variation in time gap between
fish and infection in different species. Inoculation of
microbes in the test animals did not reveal of any sign
of ulcerations for two years. Bacterial culture revealed
occurrences of hemolytic E. coli, A. hydrophila, P.
aeruginosa, Klebsiella sp., and S. epidermidis in surface
lesions and the gut, liver, gills, heart, kidney, and
gonads of sick fishes, all of which have been found to
be sensitive to chloramphenicol, trimethoprim, genta-
micin, etc. Fungal isolation revealed the occurrence of
Aphanomyces sp with concomitant occurrence of the
same fungal genus in histological sections of EUS-
affected fishes. HP studies focal areas of increased
fibrosis and chronic inflammatory cell infiltration in
muscles, focal areas of fatty of degeneration of hepato-
cytes surrounding the portal triads in the liver. Prelimi-
nary histochemical (HC) studies with regard to
interruption in glycogen synthesis and blockade of res-
piratory pathways are being conducted. Similarly, pre-
liminary enzymological studies are being conducted
with regard to the amount of alkaline phosphatate,
SGOT, SGPT, and LDH. Inoculation of 10% tissue
homogenate of EUS-affected C. batrachus into an 80%
confluence monolayer form BF2 fish cell line in
Leibovitz’s L-15 Medium revealed progressive CPE
that was passable in subsequent cultures, thus indi-
cating the “isolation” of virus. EM studies with the
ultrathin sections of EUS-affected fish tissues revealed
the presence of viruslike particles (inclusion bodies);
preliminarily, the picobirnavirus has been electron
microscopically identified as the primary etiological
agent of EUS. Further studies in this regard are being
conducted.

17. Various parasites are associated with EUS fish
disease. Kar et al. (2011), while doing a detailed study
on fish diversity and helminth fauna in fishes of Assam
and Manipur, India had preliminarily displayed a sur-
vey of fish diversity and helminth fauna in fishes of
some wetlands of Assam and Manipur. 25 species of
fishes in Dolu Lake, 34 species in Chatla Haor, 40 spe-
cies in Karbala Lake, 31 species each in Awangsoi
Lake and Oinam Lake, 33 species in Loktak Lake
and 32 species in Utra Lake have been recorded during
the study period. Study revealed that 22.72% of fishes
of Dolu Lake, 5.76% of Chatla Haor, 19.16% of Kar-
bala Lake, 23.83% of Awangsoi Lake, 33.86% of
Oinam Lake, 49.75% of Loktak Lake and 48.8% of
Utra Lake were found to be parasitized. Incidence
of EUS-affected fishes was not very uncommon. Singh
(2015) reported about parasite fauna in fishes of Sone
Beel, river Jatinga in Assam, and in Pumlen Lake in
Manipur. Umi (2015) had portrayed preliminary
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report about the status EUS-affected fishes in relation
to parasitic infestations and parasitization. Further
works had been done in other prominent habitats by
different workers.

18. Riji et al. (2014), as a midterm report of the DBT (gov-
ernment of India)-sponsored Project on Molecular
Characterization of Pathogens Associated with Fish
Diseases in Assam, acknowledging DBT, had reported
that the collected fishes were processed and analyzed
for the presence of viruses by diagnostic PCR for
four DNA and three RNA viruses.

19. Prevention: There has been no major attempt at the pre-
vention of fish parasites in the wild, although they may
pose potential health hazards. The main reason could be
nonownership of water bodies in the wild. However,
attempts are being made by the present team of workers
for finding ways and means of their control.

20. Preliminary hematological, histochemical, and
enzymological works had been with EUS-affected
fishes.

21. EM studies: Preliminary EM works done with
EUS-affected tissues of C. punctata and A. testudineus
revealed the Australia, Asia, the United Kingdom,
and the United States
occurrence of viruslike particles. Detailed TEM studies
done with ultrathin sections of EUS-affected tissues of
C. striata and A. testudineus revealed membrane bound
and granular abnormal structures, hepatocytes with vac-
uolations, and viruslike inclusion bodies in the nucleus.
Further EM works done with EUS-affected tissues of
W. attu revealed the presence of viruslike particles

22. Histopathology: Detailed HP studies done with tissues
of EUS-affected fishes revealed focal areas of
increased fibrosis and chronic inflammatory cell-
infiltration in muscles; focal areas of fatty degeneration
of hepatocytes surrounding portal triads in liver; and
hypertrophy of the muscle coat with mild chronic
inflammatory cell infiltration.

23. Similar works were done on EUS by other workers.
Works done by Das and Das (1993), Tripathi and
Quresh (2012), and had similarities in their works
and results. Works on EUS were also done by different
workers in different countries, notably Japan,
Australia, Asia, the United Kingdom, the United
States, India, Thailand, Pakistan, and so on.

24. There has been much work done along different
parameters related to EUS, and based on different as-
pects, notably study based on (a) epidemiology;
(b) pathology; (c) histopathology (hp); (d) hematology;
(e) immunology; (f) tissue culture; (g) electron micro-
scopy; (h) nanoparticles; (i) PCR; (j) mycology;
(k) bacteriology; (l) viruses; and (m) molecular
diagnosis; as well as (n) works done on EUS in relation
to socioeconomics.

25. Works have been done to ascertain the etiological
agents of EUS.
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Chapter 7

Histopathological, Hematological,
Histochemical, and Enzymological
Studies of Epizootic Ulcerative Syndrome

7.1 DETAILS OF CLINICAL SYMPTOMS
AND HISTOPATHOLOGY

7.1.1 Histopathology (HP)

7.1.1.1 Introduction

Histology is that branch of biology that deals with the study
of microanatomy or the internal organization of tissues. The
knowledge of the discipline has been successfully
employed in biological, medical, and veterinary sciences as
a diagnostic tool since the days when the first cellular in-
vestigations were carried out during the mid-nineteenth
century (Virchow, 1858). Considerable developments
have taken place since then in all aspects of cellular
biology, with the result that today a number of novel and
sophisticated histological techniques are available to pis-
cian histologists.

Notwithstanding the above, stringent attention must be
paid to preparation before any satisfactory histological
sections can be produced. In this sense, it should be noted
that the very fast rate of autolysis of piscian tissues
compared with those of homotherms could mean that they
are processed rapidly in order to prevent degenerative
changes within the specimen, which otherwise could make
final diagnosis either unreliable or impossible.

Concomitantly, it should be emphasized that only
freshly killed or moribund fishes may be considered for HP
studies. However, careful postcapture treatment is essential
for most of the external lesions, mainly because of the ease
with which the epidermis of the teleosts are generally
abraded.

For optimal preparation, the fish may be taken out of
water by means of hooks or fine-meshed nets and be
quickly transferred to a container of suitable size and
containing a general anesthesia, or be decapitated. Subse-
quently, the fish specimen is handled with a pair of forceps,
or if too large, by the tail or fins, assuming that these areas
are not under investigation. The lesions can be excised, or if
preservation of the whole specimen is planned, a number of
deep cuts be given along the length of the body wall from

the nostrils to the tail, made in parallel to allow immediate
access of fixative. A little caution at this stage will be well
rewarded in the quality of information ultimately gained.

On the other hand, in the event of lesions that are in-
ternal, or if the whole fish is to be preserved, it is important
that the whole length of the body cavity is opened, usually
by slitting along the midventral line. The viscera and swim
bladder are to be carefully displaced and each organ incised
at least once in order to allow maximum penetration of the
fixative. Ideally, the organ of the lesion under investigation
is carefully dissected from the body, cut into blocks
of <1.0 cm3, and placed in a volume of fixative that is at
least 20 times the volume of the tissue (Roberts, 1978).

A bewildering array of tissue fixatives, each with its
own special advantages and disadvantages, confronts the
ichthyologist. In this regard, it should be noted that proper
fixation is a prerequisite to satisfactory histological prepa-
ration, and hence its importance may not be over-
emphasized. If fixation is not satisfactory, the end product
could be a direct reflection of this. The primary objective of
fixation is to preserve the morphology of the tissue in a
condition that is as near as possible to that existing during
life. This could presuppose inhibition of both autolysis (the
self-destruction of tissues by the intracellular enzymes that
are said to be released from their normal membrane-bound
site after death and putrefaction) and putrefaction (the
effects of bacterial degradation of the tissue).

HP study is an indispensable tool in unraveling the
etiology of the hitherto unknown, virulent, and enigmatic
epizootic ulcerative syndrome (EUS) fish disease. EUS was
first reported in March 1972 from central Queensland,
Australia, where several species of estuarine fish had
developed large, shallow, and circular or irregular skin le-
sions. Initially named “Bundaberg fish disease,” it dis-
played a pronounced seasonality and was soon associated
with prolonged periods of rain which were thought to alter
the quality of water and make it prone to infection by
bacteria. As it spread to several species of freshwater fishes
in the river systems of Papua New Guinea and Western
Australia, the disease soon came to be called “red spot.”
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Copyright © 2016 Elsevier Inc. All rights reserved.

177



In 1980, a similar hemorrhagic condition was seen
among the fishes, including the rice-field fishes in Java,
Indonesia. But pathological and epidemiological differences
seemed to set this apart from the Australian condition.
However, subsequent outbreaks of EUS in brackish-water
fish in the Philippines and typically ulcerated snakeheads
and catfish in other states of Indonesia had confirmed the
link with the Australian red spot.

In 1986, as indicated earlier, a Consultation of Experts
on Ulcerative Fish Diseases, organized by the Food and
Agriculture Organization (FAO), adopted the name
“epizootic ulcerative syndrome” specifically to refer to the
Asian condition. The disease is characterized by large
cutaneous ulcerative lesions known to cause death in many
species of wild and cultured freshwater fishes periodically.
In fact, cutaneous ulcerative diseases are common among
wild and cultured fish, for the last two decades. Different
regions in Australia and AsiaePacific have been witness to
a group of epizootic syndromes, all believed to be
involving severe UM.

The first report of classic EUS came from peninsular SE
Asia during 1979e1980 from the Bekok River system of
Malaysia, and the next year from its northern rice-growing
states, where freshwater rice-field species of fishes suc-
cumbed to serious ulcerations. In the course of the decades
since then, the disease has spread to almost every part of
South and SE Asia, specifically Thailand, Lao PDR,
Myanmar, Vietnam, Cambodia, Bangladesh, India, and Sri
Lanka. In its westward spread from Australia, the occur-
rence of EUS has been reported from Kerala, Gujarat, and
Rajasthan in India. Also, in many of Asia’s paddy field
systems, EUS has been occurring toward the end of the
paddy cultivation period when the water level is usually
low, decomposition of organic matter like grass and
waterweeds is common, and certain types of fertilizers are
believed to accumulate.

7.1.2 Clinical Symptoms

EUS is characterized by the occurrence of large hemor-
rhagic or necrotic ulcerative lesions on the bases of the fins
and other parts of the body that becomes larger inflamed
areas with acute degeneration of epidermal tissues (Kar and
Dey, 1988, 1990a,b,c).

7.1.3 Background Histopathology

1. In early stages, small hemorrhagic lesions on the skin
surface (epidermis, dermis, and hypodermis) may begin,
but may not affect the underlying muscle.

2. Early lesions continue to show mild epithelial necrosis,
surrounding edema, hemorrhage of underlying dermis,
and inflammatory cell infiltration, but accompanied
with severe necrotizing myopathy, although only a

few fungal hyphae enclosed in epithelioid capsules are
apparent. There is possibly no disruption of the internal
organs.

3. Advanced lesions show large bacterial ulcerations and
massive necrotizing granulomatous mycosis of underly-
ing muscle fibers involving a distinctive branching
aseptate oomycete coated with epithelioid cells. Hyphae
may invade abdominal viscera and penetrate renal
tubules and glomeruli, causing death. Usually, there
may be only mild generalized HP changes in other
organs.

Concomitant to the above, routinely, EUS is diagnosed
by HP of multiple sampling sites demonstrating mycotic
granuloma and by isolation of the fungus for study of hyphal
characters and sporulation. But it is laborious. As such,
Rabbit antisera-based detection and polymerase chain reac-
tion (PCR) techniques have been developed for EUS. But
these techniques may also have their own disadvantages,
although they are usually cost-effective, rapid, and specific.
In view of this, specific, rapid, and cost-effective immunodot
test, using monoclonal antibody (MAb), was developed.
However, it was necessary that the pathogen be detected at
an early stage of infection, so as to avoid the spread of
disease and further loss. Hence, a study was conducted to
determine a specific sampling site in order to detect the
pathogen at a most possible early stage of infection in fish.
The technique, thus developed, is believed to have immense
applications in aquatic animal health management.

In addition to the above, MAbs against Aphanomyces
invadans have been developed of late. The strain B 99C
had been given by JH Lilley. The MAbs (using an immu-
noperoxidase test) are said to have reacted consistently (1)
with the fungal hyphae in HP sections of experimentally
infected fish; (2) with the EUS-affected fish collected from
various parts of India during 2002; and (3) with the retro-
spective EUS tissue samples of 1995 and 1997. Such a
result is said to support the view that a single mycotic
pathogen had perhaps been involved in all the
EUS-affected cases.

Moreover, observations on the behavior of the hyphae
at different temperatures had also been made. At 20 �C, the
hyphae tended to invade deeper into the fish tissues, while
at temperatures between 25 and 30 �C, the hyphae had
grown actively outside the body surface around the lesions.

7.1.4 HP Works on EUS by Different
Workers

EUS is one of the most destructive diseases affecting fresh
and brackish-water fishes (cultured and wild) in the
AsiaePacific region, resulting in dwindled fish production
and colossal economic loss. EUS is believed to be caused
by the fungal species, A. invadans. The organism is
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believed to require a specific combination of factors in
order to germinate within the dermis of the fish. The disease
causes lesions in both the skin and the visceral organs. EUS
generally occurs during the periods of low temperature
and heavy rainfall in tropical and subtropical waters.
These conditions are said to favor sporulation, and low
temperatures are believed to delay the inflammatory
response of the fish to infection.

Subsequently and concomitantly, more emphasis had
been laid on the expansion of freshwater aquaculture
(AQC) in many sectors by different governments through
utilization of the vast inland aquatic resources available
worldwide. This possibly drew more attention to specific
farming sectors such as AQC. This could certainly help to
substantially alleviate the pressure on agriculture sector.
However, an intensive inland AQC system essentially de-
mands the strict implementation of good management
practices (GMPs). In such systems of AQC, however, new
problems could inadvertently emerge when GMPs are not
followed diligently. Anticipating such crises, advanced
disease diagnostic techniques that encompass innovative
preventive and curative methods need to be continuously
developed to effectively combat the same.

According to Anon (1997), histological occurrences
include necrotizing, granulomatous dermatitis, and myositis
associated with invasive, nonseptate fungal hyphae,
10e20 mm in diameter. The fungus may penetrate visceral
organs, such as the kidney and liver, after it has penetrated
the musculature. HP studies had also portrayed swelling of
gill filaments and edema in the muscles of the fish. In
addition, Anon (1997) brought out excerpts concerning
EUS from the OIE Manual.

Notwithstanding the above, Vogelbein et al. (2001)
dealt with skin ulcers in estuarine fishes and made a
comparative pathological evaluation of wild and laboratory-
exposed fish (LEF). Field-collected menhaden and mori-
bund LEF tilapia were killed by overdose with tricaine
methanesulfonate. Grossly visible skin lesions on wild
menhaden, and the skin, gills, liver, spleen, pancreas, gut,
kidney, and brain and other neural tissues from LEF tilapia
were processed by routine methods for paraffin histology
(20). Tissues were fixed in 10% neutral buffered formalin
for 48 h (hour), washed overnight in running water, dehy-
drated, infiltrated and embedded in paraffin, sectioned on a
rotary microtome at 5 mm, mounted on slides and stained
with hematoxylin and eosin (H&E) or with Grocott’s
methenamine silver stain for fungal hyphae (20).

Concomitant to the above, the toxic dinoflagellate,
Pfiesteria piscicida (Steidinger and Burkholder) had sub-
sequently been implicated as the etiologic agent of acute
mass mortalities and skin ulcers in menhaden, Brevoortia
tyrannus, and other fishes from mid-Atlantic US estuaries.
Evidence for this association, however, was perhaps largely
circumstantial and controversial. The tilapia (Oreochromis

spp.) had been exposed to Pfiesteria shumwayae (Glasgow
and Burkholder) and the resulting pathology had been
compared to the so-called Pfiesteria-specific lesions
occurring in wild menhaden. The tilapia that were chal-
lenged with high concentrations (2000e12,000 cells/ml) of
P. shumwayae exhibited the loss of mucus coat and scales
plus mild petechial hemorrhage, but no deeply penetrating
chronic ulcers had been found like those in wild menhaden.

Histologically, the fish had exhibited epidermal erosion
with bacterial colonization but minimal associated inflam-
mation. In moribund fish, loss of epidermis was widespread
over large portions of the body. Similar erosion had
occurred in the mucosa lining of the oral and branchial
cavities. The gills exhibited epithelial lifting, loss of sec-
ondary lamellar structure, and infiltration by lymphoid
cells. Epithelial lining of the lateral line canal (LLC) and
olfactory organs had exhibited severe necrosis. Visceral
organs, kidney, and neural tissues (brain, spinal cord,
ganglia, and peripheral nerves) were, however, said to be
histologically normal.

Further, in connection with agent detection and
identification methods by HP, A. invadans is said to elicit
a strong inflammatory response, as well as granulomas are
said to be formed around the penetrating hyphae. This
could be followed by isolation of A. invadans from internal
tissues, and identification of pure A. invadans isolates
by PCR.

In addition to the above works, Anon (1992) held
“Consultation on Epizootic Ulcerative Syndrome vis-à-vis
the Environment and the People” under the aegis of the
International Collective in Support of Fishworkers. As an
invited speaker at the Symposium, Kamonporn Tonguthai
of the Aquatic Animal Health Research Institute, Kasetsart
University, Bangkok, had opined that in the AsiaePacific
region, there had been several reports of ulcerative disease
conditions among wild and cultured fish. While EUS refers
specifically to the Asian condition, there are great similar-
ities with other fish disease conditions. However, Tongu-
thai cautioned, only further research could confirm whether
these are indeed the same disease, or not. Yet, as Tonguthai
had pointed out, ultimately no definite conclusions about
the cause of the disease could be drawn as yet, since out-
breaks are considered to be a complication of several
factors.

In addition to the above, Anon (1998) had studied the
prevalence and geographical distribution of EUS fish dis-
ease in the susceptible fish populations in and around the
Rivers Indus, Chenab, Jhelum, Ravi, and Sutlej in the
Punjab province of Pakistan. It was believed that the sample
size could permit the prevalence of EUS to be calculated
with 95% confidence limit (CL). Further, fishes had been
sampled during the harvesting time from the ponds as well
as from the catchment areas, which are adjacent to 10
strategically selected dams and barrages on the rivers in

Histopathological, Hematological, Histochemical, and Enzymological Studies Chapter | 7 179



Punjab in order to have wider coverage in epidemiological
and HP studies. Tissue samples had been collected from
around the lesions immediately after the selection of the
specimen, and the tissues had been kept in 10% formalin for
HP studies. Further, as indicated above, Gayathri et al.
(2008) worked on determining a specific sampling site on
EUS-affected fish for the diagnosis of A. invadans by
immunodot test using monoclonal antibodies.

Notwithstanding the above, Miyazaki and Egusa
(1973b,c) had further reported about HP observations in
other species such as bluegill (Lepomis macrochirus) and
wild fish such as snakefish (Channa argus) from Chiba
Prefecture; gray mullet (Mugil cephalus) from Kojima Bay,
Okayama Prefecture, crucian carp (Carassius auratus), and
trident goby (Tridentiger obscurus) from Lake Kasumi-
gaura, Ibaragi Prefecture. Further, granulomatous inflam-
mation was observed in all the five species, consistent with
earlier observations on goldfish and ayu. The general
pathological features observed were dermatitis and myositis
associated with deep penetrating granulomatous inflam-
mation characterized by several layers of epithelioid cells
surrounding the fungal hyphae. In some cases, multinu-
cleate giant cells with or without fungal hyphae were
detected, depending on species and geographic location.
The disease was named “mycotic granulomatosis” (MG)
(Miyazaki and Egusa, 1972).

Concomitant to the above, HP observations made from
both naturally infected fish (Egusa and Masuda, 1971;
Miyazaki and Egusa, 1973a,b,c; Wada et al., 1994; Hatai
et al., 1994; Hanjanvanit et al., 1997) and artificially
infected fish (Hatai et al., 1977, 1994; Hatai, 1980; Rha
et al., 1996; Wada et al., 1996; Bondad-Reantaso et al.,
1999) showed similar pathological changes. Many branched
aseptate hyphae were observed in the lesions. These hyphae
were typically associated with a granulomatous response
and extensive tissue necrosis. Marked inflammatory infil-
tration and formation of granulation tissue had also been
consistently observed in older lesions. Granulation tissue (a
reparative response not to be confused with granulomas)
composed of a fibrous network, regenerating capillaries and
muscle fibers, mild hemorrhage, and extensive inflamma-
tory infiltration had developed to replace necrotic areas.

Further, Baidya and Prasad (2013) had reported about
the prevalence of EUS among the carps in Nepal. As with
many workers, Baidya and Prasad (2013) had also opined
that EUS disease could be confirmed by histological
diagnosis. The early skin lesions of some samples had been
observed and found to be principally in the areas of
epithelial necrosis with surrounding edema, hemorrhaging
of the underlying dermis, and some inflammatory cell
infiltration. The epidermis at the margins of the ulcer itself
was found to be degenerated and thickened due to the
enclosing of a very small number of fungal hyphae within
an epithelioid capsule. In advanced lesions, there is massive

necrotizing granulomatous mycosis of the underlying
muscle fibers.

Concomitantly, FAO (2009) had dealt with HP of
EUS-infected dashtail barb (Botswana) and had found
typical mycotic granulomas surrounding the invasive
fungal hyphae in the skin layer (by the use of Grocott’s
silver stain). Typical severe mycotic granulomas from
muscle section of EUS fish (barb from Namibia) had also
been observed (by the use of H&E stains).

In a continuation of the ongoing documentation of
works on EUS, Lilley et al. (1998) had given a general
description of the typical HP developments that had
occurred in EUS-diseased fish. The early skin lesions of
some samples had been observed and found to be princi-
pally in the areas of epithelial necrosis with surrounding
edema, hemorrhaging of the underlying dermis, and some
inflammatory cell infiltration. It had not been possible to
confirm fungal involvement in most of these early samples,
but a few, however, had harbored a small number of hy-
phae. The presence of fungal hyphae was demonstrated in
the epidermis of some early stages of infected fish from
India (Vishwanath et al., 1997). Similarly, Roberts et al.
(1989) were able to study early lesions during an EUS
outbreak in a captive population of IMCs. They observed
that an acute necrotizing myopathy, more severe than
usually seen in wild fishes, had spread over a wide area
below the active skin lesion. The epidermis at the margins
of the ulcer itself was degenerated and thickened, and
contained only a very small number of fungal hyphae
enclosed within an epithelioid capsule. The blood vessels
of the dermis were very hyperemic and some had a collar of
lymphoid or myeloid cells that might have been associated
with virus infection although no viral inclusion bodies were
detected.

Subsequent pathological developments in all infected
fish species had involved significant degenerative changes
in skin and muscle tissues with minimal disruption of
internal organs. In advanced lesions, there was massive
necrotizing granulomatous mycosis of the underlying
muscle fibers, involving the distinctive branching aseptate,
invasive fungal mycelia. Large number of bacteria might
have been present on the surface of some advanced lesions.
With advancing age of the lesion, fungal cells had been
reported to have become progressively enveloped by thick
sheaths of host epithelioid cells, and some areas might have
shown evidence of myophagia and healing. In some
advanced lesions, fungal hyphae could be seen invading the
abdominal viscera, which could almost certainly be the
ultimate cause of death. A large number of mycotic
granulomas had been demonstrated in the kidney, liver, and
gut of several fishes including spiny eels, Cirrhinus
mrigala, Colisa lalia, Channa sp., Puntius sp., Esomus sp.,
Mugil sp., Valamugil sp., Therapon sp., Glossogobius sp.,
and Sillago sp. (Chinabut, 1990; Ahmed and Hoque, 1998;
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Wada et al., 1994; Vishwanath et al., 1998). Wada et al.
(1994) had also found mycotic granulomas in the abdominal
adipose tissue, pancreas, gonad, spleen, central nervous
system, and heart of dwarf gourami, and Vishwanath et al.
(1998) had further demonstrated fungi penetrating the
esophagus and spinal cord of mullet and intermuscular bones
of Puntius.

Concomitant to the above, the internal organs of
diseased fish, other than those invaded by fungal hyphae,
had depicted only mild HP changes that Roberts et al.
(1986) had pointed out that it might sometimes be the result
of background pathology. Palisoc (1990) had observed
minimal tissue disruption in the kidney of striped snake-
heads in terms of an increased number of melanomacro-
phage centers, hemosiderin pigments, and few mitotic
figures. Spleen sections had shown a marked increase of
white pulp production and the heart, liver, and gills
underwent mild HP changes, but none were observed in the
stomach and intestine. Other kidney samples had shown
tubular, vacuolar degeneration with granular occlusion and
hematopoietic tissue degeneration or focal proliferation.
Chinabut (1990) had demonstrated that these features were
consistently more severe in armed spiny eels. Further,
pancreas samples had occasionally shown acinar necrosis
(Callinan et al., 1989) with eosinophil and inflammatory cell
infiltration. In the liver, mild focal hepatic cellular degen-
eration might sometimes also occur in advance of bacterial/
fungal involvement. The only consistent hematological
change in diseased fish was a significantly lower level of
hemoglobin (Hb) as a result of extra- and intravascular
destruction of red blood cells (Tangtrongpiros et al., 1990).

Concomitant to the above, histology of early lesions had
revealed acute spongiosis and epithelial cell loss.
Degenerative changes progress through the dermis with
hyperemia, hemorrhages, and inflammatory infiltra-
tion. In advanced stages, sarcolysis was also obvious.
Fungal hyphae had been enclosed by a well-defined
epithelioid cell layer and mycotic granulation had spread
through the infected muscles and internal organs. Muscle
fibers eventually disappeared altogether and were
replaced by fibrosis, inflammatory cells, and new blood
vessels. These distinct features of EUS ulcers had been
known to make histological analysis enough for a definitive
diagnosis.

In addition, squash preparations of skeletal muscle
from beneath an ulcer could also demonstrate septate fungal
hyphae for a rapid provisional diagnosis.

Concomitant to the above, Callinan et al. (1989) had
done preliminary comparative studies on the Aphanomyces
species associated with EUS in the Philippines and RSD in
Australia. Callinan et al. (1989) had, further, revealed that
HP examination of ulcer sections from 21 fish specimens
had shown lesions typical of EUS and indistinguishable
from those of RSD. In this connection, it may be pointed

out here that identification of Aphanomyces spp. was based
on differential morphology of oogonia and antheridia
(Scott, 1961). None of these structures were observed in
their study. Also, none had been observed in RSD isolates
by Fraser et al. (1992). Even, none had been described for
Thai EUS isolates by Roberts et al. (1993). In addition,
total protein electrophoresis had provided useful, but not
definitive, information concerning relationships within and
between species of oomycete fungi (Bielenin et al., 1988;
Chen et al., 1991). In order to examine possible relation-
ships between the isolates, peptide extracts from four
representative RSD Aphanomyces isolates; three represen-
tative EUS Aphanomyces isolates, as well as an Aphano-
myces laevis-type isolate, an Aphanomyces cochloides-type
isolate, and an Aphanomyces euteiches-type isolate had
been compared electrophoretically. Fungal mats were
derived from GY broth (Dykstra et al., 1986). Cultures had
been incubated at 30 �C in the dark for 15 days. Mats were
then rinsed in distilled water, dried, and stored at �80 �C.
Prior to extraction, frozen fungal mats were placed in liquid
nitrogen and ground to a powder with mortar and pestle.
100 mg aliquots of fungi were then extracted by boiling for
5 min in 500 ml of reducing mixture (2% sodium dodecyl
sulfate, 5% 2-mercapto- ethanol, 10% glycerol in 62.5 mM
TriseHC1 at pH 6.8). The mixture was clarified at 5000 g
and a known volume of the supernatant was loaded into
12% acrylamide and electrophoresed under reducing
conditions according to Laemmli. Peptides resolved by
SDS-PAGE were visualized by silver staining.

Band similarities or differences between isolates were
assessed based on band clusters over specific molecular
weight class ranges. On this basis, the banding profiles of
the isolates from striped snakehead (Bautista), striped
snakehead (Laguna), sea mullet (Queensland) and yellow-
fin bream (Clarence) were very similar over the 14e94 kDa
range, indicating a close degree of relatedness between
these Philippine types.

Notwithstanding the above, Anon (2011) had dealt with
EUS (which is also known as the RSD, MG, and UM),
while preparing Identification Field Guide for Aq Animal
Diseases significant to Australia. It had been reported that
the microscopic pathological signs were: (1) erythematous
dermatitis; (2) hyphae (threads) associated with granulo-
matous tissue, sometimes extending into visceral organs;
and (3) liquefactive necrosis of muscular tissue.

Baruah et al. (2012) had worked on interspecific
transmission of the EUS pathogen, A. invadans, and asso-
ciated physiological responses. They had worked on
different aspects of EUS.

Vogelbein et al. (2001), as briefed earlier, had dealt with
the skin ulcers in estuarine fishes and had made a
comparative pathological evaluation of wild and LEF. In
an attempt to reiterate their works in a detailed way,
the toxic dinoflagellate, P. piscicida (Steidinger and
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Burkholder) had of late been implicated as the etiologic
agent of acute mass mortalities and skin ulcers in
menhaden, B. tyrannus, and other fishes from mid-
Atlantic US estuaries. However, evidence for this associa-
tion had been largely circumstantial and controversial. In
fact, tilapia (Oreochromis spp.) had been exposed to
P. shumwayae (Glasgow and Burkholder) and the resulting
pathology was compared to the so-called Pfiesteria-specific
lesions occurring in wild menhaden. However, the identi-
fication had been based mainly on SEM studies and
molecular analyses. The tilapia challenged by high con-
centrations (2000e12,000 cells/ml) of P. shumwayae had
depicted loss of mucus coat and scales plus mild petechial
hemorrhage, but there had been no deeply penetrating
chronic ulcers like those in wild menhaden.

Histologically, the fish had exhibited epidermal erosion
with bacterial colonization but minimal associated inflam-
mation. In moribund fish, loss of epidermis was widespread
over large portions of the body. Similar erosion had
occurred in the mucosa lining the oral and branchial
cavities. Gills had exhibited epithelial lifting, loss of
secondary lamellar structure, and infiltration by lymphoid
cells. Moreover, the epithelial lining of the LLC and
olfactory organs had exhibited severe necrosis. Visceral
organs, kidneys, and neural tissues (brain, spinal cord,
ganglia, and peripheral nerves) have been said to be his-
tologically normal. A so-called significant result was the
innumerable P. shumwayae cells adhering to damaged skin,
skin folds, scale pockets, LLC, and olfactory tissues. In
contrast, histological evaluation of skin ulcers in >200 wild
menhaden from Virginia and Maryland portions of the
Chesapeake Bay and the Pamlico Estuary, North Carolina,
had revealed that all the ulcers had harbored a deeply
invasive, highly pathogenic fungus now known as
A. invadans. In menhaden, the infection had always elicited
severe myonecrosis and intense granulomatous myositis.
The consistent occurrence of this fungus and the nature and
severity of the resulting inflammatory response, had indi-
cated that these ulcers were chronic (age >1 week) and of
an infectious etiology. They might not be the direct result of
an acute toxicosis initiated by Pfiesteria toxins. The disease
was therefore best called ulcerative mycosis (UM). This
study had indicated that the pathology of Pfiesteria labo-
ratory exposure was considered by some as basically
different from that of UM in menhaden. However, one may
not rule out Pfiesteria as one of many possible early initi-
ators, predisposing wild fishes to fungal infection under
certain circumstances.

Later, the fungi associated with the menhaden ulcers in
North Carolina estuaries were hypothesized to be second-
ary, opportunistic invaders with the lesions caused, in some
instances, by exotoxins of P. piscicida (Steidinger and
Burkholder). This hypothesis was based on the observed
co-occurrence of the ulcerous lesions in wild menhaden and

P. piscicida in some acute fish kill events in North Carolina
estuaries. A laboratory exposure study had provided some
support for these field observations. Striped bass (Morone
saxatilis) and tilapia (Oreochromis spp.) exposed to
sublethal concentrations of P. Piscicida had exhibited
initial widespread loss of epidermis, followed by ulcer
development in a few fish. This had suggested a possible
early initiating role for P. piscicida in menhaden ulcer
development. Similar cutaneous ulcerative syndromes have
been reported in >100 species of wild and cultured fresh-
water and estuarine fishes in the Indo-Pacific region since
the 1970s. Outbreaks had been referred to, respectively, as
EUS in Asia, RSD in Australia, and MG in Japan. This
disease had been devastating to several major commercial
fisheries, both wild and farmed, and is now collectively
referred to as EUS. Aphanomyces invadans, an oomycete
fungus, was recently implicated as the etiologic agent of
EUS. Grossly and histologically, EUS in Indo-Pacific fishes
and UM in menhaden from mid-Atlantic US estuaries are
essentially identical. Further, an investigation indicated that
the fungal agent observed in menhaden UM was also
A. invadans. Earlier works had indicated that this fungal
agent might have been a primary pathogen in menhaden,
which was said to be capable of inducing formation of skin
ulcers, with other environmental or biological factors,
including Pfiesteria spp., playing possibly no role what-
soever. The roles supposed to have been played by
Pfiesteria spp. in the development of skin ulcers in wild
menhaden and other fishes had, therefore, possibly
remained inconclusive. In spite of this, the menhaden
lesions are said to be used in conjunction with presumptive
counts of Pfiesteria-like cells in water samples and toxic
fish bioassays as primary criteria for decisions about human
health impacts and river closures in Maryland, Virginia,
and North Carolina. As an attempt to better understand the
association between Pfiesteria spp. and fish lesions, field-
collected menhaden and moribund laboratory-exposed
tilapia were killed by overdose with tricaine methanesul-
fonate. Grossly visible skin lesions on wild menhaden and
the skin, gills, liver, spleen, pancreas, gut, and kidney, as
well as the brain and other neural tissues from laboratory-
exposed tilapia were processed by routine methods for
paraffin histology as mentioned earlier. It should be noted
here that Tilapia exposed to P. shumwayae have consis-
tently exhibited widespread partial to complete loss of the
epidermal layer of the skin. In moribund fish, the epidermis
was completely eroded over much of the body surface.
Bacterial colonization of the dermis was common, and
Pfiesteria cells were frequently seen adhering to the
surface. However, inflammation associated with these
alterations was said to be minimal. Further, epidermal
erosion was often associated with the presence of Pfiesteria
cells in the skin folds. Similar pathological effects were
observed in the oral cavity, which had been normally lined
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by a multilayered mucosa composed of squamous epithe-
lium and goblet cells. Exposed fish had often exhibited
complete mucosal erosion. Pfiesteria cells and bacterial
contaminants had often been seen adhering to exposed
connective tissues within the oral cavity. Commonly
observed changes in the gill tissues had included separation
and lifting of the respiratory epithelium, accumulation of
lymphocytes in secondary lamellae, and gathering of
Pfiesteria cells within the branchial chamber. Degenerative
alterations had also occurred within the LLC system of the
head. The epithelial lining of the LLC was eroded and often
completely lost, and had been colonized with bacterial
contaminants and Pfiesteria cells. Similar degenerative
changes had also been observed within the nares and
olfactory organs. Lesions attributable to Pfiesteria exposure
were not observed in internal organs or tissues including
liver, spleen, kidney, pancreas, gut, brain, spinal cord, and
peripheral nervous tissues.

Pradhan et al. (2014) reported about the emergence of
EUS and the large-scale mortalities of cultured and wild
fish species in Uttar Pradesh, India. HP analysis was carried
out according to the method described by Chinabut and
Roberts (1999). The tissue sections were stained with
hematoxylin and eosin (H&E) for general pathological
investigation, and with Grocott’s methenamine silver
nitrate for the presence of A. invadans hyphae. Gross
pathology of the affected fishes had varied from red
hemorrhagic spots and scale losses to severe ulceration and
exposure of underlying tissues. In histological examination,
mycotic granulomas were demonstrated in the fishes
showing gross lesions. In many of the affected fishes,
below the dermal ulcers, the underlying musculature was
largely replaced by mycotic granulomas. Sarcolysis and
myophagia were also observed at sites far away from the
ulcers. In some of the severely affected fishes, the hyphae
had penetrated deep into the kidney across peritoneum from
the body cavity. However, in fishes without noticeable
hemorrhages and ulcerations, the hyphae-associated
inflammatory changes were observed only in the
epidermis, and the dermis and skeletal musculature were
free from pathological lesions. The response was observed
in large-sized IMCs.

7.2 DETAILS OF HEMATOLOGICAL,
HISTOCHEMICAL, AND
ENZYMOLOGICAL STUDIES

The hematological parameters had been estimated using
standard procedures and had included determination of
total red blood cell (RBC) count, total white blood cell
(WBC) count, packed cell volume, and hemoglobin (Hb)
content for experimentally infected (EI) and apparently
healthy (AH) Catla. HP examination, done by them, had

revealed inflammatory responses against the invading
organisms, often the formation of granulomas (Chinabut
et al., 1995; Wada et al., 1996; Thompson et al., 1999;
Saylor et al., 2010). This inflammatory response is said to
have been governed by the innate immune defenses of the
fish where granulocytes had been thought to play an
important role. However, the mechanism by which the
granulocytes are known to participate in the inflammatory
process against invading oomycetes had not possibly been
well understood. Immune functions of the granulocytes
such as the reactive oxygen and nitrogen species and
lysozyme production had been known to play an important
role in eliminating pathogens, especially bacteria
(Secombes, 1990). The increase in these parameters in the
EUS-infected Catla indicated the possible involvement of
these mechanisms in inhibiting the replication of
A. invadans. However, the increased responses that
generally occurred at an early stage of any infection might
not be effective enough to prevent the spread of infection in
later stages. The apparent ability of A. invadans to with-
stand such responses might explain the susceptibility of
Catla to EUS infection. The EI Catla had portrayed
increased WBC proliferation in response to the mitogen,
concanavalin A; thereby, indicating that leucocytes are
polyclonally activated in EUS-infected fish. An enhanced
proliferative response was also observed in Atlantic
menhaden with ulcer disease syndrome. The possible
impact of WBC activation and proliferation on the devel-
opment of granulomatous reactions associated with the
disease had remained to be elucidated in a detailed way.

In addition to the above, the EUS-infected Catla were
anemic, as evidenced by a decreased total RBC count,
packed cell volume, and Hb content. Further, anemia
might have been due to hemodilution caused by a loss of
body fluid from hemorrhagic/necrotic lesions in the
infected Catla, as had also been observed in EUS-affected
Asian cichlid fish, Etroplus suratensis (Pathiratne and
Rajapakshe, 1998). Decreased Hb and hematocrit levels in
EUS-affected Channa striatus had also been attributed to
hemodilution (Cruz-Lacierda and Shariff, 1995). The
increased total leukocyte counts in EUS-infected Catla
might be responsible for the enhanced immunological re-
sponses. In fact, the WBC count was higher and the Hb
content was lower in blood from EUS-affected Indian fish
than in healthy fish (Kar et al., 2000).

Concomitant to the above, levels of total plasma
protein, serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transaminase (SGPT),
and serum alkaline phosphatase (ALP) were higher in
the EI groups than in the AH fish. One of the reasons for
increased total protein concentration in serum might be the
formation of anti-A. invadans antibodies in the serum.
In fact, elevated levels of antibodies to A. invadans had
been reported from striped snakehead (Channa striata;
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Thompson et al., 1997; Miles et al., 2001) and rainbow
trout (Oncorhynchus mykiss; Thompson et al., 1999) and
high values of SGOT, SGPT, and ALP were reported from
EUS-affected fish (Kar et al., 2000). Generally, the
enzymes SGOT and SGPT were found in different tissues,
with a higher concentration in the liver (Nyblom et al.,
2006). Increased SGOT, SGPT, and ALP might be due to
hepatocyte damage by the A. invadans hyphae. The
changes in these enzymes were less in fish infected by
cohabitation than in intramuscularly injected fish; perhaps,
because motile zoospores being directly injected into the
muscles where zoospore germination and proliferation were
rapid, might be leading to heightened tissue destruction and
spread of the organism.
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Chapter 8

Methodologies of Different Types
of Studies

8.1 PHYSICOCHEMICAL
CHARACTERISTICS OF WATER

Water is a basic substance on which the dynamics of a
water body, and thereby the life of the biota in it, depend.
To a limnologist, fishery scientist, and fish farmer, the study
of water is a prerequisite for the welfare of the water body
and the fish and to know their environment. Further,
agencies like public health engineering departments
(waterworks), pollution control boards, and various indus-
trial organizations require the analysis of water/wastewater
samples. The methodology recommended by APHA (1995)
is largely followed and is given below.

The main purposes of physical and chemical examina-
tion of water are as follows:

1. Know the exact composition of the sample at the partic-
ular point of time of sample collection

2. Classify water with regard to the general level of
gaseous and mineral constituents

3. Ascertain the presence or absence of constituents
affecting various beneficial uses of water

4. Determine the level of organic impurities
5. Determine the degree of clarity and to ascertain the na-

ture of matter in suspension

Analytical results may be interpreted to suit different
purposes for different organizations (according to the aim
of the work)dfor example, surveillance of water quality,
effluent quality, and farming.

Among physicochemical characteristics, the following
are generally studied in a water body by a limnologist:

8.1.1 Physical Characteristics

Temperature, turbidity, and transparency

8.1.1.1 Temperature

In limnological studies, water temperature as a function of
depth is often required. Water temperature readings are
related to the study of pH, DO, salinity, conductivity, etc.
However, heated water discharges into the water body
generally have detrimental effects.

Water Temperature Measurement

Principle Water temperature could be measured with the
help of a good-quality mercury-in-glass precision ther-
mometer (�5 to 50 � 1/10 �C) having minimal thermal
capacity, to facilitate rapid equilibration. It is checked and
calibrated (if required) against a precision thermometer
certified by the National Bureau of Standards (ordinary
thermometers may have errors of up to 3 �C).

Temperature of both air and surface water could be
measured directly. However, bottom water temperature could
be measured by collecting the water samples from various
depths with the help of a 5-L capacity Kemmerer sampler.
Alternatively, water temperature at depths may be most
conveniently and accurately measured with the help of a
thermistor or a less expensive reversing thermometer or
thermophone.

8.1.1.2 Turbidity

Turbidity is a significant parameter in determining the
opaqueness of water, which affects photosynthetic pro-
cesses and fish life. It mainly depends on particulate matter
present in the water.

Suspension of particles in water interfering with passage
of light is called “turbidity.” The suspended particles may
be clay, silt, finely divided organic and inorganic matter,
plankton, and other microscopic organisms. Turbid water
should be unfit for drinking and is undesirable for food
products, beverages, etc. Turbidity is a measure of perfor-
mance of water treatment plants.

The following methods are generally used for deter-
mining the turbidity of a water sample:

1. By Jackson’s Candle turbidimeter (JCT)
2. By electrical/electronic turbidimeters, commonly called

nephelometers

The JCT is generally used for highly turbid waters.

Jackson’s Candle Turbidimeter

Principle It is based on the transmittance of light from a
flame of a “standard candle” (made of beeswax and sper-
maceti designed to burn at 114e126 grains per hour)
through sample column of certain path length, such that the
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flame becomes indistinguishable against background illu-
mination. Turbidity is inversely proportional to the path
length. In brief, it is based on a comparison of the intensity
of light scattered by the sample and a standard reference
under comparable conditions. The higher the intensity of
scattered light, the higher the turbidity.

The lowest turbidity that could be measured with a JCT
is 25 units (JTU). As such, indirect secondary methods are
required for measuring turbidities in the range of 0e5 units.
However, the results obtained with different types of sec-
ondary instruments do not match with one another because
of fundamental differences in the optical systems, even
though the instruments are all precalibrated against JCT.

This method is not in much use today mainly because of
difficulties in getting the “standard candle.”

Nephelometric Method

Principle Formazin polymer is the turbidity standard
suspension preference for water. It is easy to prepare and
more reproducible in its light scattering properties. A given
concentration of formazin suspension having 40 NTU has
approximately a turbidity of 40 JTU. Therefore, turbidity
based on formazin will approximate units derived from
JCT, but it will not be identical.

Materials Turbidimeter: It consists of a light source for
illumination of the sample and one or more photoelectric
detectors with readout device to indicate the intensity of
light scattered at 90� to incident light. The sensitivity of the
instrument permits detection of turbidity difference of
0.02 NTU or less in water having turbidity <1.0 NTU. The
instrument measures generally from 0 to 40 NTU. Various
ranges are necessary to obtain both adequate coverage and
sensitivity. However, meters having wider ranges are also
available today.

Sample tubes: These should be of clear colorless glass,
scrupulously cleaned both inside and outside without
scratches. The tubes should be sufficiently long so that they
do not need to be touched where light strikes.

Reagents:
(a) Turbidity-free water: It is obtained by passing DW

through membrane filter having pore size <100 mm. If
filtration does not reduce turbidity, DW itself may be used.

(b) Stock turbidity suspension:

1. Solution I: It is prepared by dissolving 1.0 g of hydrazine
sulfate in DWand diluted to 100 mL in a volumetric flask.

2. Solution II: It is prepared by dissolving 10.0 g of hex-
amethylene tetramine in DW and diluted to 100 mL in
volumetric flask.

3. In a 100-mL volumetric flask, mix 5.0 mL of Solution I
with 5.0 mL of Solution II. Allow to stand for 24 h at
25 � 3 �C. This is diluted to the 100 mL mark of the

flask and shaken properly. Turbidity of this suspension
is 400 NTU.

NB: Stock solutions are prepared monthly.
(c) Standard turbidity suspension:
10 mL of stock turbidity suspension (as prepared above)

is diluted to 100 mL with turbidity-free water. The turbidity
of this suspension is defined as 40 NTU. Such suspensions
are prepared weekly.

Procedure (a) Turbidimeter calibration: Generally,
these meters are kept calibrated by the manufacturer before
being sold out. Further, the manufacturer’s operation
manual could be useful in calibration, if required.

(b) Measurement of turbidities <40 NTU: The sample
is thoroughly shaken. The air bubbles are allowed to
escape. The sample is poured into the turbidimeter tube and
the turbidity is read directly from the scale or from the
calibration curve.

(c) Measurement of turbidities >40 NTU: The sample
is diluted with turbidity-free water until its turbidity falls
between 30.0 and 40.0 NTU. Now the turbidity of the
original sample is computed from the turbidity of the diluted
sample and dilution factor. The stock turbidity suspension of
400 NTU is used for continuous monitoring. High turbidities
determined by direct measurement are likely to differ
appreciably from those determined by dilution technique.

Calculation

NTU ¼ A� ðBþ CÞ
C

;

where,

A ¼ NTU found in the diluted sample
B ¼ Volume of the dilution water
C ¼ Sample volume taken for dilution
Interpretation of Results. The turbidity readings are

reported as follows:

Turbidity range (NTU) Record to the nearest NTU

0e1 0.05

1e10 0.10

10e40 1.0

40e100 5.0

100e400 10.0

400e1000 50.0

>1000.0 100.0

8.1.1.3 Transparency

It is a measure of the depth to which one may see into the
water. Obviously, this is variable with the day’s condition
and the eyesight of the observer.
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The Secchi disk is a simple device used to estimate this
depth, and this parameter could also be called “Secchi disk
visibility.” The Secchi disk is a simple device used to es-
timate this depth. It consists of a weighted circular plate,
20 cm in diameter, with the surface painted with opposing
black and white quarters. It is attached to a calibrated line
by a ring at the center, so that when held by the line, it
hangs horizontally. The procedure for determining the
Secchi disk visibility follows.

Procedure

1. The Secchi disk is slowly lowered into the water body
until it disappears. This depth is noted.

2. The disk is lowered a few more cm and then is slowly
raised again until it reappears. This second reading of
depth is also noted.

3. The average of these two readings is taken as the final
Secchi disk visibility depth or, in short, transparency.

8.1.2 Chemical Characteristics (Water
Chemistry)

These are pH, dissolved oxygen (DO), free carbon dioxide
(FCO2), total alkalinity (TA), specific conductivity, carbon,
productivity, and nutrients.

8.1.2.1 Hydrogen-Ion Concentration (pH)

The term pH is the negative logarithm of hydrogen-ion ac-
tivity. Most natural waters have a pH that falls in the range of
4.0e9.0. However, the majority of water is slightly basic
because of the presence of carbonates and bicarbonates. A
departure from the normal pH could be due to influx of acidic
or alkaline wastes, mainly from the industries. Adjustment of
pH in effluents as well as in water treatment plants is a
common practice. Whereas acidity and alkalinity are mea-
sures of total resistance to pH change or buffering capacity of
a sample, pH represents the free hydrogen-ion activity not
bound by carbonate or other bases.

Hydrogen-ion concentration, expressed as pH, may be
determined by the following methods:

1. Colorimetric method
2. Electronic method

Colorimetric Method

Colorimetrically, pH is determined on the spot with the help
of a Hellige comparator using BDH (Qualigens) indicator
solution and color disks of the ranges from 2.0 to 10.5.

However, the colorimetric method is said to suffer from
interferences due to color, turbidity, salinity, colloidal
matter, oxidants, and reductants. Indicators themselves may
alter the pH of poorly buffered liquids unless preadjusted to
nearly the same pH as the sample. Hence, the colorimetric
method is suitable only for rough estimation.

Electronic Method

This method involves operation of an electronic pH meter
using a standard “glass electrode” along with a “reference
calomel electrode” that produces a change of 59.1 mV
(milli volt) per pH unit at 25 �C. Glass is an ion-exchange
material with preference for Hþ ions that are adsorbed on
one surface and their positive charge is transmitted through
the glass by Naþ ion displacement. The Hþ ions are des-
orbed on the other side. Therefore, glass is a membrane
specific for Hþ ions. The glass electrode consists of a glass
bulb with dilute HCl in it that is connected to the internal
circuit through AgCl.

Materials Required
1. Electronic pH meter with temperature compensation
2. Glass electrode
3. Reference electrode
4. Magnetic stirrer

Standard Solutions (Reagents)
1. Standard buffer prepared by dissolving required amount

of substances in DW having conductivity <2.0 micro-
siemens at 25 �C

NB: The buffer solutions are preserved in polythene
or pyrex bottles and the solutions are replaced every
month.

2. Saturated potassiumehydrogenetartrate solution is
prepared by dissolving finely crystalline 5e10 g of
potassiumehydrogenetartrate in 100e300 mL of
DW at 25 �C in a glass-stoppered bottle. The clear so-
lution is decanted and preserved by adding a thymol
crystal

3. Saturated KCl solution to is prepared by dissolving AR
grade KCl in DW

Procedure
1. The pH meter is connected to 230 V AC having good

earthing and switched on. It is kept as such for a few
minutes to warm up.

2. Before use, both the glass and reference electrodes are
kept dipped in DW for at least 24 h.

NB: The tips of the electrodes are kept immersed in
water when not in use.

At the time of using the electrodes, they are rinsed
with DW and wiped with tissue paper and never with
hand.

pH measurement

1. The electrodes are connected to the pH meter.
2. Buffer solutions of pH 7.0 and 4.0 or 9.2 are prepared

by grinding and dissolving standard buffer tablets (of
respective pH) in DW.
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3. The electrodes are washed with DW and dried with tis-
sue paper.

4. The temperature of the buffer solution of pH 7.0 is
noted.

5. The temperature control switch of the pH meter is
adjusted according to the temperature of the buffer.

6. The electrodes are dipped into buffer solution of pH
7.0.

7. The meter will display some reading that may be
nearly 7.0.

8. The “standardize control” of the meter is operated to
make the meter reading exactly 7.0.

9. The buffer solution of pH 7.0 is removed from the ta-
ble and the buffer solution of pH 4.0 is brought in.

10. The electrodes are washed and rinsed as before.
11. Temperature of the buffer solution of pH 4.0 is noted.
12. The temperature control switch of the pH meter is

adjusted according to the temperature of the buffer.
13. The electrodes are dipped into buffer solution of pH 4.0.
14. The pH meter could display exactly 4.0 or could

display some reading that is nearly 4.0.

15. If it is nearly 4.0, the standardize control of the meter is
operated to make the meter reading exactly 4.0.

16. The buffer solution of pH 4.0 is also removed from the
table. The pH meter is now said to be standardized.

17. The sample water of unknown pH is brought in.
18. The electrodes are washed and rinsed as before.
19. The electrodes are dipped into the water sample.
20. The pH of the water sample is recorded directly from

the pH meter.
21. The procedure is repeated for other samples.

8.1.2.2 Dissolved Oxygen

It refers to the oxygen that is dissolved in water. It plays a
key role in the dynamics of the water body, particularly in
the respiration of the aquatic biota. DO content in water
results from:

1. Photosynthetic activity of the green plants
2. Diffusion gradient at the airewater interface
3. Wind-driven mixing

Following are broadly two methods for the estimation
of DO in water:

1. Titrimetric (iodometric)
2. Electrometric (electronic)

Titrimetric Method: Alsterburg Azide Modification
of Winkler Method

Principle In this method, the amount of DO is computed
in mg/L by the quantity of liberated iodine from a mixture
of manganous sulfate and alkaline iodide sodium azide
neutralized by a known volume of 0.025 N sodium thio-
sulfate solution. In other words, there is formation of brown
hydrated oxide of manganese (IV) by oxidation of man-
ganese (II) hydroxide by the DO when a solution of po-
tassium iodideesodium azide is added to the sample.

MnSO4 þ 2 KOH/ MnðOHÞ2Y þ K2SO4

2MnðOHÞ2 þ O2 / 2 MnOðOHÞ2Y
ðBrown pptÞ

The floc of manganese (II) hydroxide is said to act as a
gathering agent for the DO and settles down. On subse-
quent acidification by concentrated sulfuric acid, the hy-
drated oxide of manganese (IV) reverts to the original state
of manganese (II) while oxidizing the iodide quantitatively
into iodine.

The liberated iodine is equivalent to the original DO
content of the sample. The amount of liberated iodine is
estimated by titration with standard solution of sodium
thiosulfate using starch as an indicator:

I2 þ 2S2O3 / S4O6 þ 2I

Interference The Alsterburg azide modification of the
Winkler method, in which sodium azide is used, is appli-
cable to most natural waters. Interference by higher con-
centrations of Fe (III) is reduced by this Alsterburg
modification, with azide playing the pivotal role.

Sampling Procedure Collection of water samples is done
very carefully so that the sample does not mix with air or
get agitated. Samples from any depth in streams, lakes,
wetlands, or reservoirs need special precautions to elimi-
nate changes in pressure and temperature.

Surface water samples are collected in narrow mouth
glass stoppered BOD bottles of 300-mL capacity with
tapered ground glass, pointed stoppers, and flared mouths.
The bottle is overflown by two or three times its volume
and the stopper replaced without air bubbles being allowed
to enter. Samples from depths of >2.0 m are collected by
Kemmerer type of sampler. The bottle is filled to

2 MnOðOHÞ2 þ 2 KI þ H2O /MnðOHÞ2 þ 2 I2 þ 2 KOH

Manganese Oxyhydroxide
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overflowing for nearly 10 s but without turbulence or for-
mation of bubbles.

Sample Preservation DO in water is determined imme-
diately after collection of the sample. However, samples
that are supposed to have low DO may be stored by adding
manganous sulfate, alkaline iodide sodium azide, and sul-
furic acid, shaken properly and kept away from strong
sunlight.

Procedure for DO Determination
Reagents Required. (a) Manganous sulfate: It is pre-

pared by dissolving 364 g of MnSO4$H2O in DW. Then it
is filtered and diluted to 1 L. This solution is not to produce
color with starch when added to acidified solution of KI.
Alternatively, 18.2 g of MnSO4 .H2O is dissolved in DW,
filtered, and made up to 50 mL.

(b) Alkaline iodide sodium azide solution: It is pre-
pared by dissolving 500 g of NaOH or 700 g of KOH and
150 g of KI or 135 g of NaI in DW. This is diluted to 1 L
with DW. Next, 10 g of NaN3 (sodium azide) is dissolved
in 40 mL of DW, and this is added to 950 mL of the so-
lution prepared above. Alternatively, if less quantity of
reagent is required, it is prepared by dissolving 25 g of
NaOH and 7.5 g of KI in DW. This is diluted to 50 mL with
DW. Next, 1 g of NaN3 is dissolved in 4 mL of DW, and
this is added to 45 mL of the solution prepared above.

(c) Starch indicator: To 0.25 g of starch powder, a few
milliliters of cold water is added and the mixture is rubbed
to a paste. This is added, with constant stirring, to 1 L of
boiling water, so slowly that boiling never ceases. Boiling
is continued for an additional minute or two and then it is
allowed to cool. It is preserved in a glass bottle. A fresh
solution is prepared as soon as mold appears or when a
strong color is not given by very dilute iodine solution.

(d) Concentrated sulfuric acid: Must be AR grade.
(e) Stock sodium thiosulfate (hypo) solution (0.1 N):

It is prepared by dissolving 24.82 g of Na2S2O3$5H2O in
boiled and cooled DW. It is then diluted to 1 L.

(f) Standard sodium thiosulfate titrant (0.025 N): It is
prepared by diluting 250 mL of stock solution to 1 L boiled
and cooled DW. Alternatively, 1 L of 0.025 N hypo solu-
tion is prepared by dissolving 6.2047 g (approximately
6.3 g) of sodium thiosulfate (AR grade) in 1 L of DW. This
standard sodium thiosulfate solution (which is a secondary
standard) is to be standardized with a primary standard
(say, potassium dichromate solution) before every set of
titration for DO estimation, for that any standard book of
chemistry dealing with volumetric analysis could be
consulted.

Procedure for Estimation of DO
1. To the 300 mL/250 mL of sample collected in a

300 mL/250 mL BOD bottle is added 2 mL of MnSO4

solution followed by 2 mL of alkaline iodideesodium
azide reagent.

2. The bottles are to be stoppered carefully and immedi-
ately to exclude air bubbles.

3. The contents are mixed by inverting the bottle at least
15 times. When the brown ppt. settles, leaving a clear
supernatant above the manganese hydroxide floc, it is
shaken again and the floc is allowed to settle for the sec-
ond time.

4. After at least 2 min, settling should have produced min-
imum 100 mL of clear supernatant. Now, the stopper is
removed carefully, and immediately 2 mL of concen-
trated sulfuric acid is added in such a way that it flows
down the neck of the bottle. The bottle is restoppered
and inverted gently until dissolution of the above floc
is complete. A brown-colored solution is formed in
the bottle.

5. This brown-colored solution is titrated against standard
0.025 N sodium thiosulfate solution (popularly called
hypo) taken in a 50-mL burette. The brown color
goes on fading until a straw-colored solution is obtained
near the end point.

6. Now, two to three drops of starch indicator solution is
added. An intense blue colored solution is obtained.

7. The titration is continued and hypo solution is added
drop by drop from the burette. The blue color continues
to fade until the solution becomes completely colorless
at the end point.

8. The burette reading is noted.
9. The titer value is the amount of DO present in mg/L in

the sample water.

The data may be tabulated in the format given below:

No.
of
obs

IR of
burette

FR of
burette

Difference DO
in
mg/L

1

2

3

Average value of DO (mg/L):
IR ¼ Initial Reading.
FR ¼ Final Reading.

Electrometric (Electronic) Method of DO
Estimation by Dissolved Oxygen Meter

The DO meter is generally a battery-operated portable in-
strument for estimation of DO and determination of tem-
perature of the sample water at the same time. DO is
measured in ppm (mg/L) over a range of 0e20 ppm with
0.1-ppm resolution, and temperature is indicated in degrees
Celsius from �5 to þ45 �C. The DO measurement is
automatically temperature-compensated for solubility of
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oxygen in water and permeability of the probe membrane.
Salinity compensation is manual. Measurements are dis-
played by a three-digit LCD.

Principle The probe supplied with the unit (instrument) is
a special Clark-type membrane-covered polarographic
sensor. A thermistor probe is also supplied for automatic
temperature compensation and measurement. A thin
permeable membrane stretched over the sensor isolates the
sensor elements from the environment but allows oxygen to
enter. When a polarizing voltage is supplied across the
sensor, oxygen, which has passed through the membrane,
reacts at the cathode and causes a current to flow.

Panel features in brief

1. The following are the principal switches:

Power, salinity, zero, set zero, mode, DO meas/cal, and
temperature

2. LCD display

Power Supply This unit is battery-operated. Hence, it does
not require any mains outlet. It uses one 9-V small
batterydEveready 216, Hi-Watt 6F22, etc. Correct polar-
ities are ensured while inserting fresh batteries.

Operating Steps
Probe Preparation. The DO probe consists of five

main parts: main stem, electrode cover, sleeve, membrane,
and Bakelite nut.

The main stem is made of Perspex with a gold electrode
at the lower end and a silver ferrule fully surrounding the
gold. The upper end carries a connecting cable and a
connector. The main stem has threads so that the electrode
cover along with the membrane assembly can be fitted to it
by means of the Bakelite nut.

The electrode cover is a thin cylinder that fits into the
lower half of the main stem. A Teflon oxygen-permeable
membrane is held to the electrode cover by a rubber sleeve.

Electrolytic Solution. A 7.5% solution of KCl is pre-
pared by dissolving 7.5 g of AR grade KCl in 100 mL of
DW. AgCl crystals are slowly added until AgCl stops being
dissolved.

Assembling of the Probe. First, the Bakelite nut is slid
over the probe cover. Next, a piece of the membrane
(100 � 100) is put over the tip of the probe. Then, the sleeve is
push-fitted over the electrode cover in such a way that the
membrane is flat and tight. There should not be any wrin-
kles on the membrane. The membrane is removed and
refitted if any wrinkles are detected. A few drops of elec-
trolyte solution is poured and checked for any leakage
through the membrane or near the sleeve. Now, the elec-
trode cover (probe cover) is filled completely with the so-
lution. It is kept vertical and the main stem of the probe is

slowly inserted into the probe cover that is filled with the
solution. The excess solution is let out. Next, the Bakelite
nut over the main stem is tightened. It should be ensured
that there is no air bubble. In the event of any bubbles being
detected, the probe is opened and refilled until no bubbles
are visible.

The gold cathode should always be bright and untar-
nished by wiping with a clean lint-free cloth or hard paper.
No form of abrasive or chemical should ever be used.

Preparing the Instrument.
1. The “Mode” switch is set to “Set Zero.”
2. The meter is switched to “On.”
3. The “Set 20” control is adjusted until the meter displays

20.0.
4. The mode switch is switched to “Zero” and the “Zero”

control is adjusted to read 0.0 (this is the zero electrical
setting of the meter).

5. The prepared DO probe is attached to the probe
connector.

6. A 15-minute period is allowed for the probe to polarize.
Air Calibration. Experience has shown that air cali-

bration method is quite reliable, yet far simpler than other
methods. The air calibration method is given below:

1. The probe is placed in moist air. For this, the probe
could be wrapped loosely in a damp cloth, taking care
that the cloth does not touch the membrane. About
10 min is allowed for temperature stabilization.

2. The mode switch is changed to “Temp” and the temper-
ature is read and recorded. The table showing solubility
of oxygen in freshwater against temperature is con-
sulted from the manual supplied with the instrument
in order to determine the calibration value. Also, the
altitude and the atmospheric pressure correction factor
are determined from a different table in the same
manual. The calibration value from the first table is
multiplied by the correction factor from the second ta-
ble. An example is given below:
Temperature assumed to be 25 �C
Altitude assumed to be 1000 ft
From Table 1, the calibration value for 25 �C is, say,
8.4 ppm.
From Table 2, the correction factor for 1000 ft is about
0.96.
Therefore, the correct calibration value is
8.4 ppm � 0.96 ¼ 8.1 ppm.

3. The “Salinity” knob is set to “Zero”
4. The mode switch is brought to “Cal.”
5. The “CAL Control” is adjusted until the meter reads the

correct calibration value as indicated in Step 2 above.
Two minutes are allowed to elapse in order to verify cali-
bration stability. Readjustment can be done if necessary.

The DO meter is now calibrated. Calibration should be
checked periodically.
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DO Measurement.
1. With the instrument calibrated, the probe is dipped in

the water sample (whose DO is to be measured) and
the sample water is constantly stirred. Stirring is
continued with a stirrer during the process of measure-
ment of DO in order to prevent depletion of DO near the
membrane of the probe.

2. The “Salinity” control switch is set to the salinity value
of the sample under test. Sufficient time is allowed for
the probe to stabilize.

3. The DO value is read and recorded.

8.1.2.3 Free Carbon Dioxide (FCO2)

Less than 10 mg/L of FCO2 is generally present in surface
waters. However, groundwater may contain a greater
amount of FCO2.

FCO2 may be estimated by:

1. Nomographic method
2. Titrimetric method

The nomographic method gives a closer estimation of
FCO2 when the pH and alkalinity are determined imme-
diately after sampling. The pH is determined with an
electrometric pH meter calibrated with standard buffer so-
lution in the pH range of 7.0e8.0. The TA is determined
titrimetrically.

The titrimetric method of estimation of FCO2 is done
using phenolphthalein as an indicator.

The titrimetric method is discussed below in detail:

Titrimetric Method of Determination of FCO2

Principle FCO2 reacts with Na2CO3 or NaOH to form
NaHCO3. Completion of the reaction is indicated by
development of pink color at the end point (pH 8.3). In
short, FCO2 is estimated by neutralizing the dissolved CO2

with 0.022 N aqueous sodium hydroxide solution using
phenolphthalein as an indicator.

Sampling and Storage Surface water sample may be
collected by dipping a collecting bottle with double lid just
below the water surface, and after the bottle is filled-in, its
inner lid is closed while the mouth of the bottle is still
underwater. A deep-water sample may be collected with the
help of a water sampler bottle. More precisely, sample
water is collected by rubber tubing discharging at the bot-
tom of a 100-mL graduated cylinder or Nelson’s tube. The
sample water is allowed to overflow several times. The tube
is withdrawn while the sample water is flowing. The
measuring cylinder is flicked (jerked) to throw off the
excess sample water above the 100-mL mark. Some loss of
FCO2 may be expected in storage and on transit of the
sample, even with a careful collection technique. Hence,
field determination immediately after sampling is desirable.

Alternatively, the sampling bottle is completely filled with
the sample water and is preserved at a temperature lower
than room temperature and FCO2 is estimated as soon as
possible.

Reagents
1. A 0.1 N stock NaOH solution is prepared by dissolving

about 4 g of AR-grade NaOH pellets in 1 L of DW. It is
standardized against 0.1 N H2SO4 using phenolphtha-
lein as an indicator. A 100-mL amount of this 0.1-N so-
lution is diluted to 440 mL with DW to give
N/44(0.022N)NaOH.

Alternatively, 0.4735 g (accurately) of NaOH (96%
pure) dissolved in 500 mL of DW gives 0.022 N NaOH.

Procedure
1. Sample water is collected following the above proce-

dure and 100 mL is taken in a conical flask.
2. 10 drops of phenolphthalein indicator solution is added.
3. If the sample turns pink, it indicates that FCO2 is absent.
4. If the sample remains colorless, it is titrated rapidly with

0.022 N NaOH solution (taken in a 50-mL burette), stir-
ring gently with a glass rod until a definite pink color is
produced that persists for 30 s when viewed through the
depth of the sample.

NB: For checking loss of FCO2 during titration, a sec-
ond sample is taken. After adding 10 drops of phenol-
phthalein indicator, the full amount of the titrant used in the
first titration is rapidly poured-in. If the sample turns pink,
no FCO2 should be lost. If it remains colorless, an addi-
tional amount of the titrant is added until pink color ap-
pears. The result of the second titration is considered.

5. The burette reading is recorded.

The data are recorded in the following table:

Obs.

no

Initial

burette

reading

(mL)

Final

burette

reading

(mL)

Difference

(mL)

1

2

3

Average value of FCO2 (mg/L):

Calculation : mg=lit FCO2

¼ ðA� N � 44; 000Þ=mL of sample;

where,

A ¼ mL of NaOH titrant
N ¼ Normality of the NaOH used above
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8.1.2.4 Alkalinity

Alkalinity of water is its capacity to neutralize a strong acid
to a designated pH, or stated in another way, it is the quantity
and kind of compounds present, which collectively shift the
pH to the alkaline side of neutrality. Although the alkalinity
of natural waters is generally due to bicarbonates, it is
usually expressed in terms of CaCO3. The three kinds of
alkalinity are indicated as OH� (hydroxide), normal CO3

�

(carbonate), and HCO3
� (bicarbonate). The three are sum-

med as TA. Carbonate and bicarbonate are common to most
waters because carbonate minerals are abundant in nature.
The presence of OH� can usually be attributed to water
treatment or contamination. The expected TA in nature
usually ranges from 45 to 200 mg/L of CaCO3.

Alkalinity is significant in interpretation and control of
water and wastewater treatment processes. For industrial
wastes, measurement of alkalinity could indicate a change
in quality if the source of the sample is known to have
generally stable levels of alkalinity.

Measurement of Alkalinity

Principle Hydroxyl ions present in a sample as a result of
dissociation or hydrolysis of solutes are neutralized by
titration with standard acids. Titration to pH 8.3; that is,
decolorization of phenolphthalein indicator, show complete
neutralization of OH� and half of CO3

�, while titration to
pH 4.4dthat is, a sharp change from yellow to pink of the
methyl orange indicatordindicates alkalinity due to OH�,
CO3

�, and HCO3
�.

OH�þ Hþ/H2O

Titration to pH8:3

CO3
� þ Hþ/HCO3

�

HCO3
� þ Hþ/ H2Oþ CO2 Titration to pH 4:4

ðfrom CO3 or

original HCO3Þ
The end point may be determined empirically by titra-

tion and is that pH where the derivative of DpH/DmL titrant
is the greatest.

Materials Required The required materials are a 50-mL
burette, 250-mL Erlenmeyer flask, ordinary filter paper
(for watching and comparing the color during titration),
250-mL reagent bottle (for storing 0.02 N H2SO4), 60-mL
dropping reagent bottles (twodfor storing phenolphthalein
and methyl orange indicator solutions), 0.02 N H2SO4

solution, phenolphthalein indicator solution, and methyl
orange indicator solution.

A preparation of 0.02 N H2SO4: 0.28 mL of AR-grade
concentrated H2SO4 added to 500 mL of DW gives
500 mL of 0.02 N H2SO4. This being a secondary standard,

it is to be standardized with 0.02 N Na2CO3 using
phenolphthalein as an indicator.

Sampling and Storage Sample water is collected in
polythene or borosilicate glass bottles and is stored at a low
temperature. The bottles are filled completely with sample
water. Samples are analyzed without delay, preferably
within a few hours. Samples are kept sealed until ready for
analysis, because loss of CO2 results in conversion of
HCO3

� to CO3
�.

Procedure
1. A 100-mL sample of water (collected following the

standard procedure) is collected in a 250-mL Erlen-
meyer flask.

2. Four drops of phenolphthalein indicator solution are
added to it.

3. If the solution remains clear, “0” ppm of TA is
recorded.

4. If the solution becomes pink, it be titrated with 0.02 N
H2SO4 (taken in a 50-mL burette) until a clear solution
is obtained.

5. The volume (mL) of 0.02 N H2SO4 required in phenol-
phthalein titration is recorded.

6. Next, two to four drops of methyl orange indicator
solution are added to the same solution in the Erlenmeyer
flask.

7. The solution is titrated again with the same 0.02 N
H2SO4 until the solution turns pink-orange.

8. The volume (mL) of 0.02 N H2SO4 required in the
methyl orange titration is also recorded.

The data are recorded in the following table:
Phenolphthalein titration.

Observation

number

Initial

burette

reading

(mL)

Final

burette

reading

(mL)

Difference

(mL)

1

2

3

Methyl orange titration.

Observation

number

Initial

burette

reading

(mL)

Final

burette

reading

(mL)

Difference

(mL)

1

2

3
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Result
1. 10 times the volume (mL) of 0.02 N H2SO4 required in

phenolphthalein titration ¼ phenolphthalein alkalinity
(PA) in ppm (mg/L)

2. 10 times the volume (mL) of 0.02 N H2SO4 required in
methyl orange titration ¼ methyl orange alkalinity
(MOA) in ppm

3. Total alkalinity is the sum of PA and MOA when both
have values to contribute to the same

8.1.2.5 Specific Conductivity

Conductivity of a water sample is its ability of carrying
electric current that depends on total concentration of
ionized substances, mobility of each of such ions, their
valences, etc. On the other hand, specific conductivity
means conductivity of a segment of a particular solution
having a length of 1 cm and a cross-sectional area of 1 cm2.
Organic compounds contribute very little to conductivity
because they are mostly nonionic. Freshly prepared DW
has conductivity of 0.5e2.0 micromhos/cm, which may
increase to about 4.0 micromhos/cm on storage due to
absorption of CO2 from the air. Conductivity reflects the
characteristics of the water supplied.

Conductivity of a flowing stream could be recorded
continuously in situ along with other parameters, for
example, DO, pH, and temperature. However, the moni-
toring equipment is required to be frequently checked to
avoid electrode misleading.

There are different kinds of conductivity bridges man-
ufactured by various companies. The digital direct reading
conductivity meter is designed for measuring the specific
conductivity of a solution by using a conductivity cell. It
enables to measure the conductivity, without manual
balancing and the specific conductivity is read directly on a
digital panel.

Measurement of Specific Conductivity

Principle A conductance cell and a Wheatstone bridge are
used for measuring the conductivity. The conductance of a
solution increases with temperature at a rate of approxi-
mately 2% per degree Celsius. KCl has a lower temperature
coefficient of conductivity and hence is used in the cell. For
precise works, conductivity is determined at 25 �C.

The main feature of a standard digital conductivity
meter is that it avoids the conventional method of manual
balancing by employing a self-balancing ratio-transformer
bridge technique. A highly stable oscillator powers the
bridge. The current through the conductivity cell passes
through one winding of the radio transformer. The other
winding output is fed to a selective high gain amplifier, the
output of which drives a current in the third winding in
such a way that the flux in this winding opposes the flux in
the first winding. This goes on until both the fluxes cancel

each other and consequently the detector output will be
almost zero. The output of the amplifier is now a measure
of the conductivity of the solution being measured.

Materials Required
1. Conductivity meter with conductivity cell
2. Beaker
3. Stirrer
4. KCl

Operating Procedure
1. Calibrate the instrument.
2. All controls are marked on the instrument.
3. The instrument is switched on. The indicator lamp glows.
4. The CAL/READ switch is kept in CAL position and the

CAL control is adjusted to full-scale reading (100) on
the meter.

5. After thoroughly cleaning, the “cell” (conductivity cell)
is immersed in a standard KCl solution, say 0.1 N KCl,
with a specific conductivity of the order of 0.01412
millimhos (14.12 micromhos)/cm at 30 �C.

6. The Cal/Read control is put in the Read position. The
meter needle should deflect.

7. The range control is turned in a counterclockwise direc-
tion starting from 300 micromhos to get a range where
the needle will show maximum deflection. The
maximum deflection of the needle can be obtained in
the range of 0e30 micromhos.

The standard table supplied with the instrument is
referred to in order to determine the conductivity of the
solution at 30 �C.

8. Then, the cell constant control is adjusted so that themeter
reading corresponds with the table value. In other words,
the meter reading is adjusted to read 14.12 micromhos.

Now, the instrument is calibrated for measuring the
conductivity of the unknown sample.

The standard 0.1 N KCl solution is prepared by
dissolving 7.459 g of dried AR-grade KCl in 1 L of DW.

Determination of Conductivity
1. The instrument is switched on.
2. The “Scale Selector” knob is brought to the

200-millimhos position (maximum).
3. The “Cal/Read” knob is set to “Cal.”
4. The “Cal” is operated to display 100 in the display

panel.
5. The cell is dipped in N/10 KCl (the specific conductivity

of N/10 KCl at 30 �C is 14.12 micromhos/cm).
6. The “Scale Selector” knob is brought to the 20-millimhos

position.
7. The “Cell Constant” knob is brought to the 0.95

position.
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8. The “Cal/Read” knob is set to the “Read” position. The
meter should display a value that is a little less than 14.12.

9. The “Cell Constant” knob is adjusted so that the meter
reads 14.12.

10. The “Cal/Read” knob is set to the “Cal” position.
11. The cell is rinsed with DW.
12. Next, the cell is dipped in sample water.
13. The “Cal/Read” knob is brought to the “Read” position.
14. The “Scale Selector” knob is rotated counterclockwise

from the 200-millimhos position (highest value) grad-
ually stage by stage to the 20-micromhos mark (lowest
value), until the meter displays 1.0.

15. Now, the “Scale Selector” knob is rotated clockwise
stage by stage and is stopped at that point where we
get the highest value.

16. This value is recorded as the conductivity of the sample
water.

8.1.2.6 Carbon

Carbon atoms can be linked to other molecules or atoms on
four sides in long chains to form complex organic mole-
cules. Carbon is the structural basis of all living materials
on the earth. The amount of carbon fixed in a given time is
an important measure of productivity of a lake.

8.1.2.7 Productivity

Lentic bodies can be productive or unproductive in almost
the same way as agricultural land. When the input of
nutrients in a lentic body increases (either through natural
processes or by human activities), changes that occur in the
lentic body are known as eutrophication. Conversely, lakes
that have a naturally low supply of nutrients are called
oligotrophic. Productivity refers to amount of new living
matter formed in a certain period of time.

8.1.2.8 Nutrients

Nutrients act as fertilizers for plants, and their supply
determines the quantitative and qualitative growth of plants.
The most common nutrients are nitrates and phosphates.

Summary

1. Physicochemical characteristics of water refer to the
abiotic status of the water body.

2. It is essential to have a quantitative estimation of abiotic
environment in order to assess their relationship with
the biota.

3. Various tools are available today for quantitative esti-
mation of various physicochemical parameters of water.
However, the standard methodology recommended by
APHA is generally largely followed. The physical
parameters include temperature, transparency, and

turbidity. These are determined by thermometer, Secchi
disk, and nephelo turbidimeter, respectively. The chem-
ical parameters include pH, DO, FCO2, TA, and
conductivity in addition to nutrients. They play signifi-
cant roles in the productivity of the water body.

8.2 PHYSICOCHEMICAL
CHARACTERISTICS OF SOIL

8.2.1 Physical Characteristics

These include temperature, texture, color, moisture content,
bulk density (BD), and infiltration rate.

8.2.1.1 Soil Temperature

The main materials required are a soil thermometer and a
notebook.

Procedure

1. The soil thermometer is inserted into the soil to approx-
imately 300 at the study point.

2. Wait approximately 1 min for the alcohol/mercury
within the thermometer to become steady.

3. The soil temperature is recorded from the dial of the
thermometer.

4. The temperature is recorded at different study points.

NB: The thermometer should not be pressed too hard
into the soil.

5. In the case of bottom soil in a water body, the thermom-
eter is inserted into the collected soil immediately after
collection and the temperature is recorded.

The data are recorded in the following table:

Locality: Date: Time:

Site no./Sample no. Temperature (�C)

1

2

3

8.2.1.2 Soil Texture

The main materials required are sieves of various mesh size
(mm)d0.02, 0.2, 2.0, 5.0, and 7.0; soil sample(s); and
graph paper.

Procedure

1. Asoil sample is sieved through a series of differentmeshes
as indicated above, beginning with 7.0 mm (stone), and
proceeding gradually through 5.0 mm (gravel), 2.0 mm
(coarse sand), 0.2 mm (fine sand), and 0.02 mm.
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2. This exercise will separate particles of different
sizes.

3. With the help of a balance, the quantity of soil of each
particle size is weighed.

4. The data are put in a textural triangle.

The data are recorded in the following table:

8.2.1.3 Soil Color

Soil exhibits a variety of colors. Soil color may be inherited
from the parental material (i.e., lithocentric) or sometimes
may be due to soil-forming processes (acquired or genetic
color). The color of soil renders a valuable key for the
identification of soil type.

Main Materials Required

The main materials required are: (1) a soil auger (for
collection of soil sample); (2) a Munsell’s soil color chart;
(3) a bucket for keeping the collected soild1 � 10-L ca-
pacity; (4) one sheet of white foolscap paper; and (5) one
50 � 50 cm cardboard sheet .

Munsell’s Soil Color Chart

It is a booklet formed from the complete edition of the
Munsell Book of Color (vide US Department of Agriculture
Handbook No. 18: Soil Survey Manual) and consists of
seven soil color charts popularly called “Soil Collection

Display 199.” Each soil color chart (in the form of a loose
leaflet) consists of different standard color chips system-
atically arranged according to Munsell’s notations. The
arrangement is by three simple variables that combine to
describe all colors and are known in Munsell’s system as

“hue, value, and chroma.” The “hue” notation of a color
indicates its relation to red, yellow, green, blue, and purple.
The “value” notation indicates its lightness. The “chroma”
notation indicates its strength (intensity). The colors dis-
played on the individual soil color chart are of constant hue
designated by a symbol in the upper right hand corner of

the card. Vertically, the colors become successively lighter
from the bottom of the card to the top by visually equal
stepsdtheir value increases from bottom upward. Hori-
zontally, they increase in chroma to the right and become
grayer to the left. The value notation of each chip is
indicated by the horizontal scale across the bottom of the
chart.

Procedure

1. The soil sample is collected following the standard
procedure.

2. The dried soil sample is spread uniformly over a card-
board sheet and is held directly behind the apertures
separating the closest matching color chips.

3. The particles of the soil are matched with the color
chips of Munsell’s Soil Color Chart.

4. After matching the sample soil color with the color
chips of Munsell’s chart, the color name and the Mun-
sell’s notation are ascertained from the chart.

5. Field observations are recorded in the following table.

8.2.1.4 Soil Moisture Content

Soil moisture is the water present in the space between the
soil particles. Soil moisture influences the physical, chem-
ical, and biological characteristics of the soil. Soil moisture

Locality: Date: Time:

Site no. Weight of the different-sized particles in the soil sample (g)

7.0 mm 5.0 mm 2.0 mm 0.2 mm 0.02 mm

1

2

3

Locality: Date: Time:

Sample no. Hue Value Chroma Color Expression

Example:

1. 5 YR 5 6 Yellowish red 5 YR 5/6
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is the percentage of moisture (on a weight basis) in a soil
sample at any given time. It shows general moisture content
of the soil. Soil moisture helps to understand the water
movement and aeration of the soil.

The main materials required are soil digging tools,
polythene bags, beakers, a hot plate, and a weighing balance.

Procedure

1. Soil samples are collected in polythene bags following
the standard procedure.

2. A 100-mL beaker is weighed empty (W1).
3. From the stock soil sample, c 100 g of fresh soil is

poured out into the preweighed beaker.
4. The beaker with the soil is now weighed (W2).
5. The weight of the soil is determined by subtracting

W2 � W1.
6. The beaker with the soil sample is first kept on a sand

bath and then placed on a hot plate maintained at
105 �C (approximately).

7. The soil sample will be seen to become dry gradually.
8. After the soil sample is dried, the beaker with the soil is

removed from the hot plate and cooled.
9. The beaker with the soil sample is now weighed again.

10. After this, the soil sample in the beaker is heated,
cooled, and weighed repeatedly until constant weight
is obtained (W3).

Calculation

Percentage moisture content is calculated as follows:
Weight of the empty beaker ¼ say Y g.
Weight of the empty beaker þ fresh soil sample ¼

say X g.
Fresh weight of the soil sample ¼ X � Y ¼ say A g.
Final weight of the beaker þ dry soil (after getting

constant weight) ¼ say Z g.
Dry weight of soil sample ¼ Z � Y ¼ say B g.
Therefore, weight of the moisture in the soil ¼ A � B ¼

say M.
Moisture % ¼ {[Weight of moisture (M)]/[Dry weight

of soil sample (B)]} � 100.

8.2.1.5 Soil Bulk Density

The BD or volumetric mass of the soil is the weight of the
oven dry soil per unit volume. It includes the weight of the
solid soil particles and the pore space in the soil. The dry
mass, conversely, is the mass of the dry soil that has no
pore space. BD is expressed as grams per cubic centimeter.
It is said to increase with the depth of the soil due to the
compaction occurring from the pressure on the top layer
and also due to the low organic matter content. BD of soil is
influenced by density of the mineral particles, quantity of
organic matter, soil compaction, and burrowing activity of
the soil animals. In other words, BD is the specific gravity

of the soil with its pores. BD helps in determining the
degree of compaction of the given soil. BD also indicates
the soil aeration status.

The main materials required are a 25-mL volumetric
flask, an oven, a weighing balance, and a soil sample.

Procedure

The procedure varies according to the nature of the
siteddisturbed or undisturbed. The procedure for both
kinds of sites is described below.

For a Disturbed Site The portion of the earth that is
regularly plowed is called a “disturbed site.” The procedure
for this site type is:

1. The soil sample is oven-dried.
2. A 100-mL volumetric flask is weighed (W1).
3. This preweighed volumetric flask is filled with a soil

sample collected by standard procedure.
4. The flask is now tapped, and tapping is continued until

the level of soil poured in reaches the 100-mL mark of
the volumetric flask.

Note: It is assumed that by packing the flask with soil
followed by tapping the flask, the compactness of soil in
nature is represented.

5. The weight of the volumetric flask with the soil is noted
(W2).

6. The weight of the soil is determined by subtracting
W2 � W1.

7. The flask is now emptied and water is poured in to the
100-mL mark of the volumetric flask.

8. The volume of the water (say X mL) is noted by pouring
it out into a measuring cylinder.

Calculation (with Model Example)

Weight of the volumetric flask (W1) ¼ say 71.0 g
Weight of the volumetric flaskþ soil (W2)¼ say 203.5 g
Volume of water in the volumetric flask (X) ¼ 100 mL
Weight of the soil (W2 � W1 ¼ Y) ¼ say 132.5 g
Now, we know that 1 mL ¼ 1 cc
Result:
BD in g/cubic centimeter ¼ (Weight of the soil in the

volumetric flask)/(Volume of the water in the volumetric
flask) ¼ Y/X ¼ 132.5/100 ¼ 1.325 g/cc

For an Undisturbed Site The portion of the earth that has
not been plowed for some years is referred to as an
undisturbed site. The procedure for this site type is:

1. A soil sample from an undisturbed plot of land is
collected by following the standard procedure.

2. The external surface of the soil clod is coated with wax;
i.e., the soil clod is immersed in liquefied wax.
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3. The volume of the clod is determined by finding the
volume of water displaced by it. The method is given
below:
a. A known volume of water is taken in a beaker (V1).
b. The wax-coated clod is put in the water in the

beaker.
c. The increase in water level is marked and noted.
d. The clod is removed and water is added to the

marked level.
e. The volume of water is increased, and the marked

level is noted (V2).
f. The difference between V2 and V1 (V2 � V1) gives

the volume of the clod.
4. The external wax coating from the clod is carefully

removed, the clod is broken, and the soil is dried in a
preweighed empty beaker (W1).

5. The beaker with the soil is weighed (W2).

Calculation and Result (with Model Example)
Volume of water taken (V1) ¼ 100 mL
Volume of water after inserting the clod into it (V2) ¼

127 mL
Weight of the empty beaker (W1) ¼ 46.7 g
Weight of the beaker þ soil (W2) ¼ 102.0 g
Volume of the soil clod (V2 � V1 ¼ say X mL) ¼ 27 mL
Weight of the soil (W2 � W1 ¼ say Y g) ¼ 55.3 g
Bulk Density ¼Weight of the soil/Volume of the

soil ¼ Y/X ¼ 55.3/27 ¼ 2.05 g/cc

8.2.1.6 Water Infiltration Rate of Soil

Main materials required

1. Two iron rings of height 25 cm, thickness 2 mm, and
diameter of first ring 30 cm and second ring 60 cm

2. Scale
3. Soil sample

Procedure

1. The two rings are inserted (hammered in) about 10 cm
inside the soil.

2. Both rings are filled with water up to the brim.
3. The system is left as such for c 10 min.
4. The height of water within the inner ring is measured

after c 10 min.
5. The system is left as such again for c 10 min.
6. The height of water within the inner ring is measured

again after c 10 min
7. In this way, the height of the water column within the

inner ring is measured repeatedly at an interval of c
10 min until constant height (depth) of the water column
inside the inner ring is obtained.

8. A graph is plotted with depth (height) of the water
column in the y-axis and time interval in the x-axis.

The data are recorded in the following table:

Number of
observations

Height (cm) of the water column
inside the inner ring after each
10 min

At 10-min
intervals

Interval 1, Interval 2, Interval 3, Interval
4, etc.

8.2.2 Chemical Characteristics

Organic matter may fail to oxidize and accumulate at the soil
surface while the deeper mineral soil is wholly or partly
anoxic. Thus, microbial oxidative metabolism has to depend
on electron acceptors other than molecular oxygen. The most
frequent of these are NO3

�1, Mn3þ, Mn4þ, Fe3þ, SO4
�2,

and CO3
�2. The characteristic gray-green color of the gley

horizon is due to the conversion of Fe3þ to Fe2þ by this
process, with loss of the normal red or brown oxide color-
ation. Fe2þ compounds are more water soluble than Fe3þ

and may be washed out by percolating water, thus bleaching
the mineral soil. The concentrations of iron and manganese
increase in soil solution are due to electron acceptance by
these high-valency ions. Divalent compounds are more
soluble in water than are those of oxidized forms.

In soils rich in organic compounds, and especially at
high temperatures, sulfate may be used as an electron
acceptor by sulfate-reducing bacteria, producing free H2S.
In Fe2þ rich soils, the sulfide is immediately removed from
solution by the precipitation of the insoluble FeS, which
gives the characteristic black color to the sapropel sedi-
ments of eutrophic freshwaters and coastal mudflats.

In many flooded soils, dissolved iron and manganese
reach phytotoxic concentrations. Sulfide is less commonly
toxic, primarily because it is scavenged as FeS. However,
in soils that have been leached of Fe2þ by laterally perco-
lating water, plant growth may be affected. The hot
organic-rich circumstances of rice culture are particularly
conducive to sulfide formation. Hence, a range of diseases
in rice are attributable to sulfide toxicity, although Oryza
sativa is an extremely waterlogging-tolerant species.

Anaerobic microorganisms in waterlogged soil also
liberate organic products that influence plant growth. When
the soil first becomes anoxic, some fungi produce ethylene
(C2H4), a potent plant growth regulator. Organic acids such
as acetic and butyric may also act as phytotoxins in
anaerobic soils. Conversely, oxidizable organic compounds
may compete with plant respiratory oxygen need.
Extremely reduced soils and sediments generate copious
amount of inflammable methane microbially and a lesser
amount of hydrogen, so that the soil atmosphere above the
water table of some paddy soils may contain equal volumes
of methane and nitrogen.
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8.2.2.1 pH

The main materials required are a pH meter, a soil sample,
buffer tablets, a beaker, a stirrer, and DW.

Procedure

1. A 20-g sample of powdered soil is taken in a 100-mL
beaker.

2. DW (40 mL) is added to it.
3. The suspension is stirred at regular intervals for 30 min.
4. The electrodes of the electronic digital pH meter are

dipped into the supernatant (suspension) just above
the soil in the beaker, and care must be taken so that
the electrode does not touch the soil below the
supernatant.

5. The pH value is recorded.
6. The suspension is stirred well every time just before the

electrodes are immersed.

The data are recorded in the following table:

Locality: Date: Time:

Sample no. Soil pH

Average soil pH

8.2.2.2 Conductivity

The main materials required are a conductivity meter, a
beaker, KCl, DW, and a soil sample.

Procedure

1. A 20-g sample of powdered soil is taken in a 100-mL
beaker.

2. DW (40 mL) is added to it.
3. The suspension is stirred at regular intervals of 1 h.

Alternatively, the soil suspension in the beaker is kept
on an electrical shaker for 1 h.

4. The conductivity cell of the electronic digital conductiv-
ity meter is dipped into the supernatant (suspension) just
above the soil in the beaker, and care be taken, so that
the electrode does not touch the soil below the
supernatant.

5. The conductivity value is recorded.
6. The suspension is stirred well every time just before the

electrodes are immersed.

The data are recorded in the following table:

Locality: Date: Time:

Sample no. Conductivity
(micromhos/cm)

Average value of conductivity
(micromhos/cm):

8.2.2.3 Organic Carbon

Method of Walkley and Black

Walkley and Black (1934) devised a method for the esti-
mation of organic carbon (OC) in soils.

Principle

OC is estimated by titration in which the organic carbona-
ceous matters are oxidized by a known volume of a standard
dichromate solution and then titrating back the volume of
dichromate left unused with a standard solution of ferrous
(ammonium) sulfate using diphenylamine as an indicator.

Main Materials Required

1(N) potassium dichromate (AR) solution: 49.4 g of AR
grade K2Cr2O7 is dissolved in 1 L of DW
0.5 (N) (approximately) Ferrous Ammonium Sulfate:
196 g of the hydrated salt is dissolved in 1 L of DW
containing 20 mL of H2SO4
Diphenylamine indicator: 0.5 g of diphenylamine indi-
cator is dissolved in 20 mL of DW and 100 mL of
concentrated sulfuric acid
Concentrated sulfuric acid (sp.gr. 1.84) containing
1.25% silver sulfate
Orthophosphoric acid (85%)
Required glassware such as beakers, conical flasks, volu-
metric flasks, measuring cylinders, burettes, pipettes, and
test tubes

Procedure

1. Soil weighing 1.0 g (ground and sieved through 0.2 mm
sieve) is taken using a dry 500-mL conical flask.

2. Next, 10 mL of 1 (N) K2Cr2O7 is pipetted into the
conical flask and is swirled a little.

3. The conical flask is kept on an asbestos sheet.
4. Then, 20 mL of H2SO4 (containing 1.25% of silver

sulfate) is added into the conical flask and the flask is
swirled again two or three times.

5. The conical flask is allowed to stand for 30 min.
6. Then, 200 mL of DW is added into it.
7. After adding 10 mL of phosphoric acid and 1 mL of

diphenylamine indicator, the contents in the conical
flask are titrated with ferrous ammonium sulfate until
the color changes from blue-violet to green.

8. Similarly, a blank is run without soil.

NB: If more than 7 mL of ferrous ammonium sulfato
solution is consumed, the whole procedure of determination
is repeated with a smaller quantity of soil.

Calculation and Result

Organic Carbonð%Þ ¼ ½10ðB� TÞ� � 0:003

� 100=ðB� weight of soilÞ
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Where

B ¼ Volume of ferrous ammonium sulfate solution
required for blank (B)
T ¼ Volume of ferrous ammonium sulfate solution
required for test soil sample (T)

8.2.2.4 Available Phosphorus

It indicates the amount of phosphorus available in the soil.
Available phosphorus (AP) could be estimated by two
methods: (1) Olsen’s method (Olsen et al., 1954) and (2)
Dickman and Bray’s method (Dickman and Bray, 1940).

Dickman and Bray’s method is briefly described below:

Principle

The AP content in the soil is evaluated by rapidly extracting
it with suitable reagents. In this method, the orthophosphate
and molybdate ions are said to condense in acidic solution
to give molybdophosphoric acid (phosphomolybdic acid),
which upon selective reduction (say, with stannous chlo-
ride) produces a blue color due to molybdenum blue of
uncertain composition.

Main Materials Required

1. Klett-Summerson (USA) photoelectric colorimeter (say
model No.800-3)

2. Dickman and Bray’s reagent: 15 g of ammonium
molybdate is dissolved in 300 mL of DW and warmed
to about 60 �C, and cooled and filtered if necessary.
To this, 350 mL of 10 (N) HCl is added followed by
an excess 50 mL of 10 (N) HCl and made to 1 L. The
normality of the HCl used is adjusted correctly by
titration.

3. Stannous chloride solution: 10 g of stannous chloride
(crystalline) is dissolved in 26 mL of concentrated
HCl by warming and then stored in an amber-colored
bottle. This is the 40% SnCl2 stock solution. Just before
use, 0.5 mL is diluted to 66 mL with DW.

4. Glassware like beakers, conical flasks, volumetric
flasks, measuring cylinders, burettes, pipettes, and test
tubes

Procedure

1. First, 1.5 mL of soil extract is pipetted into a 25-mL
volumetric flask

2. Next, 5 mL of Dickman and Bray’s reagent is added.
3. The neck of the flask is washed down and the contents

in the flask are diluted to c 22 mL.
4. To this, 1 mL of diluted stannous chloride solution is

added, shaken, and filled to the 25-mL mark.
5. The intensity of the blue color is measured just after

10 min. This is important, as the color starts to fade
after the stipulated time.

6. Preparation of standard curve for phosphorus: 0.439 g
of AR-grade potassium dihydrogen orthophosphate
(KH2PO4) is weighed accurately (after keeping it in a
hot air oven at 40 �C for 1 h) and is dissolved in about
500 mL of DW. To this, 25 mL of 7 (N) H2SO4 is added
and made up to 1 L with DW. This gives a 100-ppm
stock solution of phosphorus (100 mg of P per mL).
From this, a 2-ppm solution is made. For preparation
of the standard curve, different concentrations of P (1,
2, 3, 4, 5, and 10 mL of 2-ppm solution) are taken using
25-mL volumetric flasks. The color is developed by
following Dickman and Bray’s method and the reading
taken with the help of a Klett-Summerson photoelectric
colorimeter against 660 nm. The standard curve is
plotted by considering the colorimeter reading on the
y-axis and the amount of P (in ppm) on the x-axis.

7. The concentration of phosphorus in the soil water is
extrapolated from the standard curve.

8.2.2.5 Available Potassium

The readily exchangeable and water-soluble potassium
(K) determined in neutral ammonium acetate extract rep-
resents the available potassium in the soil. The estimation is
done with the help of a flame photometer (Jackson, 1973).

Principle

The amount of potash is estimated with the help of a flame
photometer by comparison with a standard curve of known
potassium oxide concentration determined by the same
photometer.

Main materials required:

1. Flame photometer
2. Digital pH meter
3. Neutral normal ammonium acetate: Equal volumes of

2(N) acetic acid and 2 (N) ammonium hydroxide are
mixed, and the pH adjusted to 7.0 with acid or ammonia

4. KCl (AR grade)

Procedure

1. First, 5.0 g of soil is shaken with 25 mL of neutral normal
ammonium acetate (pH 7.0) for 5 min, and the contents
are filtered immediately through a dry filter paper.

2. The first few mL of filtrate are rejected.
3. K is estimated in the extract with the help of the flame

photometer after necessary calibration of the instrument.

Preparation of Standard Potassium Curve
1. A stock solution of 1000-ppm K is prepared by dissolv-

ing 1.9084 g of AR-grade KCl (dried at 60 �C for 1 h)
in DW and the volume is made up to 1 L.

2. Required portions are diluted with tiemonium acetate
solution to give 10e40 ppm of K.
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3. After attaching the appropriate filter and adjusting the
gas and air pressure, the flame photometer reading is
set at zero for the blank (ammonium acetate) and 100
for 40-ppm K.

4. The curve is obtained by plotting the readings of the
flame photometer against the different concentrations
of K (10, 15, 20, 25, 30, and 35 ppm).

5. Potassium content in the sample is estimated through
extrapolation.

8.2.2.6 Consumption, Decomposition, and
Elemental Cycling

All living beings are composed of similar types of chemical
elements. If populations of organisms are to grow, multiply
(reproduce), and survive, and also in order to maintain a
constant biomass, there should preferably be a continuing
supply of all the chemical elements that are essential con-
stituents of protoplasm. It is known that if the supply of any
one essential element is depleted, this may limit the growth
of a population. Further, the supply of elements may limit
growth as well as shape the structure of the entire com-
munity. It should be noted that the supply of essential el-
ements to populations and communities may come from
outside the system, such as terrestrial runoff into streams,
stream input into lakes (Godwin, 1978) and estuaries, river
input into oceans, or vertical advection of deep water to the
surface of the ocean. Nevertheless, much of the flow of
energy and materials is said to occur through the detritus
food web. Also, the supply of elements through recycling is
intimately involved with the fate of detritus. On the other
hand, populations of denitrifying bacteria in the anaerobic
sediments of estuaries and other coastal waters are perhaps
major sinks for available nitrogen (Vedpraskas, 1995).

8.2.2.7 Accumulation of Organic Matter and
Their Export

Notwithstanding the above, the elemental cycles of wetland
environments differ to some extent from those of terrestrial
habitats in the ability of flowing water to import or export
particulate and dissolved materials and also in the modifi-
cation of decomposition and recycling processes. It is said
to occur in the presence of low redox soil or sediment that
causes loss of nitrogen but assists in the trapping of carbon,
sulfur, and some heavy metals. Further, import and export
by moving water has a substantial effect on the nitrogen
cycle.

Along with the above, the annual nitrogen uptake of
wetland vegetation is slightly similar to that of other pro-
ductive habitats, as the elemental content of herbaceous
tissues differs slightly between wet and dry ecosystems.
Further, the denitrification rate of eutrophic wetlands is
potentially enormous, particularly when they are enriched
with sewage effluent or fertilizer.

Summary

1. Soil is the natural medium for growth of biota in both
land and water and is a heterogeneous mixture.

2. The physical and chemical characteristics of soil in
any area determine the different types of biota it can
sustain

3. The methodology recommended by Jackson (1973) and
ICAR (1960) is largely followed.

4. Lentic soils are important media in which many chem-
ical transformations take place.

5. Soil may be of different kinds depending on the
composition.

6. The remains of plants in various stages of decomposi-
tion primarily compose the organic wetland soil.

7. Soil that is generally dominated by minerals (when
flooded for extended periods), constitutes the mineral
wetland soil. The characteristics of its identification
are collectively called redoximorphic features. Mineral
wetland soils sometimes contain oxidized matter.
Further, soils are categorized according to zonal types
that broadly correspond with geographical and climatic
conditions.

8. Soil parameters like temperature, pH, conductivity, OC,
and NPK are generally estimated. In addition to these,
soil moisture, BD, and infiltration rate are sometimes
estimated mainly in land soils.

8.3 MORPHOLOGICAL AND
ANATOMICAL STUDIES

Fish: Although the word “fish” is used here, the terms
“cases” and ‘noncases” should be used to embrace the
wider definitions where “cases” might be ponds (Moore
and Bellamy, 1973), farms, etc. For simplicity, the dis-
cussion could be restricted to individual fish only.

Fish are cold-blooded or poikilothermic animals, with
their body temperature varying passively in accordance
with the temperature of the surrounding water. Although
fish as a group are tolerant of a wide range of temperatures,
individual species have a preferred range or optimum
temperature, which significantly affects the biology of fish,
with the rates of all chemical reactions and processes
within their bodies showing 50% increases for each 5 �C
rise in temperature. The body shape of fish is usually
streamlined, an important prerequisite for successful
aquatic life, due to the 800-fold higher density that water
has than air, and most predatory fish (such as bass and
salmonids) are ovoid in cross section and torpedo-like or
fusiform in shape. Species, age, sex, and geographical
origin are often associated with varying risks of disease.
However, it should be kept in mind that fish-level patterns
could be closely linked to temporal and spatial patterns of
the disease.
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The steps in morphological and anatomical works
are briefly listed below:

1. Lay the fish on side and remove the abdominal body
wall, operculum, and integumental wall over the cardiac
cavity.

2. Expose viscera and to identify esophagus, stomach,
pyloric caeca (if present), intestine, liver, gall bladder,
swim bladder, spleen, kidney, etc.

3. Remove heart and identify two main chambers, viz., the
triangular ventricle and the soft atrium, and additional
structures like the elastic bulbus arteriosus.

4. Cut a cross section through the fish anterior to the
caudal peduncle and examine for red and white muscle,
vertebral column, and spinal cord.

5. Remove the top of the cranium carefully and expose the
brain. Section through the anterior olfactory nerves and
the spinal cord so that the entire brain can be removed.

Concomitantly, the morphology and anatomy of a fish
may be studied in a more detailed manner:

1. Examine the inside of the mouth and feel for teeth and
gill rakers.

2. Examine scales under the microscope and look for
chromatophores.

3. The skin of fish is very important for various reasons.
Fish skin could be viewed as having two main layers,
viz., the outer epidermis and the underlying dermis.
Outside the epidermis is the cuticle or mucous layer
that, in addition to providing lubrication, makes the
skin less permeable and prevents the entry of pollutants
and microorganisms. The mucous is secreted from
mucus cells that reside in the fragile epidermis. The
epidermis is composed of living cells to the outermost
layers. The scales, which are calcified flexible plates,
grow out from the dermis. In higher teleosts, the scales
have spicular processes from their external posterior
edge. Growth rings or annuli are visible on scales of
wild fish, similar to the rings seen in the main trunks
of trees. Pigment cells or chromatophores are highly
developed in fish and the melanophores are the dark
brown or black pigmented cells; iridophores are silver;
and there is a range of lipophores that contains the
organic solvent-soluble pigments (reds, yellows, etc.).
The decision on the color the fish is said to be depends
to some extent on what it sees outside and further on its
health status. If it is sick or starving, the fish releases
the melanin concentrated in the melanophores and
this results in a dark fish.

4. Study the paired and unpaired fins of the fish. It is
known that the dorsal and the caudal fins are vital for
locomotion, but may be subject to erosion or damage
in a crowded farm situation. Dorsal fin rot or erosion
is often seen where stocking levels are too high,

nutrition is marginal, or water temperatures have
been at the low end of normal ranges, for that fish spe-
cies, for a prolonged period. Aggression, especially at
feeding time, could result in fin and tail nipping, which
will result in erosion or tail rot. Too high a stocking
level may also damage pectoral fins or when the tank
or pond sides are constructed from an abrasive mate-
rial. The adipose fin acts like the spoiler of a car and
is only present in some fish species. Most fish swim
by passing a wave of increasing amplitude along the
body and this is generated by sequential contraction
from head to tail of the muscle blocks or myomeres.

5. The digestive systems of fish may vary in a number of
aspects in accordance with species. Herbivorous fish
usually have long intestines and little or no stomachs
(e.g., grass carp and silver carp), whereas carnivorous
fish generally have larger stomachs and short intestines
(e.g., salmonids and striped bass). Other variations
include dentition and presence and numbers of diver-
ticula. The stomach is usually sigmoid and highly
distensible. Pyloric caeca, blind ending diverticula
from the distal pyloric valve region of the stomach
and from the anterior intestine, are found in many
species, most notably in salmonids, where they may
number 70 or more. Histologically these are said to
resemble intestine.

6. The teleost liver is relatively large and the color
depends on diet. In wild fish, it is usually reddish
brown in carnivores and lighter brown in herbivores
but seasonal variations may occur. In farmed fish, the
color is usually a reflection of the dietary lipid levels,
and is normally lighter than in the wild fish. In some
species, the liver could be a compound organ, called
the hepatopancreas, where exocrine pancreatic tissue
is located around hepatic portal veins. The fish liver
is not lobulated like those of mammals. The biliary sys-
tem also differs, in that the intracellular bile canaliculi
occur that eventually anastomose to form typical bile
ducts. The bile ducts fuse and ultimately are said to
form the gallbladder. The pancreatic tissue in fish
may generally show more variations in their location
in fish, than the other abdominal viscera. However,
the most common location is in the mesenteric fat
interspersed between the pyloric caeca.

7. The pancreas is located as a subcapsular layer in the
spleen in some species, but in most species, the main
elements of the spleen are the ellipsoids, the pulp,
and the melanomacrophage centers.

8. Locate the nostrils, operculum, lateral line sense organ,
eyes, anus, and urinogenital opening. Locate the
nostrils of the fish. The nostrils have epidermal flaps
in some species and are blind ending pits, which house
nerve endings and mucus cells. The nerves run directly
to the forebrain. Pollutants can damage these sensitive
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surfaces, which are relied on greatly by migratory
species such as salmon and eels. The lateral line is
the main vibration sense organ in fish and may be
damaged by pollutants, chemicals, or parasites. It
runs as a paired canal along the flanks, has an integu-
mental cover, which is punctuated by sequential pores
along its length. The mechanoreceptors or neuromasts
are located basally in the canal and are stimulated by
changes in the external milieu, in terms of displace-
ment or vibration.

9. Locate the operculum of the fish. The operculum or
gill cover provides physical protection for the gills
but is also an actual component of the respiratory
mechanism. Foreshortened opercula are a problem in
many species and can be either genetic or environ-
mental in origin.

10. Study the gills of the fish. The gills are located beneath
the opercula and consist of four white bony or cartilag-
inous arches and the red or pink gill lamellae. The fifth
gill or pseudobranch is an embryonic red gill-like
structure located on the underside of the operculum
but is not present in all species (e.g., eels). Its function
remains to be defined in full but it has an endocrine and
regulatory function as well as a hyperoxygenation
function for the retinal blood supply. The gills under-
take the tasks of the uptake of oxygen and associated
loss of carbon dioxide. Secondary lamellae branch
off the primary lamellae and the numbers present
reflect the fish’s lifestyle; i.e., slow moving bottom
dwellers may have only 10 lamellae per mm of fila-
ment, whereas fast swimming predators will have 30
to 40. A complex of capillary channels is present in
the secondary lamellae and the thin lamellar walls
(usually only one cell layer thick) readily allows for
respiratory exchange between the blood and the sur-
rounding water. Blood flow is arranged, so that the di-
rection of flow is opposite that of the water crossing the
gills; thereby, increasing the efficiency of respiratory
exchange. The spikes on the gill arches are the gill
rakers and these prevent food materials entering the
gill chambers. They are particularly well developed
in plankton or filter feeding fish. As well as a respira-
tory function, the gills are also responsible for regu-
lating the exchange of salt and water and play a
major role in the excretion of nitrogenous waste prod-
ucts (ammonia). Even slight structural damage could
render fish very susceptible to osmoregulatory as
well as respiratory difficulties.

With low oxygen levels in the water column or gill
damage that reduces the respiration efficiency, a direct
consequence will be an increased ventilation rate, which
could be observed clinically as an increased rate of oper-
cular movement. This could be further observed as the

water temperature rises, because less oxygen can dissolve
in the water at higher temperatures. Gill epithelium is very
prone to damage from parasites, water borne irritants or
toxins, and high levels of suspended solids.

11. Notwithstanding the above, the gas-filled swim
bladder is a characteristic feature of many teleost
fish, although absent in bottom dwelling fish and
some fast-swimming pelagics. Its primary function is
to offer buoyancy, but it is also believed to be used
for sound and pressure reception. Further, in some spe-
cies, it is equipped with drumming muscles for sound
production. The embryonic connection between the
gut and the swim bladder is often retained as a pneu-
matic duct in the more primitive fish species (physos-
tomes), but has been lost in most of the spiny-rayed
fish (physoclists). Moreover, in many of the physos-
tomes, the swim bladder is two-chambered, separated
by a diaphragm. In such cases, the anterior chamber
is associated with gas reception and retention, while
the posterior chamber is involved with gas
reabsorption.

12. The eyes have fixed spherical lenses that are virtually
free floating and are vulnerable to parasites, environ-
mental damage, and nutritional deficiencies. The lens
protrudes partially through the iris to provide a very
wide angle of view and the iris is limited in reaction
to light intensity, having a poorly developed sphincter
and dilator muscle. The cornea may be tinted in some
species.

13. The spleen is located in the peritoneal fat, near the
greater curvature of the stomach or the first flexure of
the intestine. It is usually single, although in some spe-
cies, it may be paired.
In circulation, the venous deoxygenated blood enters
the thin-walled cardiac atrium, is then pumped into the
muscular ventricle, and from there into the fibroelastic
bulbus arteriosus. Coronary vessels run over the
outside of the ventricle, supplying the compact mus-
cle. Heart rates vary considerably according to tem-
perature, from 15/min in trout at 5 �C to 100/min at
15 �C. The ventral aorta runs from the heart and dis-
tributes blood to the gills via the afferent branchial
arteries.

14. Concomitant to the above, there are two types of bones
in teleosts, viz., (1) cellular as in other vertebrates and
(2) acellular, which may usually be found in the
advanced teleosts such as the perches and the sun-
fishes. However, the majority of the fishes are believed
to have no hemopoietic tissue in their bone spaces and
vascular canals.

15. Concomitantly, the piscine brain is similar to the brain
of higher animals in its basic components. However,
there are significant differences in form and
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complexity. The fish brain could be divided into five
main chambers:
a. the telencephalon or forebrain (olfaction, color

vision, and memory);
b. the diencephalon (thalamus, epithalamus, and

hypothalamus);
c. the mesencephalon (optic lobes);
d. the metencephalon or cerebellum; and
e. the medulla oblongata, which joins with the spinal

cord. The pituitary gland, which incorporates the
neurohypophysis, is located at the ventral base of
the brain in a bony cupula. Its function is similar
to that in other vertebratesdthat is, it conducts the
body orchestra.

16. The thymus is a paired organ, an ovoid pad of primary
lymphoid tissue, located subcutaneously in the dorsal
commissure of the operculum.

17. The excretory section of the fish kidney varies dramat-
ically depending on whether the fish is marine, euryha-
line, or freshwater, reflecting the significant differences
in their respective functions. The major work in this
field is that of Hickman and Trump (1969). In fresh-
water, fish drink very little but produce copious
amounts of dilute urine; few salts appear in the urine
because the kidneys reabsorb them. Salts are also
gained from the surrounding water by the active uptake
through the gills by special chloride cells found at the
base of the secondary lamellae. In seawater, fish drink
a lot (up to 15% of body weight per day); selectively
excrete monovalent ions (Naþ, Cl�) through the gills,
and produce small amounts of concentrated urine. The
chloride cells in the gills are responsible for removing
the excess salt from the blood and passing it out to
the water. Salt and water regulation and excretion
require that gills and kidneys are in healthy condition,
as damage to either or both of these organs could result
in a fish’s inability to respond to osmotic changes.
Hence, kidney damage, from diseases such as, bacterial
kidney disease (BKD) or nephrocalcinosis, may not be
apparent in salmonids until such fish are moved to
seawater where they will suffer high mortalities.

18. Concomitant to the above, teleosts generally depict
more diversity in their reproductive patterns than
any other group in the Animal Kingdom. Sexes are
separate in most of the teleosts. However, hermaphro-
ditism and bisexuality may also occur. Also, both
parthenogenesis (development from an unfertilized
ovum) and gynogenesis (development from an ovum
stimulated to divide by penetration from a sperm that
does not contribute genes) are also recorded. In fact,
the gonads develop as paired organs and generally lie
just below the kidneys. In immature fish, these are
rudimentary thread-like structures. But in matured
fish, the ovaries could constitute up to c 70% of the

body weight. The testes have a vas deferens or collect-
ing duct, which transports mature spermatozoa to the
excretory meatus at the urinary papilla. The ovaries
pass the ova to the outside through the oviduct or
into the abdominal cavity in the more primitive
species, for evacuation via the genital opening. Live-
bearers store eggs in a pouch referred to as a uterus,
but this is in essence a simple storage space.

8.3.1 Details of Investigation of EUS
Outbreaks

8.3.1.1 Procedure of Investigation

The procedure for an outbreak investigation follows nine
basic steps. Not all the steps are necessarily included in
every investigation, nor do they always follow the same
sequence. In practice, several steps will be undertaken
simultaneously.

The nine basic steps are:

8.3.1.2 To Establish a Diagnosis

The initial provisional diagnosis in an EUS outbreak is
usually based on species of fish affected, clinical signs,
gross pathology, and perhaps seasonality (Lilley et al.,
1998). Whenever possible, laboratory tests should be un-
dertaken to verify the provisional diagnosis. Since some
laboratory procedures (e.g., HP, fungal isolation) may take
weeks, the implementation of control measures is often
based on the provisional diagnosis.

8.3.1.3 Diagnostic Methods (OIE, 2009)

Diagnostic methods comprise (1) field diagnostic, (2)
clinical, and (3) agent detection and identification methods.

Field Diagnostic Methods

There is mass mortality of various species of freshwater fish
in the wild and in farms during periods of low temperatures
and after periods of heavy rainfall. Loss of appetite and fish
had become darker. Infected fish may float below the water
surface, and become hyperactive with a very jerky pattern
of movement.

Clinical Methods

Development of red spots followed by small-to-large
ulcerative lesions on the body surface, head, operculum or,
caudal peduncle. In later stages, large red or gray shallow
ulcers, often with a brown necrosis, are usually observed.

8.3.1.4 To Define a “Case”

Depending on the type of investigation, an EUS case might
be an individual affected fish or an aggregation of
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individuals such as the population in an affected pond
(Roberts et al., 1994). A useful case definition at the
individual animal level might be “a fish with necrotizing
granulomatous dermatitis and myositis associated with
highly invasive nonseptate fungal hyphae.”

8.3.1.5 Confirm That an Outbreak Is Actually
Occurring

This step may seem unnecessary but in many instances it is
required, particularly in areas where EUS is already
endemic. The disease may be expected to occur at low
prevalence at certain times, but even a moderate prevalence
increase, especially if ulceration is severe and/or toxigenic
Aeromonas hydrophila is present, will lead to substantial
production losses if not recognized early. Moreover, dermal
ulcerations caused by other agents may be common in fish
populations and are often macroscopically very difficult to
distinguish from EUS. Laboratory confirmation of a diag-
nosis of EUS will usually be necessary.

8.3.1.6 Analysis of Data

Factor-specific attack rates for such factors, such as species,
age, sex, pond, and management system are calculated and
arranged in an “attack rate table.” A theoretical example is
shown below for EUS where size indicating nutritional
stress is suspected.

In the table, attack rates are usually expressed as per-
centages. The second-to-last column is the difference in
attack rates (sometimes called the “attributable risk”) and
the last column is the “relative risk,” which is the ratio of
attack rates.

The higher the attack rate difference and the relative
risk, the more important the specific factor is in increasing
the risk of the disease. The analysis becomes more
complicated when trying to sort out interactions and con-
founding among factors. Stratified and multivariate ana-
lyses are used to investigate these phenomena.

8.3.1.7 Go for Reporting

This may take the form of a brief discussion with the farm
manager for small outbreaks, outlining the important fea-
tures and actions required to prevent further occurrences.
However, it could be a wise effort to always produce some
form of written report so that a permanent record of events
exists for future use. For large outbreaks, findings should be
published in the scientific literature.

For substantial investigations, the report may
contain the following sections: background, methods,
results, hypotheses, financial impact (where appropriate),
recommendations, and appendices containing laboratory
reports, etc.

8.3.1.8 EUS Field Sampling Data Sheets

To make information available for the region-wide
collaborative programs on EUS:

8.3.1.9 EUS Sampling Data Sheet

Name
of site

Date of
record:

Collector:

Current EUS
outbreak, if any:

If yes, is the
present outbreak:

1. restricted to sampling
site?

2. occurring throughout
the local area?

3. a national problem?

Tentative date on which the present outbreak started:
Estimated number/weight of fish lost from present

outbreak:
Value of losses from present outbreak:
What were the conditions 3e12 days before the

outbreak (temperature, rainfall, other important physico-
chemical features, etc.)?

Fish market price:

Species

Price/kg of

unaffected fish

Price/kg of

affected fish

Site description

Country:

Province:

District:

Town:

Village:

Type of water body at site:

Farm Lake Reservoir

Canal River Rice field

Swamp Others

Short description of the site:
Previous history of EUS at the site:

8.3.1.10 Sampling Point

How and where the fishes were sampled on the site:
Was selection of sampling point random?
If not, give reason:

Size of pond: Depth of pond: Fish species:
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Stocking rate:
Are there wild fish in the pond?
Were fish releases made just before the outbreak?
What is the source of the water to this pond?
Describe attempted treatments/control strategies:
Perceived importance of the problem to local farmers/
fishers:
Water quality data:
Fish population data:

8.3.1.11 Sampling for Disease Diagnosis

The ideal specimens for disease investigation or health
monitoring are live fish. Samples could be taken from these
either on site or transported live to the appropriate laboratory.

Infected fishes could preferably be collected endemic
and intensely affected regions. The author of this treatise
has been collecting EUS-infected fishes from various lo-
cations in Assam and other Northeastern regions of India.
The tissue samples would be aseptically removed. Standard
methods would be followed for the isolation of viruses
using cell lines. The methodology for isolation of viruses is
given below:

8.3.1.12 Transport of Live Fish

Place the affected fish in a plastic bag filled approximately
one-third with water and two-thirds with oxygen. Seal the
bag and then place in another bag and seal again. Then,
place the bag on ice or cold packs in an insulated boxdfor
example, polystyrenedand place more ice on top and seal
the container.

The maximum transport time depends on water tem-
perature and the ratio between biomass, water volume, and
oxygen. As a rough guide, the transport time may not
exceed 12 h, and also the biomass may not exceed one-
third the water volume. Transport time is to be signifi-
cantly reduced if oxygen is not used.

Live fish weighing >300 g (approximately) may pref-
erably be sent not by normal goods transport (e.g., by air,
rail, or road), but rather may be either sampled on site or
sent via specialized forms of transport.

8.3.1.13 Transport of Fresh Material

Unopened fish, reproductive materials, viral samples, and
fish heads (for Myxobolus) may be dispatched for labora-
tory investigation in fresh state without freezing. Pack
samples in ice and in an insulated containers and then
dispatch. The maximum transport time may not be >24 h.

8.3.1.14 Microscopic Pathology

Early EUS lesions are said to be caused by erythematous
dermatitis with no obvious oomycete involvement. Apha-
nomyces invadans hyphae are usually observed growing in

skeletal muscle as the lesion progresses from a mild chronic
active dermatitis to a severe locally extensive necrotizing
granulomatous dermatitis with severe floccular degenera-
tion of the muscle. The oomycete elicits a strong inflam-
matory response, and granulomas are formed around the
penetrating hyphae. Lesion scrapes from fish body or ulcers
generally show secondary fungal, bacterial, and/or parasitic
infections.

8.3.1.15 Microscopic Methods

The squash preparation may be carried out as follows:

1. Remove the ulcer surface using a sharp scalpel blade.
2. Cut the muscular tissue at the edge of the ulcer.
3. Place the pieces of the tissue on a cutting board; then,

make thin slices using a sharp scalpel blade.
4. Place the thinly sliced tissue between two glass slides

and squeeze gently with fingers.
5. Remove one of the glass slides and cover the tissue with

a cover slip. View under a light microscope in order to
find the nonseptate hyphae structure of A. invadans
(12e25 mm in diameter).

The chemicals used should be reagent (analytical) grade.
To avoid contaminating the stock pimaricin suspension,
dispense a 1-mL aliquot for day-to-day use aseptically. All
antibiotics should be kept at 4 �C.

8.3.2 Materials for Laboratory Work

8.3.2.1 Glassware

All glassware used throughout this procedure must be
scrupulously clean. Minimum requirements are as follows:

1. Soak in laboratory detergent.
2. Rinse three times in tap water.
3. Rinse five times in DW.
4. Mark 1 L glass bottles at 200 mL capacity.
5. Sample collection bottle: The sample collection bottle

used is a modified 100-mL glass Schott bottle. The inlet
(a small glass filter funnel) is covered with nylon mesh
of 200-mm aperture size. The collection bottle is
secured to a 2-m long stick, so that when the stick
touches the bottom sediment, the inlet will be about
5 cm above the sediment. The stick is used to push
the bottle to the bottom as rapidly as possible. Plastic
bottles and tubing are not suitable.

Pipettes

By preference, all pipetting is to be done with air
displacement pipettes with disposable tips. Two micropi-
pettes are used, one capable of 40e200 mL and the other
200e1000 mL. Where this may not be possible, glass
capillary plunger-type pipettes (Socorex) could suffice, if
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capillaries are discarded after use. If glass pipettes have
to be used, they must be carefully washed. Where small
volumes are requireddfor example, pimaricindit may be
necessary to prepare intermediate dilutions.

Filtered Pond Water

Collect 3 L or more of pond water from one of the un-
treated ponds to be tested. For each pond, a pooled water
sample of c 250 mL of filtered pond water (FPW) will be
required. Filter through Whatman No. 1 filter paper and
autoclave at 121 �C for 15 min. Store at room temperature.
Before use, this water sample is to be tested using the FPW
positive control system described below in order to ensure
that 100% of A. invadans colonies sporulate satisfactorily.

For stock metal ion solutions, use sterile glassware to
make up solutions. Keep the solutions in separate sterile
disposable plastic containers at 4 �C.

8.3.3 General Guidelines for Sampling

8.3.3.1 Materials and Methods

General Field Surveys

On arrival at the sampling site of the water body, infor-
mation is usually gathered from the farmers. This is
generally followed by the estimation of water quality pa-
rameters and examination of some susceptible fish.

Selection of Individual Specimens

Scoop net, cast net, and seine net represent the best choices
for catching EUS-infected fish in natural waters or fish-
ponds. For outbreak investigations, diseased fish with ul-
cerative lesions or red spots on the body should be sampled.

After collection, they were immediately brought to the
laboratory and acclimatized in 1000-L indoor circular tanks
supplied with dechlorinated and aerated tap water at
ambient temperature (23e26 �C). The fish were fed twice
daily (rice bran and mustard oil cake in a ratio of 1:1).
Water was maintained at optimum levels for the fish species
throughout the experiment: DO 6.88 � 0.56 mg/L, pH 7.14
� 0.77, ammonia 0.029 � 0.011 mg/L, and nitrite
0.016 � 0.01 mg/L. Water was periodically exchanged to
remove waste feed and fecal material.

Preservation of Samples

Fish specimens should be transported to the laboratory live
or in ice-cooled boxes for further diagnosis. Fish collected
from remote areas should be anesthetized and can be fixed
in normal 10% formalin or 10% phosphate-buffered
formalin (PBF) for at least one to two days. The fixed
specimens are then transferred to double-layer plastic bags
with formalin-moistened tissue paper. The bags are sealed
and sent to the laboratory in semidry conditions.

Pooling of Samples

Ten diseased fish specimens are sampled from the
EUS-infected site. Diagnosis is achieved using the histo-
logical technique and oomycete isolation on individual fish
or a group of a few fish.

Best Organs or Tissues

Fish with minor clinical signs are recommended, and the
muscle tissue next to or underneath the ulcer is best for
oomycete isolation. The best tissue for HP examination is
muscle tissue at the edge of the ulcers.

Sample/Tissues That Are Not Suitable

Severely diseased or dead fish are not suitable for oomycete
isolation.

Diagnostic Methods

Diagnosis of EUS is based on clinical signs and confirmed
by HP. Diagnosis of EUS in clinically affected fish may be
achieved by HP or by oomycete isolation. Positive diag-
nosis of EUS is made by demonstrating the presence of
mycotic granulomas in histological sections or isolation of
A. invadans from internal tissues.

Field Diagnostic Methods

EUS outbreaks have been associated with mass mortality of
various species of freshwater fish in the wild (including
riceefields, estuaries, lakes, and rivers) and in farms during
periods of low temperatures and after periods of heavy
rainfall.

Clinical Signs

Fish usually develop red spots or small to large ulcerative
lesions on the body.

Behavioral Changes

The early signs of the disease include loss of appetite and
fish become darker. Infected fish may float near the surface
of the water, and become hyperactive with a very jerky
pattern of movement.

8.4 HISTOPATHOLOGICAL AND
HEMATOLOGICAL STUDIES

8.4.1 Method of Sampling Fish
for Histological Examination

Histology deals with the study of tissues and also their
pathology called histopathology. HP can therefore provide
information on the processes and changes occurring in
tissues. In many cases, it forms the basis of disease diag-
nosis and prognosis. Accurate sampling of tissues for
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histology is thus a vital part in the diagnostic procedure
(Chinabut and Roberts, 1999). However, it is necessary to
note any behavioral abnormalities or visible external le-
sions before sampling any fish.

Notwithstanding the above, histologically and bio-
chemically, the muscle could be classified into two types:
(1) the red, aerobic, slow contracting muscle fibers and (2)
the white, anaerobic, fast contracting muscle fibers.

In some species of fish, there are also pink fibers, which
are sandwiched between the two types and these appear to be
intermediate in function as well as location. The well-
vascularized red muscle is best observed as the triangles of
darker muscle located over the lateral line and midline
dorsally. Themajority of the bodymuscle is the white muscle
and is usually used under escaping or chasing situations.

Notwithstanding the above, it is always preferred to
follow the steps given below:

1. Complete the EUS sampling data sheet for each site,
recording full details of each fish sampled. As with
other diagnostic procedures, a mixture of sick (mori-
bund) and healthy (control) fishes are to be sampled.
Dead fish (recent mortalities) could provide little accu-
rate information and are said to be useful for histology.

2. Sample only live specimens of diseased fish. If fish
with clinical signs of EUS are readily available, several
samples of each species are to be collected, preferably
at different stages of infection. To sacrifice the chosen
fish by stunning the fish by a blow on the head, or by
using anesthesia.

3. Dissect large fish and to take samples of skin, muscle
(<1 cm3), spleen, kidney, and liver. The muscle sam-
ple may include the lesion and the surrounding tissues.
In brief, remove (excise) a small piece of tissue
(<1 cm3) from the organs, and include any areas
showing gross abnormalities.

4. Fix the tissues immediately in cold 10% formalin. The
amount of formalin in the jar should be 15e20 times
the volume of the tissue to be fixed. Often, PBF is
an effective tissue fixative for the samples. The usual
concentration is 10% formalin (formalin being 40%
formaldehyde in water). Care should be taken, as
formalin is an irritant, especially to the eyes.

5. Gently agitate the fixative two to three times over the
first hour after adding the tissue.

6. The selected site could be sampled repeatedly during
the period of outbreak, and the specimens are to be
sent to a centralized diagnostic facility. If an appro-
priate facility is not available in the country, it could
be better to make the information available to the
Regional Collaborative Program on EUS for further
necessary works.

7. Live samples, if available, are considered best for lab-
oratory examinations. The fish be packed in double

plastic bags; filled with water to one-third of their
capacity; with the remaining two-third volume inflated
with air/oxygen. Bags are tightly sealed with rubber
band or tape.

8. If live fish, which could be transported to the labora-
tory, is not available, recently dead or moribund fish
with clinical lesions could be used.

9. Take samples of skin/muscle sections using a scalpel
or a blade.

10. The samples are to be immersed in formalin as quickly
as possible after the fish is sacrificed (killed). In fact,
all tissues should preferably be sampled within 5 min
of killing, as postmortem changes occur rapidly in
these cold-blooded animals.

11. Sample gill, heart, spleen, liver, pyloric caeca,
pancreas, kidney, skin, muscle (preferably at lateral
line), and brain. Small fish or fry may be sampled
whole with the abdomen opened to allow proper fixa-
tion of the internal organs.

12. Ensure that the amount of formalin in the container is
about 10 times the amount of tissue.

13. Record any details about the fish in a piece of paper;
e.g., body condition, length, weight, feeding, internal
appearance, etc.

14. Label the sampling container with a waterproof marker
and to ensure that each container will not leak.

15. Dispatch/deliver samples with relevant details and clin-
ical history and also to contact the diagnostic service
over telephone or fax:

8.4.2 Brief Examination of EUS-Affected
Samples

1. The fixed tissues could be wrapped into formalin-
moistened tissue paper and placed into small plastic
bags to prevent leakage or smell during transport.

2. Make sure that the samples are properly labeled with the
following information:
a. Date of samples; type of tissue samples (e.g., skin,

gills, muscle, kidney, other internal organs),
collected; locality (place of collection); species of
fish; weight and length of the affected fish, if
possible; name of the collector; type of fixative
used (10% formalin); etc.

b. Samples could be packed into a padded envelope or
container and sent by post, if no courier service is
available.

c. The laboratory to be informed about the kind of sam-
ples collected and when they are expected to arrive
or to be delivered.

d. Processing the fixed tissue involves dehydration
through ascending alcoholic grades; clearing in a
wax-miscible agent, and impregnation with wax.
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The blocks of fish tissue are cut at about 5 mm and
mounted on a glass slide. Before staining, the section
is completely dewaxed and stained in haematoxylin
and eosin (H&E). H&E and general fungal stains
(e.g., Grocott’s stain) could demonstrate typical
granulomas and invasive hyphae.

8.4.3 Emergency Disease Hotline

There could a national disease hotline number. This number
is supposed to put us in contact with the appropriate state or
territory agency.

Hematology and blood biochemistry of fish are areas,
which have been utilized only to a limited extent for clin-
ical investigations. Normal values for many species remain
to be established and these will vary according to season,
age, temperature, genetic strain, physiological status,
nutrition, and sampling methodology.

8.4.4 Sampling of Blood

Fish blood may be sampled for disease monitoring or health
status analyses in the following areas:

1. Hematology (examination of blood cells and blood cell
indices); for example, red blood cell count, hematocrit

2. Blood biochemistry; for example, hormones, enzymes,
etc.

3. Plasma parameters for example, plasma chlorides (for
salt water challenge tests in salmon)

4. Serology for pathogen antibodies; that is, salmon
pancreas disease virus antibody screening

5. Virology and Bacteriology: Some microbes could be
screened for using frank blood. For biochemistry and
hematology, an anticoagulant be used in the blood
collection tube and this is normally heparin (heparinized
tubes may be purchased). However, the laboratory
where samples would be submitted, should be consulted
for their normal requirements. For serology, bacteri-
ology, and virology, blood should be taken without an-
ticoagulants. Where fish are large enough, blood
samples could be taken under anesthesia; that is, nonle-
thal sampling. The normal sampling site is from the
caudal vein and the easiest approach is ventrally at
midline toward the vertebral column.

8.4.5 Hematological Parameters

For blood sampling, the preferred sites are the caudal vein
(from either a ventral or a lateral aspect), cardiac puncture
(ventrally), or the brachial plexus (caudal to the gills).
Notably, the blood volumes in fish are small compared with
those of mammals, being c 5% of the body weight.

Collection of blood and separation of serum and
plasma: Blood from experimentally infected and apparently

healthy catla was drawn from the caudal vein using a sterile
1-mL hypodermal syringe and a 24-gauge needle. The
blood was allowed to clot at room temperature and the
serum was separated and stored in sterilized vials
at �20 �C, until further use. Prepare plasma using blood
that was collected from the fish, using EDTA as an anti-
coagulant, and centrifuge at 1000 rpm for 10 min. The
supernatant (plasma) is collected and stored in sterile tubes
at �20 �C, until further use.

Notwithstanding the above, hemopoietic tissue in the fish
is predominantly located in the stroma of the spleen and the
interstitium of the kidney. It is also found in the periportal
areas of the liver, the intestinal submucosa, and the thymus to
a lesser extent. The kidney of fish is usually located in a
retroperitoneal position, up against the ventral aspect of the
vertebral column. It is usually divided by function and his-
tology into the anterior or head kidney, which is predomi-
nantly hemopoietic, and posterior or excretory kidney. In the
salmonid kidneys, the corpuscles of Stannius could be seen
as paired white nodules in the mid-kidney. These are endo-
crine glands and appear to be involved with calcium meta-
bolism, although their exact role is unclear.

Hematological parameters be measured using standard
procedures and may include total red blood cell count, total
white blood cell count, packed cell volume, and Hb content
for experimentally infected and apparently healthy fish.

8.4.6 Biochemical Parameters

Biochemical parameters (Blazevic and Ederer, 1975) could
be measured by using a biochemical test kit (Crest Bio-
systems, India) per the manufacturer’s instructions, and
could include serum glutamate pyruvate transaminase
(SGPT) activity, serum glutamate oxaloacetate trans-
aminase (SGOT) activity, serum alkaline phosphatase
(ALP) activity, and total plasma protein for all experi-
mentally infected and apparently healthy fish.

8.5 BACTERIOLOGICAL STUDY

8.5.1 Methodology

1. Take a clean slide, and using a sterile loop, emulsify a
small amount of material in a drop of sterile saline or
DW.

2. Allow the slide to air-dry, then heat fix it by passing it
through a flame three times, then allow the slide to cool.

3. Flood the slide with crystal violet for 1 min.
4. Hold the slide at a steep angle, wash off the stain with

Gram’s iodine, and allow it to sit for 1 min.
5. Tip off the iodine and pour the alcohol/acetone mixture

over the slide from the upper end so as to cover its
whole surface. Repeat until no more color runs off.
Then, wash gently in water.
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8.5.1.1 Examination and Direct Inoculation
of Solid Media

1. Before examining a fish internally, the external body
surface, including gills, tail, and fins, is to be examined
for the presence of any lesions. Observations are always
recorded on papers.

2. Samples from these sites are taken by searing the sur-
face with a hot scalpel blade followed by insertion of
a sterile bacteriological loop or swab. Material from
the loop/swab is then plated out onto suitable agar me-
dium by the spread plate technique.

3. Once external examination or sampling has been carried
out, the body surface is opened to expose the internal
organs. Care is taken not to puncture the gastrointestinal
tract. In the absence of any visible internal lesions, a
sample of kidney is taken and inoculated onto suitable
agar medium. The surface of the kidney (or other organ)
is seared with a hot scalpel blade before insertion of the
sterile loop.

4. Agar plates containing the streaked out samples be incu-
bated and examined daily for any evidence of growth.
The majority of bacterial fish pathogens should grow
on Tryptone Soya Agar (TSA) within seven days.
Media such as marine agar or TSA along with 1.5%
NaCl could be used for marine pathogens.

Kidney Smears

1. Direct examination of Gram’s solutionestained kidney
smears may give an indication of bacterial septicemia
and is especially useful in the examination of fish for
BKD.

2. A small portion of kidney is emulsified in a loopful of
sterile physiological saline on a microscopic slide,
allowed to air-dry, and then fixed by passing the slide
through a Bunsen flame several times.

3. Direct observation of the slide is carried out using the
X40 and X100 (oil immersion) objectives after being
stained using Gram’s method.

4. Bacteriological plates or swabs may be despatched to
the lab for investigation, but preferably should be
clearly identified and labeled. A written note regarding
the history and clinical appearance of the disease, the
fish specimen, and the details of the samples taken are
important.

8.5.1.2 Agar Plate Inoculation

1. Petri dishes containing solid medium (agar) are used to
provide a large surface of media for the cultivation of
microbes. Inoculation of an agar plate is often carried
out using the streak plate technique as indicated before.

2. This involves diluting the culture or other sampledfor
example, the kidney materialdby smearing it across

the surface of the agar. Organisms present in the sam-
ple would be separated, and after suitable incubation,
each organism present will give rise to a colony.
Although this colony contains many millions of organ-
isms, they will have all originated from one. Therefore,
all organisms in one colony are said to be identical.

3. By using this method, organisms could be cultured in
the laboratory, and if a mixed culture is present, it
will become apparent on plating out. This is essential
before starting identification procedures, because
methods are only valid when carried out on pure
cultures; that is, cultures containing one type of
organism.

4. Care should be taken that the plates used for this
purpose are dry. Also, unnecessary exposure of the
agar surface to potential contamination from the envi-
ronment throughout the procedure should be avoided.

8.5.1.3 Streak Plate Technique

1. Sterilize a bacteriological loop and allow it to cool.
2. Pick up a small amount of sample using the sterile loop.
3. Inoculate the sample on a segment of the surface of the

culture medium.
4. Sterilize the loop to allow it to cool and, touch the edge

of the uninoculated area of the medium to ensure
coolness.

5. Spread part of the sample over about a quarter of the
plate by making three to four parallel streaks with the
loop.

6. Repeat streaking procedure, sterilizing and cooling the
loop between each sequence.

7. Label the underside (not the lid) of the plate, writing
only at the edge, and then, to incubate or despatch
with related clinical notes and history. Ensure that the
dispatched samples are adequately padded to protect
against physical damage.

8.5.1.4 Gram Staining

1. This is a differential staining method and is the first test
for the characterization of all bacterial isolates.

2. It tries to distinguish bacteria of different types:
a. Gram-positive: those that resist decolorization and

stain blue/purple
b. Gram-negative: those that are decolorized and stain

red/pink

It may be noted here that the difference in color reaction
is due to the different chemical composition of the cell wall
and the membrane. This stain is also said to reveal the
general shape of the bacteria.

The method could be useful in the diagnosis of BKD
and rainbow trout fry syndrome, by using kidney material
taken directly from the fish.
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8.6 MYCOLOGICAL STUDIES

The genus Aphanomyces is a member of a group of organ-
isms commonly known as the water molds (Lilley et al.,
1997). Although long regarded as a fungus because of its
characteristic filamentous growth, this group, the Oomyce-
tida, is not a member of the Eumycota, but is classified with
diatoms and brown algae in a group called the Strameno-
piles or Chromista.

8.6.1 Survival Outside the Host

How A. invadans survives outside the host is still unclear. If
the motile zoospore cannot find suitable substrates, it will
encyst (Willoughby et al., 1995). There is no suitable
method to recover or isolate the encysted zoospore in
EUS-infected fishponds. How long the encysted spore can
survive in water or on a nonfish substrate is still unclear
(Roberts et al., 1993). In an in vitro experiment, the
encysted zoospore had survived for at least 19 days.

8.6.2 Stability of the Agent (Effective
Inactivation Methods)

Aphanomyces invadans is said to grow best at 20e30 �C. It
does not grow in vitro at 37 �C. Water salinity of >2 parts
per 1000 (ppt) could stop spread of the agent. Preparing
fishponds by sun drying and liming are effective disinfec-
tion methods for EUS. Similar to other oomycetes or water
molds, general disinfection chemicals are said to effectively
destroy any A. invadans that might contaminate farms,
fishponds or fishing gears.

8.6.2.1 Life cycle

Aphanomyces invadans (Saprolegniales, Oomycetes) has an
aseptate fungal-like mycelia structure. This oomycete has
two typical zoospore forms. The primary zoospore consists
of round cells that develop inside the sporangium. The pri-
mary zoospore is released to the tip of the sporangium where
it forms a spore cluster. It quickly transforms into the sec-
ondary zoospore, which is reniform with laterally biflagel-
late cells and can swim freely in the water. The secondary
zoospore remains motile for a period that depends on the
environmental conditions and presence of the fish host or
substratum. Typically, the zoospore encysts and germinates
to produce new hyphae, although further tertiary generations
of zoospores may be released from cysts (polyplanetism).

8.6.3 Target Organs and Infected Tissue

The motile zoospore plays an important role in the spread
of the disease. Once the motile spore attaches to the skin of
the fish, the spore will germinate under suitable conditions
and its hyphae will invade the fish skin, muscular tissue,

and reach the internal organs. Fish skeletal muscle is the
target organ and exhibits major EUS clinical signs with
mycotic granulomas.

8.6.4 Persistent Infection with Lifelong
Carriers

There is no information to indicate that fish could be lifelong
carriers of A. invadans. Generally, most infected fish die
during an outbreak. Some mild or moderately EUS-infected
fish could recover, but they are unlikely to be lifelong carriers.

Vectors: Not much information is perhaps available
about the possible vectors of EUS.

Known or suspected wild aquatic animal carriers: Not
much information is perhaps available about the Known or
possible wild aquatic animal carriers of EUS.

8.6.4.1 Isolation of A. invadans from
EUS-Affected Fish

Pale, raised lesions, which have not yet completely ulcer-
ated, are said to be very suitable for fungal isolation attempts.
Conversely, yellow to red focal skin lesions or healing ulcers
are unsuitable. The fish specimen may be killed by decapi-
tation and be pinned, with the lesion uppermost, to a dis-
secting board. The scales around the periphery of the lesion
are removed and underlying skin seared with a red-hot
spatula, so as to sterilize the surface. If possible, the fish
and the dissecting board are then removed to a laminar flow
cabinet containing filtered air, free of fungal elements. Then,
one could cut through the stratum compactum underlying the
seared area by using a sterile scalpel blade and sterile, fine
pointed, rat tooth forceps. Then, the underlying muscle is
exposed by cutting horizontally and reflecting the superficial
tissues. It is to be ensured that the instruments do not contact
the contaminated external surface and otherwise contami-
nate the underlying muscle. Four pieces of affected muscle,
approximately 2 mm3 in size, are carefully excised up using
aseptic techniques, and to place them on a petri dish
containing the isolation medium.

Where a suitable lesion is found on the tail of a small
fish, the fish could be cut into two pieces using a sterile
scalpel. Then, a cross section is sliced through the fish at
the edge of the lesion. The scalpel is flamed, until red-hot
and this could be used to sterilize the exposed surface of
the muscle. A small-bladed sterile scalpel could be used to
cut out a circular block of muscle (2e4 mm3) from beneath
the lesion. Used sterile, fine pointed pair of forceps to
remove the block and placed it on the isolation medium. In
this way, it could be easy to prevent the instruments
contacting the contaminated external surface of the fish.

Twodifferent isolationmedia are generally in use to obtain
cultures of A. invadans. The use of Czapek Dox agar with
penicillin G (100 units/mL) and oxolinic acid (100 mg/mL)
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was reported by Fraser et al. (1992), and an adapted version of
Willoughby and Roberts (1994). GP-PenOx broth could be
another medium for mycotic isolation. Inoculated media are
incubated at approximately 25 �C and examined under a
microscope (preferably an inverted microscope) within 12 h.
Emerging hyphal tips may be repeatedly transferred to fresh
plates of GP-PenStrep agar, until cultures are free of bacterial
contamination. Then, they may be subcultured on GP agar at
intervals of not more than five days.

The fungus is subcultured by aseptically cutting a block
of agar, 3e4 mm in diameter, from the periphery of a
colony and placing this upside down onto a Petri dish of
fresh agar. Agar dishes may be inoculated within 24 h of
preparation and the surface may not be dried before use.

8.6.4.2 Count Method for A. invadans
Propagules in Pond Water

The method involves collection of a 1-L pooled sample
(10 � 100 mL aliquots) from the pond and performance of
a plate count on a 200-mL sample. Gelatin and selected
metal ions are added to the subsample as nutrient supple-
ments. Antibiotics are added to reduce the growth of
contaminating bacteria and zygomycete fungi.

Themethod is a modification of aquatic fungal propagule
count methods described by Anon (1992), Willoughby et al.
(1984), and Celio and Padgett (1989). These previously
described methods was said to have proved unsatisfactory
for A. invadans as they failed to support growth of isolates
while allowing abundant growth of other fungi and bacteria.
The modifications are based on the observations that
A. invadans is one of a limited number of aquatic fungi that
could utilize complex protein sources and that a large pro-
portion of colonies attach to plastic surfaces. During the
counting procedure, most non-A. invadans colonies fail to
attach and are removed by washing. Bacterial contamination
is usually minimized by the low concentrations of complex
protein, absence of glucose and addition of antibiotics.

After incubation of plate count cultures, colonies
consistent with A. invadans are identified based on their
attachment to the plastic surface, and hyphal and sporangial
morphology. Representative A. invadans-like colonies are
subcultured for further characterization.

The technique had perhaps been tried successfully in
several artificially infected pond waters, but to date, it had
perhaps been possible to try the method only once during a
natural EUS outbreak. Counts of A. invadans propagules in
pond water during that outbreak had a range of 10e30/L.

8.6.5 Counting and Identification

Examine the positive plates, and then (1) gently discard
the fluid and any floating fungal colonies in the plates and
fill the dishes with sterile DW, and (2) allow the dishes

to stand for 5 min before discarding all but about 5 mL
of wash fluid.

8.6.5.1 Count Method for A. invadans

1. Mark colonies resembling A. invadans on the plastic
dish, with a felt tip pen, close to, but not obscuring the
colony. The colonies may loosely adhere to the bottom
and measure 3e5 mm in diameter.

2. Examine the marked colonies with the 10x and 20x
objectives of an inverted microscope.

3. Mark colonies that have the characteristic right angle
branching, 10 mm hyphal diameter and the rounded
tip, with a circle. Hyphal diameter could be estimated
with a calibrated eyepiece graticule.

4. At this stage, the hyphal tips from the representative col-
onies in the test samples could be removed with a sharp
scalpel and inoculated deep into agar plates (Czapek Dox
with 100 units/mL penicillin and 100 mg/mL oxolinic
acid, or GP-PenStrep).

5. Examine the plates daily with a stereo microscope for at
least five days, and subculture fungal tips as soon as
possible. The recovered fungi can be identified by spor-
ulation features, hyphal diameter, growth rate at 22 �C
and failure to grow at 37 �C. Count only those colonies
that are typical of A. invadans.

6. Spores per liter ¼ A. invadans colony count (total
for all seven plates) � 5. If <100% of colonies sporu-
late satisfactorily in the FPW positive control, then it
may be necessary to repeat the counts after adjusting
ionic strength of FPW by diluting up to one part
FPW with two parts DW. Determine the optimum
dilution by titration in the FPW positive control
system.

8.6.5.2 Recording

1. Record the colony count for each sample and for the
FPW and pond water positive control.

2. For the latter, subtract any A. invadans that were
detected in the test sample.

3. Record the number of colonies subcultured, and for
each subculture, to record the results of sporulation,
hyphal diameter and 22 �C and 37 �C growth tests.

4. Maintain axenic cultures of representative probable
A. invadans colonies for possible pathogenicity studies.

8.6.6 Maintenance of Cultures
of A. invadans

Aphanomyces invadans cultures could be maintained in
flasks of 200 mL GP broth at 10 �C for only six weeks
before subculturing is required. This is due to the fast
staling of the growth medium (Willoughby et al., 1995).
The advantage of this technique, however, is that any
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bacterial contamination could be easily recognized as
clouding of the medium.

Cultures could be maintained for longer periods on agar
slopes in universal tubes, with sterile light paraffin oil
covering the entire slope, as described by Smith and Onions
(1994). Particular care may be taken to avoid contamina-
tion, as bacterial growth is not readily apparent in these
cultures (Dobos et al., 1995 a,b). GPY agar could be used
for this procedure, but A. invadans could be sustained for
longer periods (may be for >6 months at 20 �C) using a
buffered medium developed for Aphanomyces astaci.

8.6.7 Bioassay

Fish can be experimentally infected by intramuscularly
injecting a 0.1 mL suspension of 100þ motile zoospores in
EUS-susceptible fish (preferably Channa striata or other
susceptible species) at 20 �C, and demonstrating histolog-
ical growth of aseptate hyphae, 12e25 mm in diameter, in
the muscle of fish sampled after seven days, and of typical
mycotic granulomas in the muscle of fish sampled after
10e14 days.

8.6.8 Inducing Sporulation in A. invadans
Cultures

The induction of asexual reproductive structures is neces-
sary in order to identify fungal cultures as members of the
genus Aphanomyces. Induce sporulation, it is required to
place an agar plug (3e4 mm in diameter) of actively
growing mycelium in a Petri dish containing GPY broth
and incubate for four days at about 20 �C. Wash the
nutrient agar out of the resulting mat by sequential transfer
through five Petri dishes containing autoclaved pond water
(APW), and leave overnight at 20 �C in APW. After about
12 h, the formation of achlyoid clusters of primary cysts
and the release of motile secondary zoospores could be
apparent under the microscope. There are features that
distinguish sporulating cultures of Aphanomyces from
Saprolegnia and Achlya

8.6.9 Identification of Saprolegniacean
Fungal Cultures

Concomitant to the above, the Saprolegniaceae are aseptate,
eucarpic fungi that typically demonstrate two zoospore forms.
The secondary zoospores are characteristically reniform and
laterally biflagellated. The two flagellae differ in type (het-
erokont), with one anteriorly directed tinsel-type flagellum
and one posteriorly directed whiplash-type flagellum.

Saprolegniacean genera are distinguished primarily by
asexual characters, particularly zoosporangial shape, method
of zoospore release, and method of zoosporangial renewal.
The production of asexual characters could also be induced.

There are variations in the characters between the three main
saprolegniacean fungi associated with fish disease (Apha-
nomyces, Achlya, and Saprolegnia). Identification of these
fungi to the species level usually depend on the production of
sexual structures, but these are said to be commonly absent
from fish-parasitic species, and unknown from A. invadans.

Concomitantly, the zoosporangia of Aphanomyces spp.
may typically be no wider than the hyphae. A single row of
primary zoospores could be formed within a zoosporan-
gium and released from an apical tip, or from lateral
evacuation tubes, at that time, they immediately encyst and
form achlyoid clusters. The primary zoospore is therefore
not fully released from the sporangium. The main free-
swimming stage of Aphanomyces spp. is perhaps the
secondary zoospore that is discharged from the encysted
primary zoospores. The secondary zoospore possibly
remains motile for a period depending on environmental
conditions and location of a host or substratum. Typically,
the zoospore undergoes encystment and later germinates to
produce new hyphae, although further tertiary generations
of zoospores may be released from cysts (polyplanetism).

Concomitant to the above, the Achlya spp. zoosporangia
are usually formed from terminal hyphal swellings that
differentiate into the primary zoospores. These encyst, as
with Aphanomyces, in an achlyoid manner, but only at the
apical tip of the zoosporangium. Zoosporangial renewal is
typically sympodial, branching from the hypha below the
basal septum delimiting the spent zoosporangium.

In addition to the above, the zoosporangia of Sapro-
legnia spp. are, as with Achlya spp., said to possess short
terminal hyphal swellings. However, in saprolegnians, the
primary zoospore is fully released from the zoosporan-
gium and remains motile for a short period before
encysting and releasing secondary zoospores. However,
polyplanetism could be particularly pronounced among
fish-parasitic Saprolegnia spp. Zoosporangial renewal is
typically by internal proliferation, that is, the secondary
zoosporangium develops within the previously emptied
primary zoosporangium.

It is opined by some workers that that some epidermal
insult (such as rhabdovirus infection) precedes infection
with A. invadans. Examination of samples of fish at
different times during the outbreak may attempt to char-
acterize the different types of lesions present and the
rhabdovirus-infection status of individual fish. Thus, the
“spectrum” of disease is important here.

Describing the outbreak in terms of place may lead to
identification of the cause. For farmed fish, this may involve
looking at the pattern in different ponds. It is often useful to
consider time and place together. This could be done by
drawing a plan of the ponds and recording the dates when
cases may occur. Such a diagram may also give a lead to
whether the outbreak is a common source or propagating.
For larger scale epidemics, spot maps are useful.
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8.7 VIROLOGICAL STUDY

8.7.1 Virus Isolation and Characterization

8.7.1.1 Isolation of Viruses

The isolation of viruses (Chen et al., 1993) from
EUS-diseased specimens could be very difficult, even with
access to specialized virological facilities (Mahy and Kangro,
1996). Two factors are said to be critical for successful
isolation:

1. first, the diseased fish need to be collected during the
early period of an outbreak (i.e., within one to two
weeks of the disease being noticed), and

2. second, the specimens need to be alive just before
collection of the tissue samples.

8.7.1.2 Virological Sampling

For virological sampling (Burleson et al., 1992), the fish
organs and transport medium/conditions will be determined
by the virus/es suspected. The laboratory where samples
will be submitted is to be contacted before sampling.

8.7.1.3 Tissue Sampling and Handling

Diseased fish with early skin lesions are to be collected.
Fish are usually sacrificed and wiped clean with tissue
paper. c 1 g of each tissue sampled is taken. For muscle
samples, tissue debris and surface fungus on the ulcerated
lesions are to be removed using a clean razor blade. Pieces
of muscle tissue are taken from beneath the lesions. For
internal organ samples, the abdomen is carefully opened
using a clean pair of scissors. Small pieces of tissue from
kidney, spleen, intestine, and pancreas are to be taken and
pooled. If the fish are very small, the entire viscera could
be taken. Tissue samples from up to five fish could be
pooled and processed as one tissue extract. Tissue samples
could be stored up to 48 h in HBSS supplemented with 2%
FCS, 500 IU/mL penicillin, 500 mg/mL streptomycin, and
10 mg/mL amphotericin B (fungizone) at 4 �C.

Samples are then homogenized using a sterile, pre-
cooled pestle and mortar until a smooth paste is obtained.
Sterile fine sand is added to facilitate homogenization.
Samples are diluted 1:10 by the addition of 9 mL HBSS
containing 2% FCS. After mixing well, the samples are
transferred to sterile centrifuge tubes and spun at 1000 g at
4 �C for 15 min in order to separate the cell debris, sand,
and possibly contaminating microbes from the fluidextract.
A further 1:5 dilution is carried out by filling 5-mL sterile
disposable syringes with 4 mL HBSS (with 2% serum) and
then drawing up 1 mL supernatant. These 1:50 final
dilutions are mixed well and then filter-sterilized through
0.45 mm disposable filter units. The filtrates or tissue
extracts are kept in 5 mL sterile bottles at 4 �C which are

ready to be inoculated directly onto fish cell lines or, if
necessary, transported to the fish virology laboratory.

8.7.1.4 Virus Isolation

Simultaneous cell culture (Wolf and Quimby, 1969; Wolf
et al., 1966) and sample inoculation can be carried out
using susceptible fish lines such as BF-2 and/or SSN-1 cell
lines. Tests are sometimes conducted in 24-well plates.
Each plate is first seeded with a single cell suspension of
the indicator cell line in L-15 medium containing 2% FCS
and 1x antibiotics (100 IU/mL penicillin and 100 mg/mL
streptomycin). Each well receives 1.3e1.4 mL of cell
suspension. Cell density should be sufficient to produce an
80%e90% confluent monolayer one day after seeding.
Tissue extracts (1:50 dilution) are immediately inoculated
into two replicate wells. The inoculum volume is 200 mL/
well. An equal number of inoculated wells as negative
control wells is to be allocated for each plate. Cells are
incubated at 23e25 �C and observed daily for CPE for at
least 14 days. The first blind passage of culture fluids is
performed between days 7 and 10 by transferring 200 mL of
supernatant from each well to fresh culture wells and
observing the plates for a further 14 days. A second and
third blind passage should also be carried out.

Samples showing CPE (Amend et al., 1984) in which
the cell monolayer changes (e.g., disintegrates, sloughs off
the surface of the tissue culture wells, or results in cell lysis)
are to be passaged to provide larger quantities of the sus-
pected virus. Supernatant measuring 200 mL from a single
well-exhibiting CPE is inoculated into 25 cm2

flasks con-
taining an 80%e90% confluent cell monolayer. The sus-
pected virus is allowed to be adsorbed for 1 h. The cells are
washed once with 5 mL phosphate buffered saline (PBS),
and then 7 mL of maintenance medium (L-15 with 2%
FCS) is added. Flasks are incubated at 23e25 �C together
with uninoculated control flasks for comparison. When the
cells show complete CPE, they are spun at 1000 g at 4 �C
for 15 min. The supernatant is collected and divided into
1 mL aliquots. Some tubes are kept at 4 �C for further
characterization within six months and others stored
at �20 �C or �70 �C for long-term storage.

For virus isolation and characterization, pooled tissues
are placed in small volumes of antibiotic-supplemented viral
transport medium or Hank’s Balanced Salt Solution (HBSS)
(without Caþþ Mgþþ) plus 10% fetal calf serum (FCS) and
kept on ice without freezing until being further processed.
Pooled tissue samples are weighed, homogenized, and
diluted to 1:10 (w/v) with HBSS. Homogenates are then
clarified by centrifugation at 1500 g for 10e15 min. The
supernatant is further diluted to 1:5 with HBSS to give a final
dilution of 1:50 before filtration through a 450-nmmembrane
filter or through a 220-nm syringe filter. Freshly grown
60%e70% confluent 25 cm2 monolayer cultures of different
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warm water fish cell lines (e.g., SSN1, SNKD2A, SNKD3,
EPC, BB, etc.) are prepared in Leibovitz L-15 medium
supplemented with 10% FCS, 100 U penicillin, and 100 mg
streptomycin/mL (Sigma), and inoculated with 1 mL tissue
extract. Tissue extracts would be allowed to adsorb for
30e60 min before overlaying the monolayers with 5 mL of
fresh medium with 2% FCS and incubated at 28 �C. CPE at
varying degrees of severity would develop between 1 and
14 days postinoculation. It may not always be possible to
distinguish between toxic and virus-specific effects. Aliquots
of medium from all cultures, which developed a CPE, also a
number of which appeared normal, would be passed into
fresh susceptible fish cell line. A repeatedly transmissible
CPE, if obtained with the tissue extracts of the diseased
fishes, would reveal isolation of the virus (Frerichs et al.,
1991). The CPE would be processed with a blind passage in
cases of negative samples or second passage for positive
samples for confirmation of viral etiology. The viral titer
would be determined in susceptible fish cell line by end-point
infectivity titration or end-point dilution assay (TCID 50)
(Rovozzo and Burke, 1973). The cell would be incubated for
seven days at 27 �C. An end point of 50% (TCID 50) would
be calculated using Spearman Karber method (Karber, 1931)
or by the method of Reed and Muench (1938). Stock virus
suspension would be prepared by propagation of the viral
strain in susceptible fish cell line using Leibovitz L15 me-
dium supplemented with 10% FCS for cell growth and
maintenance. Following complete development of CPE, cell
culture fluids would be harvested and cell debris would be
removed by centrifugation at 1000 g for 10 min.

For virus replication, fish cell line would be seeded in
96 well plates. Ten-fold serial dilution of the virus would be
inoculated in six wells of each line. The plates would be
incubated for seven days at 27 �C, and the viral titer on
each cell line would be computed (Frerichs et al., 1989;
Lilley and Frerichs, 1994).

8.7.1.5 Virus Purification for the Analysis
of Their Structural Polypeptide

For virus purification for the analysis of their structural
polypeptide, 100 mL of the virus culture lysate would be
clarified by the centrifugation of the cell debris for 20 min
at 20,000 g, and the supernatant centrifuged in aliquots for
20 min at 21,000 g on to 0.3 mL 50% sucrose TNE pads
(TNE: 20 mM Tris, 1 mM EDTA, 100 mM NaCl, pH 7.5).
Virus bands would be collected, pooled, and centrifuged
again on to a 50% sucrose TNE pad. The resulting virus
bands would be collected, diluted to 6 mL with TNE, and
pipetted on to a discontinuous sucrose gradient of 5 mL
40% sucrose TNE and 5 mL 20% sucrose TNE. After
centrifugation at 90,000 g for 90 min, 1 mL fraction would
be collected, samples of which would be titrated on to
susceptible fish cell lines to confirm the presence of virus.

The refractive index of each fraction would be checked and
the interface between 20% and 40% sucrose layers would
be retained. This would be concentrated by centrifugation
in TNE at 1,00,000 g for 90 min, and the resulting pellet
would be resuspended in 20 mL TNE and stored at �20 �C
(Lilley and Frerichs, 1994).

Virus proteins (Laemmli, 1970) would be denatured by
dilution to approximately 1:4 (v/v) in reducing buffer
(62.5 mM, Tris pH 6.8, 10% glycerol, two SDS, 2-B-
mercaptoethanol, and 0.00125% Bromophenol blue) and
heating to 95 �C for 5 min. Polypeptides would be sepa-
rated by discontinuous polyacrylamide gel electrophoresis
using a 4% stacking gel and 10% resolving gel on a
BRL-mini-V 8-10 system at a constant 200 V for 40 min.
The bands would be visualized using Coomassie brilliant
blue (Lilley and Frerichs, 1994).

For characterization of virus-specific proteins, standard
immune-blotting procedure could be followed (Lilley and
Frerichs, 1994).

8.7.1.6 Extraction of Viral Nucleic Acids

Viral nucleic acids would be extracted from purified viruses
and the nucleic acid analysis would be carried out using
standard protocols depending on the nature of the virus
genome (Feldman and Wang, 1961). Depending on the
presumptive identification the viruses, selected and re-
ported primers pertaining to specific viruses or random
primers would be used for amplification of portions of viral
genome and would be sequenced and sequence analysis
would be carried out (Sambrook et al., 1989).

8.7.1.7 Antibody-Based Antigen-Detection
Methods

Polyclonal antibodies against A. invadans or Aphanomyces
saprophyte had been reported to show cross-reactivity using
protein gel electrophoresis and Western blot analysis and
immunohistochemistry. However, specific monoclonal ant-
ibody (MAb) against A. invadans, developed later, was
found to have high specificity and high sensitivity to the
Aphanomyces pathogens of the EUS using immunofluo-
rescence. This MAb could detect the Aphanomyces hyphae
at the early stage of the EUS infection.

8.7.1.8 Test for the Cross-Neutralizing
Activity of the Antisera

The alpha procedure (Rovozzo and Burke, 1973) would
be used to test the cross-neutralizing activity of the anti-
sera against the virus(es). Antiserum would be prepared
appropriately in HBSS after preliminary assay against
homologous virus would be added to four replicated rows
of serial virus dilution in 96-well plate and the reaction
mixture held at room temperature for 1 h. The mixture
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would be assayed for infectivity by adding susceptible
cell suspension to each well and incubating at 25 �C until
a full CPE had developed. Log 10 neutralization indices
would be determined according to Rovozzo and Burke
(1973).

8.7.1.9 Serological Methods

Serological methods for detection and identification of
A. invadans in EUS specimens are said to be not practical.
If necessary, the MAb is said to offer a better specificity
and sensitivity than polyclonal antibody for serological
detection or identification of A. invadans in diseased
specimens or in pathogen isolates.

8.7.1.10 Tests Recommended for Targeted
Surveillance to Declare Freedom from
Epizootic Ulcerative Syndrome

The test for targeted surveillance to declare freedom from
EUS is examination of gross signs. Targeted surveillance is
conducted twice a year to cover the range of seasonal
variation, preferably at least once during the season that
favors EUS occurrence or when water temperatures are
about 18e22 �C or below 25 �C. Biosecurity measures are
to be implemented in order to maintain disease-free status
in controlled aquaculture facilities or compartments.

Using the gross sign for targeted surveillance, a large
number of the fish are to be examined without killing them.
Fish on farms or in natural water bodies are to be sampled
carefully using suitable gears or nets. The suitable number
of fish specimens to be examined, could be based on details
described in the OIE Guide for Aquatic Animal Health
Surveillance (2009).

Once fish show similar gross signs of EUS, they should
be categorized as suspect EUS fish, and the location/farm/
zone could be considered suspect. Suspect specimens are to
be further tested through presumptive diagnosis followed
by confirmative diagnosis.

8.7.2 Molecular Techniques

8.7.2.1 Polymerase Chain Reaction
Amplification of the DNA of A. invadans

DNA Preparation from A. invadans Isolate

DNA is extracted from an actively growing colony of
A. invadans culture in GY broth at about four days or when
young mycelia reach 0.5e1.0 cm in diameter. The mycelia
are transferred to sterile 100-mm Petri dishes, washed twice
with PBS, and then placed on tissue paper for liquid
removal. Hyphal tips (c 50e250 mg) are excised with a
sterile scalpel blade and transferred to a 1.5-mL micro-
centrifuge tube for DNA extraction. Commercial DNA
extraction kits could be used successfully.

DNA Preparation from EUS-Infected Tissue

Small pieces of EUS-infected tissue, 25e50 mg, are suit-
able for DNA extractions.

Diagnostic PCR Technique

Two techniques are said to be more specific to A. invadans
than the previous one.

Method 1: The species-specific forward primer site is
located near the 30 end of the SSU (small subunit) gene and
a species-specific reverse primer site is located in the ITS1
region for Ainvad-2F (50-TCA-TTG-TGA-GTG-AAA-CGG-
TG-30) and Ainvad-ITSR1 (50-GGC-TAA-GGT-TTC-
AGT-ATG-TAG-30). The polymerase chain reaction (PCR)
mixture contained 25 pM of each primer, 2.5 mM each
deoxynucleoside triphosphate, 0.5 U of Platinum Taq DNA
polymerase and 20 ng of genomic DNA (either from an
Aphanomyces isolate or from infected tissue) for a total vol-
ume of 50 mL. DNA is amplified in a thermocycler machine
under the following cycle conditions: 2 min at 95 �C; 35
cycles, each consisting of 30 s at 95 �C, 45 s at 56 �C, 2.5 min
at 72 �C, and a final extension of 5 min at 72 �C. The PCR
product is analyzed by agarose gel electrophoresis and the
target product may be 234 bp.

Method 2: The species-specific primer sites are located
in the ITS1 and ITS2 regions. The forward primer is
ITS11 (50-GCC-GAA-GTT-TCG-CAA-GAA-AC-30) and
the reverse primer is ITS23 (50-CGT-ATA-GAC-ACA-
AGC-ACA-CCA-30). The PCR mixture contains 0.5 mM
of each primer, 0.2 mM each deoxynucleoside triphos-
phate, 1.5 mM MgCl2, 0.6 U of Taq DNA polymerase and
20 ng of genomic DNA (from an Aphanomyces isolate) for
a total volume of 25 mL. The DNA is amplified under the
following cycle conditions: 5 min at 94 �C; 25 cycles,
each consisting of 30 s at 94 �C, 30 s at 65 �C, 1 min at
72 �C, and a final extension of 5 min at 72 �C. The PCR
product is analyzed by agarose gel electrophoresis and the
target product could be 550 bp. PCR amplification using
the DNA template from the infected tissue is often similar
to the above protocol except that 5 ng of the DNA tem-
plate is used for 35 cycles.

Method 3: The species-specific primer sites are located
in the ITS1 and ITS2 regions. The forward primer is
BO73 (50-CTT-GTG-CTG-AGC-TCA-CAC-TC-30) and
the reverse primer is BO639 (50-ACA-CCA-GAT-TAC-
ACT-ATC-TC-30). The PCR mixture contains 0.6 mM of
each primer, 0.2 mM of each deoxynucleoside triphos-
phate, 1.5 mM MgCl2, 0.625 units of Taq DNA polymer-
ase, and c 5 ng of genomic DNA (or 2.5 ml of DNA
template extracted from 25 mg of infected tissue and sus-
pended in 100 mL buffer) in a 50-mL reaction volume. The
DNA is amplified under the following cycle conditions:
96 �C for 5 min; 35 cycles of 1 min at 96 �C, 1 min at
58 �C and 1 min at 72 �C; followed by a final extension at
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72 �C for 5 min. The PCR product is analyzed by agarose
gel electrophoresis and the target product could be 564 bp.

All A. invadans isolates found so far belong to a single
genotype. This is said to facilitate the identification process.
Alternatively, sequencing of the PCR products could be per-
formed and the results could be compared with the sequence
deposited in the public gene data banks. A. invadans is said to
have similar characteristics asA. astaci,which is the etiological
agent of crayfish plague. Both pathogenic oomycetes could be
differentiated using molecular tools (8, 17, 28, and 32).

MaintainingA. invadans in the axenic culture is necessary.
As it is characteristically slow growing, it easily becomes
contaminatedwith othermicroorganisms, such as bacteria and
other fast-growingoomycetes and fungi.Attempts to purify or
isolate A. invadans from contaminated cultures usually fail.

Isolation of Head Kidney Leukocytes Head kidney leu-
kocytes could be isolated following the method described by
Kamilya et al. (2008) with some modification. Following
blood collection and euthanasia, the head kidney may be
removed aseptically from experimentally infected and
apparently healthy catla. A cell suspension could be obtained
by teasing the head kidney tissues with forceps in complete
RPMI-1640 medium containing penicillin (100 IU/mL),
streptomycin (100 mg/mL), and 10%FCS (Hiemedia, India).
The cell suspension bewashed by centrifugation for 10 min at
1000 rpm. The pellet is resuspended in RPMI-1640 medium,
carefully layered on top of the leukocyte isolation medium,
HiSep (Hiemedia, India), and centrifuged at 1500 rpm for
30 min. Cells at the medium-HiSep interface are transferred
to clean tubes and washed twice by centrifugation at
1000 rpm for 10 min. Purified leukocytes are counted using a
hemocytometer and their number adjusted to 1 � 106 cells/
mL in RPMI-1640 medium. Cell viability is determined by
the trypan blue exclusion test.

8.7.3 Nitric Oxide Assay

Production of nitric oxide could be assessed by measuring
absorbance of nitrite from the supernatant using the Griess
reaction (Green et al., 1982). Head kidney leukocytes
(1 � 106/mL) be cultured in complete RPMI-1640 medium
in 96-well microtiter plates for 24e72 h at 25 �C in a hu-
midified 5% CO2 incubator. After incubation, the plate is
centrifuged and 100-mL supernatant is removed from each
well. Next, 100 mL of 1% sulfanilamide in 2.5% phos-
phoric acid is added to each sample followed by 100 mL
0.1% N-naphthyl-ethylenediamine in 2.5% phosphoric
acid, and absorbance was measured at 540 nm.

8.7.4 Superoxide Anion Production

Production of superoxide anion (O2�) by head kidney
leukocytes could be evaluated following the method of

Kamilya et al. (2008). Leukocytes (1 � 106 cells/mL) are
seeded into the wells of a 96-well microtiter plate. Nitro-
blue tetrazolium (NBT) is dissolved in RPMI-1640 medium
to a final concentration of 2 mg/mL. Medium containing
NBT be filter-sterilized and 50 mL NBT be added to the
leukocyte culture. After incubating the plate for 25 min at
room temperature, the supernatant is removed from each
well and the cells are fixed by adding 200 mL 70% meth-
anol for 1 min. Unreduced NBT is removed by washing
cells several times with 70% methanol. Reduced NBT is
dissolved by adding 120 mL 2 M KOH to each well, fol-
lowed by 140 mL dimethyl sulfoxide (DMSO). Optical
density is measured at 595 nm.

8.7.5 Leukocyte Proliferation Assay

The proliferative response of the head kidney leukocytes
be determined by the MTT [3-(4,5-dimethyl thiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] colorimetric assay
method (Mosmann, 1983) with modifications. Head kidney
leukocytes (1 � 106 cells/mL) are distributed into the
wells of a 96-well microtiter plate. The mitogen conca-
navalin A, at concentrations of 50 mg/mL, is added to each
well. The plate is incubated for 72 h at 25 �C. After incu-
bation, 20 mL MTT solution (dissolved in PBS at a
concentration of 5 mg MTT/mL and sterilized by
filtration) is added to the wells and the plate is incubated
at 25 �C for 4 h. After centrifugation of the plate, the
media is removed and 200 ml DMSO is added to each
well and mixed for 2 min. The microplate is read on a
microreader at 595 nm.

8.7.6 Lysozyme Activity

The serum lysozyme activity is determined following a
turbidimetric method (Ellis, 1990), modified to a microtiter
plate assay. Next, 25 mL of each serum sample is added to a
175 mL suspension of the lysozyme sensitive gram-positive
bacterium Micrococcus lysodeikticus (0.2 mg/mL in
0.05 M sodium phosphate buffer, pH 6.2). The reaction is
carried out with constant shaking, and absorbance was
recorded at 450 nm after 1 and 5 min. One unit of lysozyme
activity is defined as the amount of sample causing a
reduction in absorbance of 0.001/min.

8.8 ELECTRON MICROSCOPIC STUDY

For study using electron microscopy (EM), the virus would
be propagated on cell monolayers at 25 �C for 24 h. The
culture medium would be decanted and replaced with
fixative containing 1.3% paraformaldehyde and 1.6%
glutaraldehyde (Karmovsky, 1965). The cells would be
centrifuged at 2000 g for 10 min and the pellets stored in a
new fixative at 4 �C for 1 h. The fixative would then be
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replaced by a 0.1 M cacodylate buffer and rinsed for a
further period of 4 h before secondary fixation with 0.5%
osmium tetroxide in cacodylate buffer. The pellet would
then be dehydrated through a graded acetone series,
impregnated with epoxy resin and polymerized in an oven
at 60 �C for 48 h before sectioning at 70 nm and exami-
nation using a Philips EM 30 or any other standard EM
(Lilley and Frerichs, 1994).

8.9 FISH SAMPLING FOR
PARASITOLOGICAL WORKS

8.9.1 Examination of the Skin

1. First, stun the fish with a sharp blow on the head.
2. Then, take scrapings for microscopic examination using

a scalpel and scrape from front to back of the fish or
around the fins.

3. Place the scrapings on a clean glass slide with a drop of
water and cover the slide with a cover slip.

4. Examination of the gills: After the gross examination
of the gills, clip a small portion of gill lamellae with
a pair of sharp scissors and to place on a glass slide.
Add a drop of water and cover with a cover slip.
Examine under the low power of a microscope with
high contrast.

5. Examination of other organs: Any other organs sus-
pected of having parasitic infection may go for squash
preparations made from small subsamples of tissue
and be examined similarly using light microscopy.

6. Record and draw findings.

Biochemical parameters. Biochemical parameters were
measured using a biochemical test kit (Crest Biosystems,
India) as per the manufacturer’s instructions and included
SGPT activity, SGOT activity, serum ALP activity, and
total plasma protein for all experimentally infected and
apparently healthy catla.

8.9.1.1 Statistical Analyses

Data are statistically analyzed using SPSS-15.0 or any other
latest version for Windows software (SPSS Inc., Chicago,
IL, USA). Results are presented as mean � standard
deviation. Mean values be compared by one-way analysis
of variance.

Fish and husbandry. Apparently healthy catla (mean
weight 70 g) were collected from a local fish farm. After
collection, they were immediately brought to the labora-
tory and acclimatized in 1000-L indoor circular tanks
supplied with dechlorinated and aerated tap water at
ambient temperature (23e26 �C). The fish were fed twice
daily (rice bran and mustard oil cake in a ratio of 1:1).
Water was maintained at optimum levels for the fish
species throughout the experiment: DO 6.88 � 0.56 mg/L,

pH 7.14 � 0.77, ammonia 0.029 � 0.011 mg/L, nitrite
0.016 � 0.01 mg/L. Water was periodically exchanged to
remove waste feed and fecal material.

Sampling techniques: The infected fishes were identi-
fied by the symptoms of fishes such as loss of normal glaze;
spot having hemorrhagic lesions on the body, excess mucus
secretions, discoloration of gill filament and damage of gill.
For the isolation of fungus fishes were carried to the
laboratory immediately after collection.

Serological comparison of BSNV and IPNV was per-
formed by reciprocal b cross-neutralization of BSNV and
four classical strains of IPNV (WB, Sp, Ab, and TV-1) by
the method of Okamoto et al. (1983) with minor modifi-
cations. Antisera against two of the IPNV reference strains
WB and TV-1 were provided by P. F. Dixon (CEFAS,
Weymouth, UK). Antisera were serially five-fold diluted in
microtiter plates (40 ml per well) and mixed with C 100
TCID&! (40 mL) virus. The viruseantiserum suspension
was incubated at room temperature (24 �C) for 60 min with
frequent mixing on a plate shaker (Titertek, Flow Labs).
BF-2 single-cell suspension (100 mL) was added to each
well and the plates were incubated at the temperatures
given above and observed for 10e14 days for the devel-
opment of CPE. Neutralizing antibody titer of antiserum
was expressed as the highest antiserum dilution protecting
50% of the inoculated cultures, as calculated by the
SpearmaneKarber method (Karber, 1931). Serological re-
lationships (r) between the IPNV strains and BSNV,
calculated from the formula r ¼ O(r1 � r2), where r1 and
r2 are the titer ratios (Archetti and Horsfall, 1950).

The biophysical and biochemical characteristics,
including virus morphology, buoyant density, presence of a
bisegmented double-stranded RNA genome, heat and pH
stability, and nature of capsid structural polypeptides indi-
cate that the virus belongs to the genus Aquabirnavirus in the
family Birnaviridae (Dobos et al., 1995). Two of the pro-
teins, VP2 (45e60 kDa) and VP3 (29e35 kDa), together
make up 80%e90% of the total protein content of the bir-
naviruses (Dobos et al., 1979; Dobos, 1996). Corresponding
polypeptides (44 and 37 kDa) also formed themost abundant
viral proteins of BSNV. The high molecular mass protein
(112 kDa) found in BSNV is similar to the 101 kDa poly-
protein of IPNV encoded by genome segment A (Duncan
and Dobos, 1986). The polyprotein, not previously reported
to occur in purified virus preparations, has since been found
in purfied preparations of IPNV (Magyar and Dobos, 1994).
Although the BSNV structural proteins correspond favor-
ably with those of IPNV, the individual molecular masses of
the proteins and migration pattern are considerably deterrent
from the structural polypeptides of IPNV. The difference in
the protein pattern was unambiguously evident, as the low
molecular mass protein of BSNV was 37 kDa compared
with IPNV, which has two structural proteins of molecular
mass falling below 32 kDa. The molecular masses of BSNV
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genomic RNA segments (2 � 56:100 and 2 � 0:100 Da)
were also found to be widely different from those of the
IPNV RNA segments, which have molecular masses of
2 � 5:100 and 2 � 3:100 Da (Dobos et al., 1977). When
compared with the reported molecular masses of the
genomic segments of birnaviruses (Dobos et al., 1991),
BSNV has the largest size difference’s yet reported between
the two genomic segments.

The type species of the genus Aquabirnavirus, IPNV,
currently has 10 serotypes identified in two serogroups, A
and B, which show some kind of cross-reactivity within
each serogroup but not between the two serogroups (Hill
and Way, 1996). The present study, involving three clas-
sical serotypes of serogroup A and the sole serotype of
serogroup B, revealed that BSNV did not have any cross-
reaction with strains of either serogroup. SGV, isolated
from an ulcerated sand goby in Thailand, is another tropical
birnavirus reported to be significantly different from the
classical IPNV strains.

This isolate, however, which showed some degree of
cross-reaction with IPNV Ab and Sp, has later been recog-
nized as a mixture of IPNVAb and Sp (Hill andWay, 1996).
Apart from serological distinctness, the differences in the
molecular masses and migration patterns of capsid proteins
and viral RNAs also distinguish BSNV from other reported
Aquabirnavirus strains. Phenotypically, the virus was
different from all the IPNV strains, as it was unable to
multiply in CHSE-214, RTG-2, EPC, or FHM cell lines
(Macdonald and Gower, 1981). Although BSNV was iden-
tified as belonging to the genus Aquabirnavirus, biochem-
ical, biological, and serological characteristics demarcated it
from reported strains of the type species of the genus, IPNV.
Since the virus cannot be compared with any of the existing
IPNV strains and also since the virus was serologically
distinct from the two reported serogroups of IPNV, BSNV
could be classified currently as third serogroup of IPNV
(serogroup C) in the genus Aquabirnavirus. Further studies
would be required, however, to clearly identify whether the
virus really forms a new serogroup or a new species alto-
gether under the genus Aquabirnavirus. The name blotched
snakehead virus is therefore proposed for this agent.

8.9.1.2 Viruses Observed in Electron
Microscopy

The presence of virus particles in the tissues of
EUS-infected fishes was said to have been first demon-
strated by EM. The initial observations of viral association
with EUS were noted by transmission electron microscopic
studies of the tissues of diseased Channa striatus and
Clarias batrachus specimens obtained from the epizootic in
Thailand during 1983 and 84. The presence of viruslike
particles had been reported in hepatocytes, spleen, kidney
and blood cells, capillary endothelium, and muscle

myofibrils taken from the site of ulceration in diseased
specimens. These particles observed in the cytoplasm were
of c 70 nm diameter. However, they could not be precisely
identified, as they were pleomorphic with shapes varying
from round, oval, elongate, and kidney-shaped. Further,
particles of rhabdovirus-like morphology were noticed in
skin lesions of infected barramundi (Lates calcarifer). The
presence of rhabdovirus and infectious pancreatic necrosis
viruslike particles in cell cultures inoculated with tissue
extracts from EUS-infected snakeheads was noted by
Wattanavijarn et al. Rhabdoviruses were also observed in
cell cultures inoculated with tissue extracts from a variety
of infected fishes including those of a barramundi that had
depicted extensive CPE.
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Chapter 9

Epizootic Ulcerative Syndrome Works
in Relation to Different Aspects

9.1 HUMAN-INDUCED FACTORS

Humans have been living in and with nature since time
immemorial. It has been said that humankind was with
nature at the dawn of civilization without much engi-
neering being done. At the noon of civilization, humans
started to engineer with nature. This is said to have
resulted in different kinds of biotic and abiotic alterations,
some friendly and some inimical. Ultimately, human-made
alterations are believed to have culminated in often-
perilous consequences, possibly at the zenith of civiliza-
tion. Today, many unfriendly, unwanted, and often
harmful results of human-induced factors and direct and
indirect human interventions seem to be evident before us.
One such outcome could be the outbreak, in epidemic
dimension, of a hitherto unknown virulent and enigmatic
fish disease variously called epizootic ulcerative syndrome
or EUS.

Possibly due to impact on the environment caused by
various human activities, for about the last three decades
EUS has been seriously damaging a large number of
commercially important culturable fish species during the
cold season in a large number of water bodies covering a
big part of the world in general, and Asia in particular.
EUS seems to appear from the end of autumn to early
spring and affects large number of fishes in ponds and in
other lentic water bodies. EUS is considered, by some
quarters, to be an infection due to fungal genera Apha-
nomyces and Alternaria (said to be in Pakistan), which are
characterized histologically by penetrating hyphae sur-
rounded by granulomatous inflammation. EUS is consid-
ered as the same disease as MG and RSD (Blazer et al.,
1999). It is believed that <10 zoospores of this fungus, on
average, are enough to kill a fish. Further, even infection
by just a single zoospore may result in ulcerative lesions
that could lead to mortality (Mohan and Shankar, 1995;
Lilley et al., 1998; Thompson et al., 1999; Johnson et al.,
2004). Fishes infected with Aphanomyces are believed to
develop ulcerative lesions, which ultimately lead to
extensive tissue necrosis (Blazer et al., 1999).

The syndrome had been reported to be broad-based and
expanding, occurring in a number of culturable species in
South east (SE) and South Asia (Roberts et al., 1993),

Japan (Egusa and Masuda, 1971; Hatai et al., 1977; Wada
et al., 1996), and Australia (Fraser et al., 1992; Lilley and
Roberts, 1997). The large-scale outbreak of EUS could be
due to continued human impact on the environment
through various kinds of activities. This most destructive
disease, occurring in both fresh and brackish-water farmed
and wild fishes, had been causing major fish losses in many
countries since >3 decades (Baldock et al., 2005). Similar
EUS was reported on the bodies of carps (Catla catla,
Cirrhinus mrigala, Hypophthalmichthys molitrix, and
possibly Ctenopharyngodon idella) and snakeheads
(Channa marulius) in public waters of Sindh, Pakistan,
during cold season under low salinity ranges. EUS disease
in fishes was reported from waters having low temperature
and salinity, and also probably had low light intensity. The
spores of Aphanomyces and Alternaria were said to have
developed abundantly in waters due to use of unhygienic
organic dung and rotten feed and; perhaps, due to this,
the fishes had been affected severely. The Alternaria
species are commonly found in decayed and decomposed
materials. The spores are airborne, but may also be found
in the soil and water. Possibly, under the influence of
human activities, there had reportedly been human health
disorders, caused by Alternaria, which may grow on skin
and mucous membranes, including on the eyeballs and
within the respiratory tract. Almost similar situations had
been reported in the carps, in which there was damage to
the skin, gills, and eyeballs. Infections caused by motile
spores of fungi in the closed water bodies enter the skin of
fish and then germinate, forming fungal filaments or
hyphae. A variety of saprophytic Aphanomyces, Achlya,
and Saprolegnia species had been isolated from the
surface of EUS-affected fish or from infected waters, and
possibly also other oomycete fungi had been isolated
from other diseases of aquatic animals (Lilley, 1997).
Disease was reported in active form during cold seasons
under low temperature during winter to early spring and
affecting large numbers of fishes in ponds and stagnant
public waters. Disease had also been reported in estuarine
fishes like mullets (Mckenzie and Hall, 1976). In fact,
epizootic condition in FW fishes is a complex infectious
etiology characterized by the presence of invasive Apha-
nomyces infection and necrotizing ulcerative lesions
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typically leading to a granulomatous response (Roberts
et al., 1993).

9.2 SOME PERTINENT INFORMATION
ABOUT EPIZOOTIC ULCERATIVE
SYNDROME

EUS, being an outcome of complex interactions among
different parameters, a host of information have been
generated through long-standing works in the field.

9.2.1 Similar Reported Diseases

Pathological and epizootiological evidence had indicated
that the condition, called red spot disease (RSD) in
Australia, is indistinguishable from EUS. Similarly, avail-
able evidence further suggests that the condition, known as
mycotic granulomatosis in Japan, is also indistinguishable
from EUS. RSD and MG might have originated due to
human-induced factors as well, and need further study to
trace the root cause of their origin.

9.2.2 Expansion of Range

EUS is endemic in many countries, and could be due to
human impacts. It had been extending its geographic range
even into subtropical, subtemperate, and temperate cli-
mates. Experimental evidence had indicated that the
Aphanornyces involved is capable of causing disease in
temperate species, as well.

9.2.3 Relation to Consumption by Humans

All available evidence seemed to suggest that consumption
of EUS-infected fish poses no proven specific health
problems to man provided that they are properly prepared
in sanitary conditions.

9.2.4 Virus-Related Information

Earlier studies had shown the presence of a wide range of
viral agents in fishes affected by EUS. It had thus been
recommended that further extended work be undertaken to
determine more accurately the incidence and distribution of
tropical fish viruses throughout the region.

9.2.5 Epidemiological Information

Further studies are likely to produce large volumes of
complex data related to EUS outbreaks in fish populations,
and relationship and impacts of human-induced influences,
if any. It had been suggested that epidemiological expertise

be developed within the region to enable these data to be
effectively utilized.

9.2.6 Possible Relation with Environment

It is believed that there is evidence to portray relation
between the initiation of EUS and environmental factors.
Human-induced impacts may have a role in the root cause
of its origin, which, of course needs further confirmation.
It is usually suggested that further studies on environ-
mental conditions, including physical, chemical, and bio-
logical factors in addition to human-induced impacts, are
essential for a clear understanding of the role of environ-
ment in the outbreak of EUS. There is often concern over
the limited understanding of the relationship between fish
health and environmental conditions, in general.

9.2.7 Specific Identification of the Fungus

The exact identification of the fungus is essential, may be
also by molecular process. The isolates be fully character-
ized and their relationship made evident. Although much
works have been done in this regard, further works may
bring to light newer information.

9.2.8 Aspects of Diagnosis

Diagnosis is usually based on a number of clinical and
pathological features of the disease. However, it is impor-
tant that a rapid, specific, accurate, and low-cost diagnostic
test be developed.

9.2.9 Development of Resistance

Evidence from some countries seemed to suggest that
there is an element of resistance that might develop in a
fish, after an initial outbreak of EUS. This resistance may
be ecological, genetic, or associated with some kind of
acquired immunity. It is important that the mechanism for
this be investigated.

9.2.10 Mode of Transmission

Evidence seems to suggest that the spread of EUS disease
in the Asian countries could be largely via rivers and other
natural waterways. There is further to be said about
evidence available of distinct transmission of EUS over
marine barriers. It is important that an understanding be
gained regarding the mechanism of transmission between
the water bodies. It is further essential that attention be
given to the development of quarantine measures to
prevent the transfer of these via live fish transportation or
via transportation of infected materials.
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9.2.11 Socioeconomic Impact of EUS

The outbreak of EUS in India, as in other countries, had
also left people (fish consumers) panic-stricken. Concomi-
tantly, the fishers had been incurring colossal economic
losses. This led to socioeconomic difficulties. In this regard
also, humankind could ascertain the role of its own impacts,
if any, in the outbreak of this virulent disease, in order to
find corrective measures.

9.2.12 Social Effect

Investigations carried out in different places had revealed
that c 73% aquaculture operation units were adversely
affected by EUS. The outbreak of the disease resulted in a
dwindling of the fish consumption rate by c 28.7%,
23.3%, and 20.5% in urban, suburban, and rural sectors,
respectively, on an average estimation. Consequently, the
fish trade was also affected seriously. Owing to consumer
resistance, the traders did not accept such fish for selling.
Moreover, in rural markets, diseased fishes were sold at a
very low price. Role of human impacts could also be
thought of, in this regard.

9.2.13 Organization of the Small-Scale
Livestock and Fisheries Sector

Small-scale farmers are significant components and players
in the agricultural and aquacultural sectors. The target of a
service provider, say an organization, is the “individual
farmer,” particularly a small-scale farmer in a farming
system who may not always be competent enough to
handle and tackle all kinds of situations such as floods,
droughts, etc. On the other hand, apex bodies such as the
government operate on a collective basis like a group of
“farmers” rather than “individuals.” In fact, the organiza-
tion of the small-scale livestock sector usually operates in a
hierarchical manner beginning with small-scale farmers
followed by villages, provinces, and countries. Their issues
are also to be dealt with significantly.

Concomitant to the above, c 42.19% of the aquacul-
turists are said to have suffered c 31%e40% loss of fish in
their culture ponds. Further, a section of farmers had to
look for alternative jobs. In addition, c 88.9% of fish traders
had also suffered losses to some extent during the affected
period.

Another study, undertaken in five districts of Kerala
specifically, revealed that the spread of EUS had
completely paralyzed the inland fish market and threw the
fishers out of their occupation. The women fish vendors in
particular were subjected to tremendous hardship. They had
to seek alternative employment as agricultural laborers,
headload and quarry workers, etc., but without much
success.

9.3 INFORMATION PERTAINING TO
PHYSICAL AND CHEMICAL
CHARACTERISTICS

The physicochemical characteristics of the aquatic regime
are significant parameters that exert a tremendous amount
of influence on the dynamics of interaction among the
various factors.

9.3.1 Minor Elements

Various kinds of studies had revealed that the concentration
of metals and other potentially toxic minor elements in
water samples had usually been low and also had been
within permissible guidelines, although there had been
occasional peaks above toxic thresholds. But such peaks
could not be correlated with specific disease occurrences.
Copper, zinc, and mercury had reportedly been found at
high residual levels in comparison with “permissible”
values in some areas, specifically India (Phillips and
Keddie, 1990; Lilley et al., 1992).

Concomitant to the above, Macinthosh and Phillips
(1986) had recorded consistently high concentrations of Al
and Fe in water samples from affected areas. The former
(Al) might have been released from the soils after heavy
rains (specifically if such rains had followed a dry spell),
resulting in damage to the epidermis and gills of the fish. It
may be mentioned here that Al is generally considered to be
toxic to fish at a pH range of 5.0e6.0. It is also believed to
be a significant toxin in even mildly acidic freshwater
(Exley and Phillips, 1988). However, its activity in the
outbreak of EUS, if any, is perhaps yet to be fully explored.

9.3.2 Soil Status

It had been believed that no specific characteristics of soil
fertility or organic content appear to be related to the
outbreak of EUS (Macintosh and Phillips, 1986; Kar,
2007). Nevertheless, the soil condition of a number of
affected sites had been reported to be slightly acidic in
nature with low calcium content. Such soils could account
for the poorly buffered acidic water and high levels of Al
and Fe in the water samples from the affected sites. It may
be mentioned here that the outbreak of RSD in Australia
was believed to have been associated with acid sulfate soils.
It may be opined here that high levels of Al and Fe are
usually flushed out of acidic soils when rainfall follows a
period of drying. Such conditions are sometimes reported to
precede EUS outbreaks.

9.3.3 Basic Physicochemical
Characteristics of Water

Rodgers and Burke (1981) had reported the rapid seasonal
decrease of salinity and temperature as significant factors,
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which are supposed to play some role in predisposing fish
to attack by RSD in Australia. Conversely, Callinan had
opined that these factors could also prevail following
periods of heavy rainfall, when acidic compounds are
washed out of the surrounding soil. The resulting low pH
was believed to trigger the outbreak of RSD.

Concomitant to the above, seasonal variable factors
had also been implicated in the outbreaks of EUS.
Various reports had portrayed that EUS usually occurs
during periods of decreasing or fluctuating temperatures.
The EUS-affected sites in Bangladesh, China, India, Lao
PDR, etc., had been monitored during 1988 and 1989
(Lilley et al., 1992). It had been found that outbreaks had
occurred during such months when the average daily
temperature was less than the average annual daily
temperature (Phillips and Keddie, 1990). Nevertheless,
outbreaks of EUS had also been recorded in different
places during the warmer months (Phillips and Keddie,
1990; Kar, 2007, 2013), thereby suggesting no clear
relationship between temperature and outbreak of EUS.
Nevertheless, fluctuations in diurnal temperature to the
tune of 10 �C had been recorded during the outbreaks in
both Bangladesh and the Philippines (Phillips and Keddie,
1990). Such fluctuations had been believed to be of
greater magnitude in shallow paddy field environments.
As such, they are perhaps enough to stress the resident
fish population. The dynamics of the relationship between
temperature and initiation of EUS, if any, is to be studied
further.

Notwithstanding the above, low alkalinity, hardness,
chloride concentration, and fluctuating pH had also been
opined to be related to the outbreaks of EUS. This is
believed to be important, because waters with low alka-
linity (TA) are often considered vulnerable to fluctuations
in water quality. Such waters may also respond poorly to
fertilization and may result in increased toxicity of metals
and certain pollutants to fish. Further, low concentration of
chloride could also make fish less tolerant to environmental
toxins. In addition, the epidermis of the skin and the gills
are believed to be damaged due to acidic water. This could
lead to decreased resistance in fish to infection. Moreover,
the significance of TA and chloride had been further
emphasized by reports from various countries. There had
been reports of treatments of EUS infection through the
application of lime and NaCl.

Notwithstanding the above, some of the EUS-affected
sites had revealed values of physicochemical characteris-
tics of water, particularly DO and FCO2, much different
from the optimum range. Such values had been considered
to be potentially harmful to nonair-breathing fishes, and
this could have certainly resulted in “stress” to the fishes
(Phillips and Keddie, 1990). However, no definite corre-
lation could be ascertained between the suboptimal levels

of these parameters and the outbreak of EUS, because such
irregular values tended to persist for a big part of the year.

Concomitant to the above, there had possibly been
no record of very high values of NH3 and NO2

� (nitrite) in
the water before the outbreak of EUS. This might have
indicated that toxicity of these substances was unlikely to
be a significant factor in the initiation of EUS (FAO, 1986).
Further, suboptimal levels of nitrogen and phosphorus
compounds seemed to have indicated that the outbreak of
EUS might not have been associated with heavily fertilized
or organically loaded waters.

9.3.4 The Water Supply

Water is the habitat for the fishes. Fish farms that receive
water supply from the irrigation canals or paddy fields
generally have a potential risk of getting infection, which
may lead to outbreak of EUS. As such, it could be better, if
the ponds in the fish farms could be filled with tube well
water. If this is not possible, then, the pond water may not
be changed during an outbreak of EUS. Also, the
embankments of the ponds may preferably be raised in
order to prevent the entry of floodwater. On the other hand,
if it is at all essential to use surface water, this water may be
filtered to remove the wild fishes, if any. Further, the
organic contaminants and the pathogens in the water may
also be removed through filtration (e.g., sand filter, charcoal
bed, etc.). Also, the general water quality may be improved
through stocking of herbivorous fishes and shellfishes, and
the planting of grasses in the source water body before it
enters the culture facility.

9.3.5 Season and Climate

It had been opined by various quarters at different times
that limnological parameters such as low temperature,
alkalinity, and hardness appear to correlate best with the
initiation and outbreak of EUS. However, such situations
generally follow the period of intense rainfall at the
beginning of the dry season. As reported (Lilley et al.,
1992), c 72% of the outbreaks occurred during the dry
season and normally stopped with the onset of the next
rainy season (Phillips and Keddie, 1990). However, there
seems to be tremendous amount of variations in the pattern
of rainfall in SE Asia. It may be mentioned here that a big
portion of Thailand generally experiences a dry spell from
September to March, whereas the equatorial regions of SW
Malaysia and Indonesia may get rains during most part of
the year.

In contrast to the above, it had been reported by FAO
(1986) that some incidences of outbreaks of EUS had
occurred in the estuarine fishes of Singapore and Thailand
after phytoplankton blooms. Such blooms are much related
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to climate. Blooms also occur in still bright weather con-
ditions following a period of rainfall. However, there is
possibly a need for more detailed analysis evaluating the
potential significance of rainfall patterns in the outbreaks
and epidemiology of EUS.

9.4 ASPECTS OF HYGIENE

Proper hygiene prevents contaminations. Maintenance of
hygiene is essential for a healthy life. Proper hygiene could
also prevent diseases among the fishes.

9.4.1 Aspects of General Husbandry

Good general husbandry practices are very much essential
for healthy, disease-free management of the water body.
Recurrence of EUS could perhaps be largely prevented
through good general husbandry practices. Menasveta
(1985) had reported that c 50% of the EUS-affected
snakeheads had recovered when they were shifted to
ponds with improved water quality. Further, Das et al.
(1992) observed that poorly fed overstocked fish are more
susceptible to infection by EUS, particularly under poor
sanitary conditions. Almost all the reports had empha-
sized the significance of good fish husbandry practices in
managing the problems of EUS. However, the fish
farmers are to prevent the entry of pathogens into their
water bodies from the affected areas. There is perhaps no
conclusive information about the exact route or path of
EUS transmission. As such, specific care must be taken to
keep healthy ponds away from the contaminated water
bodies, equipment, and affected fishes.

9.4.2 Disinfection

Disinfection is an important aspect of preventing the
recurrence of EUS. A stringent means of eliminating EUS
is to destroy the stock, to sterilize the rearing facilities, and
then, to restart the work with the disease-free fish. This
could be a significant means of eliminating EUS, particu-
larly in small, well-controlled, and manageable environ-
ments like hatcheries. Concomitantly, the EUS-affected
fishes are to be disposed of through incineration or burial
with disinfectants such as slaked lime. Further, the nets,
fishing gears, and other equipment are to be dipped in or
sprayed with disinfectants, such as slaked lime (before they
are moved to other water bodies) to prevent reintroduction
of the disease after sterilization. Hygienic practices involve
the requirement of workers and visitors to wash their
hands and feet with disinfectants such as Densol, Lysol, or
Dettol before entering the fish farm. This is in addition
to the maintenance of general cleanliness while in the
farm. Moreover, the wheels of the vehicles may also be

disinfected, if there is a potential risk of infection from the
adjacent water bodies.

9.4.3 Public Health

EUS has been a hitherto unknown enigmatic virulent
disease among the fresh and brackish-water fishes in the
world and occurring on a semiglobal dimension today. As
such, this epidemic had possibly not been known to the
living memory of humans. Hence, being undefined, its
modus operandi for management, tackling, and dealing
had been shrouded with mysteries, misbeliefs, fears, and
confusion. In view of this, people, not only were averse to
eating fishes during the EUS outbreak period, but also
were reluctant to use the waters obtained from the
EUS-affected water bodies. In fact, there had been reports
of moralities among the cattle, birds, and even human
beings, attributed to the so-called consumption of
EUS-affected fishes. This had been found to be totally
baseless and unfounded (Kar and Dey, 1988). Also,
Rahman et al. (1988) could not induce any disease
symptoms in ducks fed with EUS-affected fishes. More-
over, injection of Aeromonas hydrophila cultures could
not induce any symptoms of EUS.

Concomitant to the above, patients reportedly suffering
from diarrhea in Thailand were believed to have con-
tracted their condition from A. hydrophila appearing
through EUS outbreaks during 1982e83 (Chumkasien,
1983). However, Reinpraryoon et al. (1983) had reported a
fairly high carrier rate of the said bacterium in some rural
areas. As a stringent public health measure, the
EUS-affected dead fishes are not being disposed of near
human habitations. Otherwise, the bacteria or the toxins
present in any dead fish may cause illness in human
beings.

In addition to the above, the use of chemo-
therapeutants, notably antibiotics, should be discouraged
in view of public health hazards. As an example, it may
be cited here that with Chloramphenicol, which is used
for treating typhoid in man, there is apprehension that
the built-up bacterial resistance in treated fish (Poonsuk
et al., 1983) could be transferred to humans. Further, there
may be possibility of severe allergic reactions being
generated among the farm workers who could come in
contact with the drug. Moreover, there could also be the
concern that consumers may be exposed to drug residues
in marketed fish that had been hastily harvested
before the recommended period of withdrawal had been
completed.

In view of the foregoing account, there is need for
legislations to protect the fishes, the fish consumers, and
also the water bodies from indiscriminate use of chemo-
therapeutants, notably the antibiotics.
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9.5 ASPECTS OF FOOD AND
MANAGEMENT

Fish happened to be one of the potential entities of nutrition
and avocation. It becomes a matter of concern when the
fishes in a water body are affected by a disease. The ail-
ments are to be managed judiciously so that the fishes as
well as the people are not much affected in the long run.

9.5.1 The Fish Stock

The fishes to be stocked are to be disease-free and healthy.
It is to be ensured that wild fishes and diseased fishes do not
get an entry into the fish farm on any account. Further, the
hatcheries are to maintain the movement records of the
fishes, including the fry, fingerlings, and adults covering
the species, number of individuals, size range, and the
destination of the consignments, so that the sites at risk
could be traced in the event of outbreak of EUS. Seed
suppliers are encouraged to provide verification certificates
of the disease-free status of the juveniles. Concomitantly,
the fish farmers could insist on the practice of giving fish
juvenile health certificates with each consignment. Further,
a prophylactic treatment of salt or malachite green could be
administered to new stock, and they could be isolated from
the rest of the farm stock for two to three weeks.

Concomitant to the above, high stocking density are
often the major causes of stress to cultured fishes. However,
optimum density also varies with the species of fish. The
water quality could deteriorate, if the stocking density is
very high, and this may stress the fish further. Importantly,
the EUS-affected dead fishes are to be removed immedi-
ately to prevent further contaminations.

Concomitant to the above, the reduction in the severity
of outbreaks during later periods seemed to suggest that
resistance to the disease gradually builds up over succes-
sive generations. Nevertheless, stocking of resistant fish
stock could offer some amount of protection. However,
such a step could be adopted only in such areas, where the
disease might have occurred earlier, and the pathogens
could remain in a latent state. In addition, stocking of
resistant fishes; e.g., Tilapia, during the EUS-outbreak
season, had been encouraged by some quarters.

9.5.2 Nutrition and Feeding

Nutrition is an important parameter of metabolism of the
body. Optimum nutrition maintains a healthy mind in a
healthy body, as the proverb goes. Nutrition is also equally
important in the physiology of a fish life. On the other
hand, mal nutrition could lead to bad consequences.
Malnutrition is said to result in profound changes in the
immune response of a fish (Landolt, 1989). It may be noted
here that suboptimal deficiencies in balanced food could

reduce the ability of the fish to resist occurrence of disease.
In this regard, Menasveta (1985) had opined with anecdotal
evidence that cultured snakeheads fortified with vitamin C
had depicted less chance of being infected by EUS. He also
recommended this procedure to be followed prior to the
onset of cold season.

Concomitant to the above, good quality pelleted feed,
stored in a cool dry area, and fed at an appropriate dose,
could provide with all the basic nutritional requirements of
an intensively farmed fish. This could serve as an alter-
native to feed given as trash fish. In this regard, Hardy
(1990) had argued that the improved nutritional profile and
water quality conditions presented to fish on a fixed pel-
leted diet could result in a higher yield for the farmer
under more intensive farm conditions.

Notwithstanding the above, a drastic decrease in feed
levels could be recommended at the initial sign of infection.
There may not be any other input of organic matter, such as
the application of fertilizers, during an EUS outbreak. It is
because these may lead to additional stress to the farm
stock. In this regard, Goswami et al. (1988) recorded that
grass fed to cultured C. idella had usually been collected
from submerged adjacent areas, and thus these might have
served as potential sources of infection.

9.5.3 Rice Field and Pond Management
Practices

Rice is one of the staple food items of the people of South
and SE Asia. Fish is said to add a delicious taste to the
dish. As such, people cultivate paddy on a large scale.
Concomitantly, they go for fish culture as well, along with
rice paddy through the technology of “paddy-cum-fish
culture,” in order to harvest two kinds of crops at the same
time. The fishes commonly grown in the paddy fields
include mainly murrels, anabantids, clariids, and some of
the minor carps. These fishes generally fall victim of EUS
attack and cause colossal loss to the farmers. It had been a
general observation that the occurrence of EUS in the rice
field ecosystem had been usually coinciding with the later
part of paddy cultivation period. During this time, the
water level is usually low, there could be accumulation of
certain types of fertilizers, and there is usually decom-
position of organic matter, notably aquatic macrophytes,
in the water body. Such a situation could render the
aquatic biotope little uncolonizable by the aquatic biota
including the fishes, which could then become susceptible
and vulnerable to various kinds of pathogens, especially
those causing EUS fish disease. Such a situation is in
vogue in Asia in general, notably in India, Bangladesh,
Myanmar, Thailand, China, Malaysia, Indonesia, the
Philippines, Lao PDR, Kampuchea, Vietnam, and so on
(Phillips and Keddie, 1990; Kar, 2007, 2013).
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Notwithstanding the above, surveys (Phillips and
Keddie, 1990) had revealed that the common types of
fertilizers used in the region were urea, TSP, NPK,
Ammophos, etc. In addition, various types of unspecified
and undefined inorganic fertilizers are also used by the
farmers with the expectation of a bumper harvest. In
addition, the application of certain types of pesticides is
also quite common, notably dieldrin, DDT, Malathion,
endrin, Dipterex, paramine, 2-4-D, Gramoxone, Ker Tex
200, Azodrin, diazinon, Machete, etc. However, no pre-
cise correlation could be revealed between application of
agrochemicals and outbreak of EUS. This had been
known after examination of the cropping patterns and
timing of application of the agrochemicals. Further, the
herbicides had probably accounted for c 75% of the
chemicals used, and moreover, they had been applied at
the time of preparation of the agricultural plot, and had
only been used occasionally for clearing of dykes before
the period of cultivation. No doubt, certain subacute
effects might result from the residual accumulation of
these chemicals, but no direct effects seemed to relate to
the outbreak of EUS.

Concomitant to the above, it had also been a common
experience that the major outbreaks of EUS in the pond
ecosystem had been occurring toward the end of the fish
culture period. Such situations had been reported from
Myanmar, Lao PDR, Vietnam, Indonesia, etc. (Phillips and
Keddie, 1990). Excess of organic loads may have some role
in the initiation of EUS outbreak (Kar et al., 2007). Organic
matter decomposition, to some extent, may result from
fertilizers and manures, notably the poultry manure, cow
dung, pig dung, night soil, etc. Moreover, supplementary
feeding given to the cultured fishes could add further
organic load, if remained unutilized. Such organic loads are
said only to add to the existing “stress” of the fishes. As
such, incidence of EUS outbreaks could be reduced through
adoption of proper hygienic measures, adequate fish hus-
bandry measures; maintenance of good water quality
through proper application of lime, fertilizers, etc., and
above all, healthy pond management.

9.6 CONCLUSIONS

EUS has been a challenge to ichthyologists. Extensive
research and intensive studies could not as yet possibly find
an answer to its effective management and control. As
such, further continuous and comprehensive studies are to
be conducted, if necessary, collaborating with different
expertise, in order to find a definite clue and cure of the
ailment.

Notwithstanding the above, Atlantic menhaden are the
species of estuarine fish most severely affected by ulcera-
tive lesions in the United States, which are characterized by

solitary, typically peri-anal, focal, deep, granulomatous
lesions containing oomycete hyphae, primarily those of
Aphanomyces (Noga et al., 1996).

Human-induced factors may have some role in the
initiation and pathogenesis of a fish disease. But
concomitantly, human beings may in turn be at risk of
being infected and affected by the disease. However,
evidence for human health risks from exposure to Pfies-
teria toxins was largely based on limited cognitive testing.
Further, there had been no reports of health effects on
mammals exposed to estuarine waters or on avian
populations that fed on menhaden from active fish kills
containing diseased fish in Pfiesteria-infested waters. The
etiology of ulcerative mycotic lesions in menhaden and
other fish was said to be unclear, though it is most prob-
ably multifactorial in nature (Lilley et al., 1998). The
association of ulcerative fish lesions with viral, bacterial,
fungal, and other parasitic agents (Noga and Dykstra,
1986; Noga, 1988; Sindermann, 1988; Roberts et al.,
1989; Lilley et al., 1998; Marty et al., 1998) certainly does
not preclude the involvement of biotic or abiotic toxins,
including those from Pfiesteria-like dinoflagellates. These
toxins could predispose fish to epithelial lesion-initiating
events. In addition, other predisposing factors (stressors)
may include suboptimal or rapidly changing chemical and
physical water quality (Wedemeyer, 1974; Noga et al.,
1993), sublethally depressed DO (Scott and Rogers, 1980),
trauma (Kane et al., 1998), and the presence of irritants
(Murty, 1986; Heath, 1987; Anderson and Zeeman, 1995).
Further, human-induced factors might be having some role
in such alterations in the physicochemical characteristics
of the environment.

Further needed research includes discerning the
factors that cause fish ulcer initiation and progression, as
well as species-specific sensitivities, and perhaps above
all, possible role of human-induced factors, if any, as the
possible root cause in the initiation of the condition.
Further, we need to characterize the toxins from Pfiesteria
and other closely related dinoflagellate species, determine
the mechanisms of biological activity of these toxins, and
develop a widely utilitarian, toxin-specific probe to
identify and quantitate the presence of toxic Pfiesteria
activity.
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Chapter 10

Control (Treatment) of Epizootic
Ulcerative Syndrome

10.1 INTRODUCTION

In the last three decades (approximately), a serious and
severely damaging fish disease has been sweeping through
countries of the AsiaePacific region, and then those of
America and Africa, with dangerous consequences to fish
resources and serious threats to the nutrition of the people and
the avocations of inland fisherfolk. For a disease that is about
30 years old, it is aworry that the scientific community has not
yet been able to pinpoint its causative agents.

In this regard, there have been a number of regional,
national, and international seminars, symposia, and
workshops to discuss various aspects of epizootic ulcer-
ative syndrome (EUS) in different parts of the world. The
NACA-ADB Regional Study and Workshop on Fish
Disease and Fish Health Management has been one such
significant initiative. Subsequently, a Regional Technical
Cooperation Program (TCP/RAF/311[E]) of the Food and
Agriculture Organization (FAO) entitled “Emergency
Assistance to Combat EUS in the Chobe-Zambezi River”
was approved in October 2007 for implementation in
seven participating Southern African countries, viz.,
Angola, Botswana, Malawi, Mozambique, Namibia,
Zambia, and Zimbabwe (Anon, 1992). There had also
been programs for the control of EUS in other countries,
wherever there had been EUS outbreaks. The programs
had stressed the importance of enhancing surveillance
and diagnostic capacities as well as the formulation of
regional emergency response strategies to enhance
educational status and awareness among the people, to
promote responsible trade in aquatic animals in both
affected and unaffected areas, and so on. Further, the
Office d’Epizootie (OIE) had since organized a number of
Regional training seminars to heighten awareness of
aquatic animal diseases among the OIE focal points and
people, notably in Africa.

EUS has been reported as one of the most destructive
diseases for both farmed and wild fishes of fresh and
brackish-water origin. After its report of possible origin in
cultured ayu (Plecoglossus altivelis) from Japan in 1971,
EUS had been known to occur in >94 species of fishes
spread across 26 countries. EUS was considered a report-
able disease by the Network of Aquaculture Centers in

AsiaePacific (NACA) and World Organisation for Animal
Health (OIE) after recognizing its potential impact on
cultured and wild fisheries. Therefore, OIE member coun-
tries had been obliged to report any new incursions of EUS,
whether it is in a new species or in a new area. Once an
outbreak of EUS occurs in a region, it generally recurs with
less severity over the next 2e3 years, and generally with a
reduced frequency thereafter. In India, EUS was first
reported in 1988 from Assam and Tripura, and by 1999, it
had spread to several other regions, resulting in large-scale
fish mortalities. After the initial severe outbreaks during the
late 1980s and the 1990s, mortalities due to EUS, in
equivalent epidemic proportions, had not been widely
reported in spite of the endemic status of the disease.
Incidentally, a thorough survey of fish farms was carried
out in different provinces, notably Uttar Pradesh (UP), with
the objectives to confirm the cause of large-scale mortalities
and to document the severity and prevalence of the disease.
Incidentally, there had been reports of heavy mortalities of
cultured and wild fish species in wetland districts of Uttar
Pradesh (UP), India during 2011.

Investigations into the potential causative factors have
focused on viral, fungal, and bacterial agents. Environ-
mental parameters have also been studied. These abiotic
factors had been believed to cause sublethal stress to the
fish, initiating disease outbreaks. Potential causes of
stressful environmental conditions include temperature,
eutrophication, sewage, metabolic products of fishes,
industrial pollutants, and pesticides.

The quality of water also appears significant from an
etiological point of view. Parameters like salinity, alka-
linity, temperature, hardness, and chloride concentration
(many of which are seasonally variable) are known to
predispose fishes to attacks of EUS. Infected fishes showed
signs of improvement when transferred to clean freshwater
ponds.

EUS is believed by a section of workers to be a fungal
disease of freshwater and brackish fish affecting >100
species of fishes, and is said to be caused by the fungal
species Aphanomyces invadans. The organism is said to
require a specific combination of factors in order to
germinate within the dermis of the fish. The disease causes
lesions in both the skin and the visceral organs.
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EUS is present in parts of the AsiaePacific region as
well as Australia. A similar disease has also been reported
in the eastern United States. EUS occurs commonly during
periods of low temperature and heavy rainfall in trop-
ical and subtropical waters. These conditions favor
sporulation, and cold temperatures delay the inflamma-
tory response of the fish to infection. Some species have
been shown to be resistant to EUS, notably Chinese carps,
milkfishes, and tilapia.

Further, little is known of the means by which EUS
spreads within and between regions. However, movements
of subclinically affected fish are probably important in
transmitting A. invadans infection. Until effective control
and prevention measures are implemented, it is likely that
the disease will continue to spread, and that outbreaks will
continue to recur, particularly in endemic areas. Compre-
hensive investigations of initial outbreaks in previously
EUS-free areas, as well as recurrent outbreaks in previously
endemic areas, are urgently needed. Findings from such
studies could contribute important information on causal
factors for EUS (Lilley et al., 1992).

In the initial stages of EUS, red spots or small hem-
orrhagic lesions are generally found on the surface of the
fish. These lesions progress to form ulcers and eventually
large necrotic tissue erosions. Fungal mycelium is often
visible on the surface of ulcers. Death then follows rapidly
due to visceral granulomata, septicemia, and failure of
osmoregulatory balance. In this regard, positive diagnosis
is made by analysis of histological sections demon-
strating mycotic granulomas and isolation of the causal
fungus. Concomitantly, keeping diseased fish in good-
quality clean water may lead to recovery, but only if the
lesions are not too extensive. Moreover, dark scars are
often left behind upon healing. There is no effective
treatment for advanced stages of the disease. Quaran-
tine and health certification practices for movement of
live fish between and within countries is the method of
preventing spread of EUS to the EUS-free areas. In the
endemic areas, eradication, exclusion, management,
surveillance, and treatment are all required in order to
gain control.

10.2 THERAPEUTIC APPLICATION IN
DISEASED FISH

It seems quite well known that the therapy of fish diseases
is still relatively unsophisticated (Singh et al., 1993). Even
knowledge of the etiology of diseases is still at a rudi-
mentary stage. The literature seems quite unlinked, varied,
relatively rudimentary, and fragmentary. On the other hand,
aspects of treatment are generally reported incidentally to
the main theme of papers, with relatively less detail
attached to them. Moreover, there have been few concerted
and cohesive research efforts devoted exclusively to

establishing definitive criteria (i.e., toxicity, pollution, etc.)
for the etiology of an ailment, and not much effort has been
directed toward the synthesis of treatment compounds.
Further, there have not been many attempts at establishing
exact and friendly modus operandi for the correct appli-
cation of chemicals and drugs. Nevertheless, Roberts and
Shepherd (1974) and Wood (1974) seemed to have brought
out useful practical guides to be used at the grassroots level.

Similarly, the present trend in intensive fish farming
seems to lay emphasis on prevention of the ailment rather
than cure and treatment. This also seems to be the case with
a majority of the intensive animal husbandry practices.
However, most outbreaks of disease among cultured fishes
are due to inadequate husbandry or management (Shepherd
and Poupard, 1975). But in contrast to terrestrial environ-
ments, the aquatic domain seems to present unique diffi-
culties with regard to husbandry and disease outbreaks.

With the foregoing in mind, therapeutic application in
fish could be applied in three ways:

1. External chemical treatments
2. Systemic treatments via the diet
3. Parenteral treatment

While discussing all of the above briefly, attempts will
be made in the following discussion specifically to mention
various drugs and chemicals for the treatment of diseases
among fishes.

10.2.1 External Chemical Treatments

This type of treatment could be applied in a variety of
ways. All methods are said to involve immersion in a
chemical solution. However, swabbing is an exception.
Swabbing is a useful method for dealing with individual
fish with localized external infections. However, immobi-
lization is usually required before removal of the fish from
the water. However, maintenance of the environment for
fish seems to be a prerequisite for treatments involving
immersion. In this regard, the dissolved oxygen (DO) levels
of the water body are to be maintained above the minimum
acceptable level. This is mainly because DO is considered
the prime factor that is said to limit survival in the short
term. On the other hand, NH3 concentrations may not affect
the survival of fishes directly during the treatment process,
but chemicals may pose additional burdens on diseased
fish. As such, all-out efforts should be made to ensure that
the poor quality of water does not endanger survival. In
addition, the toxicity of the chemicals or drugs and their
efficacy against the disease-causing organisms are to be
balanced, possibly in order to ensure the success of the
treatment. In this connection, the gills are the most
susceptible organs in terms of chemical toxicity. As such,
any disease affecting the gills, could itself reduce the ability
of the fish to survive the treatment process. Further, the
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concentration of the active ingredient of a chemical or a
drug vis-à-vis its efficacy may be reduced due to the input
of suspended materials (mainly solids), especially organic
materials, from the floods or arising due to poor tank
hygiene. In this regard, the pH and the hardness of the
water are the most influenced parameters. As a rule of
thumb, it is believed that as pH becomes lower, the water
becomes softer and more acidic.

In addition to the above, immersion treatments can be
further classified as (1) baths, (2) prolonged immersion, (3)
dips, (4) flushes, and (5) flowing treatments.

Protozoan parasites are often quite abundant and
sometimes pose a potential threat to the health of fishes.
Ichthyophthirius multifiliis, an external protozoan parasite
(white spot), is quite difficult to treat in its encysted form.
Hence, mixed treatment with malachite green and formalin
is often recommended. Conversely, the monogenetic
trematodes, notably the Gyrodactylus and the crustacean
parasites; for example, the Lernaea and the Argulus, can be
treated with organophosphates, mainly because they do not
seem to be susceptible to formalin. In this regard, Hoffman
and Meyer (1974) comprehensively reviewed the treatment
of external parasites. On the other hand, Kabata (1970)
reviewed the treatment process of crustacean parasites.
Concomitantly, Saring (1971) described the requisite
treatment techniques in warm-water aquaculture.

10.2.2 Mycotic Infection

In addition to parasites, bacteria, and viruses, fungi are
often considered potential threats to the health of fishes and
other aquatic biota. It should be noted that malachite green,
the fish farmers’ choice against fish parasites, is also
considered the chemical of choice against most external
fungal infections, especially Saprolegnia sp. A concentra-
tion of 2 mg/L for 1 h is recommended as a prophylactic
treatment during egg incubation.

Malachite green is available in a number of different
forms. Of these, the oxalate, chloride, and sulfate salts are
generally acceptable. However, only the double salt of
ZnCl2 (which is said to contain toxic levels of zinc) may be
avoided. Incidentally, Steffens et al. (1961) had reviewed
the use of malachite green in the treatment of fish disease.

10.2.3 Bacterial Infection

Bacterial infection could be classified into three kinds for
treatment purposes and where external treatments may be
used. These are (1) myxobacterial etiology, (2) endotoxic
gram-negative bacteria, and (3) mixed infection.

Among the above, myxobacterial gill disease has
traditionally been treated with quaternary ammonium
compounds (QACs). Recommended concentrations range
from 1 to 4 mg/L for 1 h applied as a bath. Further,

nifurpirinol had been reported as showing great promise for
the treatment of all myxobacterial diseases at an active
concentration of 1 mg/L for 1 h applied as a bath.

In addition to the above, CuSO4 is considered a useful
alternative to QACs, although its use is often restricted (for
reasons of toxicity) to dip method at a concentration of
500 mg/L for 1 min. Further, proflavine hemisulfate is
a good all-round treatment for external lesions due to gram-
negative bacteria. Bath at 20 mg/L for 30 min is generally
recommended (Roberts, 1978).

Incidentally, Bullock et al. (1971) produced an exten-
sive review of bacterial diseases of fishes and their
treatment.

10.3 SYSTEMIC TREATMENTS VIA THE
DIET

Contrasting problems to those outlined for external treat-
ments are presented through incorporation of a drug into
the food to treat systemic bacterial diseases or gut parasites.
In fact, the fish may eat the medicated food, and a lowering
of the appetite is one of the first signs of disease in fish.
This portrays the need for rapid diagnosis. Diagnostic
techniques such as immunodiffusion and immunofluores-
cence, etc., had been introduced. However, the fish farmer
may not usually expect a specific identification of the
responsible pathogen in fewer than three to four days, even
if the required diagnostic facility is available. Under said
situation, a simple answer is to use drugs with a wide
spectrum of Gram-negative antibacterial activity.
Conversely, there are fewer populations of gram-positive
bacteria of fish. They are associated, however, with
chronic diseases in which treatment is infeasible. This is in
contrast with the situation in higher animals, where many
gram-positive microbes such as the streptococci are
significant causes of often-acute infections.

Concomitant to the above, it is often considered
important to achieve a correct rate of dosage in the quantity
of medicated feed offered to the fish. In fact, a balance has
preferably to be reached between toxic and therapeutic
levels in the bloodstream. Nevertheless, the feeding rate is
said to depend on a number of factors, including the
activity of the drug, water temperature, and the time of
year. Usually, healthy fish are reluctant to accept medicated
diets. There could also be variations in the acceptance of
medicated diets by the diseased fish. It could sometimes be
difficult to correctly ascertain, how much diet the fish could
actually consume. Moreover, the availability of drugs could
prove difficult in certain countries, and drugs might be
prescribed by registered veterinary practitioners only. In
fact, such regulations and restrictions are considered
significant because they help in reducing the risk of
development of resistant strains of pathogenic bacteria.
Likewise, physical incorporation of drugs into the diet
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could also present practical difficulties. Concomitantly,
there could be strict limitations of marketing of fishes
following a course of medicated feeding. There are of
course no legislative requirements, but still the producers
are expected to be under a moral obligation not to harvest
such fish for at least four weeks after treatment, in order to
allow the antibiotic to be cleared from the tissues of the
fish. Otherwise, such fish could be responsible for devel-
oping antibiotic resistance in the bacterial flora of the
person consuming them.

10.4 PARENTERAL TREATMENT

Injection, like swabbing, is of limited use in intensive
culture. However, the fish has to be immobilized before
removal from the water body for injection. This is a
labor-intensive process. Moreover, parenteral antibiotics,
such as oxytetracycline, are usually expensive. Hence,
this technique is generally reserved for small number of
valuable fish; that is, brood stock. However, an
improved system is said to have been developed for the
mass injection of carps using automatic multidose sy-
ringes. This technique is in wide use in Eastern Europe
in order to premedicate populations of cyprinids sus-
ceptible to superior vena cava (SVC). This technique is
generally carried out just before rise in Spring temper-
ature, which usually initiates the epizootics of SVC,
complicated by invasion of secondary gram-negative
bacteria. Chloramphenicol is now generally used as a
drug for this. Nevertheless, it may be stated here that
antibiotic injection techniques in treatment of fish dis-
ease may be regarded as experimental in nature.

10.5 ADDITIONAL INFORMATION

Historically, chemotherapy for fish diseases was devel-
oped in the United States during the mid-1940s. Con-
ventional sulfonamides were used to combat outbreaks of
furunculosis in FW fishes (Snieszko and Friddle, 1952). In
addition, a range of nitrofurans, including furazolidone, is
available for treatment of fishes. Further, potentiated
sulfonamides have become available for the treatment of
fishes. Furthermore, oxytetracycline is the drug of choice
for vibriosis and ulcer disease, and nifurpirinol can be
used for the treatment of systemic vibriosis. However,
therapy of corynebacterial kidney disease (BKD) is said to
pose a special problem due to its chronic nature, and
erythromycin could be a successful medication (Snieszko
and Griffin, 1955; Roberts, 1978). Concomitantly, the
secondary aeromonad infection of the organs of cyprinids
associated with SVC and cauda equina syndrome had
been treated by parenteral injection of antibiotic. In
addition, systemic diseases are often associated with
clinically obvious external lesions, and in such cases,

recovery is often facilitated by combining medicated
treatment with a suitable external treatment. Incidentally,
Bullock et al. reviewed alternative treatments for bacterial
fish diseases (Roberts, 1978). Further, the role of phyto-
flagellates such as the Chrysophyta in fish kills, especially
Prymnesium parvum, is quite well known. The organisms
seemed to be of continuing significance in Israel, and
methods of control were developed utilizing the lytic ac-
tion of NH3 on the Prymnesium cell >15 �C and pH 7.0. It
had sometimes been opined that disease prevention had
not been given much importance, nor had it been treated
as a priority area of research. Rather, research in this field
had been much oriented toward the sport, restocking, and
ecological aspects of fisheries (Roberts, 1978). Further, in
the United States, legislation, often, said to have imposed
stringent limits on chemical treatment. Concomitantly, the
flourishing of fish farming industry in Japan had been
accompanied by the production of new therapeutic com-
pounds by the pharmaceutical industries. Further, a thor-
ough analysis of the traditional techniques for the
management of bacterial gill diseases, may provide valu-
able new inputs. On the other hand, it may be noted that
formalin and malachite green, which are considered the
fish farmers’ two traditional drugs, have been in use for
more than 50 years and will probably remain preeminent
and in vogue for the foreseeable future. In addition,
application of external chemical treatments had been
improved by the concept of flowing treatment. On the
other hand, systemic treatments are said to have benefited
from the progress achieved in veterinary medicine; for
example, the recent introduction of potentiated sulfon-
amides. It had been believed that their use might offer an
alternative to the appetite problems faced with other types
of medications fed via the diet, although such things are
still at the experimental stages. Moreover, the develop-
ment of fast handling and injection techniques might also
prove useful for correct treatment of systemic fish dis-
eases. Nevertheless, development of methods of vaccina-
tion (using oral route, wherever possible) is considered
one of the most promising and hopeful areas of advance.
However, in spite of some amount of progress being made
in this field, there seemed to be not much strong indication
of any immunological protection being given to the
vaccinated fish. Thus, there is a need for further works in
this regard (Summerfelt and Warner, 1970).

10.6 PROPHYLAXIS (PREVENTION)

Prophylaxis revolves around good general husbandry
practices including disinfection, opting for water from tube
wells rather than irrigation canals or paddy fields, and
ensuring disease-free stock and healthy fry. Apart from not
overstocking ponds, other preventive measures include the
use of antibiotics and chemicals. However, the use of
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antibiotics to control and treat EUS has been strongly
opposed by FAO.

Further, successful prophylactic and therapeutic treat-
ments have generally involved the addition of quicklime,
which is considered a relatively simple and inexpensive
way of enhancing water quality. This fact only reinforces
the need to overcome the environmentally degrading con-
ditions that may predispose fish to disease.

In addition to the above, the following preventive
(prophylactic) and control measures were suggested to
farmers at the “Consultation on Epizootic Ulcerative Syn-
drome vis-à-vis the Environment and the People” under the
aegis of the International Collective in Support of
Fishworkers.

1. Better water-quality management, as in aquaculture
practices

2. Application of unslaked lime in unaffected ponds at
200 kg/ha once a month for three consecutive months,
depending on the pH of the water and soil

3. Restrictions on transferring the use of nets and other
potentially transmitting agents from affected to unaf-
fected water bodies

4. Fish from infected waterways, especially those with le-
sions of EUS, are not to be relocated to other water
bodies

However, as a prophylactic measure, salt, potassium
permanganate, bleaching powder, and malachite green
may be recommended as alternative or additional pro-
phylactic measures. Others measures include formalin,
iodine, and peroxide disinfectant. There have been claims
of prophylactic success against EUS coming from “tradi-
tional” homespun remedies such as the application of
crushed tamarind or banana leaves or turmeric powder to
the affected ponds (Rungratchatchawal, 1999). These
methods, however, had probably not been scientifically
tested. Antibiotics have been found to be useful in con-
trolling secondary bacterial/fungal infections.

10.7 CONTROL

Control of EUS in wild populations is probably impos-
sible. However, in small closed water bodies, mortality
could be reduced by liming the water and by improving
the water quality, together with removal of infected fish.
Incidentally, EUS has been listed by OIE under the
category “Other Significant Diseases” (OSD); that is,
diseases that are of current or potential international
significance in aquaculture, but have not been included in
the list of diseases notifiable to the OIE. This is because of
factors related to their importance or geographical distri-
bution, current inconclusive knowledge about them, or
lack of knowledge of approved diagnostic methods about
them.

However, the following points may be considered for an
attempt at effective control of EUS:

1. Control of EUS in natural waters (e.g., rivers and wet-
lands) is very difficult, as indicated.

2. Fish farmers whose farmed fish have been affected by
EUS may be encouraged to culture non-EUS suscepti-
ble fishes, or to avoid farming susceptible species dur-
ing the EUS outbreak period.

3. A strict ban on the movement of fish from the affected
water bodies to other unaffected water bodies is
recommended.

4. Diseased fishes are not to move from one fish farm to
another.

5. Properly dried, salted, and iced fish may not be potential
carriers of EUS. As such, trade with such fishes and
their products could be allowed to continue.

6. Further, a number of simple biosecurity measures could
minimize or prevent the spread of EUS. These may
include the following:
a. All possible carriers or vectors such as recently dead

fish, birds, or terrestrial animals, as well as contam-
inated fish-catching devices, fish-transport con-
tainers, etc., are to be prevented from getting into
unaffected water bodies.

b. In the case of outbreaks occurring in small closed
water bodies, liming of water, improvement of water
quality, and removal of infected fish are often effec-
tive in reducing mortality.

c. Increasing salinity in lentic water bodies may also
prevent outbreaks of EUS in water bodies such as
aquaculture ponds.

d. During the dry and cold seasons, wild fishes are to be
closely monitored to detect the presence of
EUS-affected fishes in neighboring tanks or canals,
in which case the exchange of water may be avoided.

e. The EUS-infected fish are not be thrown back to the
open waters, but are to be disposed of properly by
burying them into the ground or incineration.

f. In addition to the above, additional practical aqua-
culture biosecurity measures could include:
- Good farm hygiene
- Following procedures such as separation of nets,

tanks, and stocks, and regular and correct disin-
fection methods

- Good husbandry practices
- Good water-quality management
- Proper handling of fish
- Regular monitoring of fish health
- Good record keeping (gross and environmental

observations and stocking records including
movement records of fish in and out of the aqua-
culture facility, etc.)

- Early reporting or notification to concerned
authorities
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Moreover, What could one do in the event of a disease
outbreak?

1. Report immediately to concerned authorities (nearest
fisheries or veterinary authority) about a suspected
EUS outbreak, and ask for guidance.

2. Take note of simple observations such as:
a. Abnormal fish behavior (e.g., fish swimming

near the surface, sinking to the bottom, loss of bal-
ance, flashing, corkscrewing or air gulping (for
non-air-breathers), or any signs that deviate from
normal behavior.

b. Date and time of observed outbreaks
c. Estimate of mortalities
d. Species of fish affected and estimation of mortalities;

pattern of mortality; a small number of fish dying
every day or a large number of fish dying at one
time; etc.)

e. Any unusual events

Further, what could be done in the event of a disease
outbreak?

The following measures were recommended to reduce
the incidence of EUS and the mortality of fish in affected
ponds:

l Application of 25 kg turmeric powder and 100 kg un-
slaked lime, thoroughly mixed and sprinkled over the
pond surface, in 1-m depth of water for every hectare.
This should be done once a week for three weeks.

l The use of 200 kg unslaked lime per hectare three times
in 14 days (i.e., on Day 1, Day 7, and Day 14), provided
the water pH does not exceed 8.0.

10.7.1 Control Activities of EUS
in Different Provinces: Regional Reports

There had been efforts to control and contain the unim-
peded and unabated spread of the virulent, enigmatic, and
hitherto unknown fish disease EUS by different provinces
and nations. The following is a brief discussion about
this:

Ulcerative disease rhabdovirus (UDRV) was found in
the diseased fish.

Aphanomyces, Achlya, and Saprolegnia had been iso-
lated and identified from the surface of ulcerated fish.
However, the exact etiology of EUS is yet to be identified.
While the causes of EUS are not clearly identified, Inci-
dentally, Nontawith Areechon of the Faculty of Fisheries,
Kasetsart University, Bangkok, as did many others, pointed
out that the outbreak of EUS might be related to stressful
conditions in the water. Stress could be caused by, among
other things, environmental changes and toxic substances.
These could weaken the fish and make them more
vulnerable to pathogens.

Treatment for therapeutic purposes includes antibi-
otics and chemicals. Though these possibly brought some
satisfactory results, they have many undesirable side
effects, too. These may include residues, cost enhance-
ments, development of bacterial resistance, negative
impacts on the environment, and so on. Based on a number
of experiences, the keys to a successful crop in fish culture
are healthy fry, proper pond preparation, and good man-
agement. However, these measures may not be applicable
to wild fish populations. However, prevention of any con-
dition, which may be stressful to aquatic animals, could be
considered very important. This could hinge around good
water management, optimum stocking rates and proper
proportion of fish species. Later it was found that
EUS-affected fish had improved in health when removed
and put into a normal freshwater pond.

10.7.1.1 India (in General)

In India, the first outbreak of EUS had occurred in
the northeastern provinces of Assam and Tripura during the
monsoon month of July 1988. After many deliberations,
the Indian scientific investigations on remedial measures
recommended quicklime at 200e600 kg/ha as showing
encouraging results in controlling and containing the EUS
disease. In fact, limited success had come from antibiotic
therapy. CIFAXda drug formulated by the Central
Institute of Freshwater Aquaculture (CIFA)dat a dose of
1 kg/ha m water area had been helpful in containing EUS.
Similarly, bleaching powder at 1 ppm was said to be
effective.

10.7.1.2 West Bengal

In West Bengal (WB), the socioeconomic impact of EUS
has been staggering. A sample survey of 500 affected fish
farmers in an EUS-afflicted area revealed that a large
number of the respondents (c 30e40%) had suffered a loss
of fish. Moreover, c 44.4% had consumed fish before the
outbreak of the disease.

Later, the amount of consumption had been reduced to c
15%. In WB, the medium of radio was the main instrument
for disseminating information about EUS for public
awareness.

10.7.1.3 Manipur

Manipur has the biggest freshwater lake in NE India, viz.,
Loktak Lake with a water spread area of about 28,000 ha. In
fact, fish is an item of staple food of the inhabitants of
Manipur. Approximately 90% of them eat fish in either dried
or fresh form. Incidentally, Manipur had received the first
information on the spread of EUS in the NE India, during
June 1988. The provincial government had geared up its
machinery in the form of opening separate fish disease cells,
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organizing workshops, creating public awareness cam-
paigns, etc. Among the measures recommended were:

(1) disinfection of nets by sun-drying, boiling in water,
etc.; (2) treatment of ulcerated fish in 3% solution
of common salt for 5e10 min or in 500e1000 ppm of
potassium permanganate for 1 min; and (3) disinfection
of the affected ponds with unslaked lime (quicklime) at
150e200 kg/ha, depending upon soil pH.

10.7.1.4 Odisha

In this province, EUS had first been reported during
February 1989 from ponds in Balasore and Mayurbhanj,
and then from Cuttack. The disease had affected around
80 development blocks, but the lotic systems and reser-
voirs had not been affected. This belies the assertion and
conventional wisdom that EUS usually spreads from wild
waters to human-made ponds, or at least that it occurs
simultaneously in both areas. As such, it was quite
unclear how the EUS in Odisha had been confined to
ponds only.

The province had lost an estimated 186 tonnes of fish
worth a little more than Rs 3 million. In view of this, the
provincial government had targeted c 5500 farmers in four
districts for free supply of lime, and 11 of the 13 districts
were covered between 1989 and 1991. The government had
also tried to disseminate information on EUS at the
panchayat level.

Among the measures recommended were:

1. Disinfection of nets by sun drying, boiling in water, etc.
2. Treatment of ulcerated fish in 3% solution of common

salt for 5e10 min or in 500e1000 ppm of potassium
permanganate for 1 min

3. Disinfection of the affected ponds with unslaked lime
(quicklime) at 150e200 kg/ha, depending upon soil pH

It should be noted that the control measures adopted by
the department of fisheries were found to be effective, and
there were no further reports of the spread of EUS in the
province. This seemed to be exceptional, since almost all
other provinces of India reported a second or even multiple
outbreaks of EUS.

10.7.1.5 Tamil Nadu

In Tamil Nadu (TN), only four of the province’s 22 districts
were affected by EUS, according to the government’s
fisheries department. However, according to Tamil Nadu
Agricultural University, seven districts of the province had
been hit by the EUS disease. The disease was first reported
from the Chengai MGR, Thanjavur, and South Arcot Dis-
tricts during January, February, and March 1991 respec-
tively. The major species affected belonged to the
indigenous varieties of channids, mastacembelids,

cyprinids, and bagrids. The intensity of infection was mild
among major carps, exotic carps, and the Tilapia species.

A collaborative work with the School of Tropical
Medicine, Calcutta, had identified the causative agents to
be Citrobacter intermedius and Klebsiella aerogenes
from samples collected during February and April 1991.
Further, the affected fishes were treated with the
poultry drug Bifuran (nitrofurazone 100 mg; furazolidone
14.5 mg/100 mg) at a concentration of 25 ppm in water,
based on the drug-sensitivity pattern of the isolate during
investigation. Ulcerative wounds had healed in five to
seven days of therapy. However, cost considerations
prevented this from being tried out in larger areas.

Notwithstanding the above, the following preventive
and control measures had been suggested to the farmers,
with encouraging results:

1. Better water quality management, as in aquaculture
practices.

2. Application of unslaked lime in unaffected ponds at
200 kg/ha once a month for three consecutive months,
depending on the pH of the water and soil.

3. Restriction on transferring the use of nets and other
potentially transmitting agents from infected to unaf-
fected water bodies.

The following measures were recommended to reduce
the incidence of EUS and the mortality of fish in the
affected ponds:

1. Application of 25 kg turmeric powder and 100 kg
unslaked lime, thoroughly mixed and sprinkled over
the pond surface, in 1 m depth of water for every hect-
are. This should be done once a week for three weeks.

2. The use of 200 kg unslaked lime per hectare, three times
in 14 days (i.e., on Day 1, Day 7, and Day 14), provided
the water pH does not exceed 8.5.

10.7.1.6 Andhra Pradesh

EUS was reported first during October 1990 from the
Kolleru Lake of West Godavari and Krishna Districts.
Outbreaks had occurred in all water areas like irrigation
canals, drains, swamps, ponds, and lakes. It had affected
the following genera: (1) Channa, (2) Clarias, (3) Anabas,
(4) Heteropneustes, (5) certain other types of catfishes, (6)
Puntius, (7) and IMC such as Catla, Rohu, and Mrigal. In
wild waters, the first to succumb to the disease were the
IMCs. The disease then spread to fish in cultured ponds.

The following preventive measures had been adopted
against EUS in Andhra Pradesh:

1. Application of lime at 50 kg/acre
2. Application of salt at 10 kg/acre through gunny bags

hanging from feed poles in the fish tank, and 2 kg of
salt/100 kg feed
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3. Dip treatment with 0.5%e2% potassium permanganate
4. Application of antibiotics like oxytetracycline, doxycy-

cline, and terramycin at 5 g/100 kg of fish for 10 days.
As already indicated, however, FAO strongly opposed
the application of antibiotics in controlling and treating
EUS infections.

5. Preventing the entry of diseased fish into the tanks by
the use of a mesh

6. Addition of mineral and vitamin mixtures to the feed
7. Avoiding the exchange of water when neighboring

tanks and canals have been affected
8. Periodic monitoring of the health of the fish

The following treatment was advised:

1. Application of malachite green
2. Use of antibiotics like oxytetracycline, doxycycline, and

Terramycin at 10e20 g/100 kg of fish for 10 days or
erythromycin at 60e100 mg/1 kg of fish feed

3. Addition of mineral mixture at 2% and 100 g of vitamin
mixture per tonne of feed may be applied to the feed

4. Stopping the use of manure in the tank during the
disease period

The Commissioner of fisheries of the province
directed the field staff to publish and distribute pamphlets
on EUS among the fish farmers in the areas affected by
the disease.

10.7.1.7 Kerala

Kerala has rich fishery resources, and fisheries are an
important sector of the economy of the province. The sector
is said to employ c 3% of the province’s population and
contributes to c 2.5% of its net domestic product.

The province of Kerala had also been affected by EUS.
EUS was first reported from Pookote Lake in the Bana-
surasagar Reservoir area in the northern district of Wynad
in June 1991. The disease took the department of fisheries
by surprise because it had affected even fingerlings that the
department itself had cultured in the lake. In three weeks, it
had spread to wells and ponds in Wynad. EUS had spread
to the fresh and the brackish waters of Kuttanad and
Vembanad Lakes, and the rivulets in Kottayam, Alap-
puzha, and Pathanamthitta in the south, by the end of
August 1991.

Subsequently, the provincial government of its own
volition, during May 1992, proposed to sanction funds for
liming. However, the implementation of relief measures
was not without shortcoming. In fact, the government was
slow to react to the reassurance by the expert opinion that
EUS could subside naturally with changed weather condi-
tions. Meanwhile, EUS had recurred during October 1992.
But despite government admittance that EUS had recurred
in contrast to its expectation, fisherfolk had not begun to

receive cash relief, and there were not enough government
outlets to purchase the diseased fish.

Interestingly enough, none of the unions demanded
prophylactic measures to combat EUS, despite its evident
recurrence. Once the relief measures had been accepted, the
demands for control of the epidemic subsided.

Other studies had also brought another dimension to the
hypotheses on the origin of EUS. The intricately interlinked
riverine network of Kerala had been strongly highlighted.
Starting from Wynad in the north, a continuity of water
bodies could be established between the Kaveri and
Kaverretty Rivers, which flowed through Tamil Nadu and
Karnataka, and the three Kerala rivers, viz., Pamba,
Achenkoil, and Meenachil, are said to drain the province.
Given that EUS had been reported in Tamil Nadu during
early 1991 and in Karnataka during 1990, it is likely that
the EUS disease spread from these neighboring provinces
through the riverine network, possibly aided by floods.

10.7.2 Prevention and Control of EUS
Abroad

EUS had been sweeping unabated and unhindered across
seas and oceans to different parts of the world. It had spread
to both the United States and Africa. In Africa, it had
affected a large diversity of fishes; thereby, threatening the
nutrition and avocation of the people. As such, effective
measures are required for the prevention and control of
EUS in different overseas countries.

10.7.2.1 Prevention and Control of EUS in
Africa

Control of EUS in natural waters is probably impossible.
Perhaps the most effective way of controlling the spread of
the disease is to restrict the movement of fish (and/or
contaminated material) from infected areas to uninfected
areas. In outbreaks occurring in small, closed water-bodies,
liming the water and improving water quality, together with
the removal of infected fish, was often found to be effective
in reducing mortalities and controlling the disease.

10.7.2.2 Measures for Preventing EUS
Outbreak in Pakistan

The following measures had been suggested in Pakistan:

1. Ichthyospecies resistant to EUS are the only fish to be
stocked in regions already affected by EUS.

2. The stocking ponds are to be drained, dried, and limed
before stocking with fish.

3. Disease-free hatchery-reared fry (300e400 in size and
pretreated with 1% salt bath for 1 h) are preferred for
stocking.
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4. Tube well water or treated incoming water is to be
used.

5. Wild fishes are to be excluded from culture ponds.
6. Farm equipment and shoes of visitors are to be disin-

fected with hypochlorite or iodophor disinfectants.
7. Good water quality with high DO is to be maintained.
8. Stress to the fish is to be minimized. This could include

low stocking density, healthy food (nutrition), and no
excess handling or netting of stocked fishes.

9. Special care should be taken during the periods of low
water temperature (winter) with regard to monitoring
of potential “risk factors” such as water quality, para-
sitic infestations, etc.

10. The farmers are to report immediately to the fishery ex-
perts in the event of a suspected EUS outbreak, in or-
der to take steps for reducing losses.

The following measures had been suggested:

1. Better water quality management as in aquaculture
practices

2. Application of unslaked lime in unaffected ponds at
200 kg/ha once a month for three consecutive months,
depending on the pH of the water and soil

3. Restriction on transferring the use of nets and other
potentially transmitting agents from infected to unaf-
fected water columns

10.8 TREATMENT

With regard to treatment and control, Humphrey and
Pearce (2004) opined that there had been no specific control
measures in fish for EUS in natural environments. In
captive fish, early “red spot” lesions may respond to topical
treatment with an antiseptic iodophor solution. Increasing
the salinity of water may prevent outbreaks of EUS in
aquaculture ponds.

Keeping diseased fish in good-quality clean water may
allow recovery, but only if lesions are not too extensive,
and dark scars are often left behind on healing. However,
there is possibly no effective treatment for advanced
stages of the disease.

Attempts at effective treatment and control of EUS are
impeded by a number of significant difficulties, notably
widespread prevalence of the disease among the wild fish
populations and its still unknown etiology. In fact, it is
usually appreciated that there is much difficulty in con-
trolling pathogens in large bodies of water containing wild
freshwater fish. Fish farms are usually designed for the easy
application of chemical treatments. These treatments appear
to have met with limited success, particularly in the major
carp farms of India and the snakehead farms of Thailand.
Both prophylactic and therapeutic treatments, generally
involving the addition of quicklime (CaO), had been
reported as achieving satisfactory results. But no large-scale

comparative assessment has been done involving diverse
types of affected species. Even if the primary disease agent
is a virus, most of the compounds used may be just as
effective in limiting the severity of the ulcerative condition
by treating secondary fungal or bacterial infections. The
success of lime applications illustrates the need to improve
environmental conditions so that fishes may not be pre-
disposed to the disease. Further, Haniffa et al. (2013)
worked on the in vitro and in vivo antimicrobial effects of
Wrightia tinctoria (Roxb.) R. Br. against EUS in Channa
striatus. The herbal paste applied topically on the lesions
showed a positive effect by controlling and curing the le-
sions. Thus, the active extract of W. tinctoria could be used
to treat fish diseases.

10.9 REMEDIAL MEASURES

Humans are believed to have some role in the initiation of
EUS. Such roles are said to have brought about changes in
the form of climate and other environmental factors. The
prophylactic and therapeutic remedial measures so far tried
in India for controlling or containing EUS, however, are
applicable only to manageable water bodies. The remedial
measures developed so far may not be applicable to large
open waters such as rivers, reservoirs, lakes, and big beels
(perennial wetlands in India), which are usually >30 ha in
area and may not be applicable to the backwaters where
EUS outbreaks have occurred (Boyd, 1990). The difficulty
encountered in countering the disease outbreak at present is
primarily the lack of knowledge on the primary causative
agent, and occurrences of the disease in large water bodies
affecting wild populations. However, the chemicals used
for therapeutic and prophylactic treatments in manageable
water areas are lime, KMnO4, NaCl, bleaching powder, and
antibiotics. The chemical treatment is primarily aimed at
controlling the external pathogens observed, such as bac-
teria and the fungi. Perhaps above all, a clean environment
must be maintained so that we may have disease-free
aquatic biota.

10.9.1 Application of Lime

Lime is generally available from suppliers of construction
materials and in hardware shops. It is a relatively simple
and inexpensive means of enhancing water quality. This is
largely accomplished by increasing the alkalinity and ap-
pears to be effective in helping to control losses in fish-
ponds. Agricultural lime (CaCO3 or CaMg(CO3)2)
stabilizes the pH of the water but has no sterilizing effect.
Burnt lime (quicklimedCaO; or slaked limedCa(OH)2)
could have a therapeutic effect against disease, but has a
very high pH. Hence, if applied in large quantity, it inhibits
bacterial decomposition of organic matter, but an overdose
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may kill the fish. Overdosing could easily cause problems
in ponds that are naturally alkaline.

Along with the above remedies, ponds should ideally be
allowed to completely dry out as a general husbandry
procedure. Then, lime (preferably slaked lime) is evenly
spread over the bottom. Water is then supplied to a depth of
10 cm for 7e10 days before filling to the normal depth and
stocking with fish. Emergency prophylactic and therapeutic
applications may also be made directly to stocked ponds
but doses of treatment could vary considerably. Amounts of
150e600 kg/ha slaked lime in 1-m deep ponds at two- to
four-week intervals had usually been recommended for
treatments, depending mainly on the pH of the pond. If the
alkalinity of the water is <50 mg/L CaCO3, a high dose is
required, but if the alkalinity is between 150 and 200 mg/L
CaCO3, the pH would be considered fairly high and less
lime would be required. Low levels can be applied for
prophylaxis but Purkait (1990) had noted that
liming <100 kg/ha fails to control EUS disease.

Depending upon the pH, quick lime at 100e600 kg/ha
is believed to be effective in manageable water areas. In
areas having alkalinity <40 mg/L, a higher dose of lime is
applied, and in areas with higher alkalinity, a lower dose of
lime is applied at one-month intervals during the outbreak
period. It is observed that CaO applied at 50 kg/ha in the
disease-prone water areas during the postmonsoon period
and just prior to the outbreak of EUS disease might have
either arrested the occurrence of the disease, or if outbreak
had occurred, lowered its intensity. The information
collected from the different provinces of India through a
questionnaire developed by CIFRI of Barrackpore and
distributed to all provinces had gathered that lime treatment
had given encouraging results in checking the intensity and
spread of EUS disease. Lime treatment at 20 kg/acre/ft of
water is said to control EUS at least to some extent.

10.9.2 Salt (NaCl)

Common salt (NaCl) is a less expensive nonpolluting and
effective agent, particularly when used in association with
lime. Salt usually controls some ectoparasites, and is
known to temporarily inhibit the activities of some bacterial
and fungal flora. It also helps to lower the toxicity of nitrite
and ammonia to fish. Nevertheless, the tolerance of fish to
salinity appears to be species-specific. In fact, certain spe-
cies of the IMC had been reported to be successfully treated
with a short dip in 3e4% NaCl solution. Further, 1% NaCl
solution had been reported to be used in unparticularized
fishponds in Thailand. Dip treatment of other affected
species of fishes, at a concentration of c 3e4% NaCl, had
given fairly effective result in healing up of ulcers at the
initial stage of the disease. Some other important measures
are as follows:

1. Successful prophylactic and therapeutic treatments have
generally involved the addition of quick lime, a

relatively simple and inexpensive way of enhancing
water quality. This fact only reinforces the need to over-
come the environmentally degrading conditions that
may predispose fish to disease.

2. Salt, potassium permanganate, bleaching powder, and
malachite green can also be recommended as alternative
or additional prophylactic measures.

3. Other substances include formalin, iodine, and peroxide
disinfectant.

The application of salt at a concentration of 3e4% for
dip treatment of affected fishes has given fairly effective
results in healing up ulcers at the initial stage of the disease.

10.9.3 Potassium Permanganate

Application of this chemical as a deterrent for EUS seemed
to be quite widespread in India. An application rate ranging
from 1 to 10 ppm had given fairly encouraging results in
different provinces. While the application rate for bath
treatment of fish is 1e6 ppm, the pond treatment rate is
5e10 ppm. This rate had been found to be effective in
containing EUS and healing up of initial stage of ulceration
of fish.

In some cases, concentrations of KMnO4 at 5 mg/L, had
been recommended for bath treatments. It could also be
applied at 3e5 kg/ha in ponds, in order to control the
secondary infections in the EUS fish. As reported by
Tachushong and Saitanu (1983), KMnO4 was said to have
taken about 120 min to inactivate Aeromonas hydrophila in
purified water. This could possibly be due to the perman-
ganate ion (MnO4) reacting with organic matter and other
reduced substances before it could possibly react with the
bacteria. Further, organic load is usually high in most of the
fishponds. The DO levels in the water could be enhanced
due to a decrease in the BOD level. This could be a positive
consequence of the breakdown of the organic matter and
deactivation of zooplankton. However, it is believed that
KMnO4 might result in some amount of decrease in DO
levels because DO is removed during oxidation of organic
matter. Nevertheless, the chemical is often expensive for
many poor fish farmers. As such, its use is believed to be
restricted mainly to dipping valuable fishes, such as the
brood stock in the hatchery.

10.9.4 Bleaching Powder

This chemical could serve as an alternative or additional
prophylactic measure to liming. By its application, the
ponds could be disinfected with 50 mg/L of bleaching
powder (25e30% chlorine). The system may be left for
7e10 days before stocking. It should be noted that chlorine
may act as a virucidal agent at a sufficient level of
contamination (Frerichs, 1990), but such levels may not be
used in fishponds. Bleaching powder at 1 mg/L or
5e10 kg/ha is usually used in therapeutic treatments in
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India, and had been reported to be effective in healing early
lesions of EUS. Further, this chemical at 3e5 ppm is usu-
ally in use for disinfecting all fishery equipment meant for
fishery activities in EUS-affected areas. Investigations at
CIFRI showed that EUS could be contained in manageable
water areas, by applying a prophylactic dose of 50 kg/ha of
CaO, and after one week, bleaching powder at 0.5 ppm in
disease prone water areas. Further, according to others,
therapeutic dose of 100 kg/ha CaO, and after one week,
bleaching powder at 1 ppm could be effective, when initial
symptoms of EUS are seen.

In brief, bleaching powder at 5e10 kg/ha was
reported to be useful in healing up of initial lesion of
EUS-affected fishes and at 3e5 ppm for disinfecting all
fishery equipment used for fishery activities in
EUS-affected areas. Investigations at CIFRI showed that
EUS could be contained in manageable water areas, by
applying a prophylactic dose of 50 kg/ha of CaO, and
after one week, bleaching powder at 0.5 ppm in disease
prone water areas.

Therapeutic dose of 100 kg/ha CaO, and after one week,
bleaching powder at 1 ppm could be effective, when initial
symptoms of EUS are seen.

10.9.5 Malachite Green

It is a very efficient fungicide and ectoparasiticide. It may
be toxic to some Ichthyospecies at high temperature. Its use
is restricted in the United States because of its suspected
carcinogenic properties. Hence, it may be used in the fish
farms, but with due care. Dip treatment of affected fish at a
dose of 1 mg/L had been reported to eliminate mycotic
infections in carps of Bangladesh, which allowed lesions to
heal spontaneously (Roberts et al., 1989). Further, there had
been reductions in the rate of mortality among
EUS-affected Trichogaster pectoralis through daily spray
application of 0.1 mg/L of malachite green (Tangtrongpiros
et al., 1983). It should be emphasized that the use of mal-
achite green may be restricted to hatcheries or smaller
ponds for commercial purposes.

10.9.6 Antibiotics

Antibiotics are a significant but expensive means of con-
trolling secondary bacterial infections, particularly of
A. hydrophila. Importantly, tetracycline had been found to
be efficacious in oral treatment of Puntius gonionotus at
500 mg/500 g of feed. It is important to note that
EUS-affected fishes are afflicted by a wide variety of
bacteria and often by fungi. A microencapsulated feed
containing c 30% protein, nalidixic acid, and erythromycin
along with vitamin A and C, formulated by CIFRI trial to
cure diseased fishes by the use of pelleted feed, had shown
the fishes to be recovering. In general, it was found that

antibioticsderythromycin, oxytetracycline, or terramycin
at 60e100 mg/kg of feed for 7 daysdhave cured the ulcers
of EUS-affected fishes. However, FAO has strongly
opposed using antibiotics in controlling and treating
EUS-affected fishes. Attempts to cure EUS have also
yielded good results by the injection of major carp brood
stock (Roberts et al., 1989). In addition, an expensive fish
could further benefit from an additional antibiotic bath.
Nevertheless, oral treatments are the easiest to apply. In
view of this, Jhingran (1990) had recommended the use of
erythromycin, nalidixic acid, oxytetracycline, or Terra-
mycin at doses of 60e100 mg/kg feed for a week. Anti-
biotic cocktails with a combination of three or more drugs
are to be discouraged, even though a cocktail could be more
efficient and effective than a single antibiotic (Saitanu and
Poonsuk, 1983)dthis could be mainly because of the
increased risk of bacteria developing resistance to all of
these drugs. In fact, Poonsuk et al. (1983) had already
recorded an increase in resistance to chloramphenicol,
sulfadiazine, sulfathiazole, and tetracycline in strains of
A. hydrophila isolated from farmed fish in Thailand.
Further and more importantly, a sufficient withdrawal
period must be allowed before harvesting treated fish in
order to prevent risks to public health due to the presence of
drug residues in the marketed fish. Further, FAO (1986) has
cautioned the use of antibiotics in the treatment of
EUS-affected fish in view of antibiotic resistance being
developed.

Pending the knowledge of the definitive primary caus-
ative agent of the disease, what is apparent is that the
EUS-affected fishes are afflicted by a wide variety of bac-
teria, and in acute cases, by fungi. A microencapsulated
feed containing 30% protein, nalidixic acid, and erythro-
mycin along with vitamin A and C had been formulated by
CIFRI trial, with pelleted feed to diseased fishes, and
showed the fishes recovering. In general, it was found that
antibioticsderythromycin, oxytetracycline, or Terramycin
at 60e100 mg/kg of feed for 7 daysdcured the ulcers of
EUS-affected fishes. However, FAO has strongly opposed
the use of antibiotics in controlling and treating
EUS-affected fishes.

10.9.7 Others

In addition to others, formalin may also lead to substantive
toxic conditions to fish in the tropical region. Frerichs
(1990) had found that formalin could inactivate the
snakehead rhabdovirus. However, this could be effective
only at concentrations that could be unsuitable for fish
stocks. Reportedly, it had been used at a concentration of
25e50 mg/L. However, it had sometimes been used in
conjunction with Dipterex (0.01 mg/L). However, the
principal effect could be reflected mainly in the control of
unrelated parasites.
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In addition to the above, iodine has been used, some-
times under experimental setup. Although it may be toxic
to fish under certain circumstances, its lethal effects may be
decreased by the presence of proteinaceous matters, which
are abundant in most fishponds. Notably, iodine killed
A. hydrophila, but catfish could survive in 12.5 mg/L of
iodine, as was opined by Temeyavanich (1983). Further,
the peroxide disinfectant “Virkon S” exhibited effective-
ness in inactivating suspension of rhabdovirus in murrels,
but subject to in vivo tests. Moreover, the use of tamarind
or banana leaf based on indigenous traditional knowledge
could be useful in managing EUS in fishes.

10.9.7.1 CIFAX

In order to regulate EUS, a drug formulated by CIFA for
application in EUS-affected captive waters, was reported to
show encouraging results in controlling EUS. The drug was
applied at 1 L/ha meter of water area to fishes with symptoms
of EUS, which were said to have been cured within 7 days.

10.10 VACCINATION

There is possibly no protective vaccine available against
EUS. However, snakehead fishes that had been immunized
with a crude extract of A. invadans elicited humoral
immune response as detected by SDS-PAGE and Western
blot analysis (Thompson et al., 1997).

10.11 CHEMOTHERAPY

There is no effective treatment for A. invadans-infected fish
in the wild and in aquaculture ponds (Cooper et al., 1997).
To minimize fish losses in infected fishponds, water ex-
change should be stopped, and lime or hydrated lime and/or
salt should be applied (Lilley et al., 1998). Attempts at
using ash, lime, and neem seeds or branches (Azadirachta
indica) for prophylactic treatments of A. invadans-infected
fish in fishponds gave variable results.

10.12 RESTOCKING WITH RESISTANT
SPECIES

Some important culturable species including Nile tilapia,
milkfish, and Chinese carp have been shown to be resistant
to EUS attack and infection with A. invadans, and thus they
could be cultured in endemic areas. Introducing resistant
indigenous fish species is recommended.

10.13 DISINFECTION OF EGGS AND
LARVAE

There is routine disinfection of fish eggs and larvae against
water molds to make them resistant against A. invadans. It

should be noted that there has been no report of the pres-
ence of A. invadans in fish eggs or larvae.

10.14 CONCLUSION

Investigations done on EUS are expected to contribute to
the termination of outbreaks. Information gained could
ensure that the risk of similar occurrences is reduced.
Strategies to stop the epidemic are to be put in place as soon
as possible and may soon be undertaken in the absence of
conclusive findings. Also, further works are required before
effective methods for treating EUS outbreaks in ponds can
be developed. Detailed investigations of a number of out-
breaks could provide valuable information about possibly
important “component” causes.

Correct diagnosis of EUS focusing on symptoms of
behavior, external signs, and HP is the prelude to treatment.
Both prophylactic and therapeutic treatments, usually
involving the addition of quicklime, have reported satis-
factory results. Yet without large-scale comparative
assessments across a variety of affected species, liming
cannot be unequivocally advocated. In fact, lakes in Kerala
with high levels of natural deposits of lime have also been
sites of EUS outbreaks.
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Chapter 11

Monitoring of Epizootic Ulcerative
Syndrome

11.1 INTRODUCTION

There has been an explosion of anecdotal information on
outbreaks of EUS, as well as extrapolated data regarding
fish losses due to EUS-related causes. But actual field
survey data that could reveal the actual randomized counts
of dead fish due to EUS are largely unavailable. Also, only
some studies have defined the lesions caused by EUS and
could confirm the diagnosis in each case. OIE defined an
EUS-affected fish as a fish with necrotizing granulomatous
dermatitis and myositis associated with hyphae of Apha-
nomyces invadans. This definition differs slightly from the
one given by Roberts et al. (1994). The OIE definition
requires HP processing of fish tissues with H&E and
Grocott’s stains in order to make positive diagnosis
of EUS.

In addition to EUS, there have been reports of occur-
rences of lesions on the fish body that may be due to
various causes and do not fit with the conventional views
of EUS, and are also not associated with large-scale fish
mortalities. Nonetheless, surveys had been conducted in
various places to ascertain the correct etiology of EUS.
For example, a cross-sectional survey conducted in
Bangladesh during the winter of 1998e99 revealed that
c 80% of the 471 fish with clinical lesions sampled from
84 sites had been diagnosed as EUS-positive (Khan and
Lilley, 2001). Similar results might also be obtained from
other places. It thus portrayed that EUS is probably still
the principal cause of lesions produced on FW fish, and
further that these surveys do not seem to overestimate the
prevalence of EUS. In view of the alarming nature of EUS,
it is highly essential to monitor this hitherto unknown fish
disease.

11.2 DISEASES AMONG FW FISHES

It is essential to have a glimpse about the diseases among
the fishes in order to monitor them effectively. Fish
diseases among the carp-rearing farms in Asia, notably in
Bangladesh, had been reported in c 31% of the extensive
farms and in c 24%of the semi-intensive farms (Chowdhury,
2002). One of the most common and virulent disease
problems among the FW fishes is EUS, which has been

causing large-scale mortalities among FW fish since the
early 1970s, rendering many Ichthyospecies endangered.
Nevertheless, some other diseases among FW fish are briefly
given below:

1. There are ailments caused by Protozoan parasites, notably
Trichodina, Chilodonella, Ichthyobodo, Ichthyophthirius
multifiliis, Myxobolus, and certain other myxosporideans
(Banu et al., 1993).

2. There are diseases caused byMetazoan parasites, notably
Dactylogyrus, Gyrodactylus, Argulus, Piscicola, and
Lernaea.

3. There are diseases caused by bacteria, notably infectious
dropsy of carps (Hossain et al., 1994); edwardsiellosis
in Pangasius hypophthalmus, Anabas testudineus, and
Channa punctata; bacterial gill disease caused by Flavo-
bacterium branchiophilum; Columnaris disease; and
so on.

4. There is RSD in Barbodes gonionotus and Clarias
batrachus, caused by Pseudomonas sp. (Banu et al.,
1999).

5. There are fungal diseases caused mainly by Saprolegnia
and Branchiomyces.

6. There are viral diseases caused by the viruses.
7. Nutritional deficiency disease is a main hindrance in

FW fish farming.

Notwithstanding the above, the occurrence of diseases
in farmers’ ponds and other associated difficulties are
recorded and taken care of regularly by the government
fisheries institutes.

11.3 DISEASE INFORMATION AND ITS
SOURCES

Genuine information from authentic sources is a prerequisite
for tackling a disease. In the event of a disease outbreak,
reported surveys revealed that c 57.7% (75 out of 130) of
affected farmers had consulted a government fishery
extension officer for guidance and help. Respondents indi-
cated that they had also contacted other farmers (c 44.6%,
n ¼ 58), other hatchery owners (c 52.3%, n ¼ 68), drug and
chemicals salespersons (c 11.5%, n ¼ 15), and so on.
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Ranking of information support revealed that government
extension officers had provided affected farmers with the
most useful information (c 42.3%, n ¼ 55), followed by
other hatchery owners (c 27.6%, n ¼ 36), other farmers
(c 16.9%, n ¼ 22), and drug and chemicals salespersons
(c 6.2%, n ¼ 8).

11.4 CARP HATCHERIES AND NURSERIES:
THEIR STATUS

Hatcheries and nurseries are significant components of
aquaculture. These are the places where fish begin their
lives. Before 1990, carp seed production in the Indian
subcontinent, notably in India and in Bangladesh, was
based on spawn collected from natural sources; i.e., the
rivers. The situation changed in 1990, after a large number
of hatcheries had been established in various parts of the
country. As reported, >500 hatcheries had been estab-
lished and contributed c 97.6% of the total spawn pro-
duction in the country (Chowdhury, 1993). Further, out of
the total hatchery-produced spawn, c 94.6% had been
contributed by private hatcheries and c 3% by public-
sector hatcheries (Banik, 1999). Thus, the private hatch-
eries play an important role in the fish production of
Bangladesh.

In the Indian subcontinent, notably in India and in
Bangladesh, AQC is mostly carp-based, with IMCs (Labeo
rohita, Cirrhinus mrigala, and Catla catla) and exotic
carps (Cyprinus carpio, Hypophthalmichthys molitrix, and
Ctenopharyngodon idellus) being the main species cultured
in different types of AQC systems, including culture-based
fisheries in the oxbow wetlands (Hasan et al., 1999), as well
as in enhanced fisheries in floodplains through open-water
stocking (Ali and Islam, 1998).

11.5 DISEASE OCCURRENCES IN
HATCHERIES AND NURSERIES

“Disease” is one of the major constraints to intensification
of AQC, and eventually could become a limiting factor to
the economic success of the industry. Hatcheries and
nurseries are more vulnerable to fish diseases because they
deal with more juveniles, and hence they assume some
importance in this matter. Nursery operators sometimes
have a tendency to overstock ponds with fish in the
improved farming systems, which ultimately may lead to
diseases. It should be noted further that high stocking
densities of fry and fingerlings in nurseries usually lead to
increased stress, and subsequently the fish become more
prone to infectious diseases (Snieszko, 1974). In fact,
juveniles are usually more susceptible to pathogenic attacks
mainly because of their less developed immune systems.

Occurrence of diseases and incidences of droughts and
floods happen to be the major management problems

faced by the hatcheries and nurseries. However, reports
had revealed that diseases are less prevalent among the
former than the latter. However, among the major ailments
reported from nurseries are the following: white spot, tail
and fin rot, gill rot, sudden spawn mortality, dropsy,
malnutrition, and EUS. Conversely, the major diseases
reported from hatcheries were fish lice and sudden spawn
mortalities. As reported, the economic loss due to disease
had been about 7.6% of the profit in Bangladesh. Never-
theless, gill rot probably caused the highest financial
losses to affected farms, followed by sudden spawn mor-
tality, fish lice, EUS, and malnutrition. The results of this
case study in Bangladesh indicated that disease is a sig-
nificant issue in hatcheries and nurseries. The issue of
disease and health management must be cared for with due
emphasis. But in spite of adversities, hatchery and nursery
operations somehow remain as profitable enterprises in
Asia in general, and the Indian subcontinent in particular,
including India and Bangladesh.

Notwithstanding the above, parasitic diseases in nurs-
eries are considered significant factors that could limit the
growth and survival of fry and fingerlings. Some episodes/
instances/examples of parasitic attacks in fishes (as exem-
plified from Bangladesh) are briefly given below:

Gill myxoboliasis is caused by Myxobolus sp. and
Henneguya sp. These parasites cause severe losses to
IMC fisheries, notably to C. catla in Bangladesh. Hossain
et al. (1994) had reported that c 61% of the carp fry in the
nurseries of the greater Mymensingh district had been
infected with ectoparasites. But the highest mortalities of
the carp fingerlings were due to infestation by Tricho-
dina, Myxobolus, and Dactylogyrus. Chandra et al. (1996)
further reported a high prevalence of myxosporeans in the
juveniles of IMCs, notably L. rohita and C. mrigala, in
the nursery ponds of Mymensingh. They had detailed
severe gill infections caused by five species of the genus
Myxobolus. In fact, large-scale mortalities of carps asso-
ciated with gill myxoboliasis had raised concerns among
Bangladeshi fish farmers (Chandra et al., 1996). In
addition to the above, as reported in Bangladesh, fry had
also been affected by gas bubble disease (Ahmed, 2004).
This could be caused by water that is supersaturated
with dissolved gases (notably N2 and O2). Further, one of
the most serious diseases of eggs in hatcheries is caused
by the fungi Saprolegnia and Achlya (Ahmed, 2004).
The fry are also usually highly susceptible to microbial
diseases.

In view of the significant role played by hatcheries and
nurseries in providing a sustainable supply of quality fish
seed for increased AQC and enhanced fisheries, surveys
are being initiated from time to time to study the different
aspects of management issues in small-scale carp hatch-
eries and nurseries, with special reference to health
management.
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11.6 DEVELOPMENT IN AQUACULTURE
AND PROBLEMS OF DISEASES

Aquaculture (AQC) plays a significant role in the nutrition and
avocations of the people. Hence, efforts are being made today
toward development in the AQC sector different countries in
the world. Concomitantly, disease and health problems in
AQC are also in the rise mainly due to intensification in AQC.
There is enhancement in AQC in the countries of the region,
mainly through increased stocking densities. Thismay, rather,
invite disease and health problems among the intensely
stocked fishes (mainly due to overcrowding) and may lead to
large-scale mortalities and consequently poor production,
rather than so-called enhanced production.

11.7 SIMILARITIES AND DIFFERENCES:
LIVESTOCK PRODUCTION AND
AQUACULTURE

Livestock production and AQC are both practiced by human
beings, and both are related to the nutrition and avocations of
the people. Hence, there are obviously similarities and dif-
ferences between the two.

11.7.1 Similarities

1. They are organized similarly.
2. The same farmers are often involved.
3. Both serve as nutrition and avocation.
4. Both may be highly impacted by diseases.

11.7.2 Differences

1. Living habitats are significantly different.
2. Developing countries are said to export more aquatic

animals than livestock.
3. A wider range of diagnostic tests is available for live-

stock than for aquatic animals.
4. Management systems may not be very well developed

in AQC in many countries.

11.8 AQUATIC ANIMAL HEALTH:
POSSIBLE LESSONS FROM LIVESTOCK

There could be pitfalls in dealing with both livestock pro-
duction and AQC. Lessons learned from one could serve as a
check for the other. Notwithstanding the above, the care of
livestock may impart the following lessons that could be
emulated for AQC:

1. Systematic research to identify factors other than path-
ogens that could contribute to the occurrence and
severity of diseases

2. Research and extension to formulate, develop, and
implement on-farm quality assurance measures

3. Systematic approach for disease surveillance, with the
focus on early detection followed by rapid response

4. Improved understanding of the theory and practice of
risk analyses, with the focus on early detection followed
by quick response

5. Strengthening of quarantine arrangements

11.9 LIVESTOCK AND AQUACULTURE
HEALTH SYSTEMS: HOW ARE DISEASES
AND OTHER ISSUES CHANGING?

Health anddisease are twodynamic and closely related entities
and are subject to changes based on various factors and in-
teractions. It may sometimes be difficult to ascertain what
cause leads directly to what result. Alterations may also take
place due to rapid, often unpredictable changes in the envi-
ronment, notably the climate. However, the scenario could
have a significant impact if the following steps are adopted:

1. Increasing emphasis on good disease surveillance
systems

2. Wider application of inexpensive screening tests

11.10 INTEREST AMONG CONSUMERS

People will generally associate with others if they have an
interest in a subject, or if something is related to their health,
disease, nutrition, and avocation. Awareness among con-
sumers is on the rise with regard to major calamities among
livestock due to disease outbreaks, notably “mad cow“ dis-
ease in the UK, the Nipah virus in Malaysia, the EUS
epidemic among fishes, and so on. These have strengthened
the move to on-farm management of livestock.

11.11 DISEASE MONITORING
AND THE GOVERNMENT

Disease monitoring needs a big work force to cover every
nook and corner. As such, government machineries are to
be involved in the process. However, experience has
revealed that differences may exist in the capabilities of
governments at different levels for improving the health
of animals in the small-scale sector. The responsibilities of
livestock and aquatic animal health are entrusted with the
same governmental department in countries like Lao PDR
and the Philippines. Thus, marvelous opportunities exist for
sharing experience, expertise, and resources. Further, live-
stock health surveillance and control systems for small-
holders are quite well developed in some Asian nations.
This could be expanded to other nations through network
collaboration.

Concomitant to the above, the governments in different
nations now seem to be under increasing pressure to supply
better information about the health status of livestock and
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aquatic animals. This could become increasingly more
important over the coming decades for those countries that
export aquatic animal products, particularly live animals
and their products. The OIE Aquatic Animal Health Code
of the Office International des Epizooties has guidelines
about the modus operandi of surveillance to be conducted
and concomitant reporting of diseases, if any. Improve-
ments in the reporting system could be an ongoing process,
with inputs in the form of tables, figures, maps, plates, etc.,
so that targeted goals could be achieved. Nevertheless, it
may be appreciated that the modus operandi of disease
surveillance for livestock and fisheries and AQC may not
be the same, and thus they may call for different strategies.

11.12 DISEASE PROBLEMS AND THEIR
IMPACTS

A disease occurring in a living being hampers with the
physiology of the host, and this is said to exert impacts on the
life of the organism. The impact could be serious dimension
to the juveniles in the hatcheries and nurseries. The impact of
disease in hatcheries and nurseries could be measured by:

(a) fish mortality; (b) economic loss; and (c) extent of
change of attitude, if any, of farmers due to disease prob-
lems and so on.

Surveys in general had reported that diseases may cause
at least partial loss of fry and fingerlings in most facilities
(c 66%), and only c 7% of the hatcheries and nurseries
reported total loss of their stock. Interestingly, c 27% of
farmers had reported no loss of their stock due to disease.
Nevertheless, farmers sometimes reported varying degrees
of losses for individual types of disease outbreaks. The
approximate average rates (percentage) of mortalities along
with the causes, as reported in the case of hatchery and
nursery operations, are as follows:

Malnutrition (55%), air gulping (43%), dropsy (42%),
EUS (39%), sudden spawn mortality (38%), gill rot (34%),
tail and fin rot (34%), argulosis (23%), and white spot
(21%).

11.13 IMPACTS OF EPIZOOTIC
ULCERATIVE SYNDROME ON SOCIETY

Any disease is expected to exert some impact on society, and
the impact may become profound if the disease is a hitherto
unknownone and spreads unabated in an epidemic dimension.
So, EUS fish disease, being a hitherto unknown virulent,
enigmaticfish disease, had been exerting significant impact on
society since its inception, particularly with regard to its effect
on fish consumers, specifically humans. Notwithstanding the
above, there had been other types of impacts of EUS on so-
ciety. For instance, due to EUS in fishes, as reported, c 91% of
the farmers (n ¼ 149) had faced reduced price of their fish in
the markets, and consequently, fall in their family income.

In addition, EUS had paved the way for an increased debt of
a substantive number of fish farmers, as reported by c 42.95%
(64 out of 149 respondents) of the affected farmers. Never-
theless, the majority of the fish farmers had wanted to retain
their faith in the traditional trade with AQC even though EUS
had been a severe blow to their economy. As such, there had
appeared to have not much supporting information about the
change in attitude of the fish farmers (with regard to practice
and species selected) toward AQC, in spite of their hardships
in the event of outbreaks of EUS.

11.14 CATEGORIZATION OF IMPACTS

The impacts of a disease on society could be of various kinds,
and hence the impacts may often need categorization. Cate-
gorization of the impacts of ailments in fish revealed that gill
rot had caused the highest losses, followed by sudden spawn
mortality, fish lice, EUS, and malnutrition. In addition, dis-
eases like tail/fin rot, dropsy, red spot, air gulping, and white
spot had also been reported to be causing considerable losses
in terms of fish. Numerically, as an example, in Bangladesh,
taka (Tk) 8062.0/ha/year was reported to have been lost on
average due to the outbreak of diseases (including EUS).
Consequently, the total loss, due to diseases, in 174 fish farms,
in Bangladesh, could be extrapolated as Tk 6275.0/ha/year.
Concomitantly, the reported cost of treatment of the sickfish in
hatcheries and nurseries could be Tk1669.0/ha/year. How-
ever, in spite of adversities, the average profit of the fish farm
wasTk104, 575/ha.Also, the incurred losses had amounted to
c 7.6% of the profit.

11.15 FISH FARMERS

A fish farmer is the significant instrument in dealing with
the fish for livelihood. As such, a fish farmer may adopt
various steps to monitor fish stock along with the related
environmental conditions in order to get a complete idea of
the state of health of the fish. Thus, monitoring of the fish
farm could enable the farmer to take urgent steps to prevent
any outbreak of disease in its early stages itself, particularly
if any deviation is noticed in the aquatic domain.

Concomitant to the above, attention should be given to
any physical signs of injury or illness such as discoloration
of the body or gills based on regular observations. More-
over, individual and group behavior are to be monitored,
specifically in terms of swimming and feeding. In fact,
lethargic swimming close to the water surface, away from
the main body of the water, particularly in the corners of the
pond, indicates a warning of illness. A suitable opportunity
to observe the fish is during the feeding time, if the water is
murky. Further, loss of appetite could be due to the initi-
ation of the disease.

Up-to-date records of feed and stock are to be moni-
tored regularly in the intensive fish farms. In this way, a
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progressive loss of appetite could be determined by
comparing the records of the daily ration. Dead fish are to
be quickly disposed off, as they could serve as potential
sources of diseases. Further, some kind ailment could be
guessed in the event of large-scale mortality. A tentative
postmortem diagnosis could be obtained through exami-
nation of the dead fish. In addition, fish farmers and fishers
are familiar with the external symptoms of the disease,
notably the EUS. In the case of culture of valuable fish with
a long growth cycle, weighing of the sample periodically
may be considered. This could serve as a general indicator
of health and condition of the population.

Notwithstanding the above, fundamental monitoring of
the environment is specifically relevant in the prediction of
EUS outbreaks. This could range from simple observations
of weather and rainfall patterns to recording of potentially
stressful water quality parameters, such as temperature and
pH. Evidence had revealed a higher risk of EUS, particu-
larly when rain follows a dry spell. As such, specific
attention might be given to the different aspects of rainfall.
Level of DO in a water body is significant. Hence, DO
could be estimated before sunrise, when readings are at the
lowest. However, the depth of water in the pond is to be
monitored during the dry season. It is mainly because there
could be rapid diurnal fluctuations of different parameters
at low water level. It should be noted that Secchi disks are
simple devices to quantify turbidity. and turbidity may be
related to other parameters.

11.15.1 Disease Problems and the
Farmers’ Response

A farmer is worried and often hard hit by disease problems
with crops, and is often upset by crop losses. This situation
may occur anywhere in the world. As an example, in
Bangladesh, out of c 174 fish farmers surveyed, c 166 had
responded that they had faced disease outbreaks in their
farms. With regard to treatment of the sick fishes in the event
of a disease outbreak, nearly all the farmers (c 161 responses
out 166 interviewed: 97%) had responded that they had used
some kind of treatment. In fact, majority of the farmers had
been found to attempt preventive and curative treatment
measures, and only a negligible percentage of farmers
(c 1.2%) had harvested and marketed their products. A few
farmers (c 1.8%) took no measures during the disease out-
breaks in hatcheries and nurseries, probably because of
incapability or other unavoidable reasons.

Notwithstanding the above, certain other farmers in the
study areas are reported to have used different treatments,
such as chemicals and antibiotics, water exchange, and
manipulation of feeding and fertilization. Nevertheless, use
of chemicals had ranked highest (n ¼ 158, 98.1%); fol-
lowed by stopping of fertilization (n ¼ 51, 31.7%) and
feeding (n ¼ 46, 28.6%), water exchange (n ¼ 44, 27.3%)

and use of antibiotics (n ¼ 25; 15.5%). Further, insecticides
and pesticides had often being used as part of chemical
treatment, for example, Sumithion and Malathion had
commonly being used to treat against fish lice on brood
stock.As reported, c 15%of the brood fishes had completely
recovered as a result of the treatment, while c 31% of the
fishes had partial recovery, and c 4% had no recovery. In
fact, farmers engaged in hatchery and nursery trades
appeared to be well informed about their problems. Further,
as reported, many of the farmers had good understanding of
the disease problems, as well as apparently, a number of
them (n ¼ 142; 87.7%) had the ability to identify some
diseases, although 16 (9.9%) farmers had the expertise and
experience of identifyingmost of the diseases in their fishes.

11.15.2 Farmers and the Problems Faced
by Them

It is an accepted fact that sound health management practice
is a key to success in any hatchery or nursery operation.
However, both the hatchery and nursery operators have been
faced with various kinds of problems in their operational
exercises. With regard to ranking of the problems, reported
surveys indicated that c 51 (29.3%) had mentioned the
occurrence of diseases as their major problem. Conversely,
c 48 (27.6%) had pointed out shortage of water as their major
problem. Some other problems faced by the farmers included
flooding, theft, and extremes of temperature. In addition,
some farmers had expressed difficulties with regard to the
lack of financial support, frequent “bandhs,” and bad roads
for commuting. Nevertheless, as a group, c 118 (67.8%) and
c 133 (76.4%) of the farmers opined that disease and a
shortage of water, respectively, were their main problems.

11.16 FISH HEALTH WORKERS

Amedicinedoctor treats a humanpatient along using a teamof
human health workers. Likewise, a sick fish also needs treat-
ment by a knowledgeable fishery scientist. In this exercise, the
scientist could also involve a team of fish health workers.
However, it had been emphasized that a standard and uniform
approach is necessary for monitoring EUS fish disease
throughout the region. With this aim in view, a standard
monitoring pro forma had been drawn at NACA’s second
technicalworkshoponEUSand the environment. It had called
for a general basic site description and details of management
practices of the paddy fields and the pond ecosystems. It
suggested that proper monitoring exercises could be con-
ductedwith regard to certain aspects such as the application of
fertilizers, pesticides, etc.; occurrences of the disease itself and
the fish species affected; data on physicochemical character-
istics of the water; and economic impact assessments. In
addition, HP examination of the ulcerative lesions could be a
specifically useful diagnostic tool for investigating EUS.
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Nevertheless, it could require a great deal of experience and
knowledge, on the part of the fish farmers and fish health
workers, to be able to recognize the characteristic features.

11.17 MONITORING EXERCISE OF
EPIZOOTIC ULCERATIVE SYNDROME

Monitoring is an ongoing exercise. It is performed to track
something. Monitoring is an essential exercise in tracking the
spread of a disease. Tracking the spread of a disease is highly
essential to know the exact status of a disease. This could help
in predicting the outbreak of a disease in a locality, as well as
help to take effective measures for its control. Monitoring
becomes a little difficult task, when a disease is hitherto un-
known and virulent, and sweeps the countries unabated,
thereby giving little scope and time to combat it effectively.
EUS among the fish is one such disease. Little is known of the
meanswhereby, EUS spreads within and between the regions,
although movements of subclinically affected fish are prob-
ably important in transmitting A. invadans infection. Until
effective control and preventionmeasures are implemented, it
is likely that the disease will continue to spread and that out-
breaks will continue to recur. Comprehensive investigations
of initial outbreaks in previously EUS-free areas, as well as of
recurrent outbreaks in previously endemic areas are urgently
needed. This could contribute important information to the
existing knowledge on causal factors for EUS.

From an epidemiological point of view, it is important
to characterize the outbreak in terms of certain variables.
This characterization must be done in such a way that
hypotheses could be developed regarding the source, mode
of transmission and duration of the outbreak. The infor-
mation is organized in an attempt to find answers to the
following kinds of questions:

1. What is the probable date of initiation of the EUS
outbreak?

2. What is the exact period of the outbreak?
3. Given the diagnosis, what is the probable period of

exposure?
4. Is the outbreak most likely from a common source,

propagated source, or both?
5. Are there any characteristics about fish for that specific

attack rates vary?
6. Which groups have the highest and lowest attack rates?
7. What are the significant features of the geographical

distribution of cases?
8. What are the relevant attack rates?
9. In addition to the above, there are three basic time spans

used to describe disease temporal patterns, viz., (a) the
epidemic period, which is of variable length depending
on the particular epidemic, (b) a 12-month period to
describe seasonal patterns, and (c) an indefinitely long
period of years to identify long-term trends.

11.17.1 Regional Monitoring Program

NACA implemented a regional research program on the
relationship between EUS and the environment beginning
in 1987. Such a research program established a region-wide
monitoring system for monitoring of the status of EUS in
the region. Such a network provides a basis for an early
warning system to make people aware of EUS.

Case studies related to monitoring of fish diseases are
discussed below.

11.18 CASE STUDY

Notwithstanding the detailed account of monitoring of the
EUSfishdisease asdescribed above, there havebeena number
of case studies reflecting different aspects of themonitoring of
fish and livestock diseases in Asia. Some significant case
studies related to EUS, notably in Bangladesh, are summa-
rized below.

A case study was conducted by Khan and Lilley (2002)
pertaining to risk factors and socioeconomic impacts
associated with EUS in Bangladesh.

11.18.1 Materials and Methods

The cross-sectional interview-based survey was conducted in
a thana (subdistrict) selected randomly from each of the
64districts ofBangladesh fromDecember 1998 toApril 1999,
because this period is generally said to be the “EUSoccurrence
season” for fishes. Three MSc students from the Bangladesh
Agricultural University interviewed a fish farmer and a fisher
at random in each thana, and examined 100 fishes for
EUS-type ulcers (lesions).

11.18.2 Areas of Survey

One thana known to have adequate fishery resources had
been randomly selected from each of the 64 administrative
districts in Bangladesh. In fact, a letter had been sent to thana
fisheries officers (TFOs) during August 1998, requesting a
list of different categories of fish farms (both registered and
unregistered) and wild fisheries areas in their respective
thanas. One fish farm and one wild fishery had been
randomly selected from these lists.

11.18.3 Development of Questionnaire

The procedure for questionnaire development had been
developed after the methods described by Thrusfield (1995).
Both the fish farmers’ and fishers’ questionnaires had been
designed to record information in a standard format with
inbuilt error checks. Closed questions had been used wher-
ever possible, to give data in a “Yes/No/Do not know”
format, or in a categorical format, to facilitate ease of coding
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and analyses. Further, attempts had been made to keep the
language brief, nontechnical, polite, and doubtless. Both
types of questionnaires were bilingual (prepared in both
English and Bengali), and the Bengali version was used for
the interviews. It should be noted that before starting the final
survey and the actual final interviews, the questionnaires had
been rehearsed twice by interviewing target interviewees in
order to identify and remove ambiguous and irrelevant
questions.

11.18.4 Conducting the Interviews and
Concomitant Sampling of EUS Fish

The three interviewers had been trained together in order to
minimize differences in their technique of implementing the
works. The training had also included examination of fish for
EUS-type ulcers, as well as sampling of EUS-affected fish
tissues for HP. Each interviewer covered one-third of the
total number of districts in Bangladesh. TFOs had been
requested to help and cooperate with interviewers. Each
interviewer carried the following things:

(a) the required number of questionnaires, (b) fish sam-
pling sheets, (c) photographs of EUS-affected fish, (d) 10%
buffered formalin, and (e) stationery items such as vials,
scalpels, marker pens, cast nets, hapa, etc.

After completion of the interview, each interviewer
examined at least 100 susceptible fish from each fish farm
and at least 100 susceptible fish from each wild fishing site
in order to record any EUS-type lesions among the exam-
ined fishes. Further, one fish of each species recorded with
lesions had been sampled for HP. The tissue samples so
collected had been fixed in 10% buffered formalin. In this
case, a sampling net was not available, so the interviewer’s
net was provided for catching fishes. In order to avoid
recounting of the same individuals during farm visits and
on-farm activities, fish that had been examined for lesions
were isolated (separated) into the hapa until 100 individuals
had been examined. The nets were disinfected after having
been used once. A fish farm or wild fishery could be
categorized as “EUS-affected” if one or more fish of any
species presented characteristic mycotic granulomas that
could be confirmed through HP.

11.18.5 Preparation of the Database
and Analyses of the Data

Two MS Access� databases (for the fish farmer and fisher
data) and two MS Excel� spreadsheets (for the fish spe-
cies data) were used to key in the information. Univariate
analyses was done using the software Epi Info� to
examine the association between the occurrence of EUS
and putative risk factors using crude relative risk (RR) as
the measure. The data on fish farm and wild fishery were
analyzed separately.

11.18.6 Processing for Histopathology (HP)

Formalin-fixed tissues of underlyingmuscles containing EUS
lesions were processed, embedded in paraffin wax, and
sectioned at 5 mm. The tissue sections had been stained with
hematoxylin and eosin (H&E) in order to see the granulomas.
Grocott’s silver stain had been used in order to confirm the
mycotic involvement.

11.18.7 Results and Discussion

Variables were analyzed for their effects on RR of EUS.
Incidentally, RR > 1 indicated that the variable is a puta-
tive causal factor of EUS; RR ¼ 1 depicted no association
between the variable and EUS; and RR < 1 indicated that
the variable is a sparing factor for EUS (i.e., it might reduce
the chance occurrence). It should be noted that where the
lower confidence limit (CL) is >1, there is 95% confidence
that the variable is a risk factor for EUS. Conversely, where
the upper CL is <1, there is 95% confidence that the var-
iable is a sparing factor for EUS.

11.18.8 Connections with Pond

As reported, there may be >10 times the chance of EUS
occurrence in culture ponds that contain wild fish. This was
probably the highest RR measured out of the variables
examined. The data also reflected that there could have been a
significantly lower RR (0.39) of EUS occurrence among
farmed fish, had pond embankments been sufficiently high to
prevent entry of incoming waters. Likewise, the ponds that
had been inundated that year portrayed a significantly higher
RR (2.33). Further, a significantly higher RR (2.63) was also
revealed in fish farms directly linked to water bodies and that
had received wild fishes in them. Furthermore, each type of
connecting water body (e.g., rice field, ditch, and beel) pro-
vided a similar level of risk. Ponds containing water sourced
only from underground wells or rain were at much lower risk
of EUS (RR ¼ 0.91, 0.52) than ponds that sourced their
water from rice fields (RR ¼ 2.36). These results corroborate
with those of Hossain et al. (1992), which when recalculated
for RR portrayed a significantly lower risk (RR ¼ 0.65) of
EUS-type lesions occurring in fishes in fish farms containing
rain-sourced water rather than flooded or irrigated water.

Concomitant to the above, it may be pointed out here that
floodwater and entry ofwildfish are considered “risk factors”
because they could serve as routes of entry for the pathogens
(Kabata, 1985). Incidentally, Roberts et al. (1989) had
opined that floodwater is an effective means of spreading
EUS to different places. Changes in the water quality of a fish
habitat due to mixing water with floodwater and agricultural
runoff could cause some amount of stress to farmed fish, and
hence could serve as an additional reason for the outbreak of
EUS. It is possible that underground water and the rainwater
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do not contain as many parasites and pathogens, and hence
more use of these types of water could possibly reduce the
risks of EUS occurrence in AQC (Munro andRoberts, 1989).

11.18.9 Preparation of Pond

Studies revealed that complete draining of pond water,
removal of bottom mud, drying, and liming during the
period of pond construction resulted in low RRs of 0.55,
0.41, 0.17, and 0.42, respectively. Concomitantly, fertil-
ization during pond construction seemed to result in a low
but insignificant RR (0.50).

It should be pointed out that construction and prepara-
tion of a fish culture pond, if done in the above manner,
could exclude fungal pathogens like A. invadans and many
other pathogenic microbes from the pond. Removal of
bottom mud led to a low RR. Further, the A. invadans,
unlike other oomycete fungi, does not seem to show strong
“geotaxis,” and may possibly accumulate on the pond
bottom. Though soil assays could not succeed in isolating
A. invadans (Willoughby, 1999), nonetheless the fungus
A. invadans could possibly thrive in the thick bottom mud
of old derelict ponds during the warmer months of summer
when the water temperature could be around 31 �C. How-
ever, the fungus might be activated to grow with declining
temperatures or with disturbances in the pattern of rainfall.
Such a hypothesis could get support from Ahmed and Rab
(1995) who had opined that fishes cultured in previously
derelict ponds had a higher probability of EUS-occurrence.

11.18.10 Poststocking Management and
Hygienic Practice in the Habitats

As reported, poststocking liming gave a significantly low
RR of 0.46. Ponds with a high content of phytoplankton
and/or zooplankton as revealed by pond water color also
usually depicted low values of RR. But ponds with high
levels of organic wastes as revealed by black-colored pond
water also portrayed high values of RR (2.21).

Liming increases the pH, alkalinity (TA), hardness, and
buffering system of pond water. It also reduces stress for
fish and thereby reduces the risk of EUS. In fact, exposure
of fishes to water having low pH may lead to skin damage,
which is necessary for the entry of fungi and cause disease.
EUS lesions have been induced in fishes, but they were
first exposed to acidified water taken in an aquarium, and
then spores of A. invadans were released into the same
aquarium water. Thus, the aquarium study mentioned
above tried to prove tentatively that the two factors
(exposure of the fish to acidified water and concomitant
release of spores of A. invadans) in combination might be
sufficient to cause the initiation of EUS (Callinan et al.,
1996). Further, it is also possible that increased Ca and Mg
content in pond water might have a more direct effect by

benefiting fish skin and inducing encystment of the fungal
zoospores and thereby making them ineffective in causing
disease.

11.18.11 Other Diseases vis-a-vis Adoption
of Hygienic Measures

A high value of RR (2.90) had also been reported from
water bodies where cattle are washed and drink pond water
after plowing or grazing in other areas, possibly because of
transport of pathogens with the cattle. On the other hand,
netting the fishes with dried and disinfected nets revealed
lower values of RR (0.59 and 0.14 respectively). Further,
chances of infection might increase during the transport of
implements between farms, and hence drying and disin-
fection is recommended.

In addition to the above, a high value of RR (2.65) was
reported from fish farms in which the fishes had been
affected by parasites. In fact, a number of parasites had been
isolated from EUS-affected fish (Tonguthai, 1986). The
parasites could have served either as vectors for the patho-
gens or at the very least as stress-inducing factors during
EUS outbreaks. Subasinghe et al. (1993) demonstrated such
an association between the level of infection by Trichodina
sp. and the susceptibility ofChanna striata to EUS infection.
The mechanism of attachment of these parasites to the
body of the host might in fact cause rupture of the skin of the
host’s body that could facilitate infection by pathogens,
notably fungi.

11.18.12 Climate vis-a-vis Seasonality

Farmers who reported the occurrence of EUS in their ponds
during the previous season were said to at higher risk of an
EUS occurrence even during the current year (RR ¼ 3.00).
Unusually low air temperature and/or incessantly heavy
rainfall for approximately 3e15 days (prior to the start of
the present survey), as opined by the fish farmers and
fishers, might also be correlated with occurrences of EUS.

Furthermore, occurrences of EUS had generally been
associated with low temperature and had often occurred after
periods of heavy rain. It had been observed by Phillips and
Keddie (1990) from 1988e1999 data that EUS outbreaks
had occurred during the months when the average daily
temperature was less than the annual average temperature in
India, Bangladesh, China, and Lao PDR. Nevertheless, EUS
outbreaks in the Philippines and Thailand had also been
recorded during warmer months. In addition, Chinabut et al.
(1995) had challenged stripped snakehead (C. striata) by
injecting zoospores of A. invadans, and had found a weak
inflammatory response. There had been a higher rate of
mortality and more extensive fungal invasion among fishes
maintained at 19 �C, compared with fishes held at 26 �C
and 31 �C.
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11.18.13 Data Obtained from the
Interviews with the Fishers

Among the different types of fish habitats sampled, the
“haors” had displayed the highest value of RR (1.33), and the
rivers had depicted the lowest RR (0.54). A “haor” is a sea-
sonal floodplain wetland in NE India (Kar, 2007, 2013). But
in Bangladesh, a “haor” is the biggest natural depression
between two or more rivers (Khan, 1997; Khan et al., 1997).
Chemicals, wastes, pathogens, etc., might enter the haor
through the riverine networks. With the onset of the dry
season, the water level of the haor decreases, and the aquatic
biota (the collective plants and animals) becomes crowded.
This could often result in stressful conditions for fishes.
Moreover, the presence of a wide range of EUS-susceptible
fishes under these circumstances makes the haor a suscepti-
ble area for EUS outbreaks. On the other hand, themovement
of water in lotic water bodies, notably rivers, is said to lessen
the chances of fungal pathogens attaching to the body of the
fish host, thereby resulting in fewer occurrences of EUS and
consequently lower values of RR. Further, as reported, there
had been no significant relationship between artificial
stocking of natural water bodies and occurrences of EUS. As
mentioned earlier, water bodies in which EUS-occurrence
had been reported during the previous year are at more risk
and prone to be affected by EUS, even during the current
season, as also reported by the fishers (RR ¼ 2.19).

11.18.14 Observations in General

The general observations and opinions of the farmers, as
recorded by the interviewers during the period of survey, are
summarized below. Some of these points had been corrob-
orated by the current study, while others may require further
study for confirmation.

1. EUS outbreaks had been occurring almost every year
since 1988, affecting a large number of species of FW
fishes. The intensity of the disease was quite high during
the initial period of its inception, which had gradually
subsided with often a decreasing trend with the passage
of time.

2. Thewildfisheries had sometimes beenmore affected than
the farmed fisheries, although the reverse was also some-
times true. In fact, the farmers and fishers from the
wetland areas had reported that an outbreak of EUS oc-
curs almost every year in their wetlands as the tempera-
ture begins to fall. It had affected mainly the snakehead
murrels, some eels, notably theMastacembelus sp.,Mac-
rognathus sp., etc. Later, the fish farms, which are situ-
ated quite close to the affected sites of wild fisheries,
become affected, and then the process of transmission
of the disease continues to distant farms.

3. As reported, EUS often occurs in culture ponds that are
directly connected to rice fields through drainages. But

other adjacent ponds that are not linked to rice fields
through drainages generally remain unaffected.

4. Some farmers and fishers had opined that aquatic birds
(particularly the piscivorous ones), reptiles, mammals,
etc., might transmit the disease from one place to another
mainly by preying upon easy-to-catch EUS-affected sick
fishes, and in this process, drop the affected fish (either in
part or in full) into the water bodies that had remained un-
affected by EUS.

5. It is a common belief among many farmers and fishers
that floods play a significant role in spreading EUS far
and apart.

6. As reported, the affected snakeheads, walking catfishes,
and the climbing perches might transmit the EUS dis-
ease by entering an unaffected water body.

7. Some farmers had opined that their unaffected farms
had become affected after the introduction of duckweed
from a wild water body.

8. As reported, a large number of old ponds, situated in
shade and having no connection with the wild or affected
water bodies, but containing a large amount of bottom
deposits, had been repeatedly affected by EUS over
several years. This could therefore reveal that the fungus
is able to thrive in isolated water bodies under particular
environmental conditions.

9. As reported, ponds with high stocking density are usu-
ally more prone to be affected by EUS.

Similar to the above, another set of observations was
recorded during a separate caseecontrol study of ponds in
the Mymensingh district of Bangladesh. This study was
undertaken concurrently with the cross-sectional study.
The salient features of this latter study are briefly given
below:

1. A series of contiguous and adjacent fish farms were
affected with EUS during the late winter. Surprisingly,
it was difficult to find an unaffected “control” fishpond
in that area, as was reported.

2. It was reported that ponds with a common embankment,
situated in proximity to a wetland (say, a “beel”), had all
been affected. On the other hand, newly constructed
ponds with quite high embankments, but situated near
the same beel, remained unaffected.

3. In view of the above, on a number of occasions, the
affected ponds were separated from the unaffected ponds
(with similar cultural characteristics and practices) by a
highway or high embankments.

4. It has been reported, perhaps based on summary observa-
tions, that the unaffected ponds of fish farms situated adja-
cent to EUS-affected beels usually become EUS-affected
within a week. It was thought that this could be due to
washing cattle and implements used in the beel in the
unaffected pond. Some farmers further reported that after
fishing in EUS-affected beels, rice fields, etc., EUS had
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occurred in the ponds of their fish farms, possibly due to
the washing of the affected nets and other implements in
their unaffected ponds.
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Chapter 12

Quarantine and Health Certification

12.1 INTRODUCTION

EUS has been a hitherto unknown, virulent, and enigmatic
disease among FW fish ever since its inception in SE Asia
(Kar, 1990). It has been inflicting colossal losses on fish
farmers mainly by sweeping through rice fields and fish
farms. As usual, there had been widespread fear of and
psychosis about potential EUS disease transmission to
human consumers, which has been found to be totally
unfounded and baseless (Kar, 2007, 2013). But this
consequently led to a drastic decrease in the market demand
for fish (Dey and Kar, 1990), including marine species that
were not in fact affected by EUS.

Notwithstanding the above, EUS has been considered a
virulent disease of epidemic dimension that has been
affecting FW fish in the Indian subcontinent (including
India and Bangladesh) since 1988 (Kar and Dey, 1990a,b).
However, there is evidence to suggest that initiation of EUS
outbreaks happen when a number of determinants or causal
precipitating and predisposing stress factors amalgamate to
cause the effect. The principal effect is the exposure of the
dermis. These exposed sites could serve as potential points
of entry for both primary and secondary etiological agents,
viz., bacteria, fungi, and viruses, not only to primarily
initiate the disease (EUS), but secondarily to cause havoc in
fish during later periods. There had been several hypotheses
about the dynamics of initiation of EUS. According to
Lilley et al. (1998), the exposed sites could provide the
points of attachment and entry for the spores of the fungus
Aphanomyces invadans. According to Callinan et al.
(1996), outbreaks of EUS in the estuarine fish of Australia
were due to acid-sulfate soils, and they were said to have
reproduced EUS in estuarine fish by exposing susceptible
fish to acid water and spores of A. invadans. To the con-
trary, Kanchanakhan (1996) had further shown that EUS
could be reproduced when susceptible snakeheads (Channa
sp.) had been injected with a particular strain of Rhabdo-
virus and bathed in spores of A. invadans. Thus, it appeared
that there could be a number of sufficient causes for the
initiation (outbreak) of EUS, although every set of suffi-
cient causes of EUS could be different from one another.
However, each combination might have the common result
of exposing the dermis and allowing entry of the etiological
agents. Nevertheless, the presence of the fungus
A. invadans is common in almost all cases of EUS

outbreaks, whether as a primary or secondary etiological
agent. The highly invasive ability of the A. invadans to
enter into the tissues of bones, gizzard, and spinal cords has
been reported, and it could indicate that under certain cir-
cumstances, the fungus is able to invade the healthy skin of
the fish (Vishwanath et al., 1998).

12.2 SURVEY OF WORKS

Notwithstanding the above, there had been various kinds of
works on different aspects of EUS in different places since
its inception. As an example, a review of some earlier
surveys on EUS in Bangladesh is briefly given below. It
could be evident that these surveys provide information on
the impacts of EUS on the social, economic, and biodi-
versity aspects during that period.

12.2.1 Survey of Farmed EUS Fish
in Bangladesh

1. Approximately 68% of the 200 ponds in Chandpur Dis-
trict were affected with EUS as noted during Marche
April 1998 (Hossain et al., 1992).

2. Approximately 50% of the 234 carp ponds had suffered
from EUS-type outbreaks in 1991e92 (Ahmed and
Rab, 1995).

3. Approximately 13% of the 96 extensive and c 7% of the
522 intensive/semi-intensive carp farmers had reported
EUS during 1992e95 (ADB/NACA, 1991).

4. Approximately 16% of 6401 farmed fish had lesions
during the period November 1998 to March 1999
(Khan and Lilley, 2001).

12.3 TRANSBOUNDARY ANIMAL
DISEASES

It is a common notion that diseases know no boundaries
and generally spread in an epidemic form like wild fire.
Nevertheless, they have enough potential to affect both
aquatic (piscian and nonpiscian) as well as the human
population adversely (Baldock et al., 2005). Concomi-
tantly, transboundary animal diseases (TADs) may be
defined as “those epidemic diseases that are severely con-
tagious and have the potential to spread very fast irre-
spective of national boundaries or borders, causing serious

Epizootic Ulcerative Fish Disease Syndrome. http://dx.doi.org/10.1016/B978-0-12-802504-8.00012-2
Copyright © 2016 Elsevier Inc. All rights reserved.

257



socioeconomic and public health consequences.” Such high
risks of morbidity and mortality among the susceptible
animals (including fish) pose serious threats to the liveli-
hoods of livestock and fish farmers.

12.3.1 Some Examples of Transboundary
Animal Diseases (among Livestock and
Fish)

1. Foot and mouth disease (FMD): The disease had seri-
ously affected the commercial pig industry in Taiwan
during 1997. It has been absent from SE Europe. Efforts
had been made to eradicate it from South America. It is
now endemic in some parts of Africa, the Middle East,
and Asia.

2. Rinderpest: It was introduced into Africa during the
late nineteenth century, and within a decade had
covered the whole country. It has been possibly elimi-
nated from West Africa.

3. Rift Valley fever: It is said to have occurred in Egypt
during 1977 with c 200,000 affected persons and c
600 deaths.

4. Contagious bovine pleuropneumonia: It has caused
catastrophes in Africa over the last few years, and it is
said by now to have covered 27 countries.

5. Hog cholera (or classical swine fever): A recent
serious outbreak of this disease had led to the death
of c 12 million pigs. It had occurred significantly in
Europe, notably in The Netherlands, Germany, Spain,
Italy, and Latin America.

6. African swine fever: It had occurred for the first time in
Cote d’Ivoire during 1996, where it had killed c 25% of
the pig population. It is endemic in much of sub-
Saharan Africa.

7. Highly pathogenic avian influenza (HPAI): In Penn-
sylvania, USA, during 1983e84, the cost of eradication
of HPAI was US $64 million, and the indirect loss to
the consumers was US $500 million.

Concomitant to the above, TADs have the potential to
threaten food security through serious loss of animal pro-
tein. TADs cause major production loss of both livestock
and fish products; hamper trade of livestock, fish, and their
products; cause public health consequences; and so on.

8. Epizootic ulcerative fish disease syndrome (EUS)

A significant addition to the above list is the hitherto
unknown, virulent, enigmatic, and epidemic fish disease
known as EUS, which has been causing large-scale mor-
tality among FW and brackish-water fish on what is now a
semiglobal scale. It appears to have crossed all national and
international boundaries, rendering a number of species
endangered as well as posing serious threats to the nutrition
and avocations of the people (Kar, 2007, 2013).

12.3.2 Trends that Could Affect
Transboundary Animal Diseases

TADs exhibit a great deal of dynamism.Newdiseases are said
to emerge; old diseases are said to reemerge. They display a
great propensity for sudden and unexpected spread to new
regions. Significantly, the spread and impact of TADsmay be
seriously hampered due to global warming and climate
change, possibly due to changes in rainfall patterns, etc.,
thereby possibly affecting the distribution of insect vectors.

12.3.3 Transboundary Animal Diseases
to be Combated (Fight Against TADs):
Application of Appropriate Technology

An effective national animal and fish quarantine system
(FAO, 2009) could be the first line of defense against the
entry and establishment of TADs. There could be a second
line of defense as well. Some points could be as follows:

1. Disease surveillance and animal health information
systems

2. Devise various alternative methods for studying epide-
miology of disease outbreaks

3. Disease diagnosis and characterization of the etiological
agents

4. Production of vaccines for disease control and
eradication

12.4 FISH AND LIVESTOCK HEALTH:
MAJOR ISSUES

International trade at the global level has enhanced the
risks of disease emergence to almost an exponential scale.
The situation has been aggravated with the raising of
GMOs, crossbreedings, and other modern applications,
sometimes without considering the consequences. As
such, there has been an emergence of global bodies such
as the WTO, which is responsible for (1) administering a
number of multilateral agreements, notably the GATT,
Agreement on Agriculture, Agreement on Sanitary and
Phytosanitary Measures (SPS Agreement), and so on; and
(2) taking care of frameworks that facilitate trade, along
with evolving mechanisms to reduce the risks associated
with free trade. The SPS Agreement provides core prin-
ciples, while the International Animal Health Code of the
OIE (OIE, 1997) provides standards for the management
of these risks. Concomitantly, “The Animal Health Ser-
vice” of the FAO appreciated and recognized the inter-
national spread of diseases as one of the potentially
greatest downsides in the emerging changes to world
trade. The FAO therefore consolidated its activities under
the Emergency Prevention System for Animal and Plant
Pests and Diseases to control and contain serious and
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severe epidemics among fish and livestock such as TADs,
including fish diseases, notably Rinderpest, FMD, New-
castle disease, and others. Aspects of EUS could also be
considered under this scheme.

Concomitant to the above, global production from AQC
is increasing at approximately 13% per year, and produc-
tion is expected to double every six years if this rate is
sustained along with uniform rates of production from
different countries. Conversely, fast growth may also help
potential pathogens to find a greater number of susceptible
hosts. Also, rapid unchecked growth might boost unhealthy
competition among neighboring farms, thereby leading to
the spread of infectious diseases in epidemic dimensions
leading to devastation among not only the fish, but also
other types of aquafauna in aquafarms of both the large-
and the small-scale sectors.

Notwithstanding the above, it is often appreciated that
similarities exist between smallholder livestock and AQC
systems with regard to application of similar principles of
health management and outcomes. Similar problems often
occur with increased stocking densities coupled with
commercial pressures for making production efficiency
gains continually. This often may lead to enhanced chances
of infectious diseases. A glaring example in this regard is
the poultry industry. During the early 1960s in Australia,
there had been small poultry farms of small number of
batches, which had been run mainly on familial efforts.
Gradually, avaricious commercial natures transformed the
small avocations into huge commercial establishments,
thereby inviting numerous diseases and associated prob-
lems. Consequently, management had to reconvert
“multiage” farms into “all-in all-out” farms, with mandates
for reduced stocking density.

12.5 ADDRESSING DISEASE PROBLEMS
IN SMALL-SCALE AQC

Rural small-scale farmers are generally resource-poor with
usually limited knowledge of disease and health manage-
ment among the fish. Thus, it is essential to understand how
the rural small-scale AQC sector is being managed by the
farmers and their associates engaged in various sectoral
activities. This could, concomitantly, help us in framing
appropriate interventions through better health management
practices. Some significant health management practices
could be as follows:

1. Framing of effective quarantine measures at the national
level

2. Access of the farmers to basic aquatic animal health
services

3. Basic health management measures incorporated into
fishery enhancements and rural livelihood programs
(Kar and Kar, 1994)

4. Strengthening extension services (FAO, 2009) and
accelerating communication exchange, which could
bring about a letup in the situation through faster re-
sponses to disease situations

12.6 RULES AND REGULATIONS

Rules and regulations are part of systematic management.
Ailments in fish may not occur, if the fish farm could be
maintained following stringent rules of hygiene and strictly
scientific norms of management.

12.6.1 Quarantine and Health
Certification

The EUS fish disease had been sweeping fast and unim-
peded across watersheds, oceans, and country borders for a
few decades. Such unhindered spread of EUS points to the
possibility that human agencies might be responsible for its
irresistible spread. Further, the unrestricted transport of fish
and piscine products, along with their pathogens, if any,
within and across national and international boundaries
might have played some role in the initiation and spread of
EUS. It is sometimes believed that the trade of some
EUS-susceptible species such as carps, catfish, murrels, and
gouramies, which are of interest to aquarists, is often
responsible for the initiation and outbreak of EUS. A
number of recommendations were recorded at the
ADB-NACA Regional Workshop on Fish Disease and Fish
Health Management (Anon, 1991) emphasizing the estab-
lishment of centralized quarantine facilities and a system of
fish health certification. The compelling need for such a
strategy had arisen in view of the severe economic losses
suffered by the fish farmers and fishers due to the devas-
tating outbreaks of EUS. In fact, such protective systems
had been operational in some countries of the region for
quite some time.

12.6.2 Farm Registration

Concomitant to quarantine measures, there had been a
growing need for regulations for controlling movement of
live farm consignments in connection with national and
international trades. Such steps, if effectively implemented,
could reduce the impact of infectious diseases within the
regions and countries. Ideally, all farms and hatcheries are
expected to possess a valid license for responsible trade.
They are also expected to maintain an up-to-date records of
the movement of consignments of fish and piscine prod-
ucts, along with the health status of the fish. The arrival of
diseased fish to unaffected sites could then be controlled
and restricted wherever necessary. In addition, commercial
pressure from the farm owners and fishers to the suppliers
of fish and fish seeds, could go a long way in supplying the
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farms with “certified” disease-free fish. Such a practice, if
followed honestly and regularly, could eliminate the need
for legislation.

12.6.3 Chemotherapeutants

The chemotherapeutants are to be used judiciously. Che-
motherapeutants, like antibiotics, are often used indiscrim-
inately, perhaps due to ignorance or bad advice. Such
erroneous use may cause damage to the aquaculture in-
dustry, and could damage useful flora through the
assumption that many microbes could become antibiotic
resistant. Many antibiotics may not be directly harmful to
humans. However, they may perturb their intestinal flora
and could pave the way for the development of resistant
bacterial strains. This could make the treatment of fish
diseases more difficult. There are a few regulations already
in vogue. However, there are no clear guidelines regarding
the withdrawal periods after their administration. However,
such guidelines could be indispensable to ensure and safe-
guard both the aquaculture industry and its workers, as well
as ensure the safety of consumers of aquaculture products.

12.7 RESEARCH

Continuous and comprehensive research work is a prereq-
uisite to knowing about a disease in detail. Such efforts
could give an answer to the etiology of the ailment,
particularly if the illness is hitherto unknown, as well as
help in targeting the actual measures for its treatment and
control. It should be noted that intensive research work has
been ongoing, based on extensive field and laboratory
work, to determine the correct etiology of the hitherto
unknown, enigmatic, and virulent EUS (Kar, 1991a,b).

12.7.1 Etiology

As indicated earlier, there is still a knowledge gap
regarding the exact etiology of EUS. As such, more studies
are needed to fill this void. Particular attention is required to
establish the primary etiology and the associated secondary
infections. It is very much essential to confirm the exact
roles of bacteria, fungi, and viruses, and solve the riddle for
good. HP studies (based on both light microscopy and EM)
along with comparisons between HP of EUS fish and other
non-EUS fish, could also be attempted.

12.7.2 Control

Aspects of control with particular reference to EUS have
already been discussed in detail. At the cost of reiteration, it
may be emphasized here that an integrated comprehensive
approach to fish health and disease is highly essential in
today’s scenario, utilizing available techniques of

management. The lessons learned from the repeated
devastating episodes of EUS have paved the way for this
new kind of thinking. The application of lime could be a
pragmatic approach in the management and control strategy
of EUS, but there is need for more detailed studies in order
to quantify the dosages of treatment, and for more effective
prophylactic and therapeutic preventive measures. In
addition to the application of lime in other kinds of water
bodies, such measures could also be applicable in man-
aging EUS in cultured fish populations, particularly in the
wetlands (notably the “beels” in eastern India and
Bangladesh).

12.7.3 Environment

There had always been a reported (Kar, 2013) close relation
between the initiation of EUS and changes in the envi-
ronment, particularly in the limnological parameters (Kar
and Dey, 1991, 1992, 1993, 1996) of the water bodies in
which the fish live. A sudden alarming decline in TA and
also of temperature of water had often been found to trigger
the initiation of EUS under the Indian scenario, and
therefore TA and water temperature have often be regarded
as “stress factors” in the initiation of EUS (Kar et al.,
1990a,b, 1993, 1994, 1995a,b, 2003, 2007a,b).

The Regional Research Program of NACA, along with
other studies, emphasized the importance of environmental
factors in the outbreak of EUS. Even so, the critical factors
remained elusive (FAO, 1986). NACA further opined that
(FAO, 1986) declining or unstable temperatures, low
alkalinity and hardness, and fluctuating pH appear to be
significant in the outbreak of EUS. But rigorous experi-
mental works are required to confirm these roles. In addi-
tion, high levels of Al and other elements might also be
mobilized under low pH conditions. Significantly, greater
understanding of the dynamics of these factors might allow
the possibility to manipulate the environment positively.
Alternatively, such understanding could also permit
avoidance of certain developing conditions, which could
assist in controlling EUS in both wild and cultured fish
populations. The exercise of region-wide monitoring of
selected environmental parameters under the guidelines
of the NACA is expected to be ongoingdthe dissemination
of more information on EUS is expected, particularly on the
dynamics of interaction among various parameters. This
could help in unraveling the exact etiology of EUS.

Similarly, regional studies have portrayed that pollution
of water bodies from inorganic and organic pollutants is a
growing concern and a significant constraint to fisheries
and aquaculture development in the AsiaePacific region. It
is sometimes opined from certain quarters that our under-
standing of the complex relationship between EUS in fish,
and the environment, had been hindered by an acute lack of
data on the related aspects. During the study of EUS, on a
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number of occasions the practical benefit to be obtained
from improving the pond environment was the yield of
disease-free fish. Further, a more comprehensive under-
standing of interactions between pollutants, fish production,
and disease could assist in developing strategies to protect
fish from ailments, get high fish yield, and help in making
up fish losses in both wild fish populations and aquaculture.

12.7.4 Improved Facilities

Facilities are essential for doing research, and such facilities
should be improved types when the topic of research is a
hitherto unknown one. In this regard, it may be opined that
EUS has been a hitherto unknown, enigmatic, and virulent
fish disease that has had devastating effects on freshwater
fish with a semiglobal reach. As such, research aimed at
solving the riddle of this unknown illness in fish has been
requisitioning for improved facilitiesdat both laboratory
and field levelsdin the form of infrastructure and expertise,
including tissue culture, virology, EM, elemental and pes-
ticidal analyses, analyses of different water-quality param-
eters, and so on. EUS has further highlighted the need for
improved fish disease diagnostic and research facilities in
developing countries, particularly in the SE Asian region,
mainly because EUS is almost endemic in this region
today. In addition, the socioeconomic benefits of devel-
oping the resources and the infrastructure to investigate
such challenging tasks could outweigh the disadvantages
and the cost of such facilities. In fact, millions of dollars
have probably been spent on and lost in tackling EUS. In
view of the pressing need for an advanced and improved
facility, the Royal Thai government, with the support of the
Overseas Development Organisation (ODA), established
the Aquatic Animal Health Research Institute (AAHRI) at
the Kasetsart University campus in Bangkok. This institute
gives facilities and technical expertise for sophisticated
research on EUS in regional, national, and international
arenas.

Realization of the objectives indicated above for the
prevention, control, cure, and eradication of EUS requires
the acceptance, adoption, and implementation of correctly
and adequately planned policies by concerned govern-
ments. Moreover, there is need for a high level of organi-
zation, and national and international cooperation and
coordination, when handling and dealing with such a varied
and widespread problem like EUS, which evidently takes
no heed of national and international boundaries.

12.8 CONCLUSION

Welfare to animals has of late been a major issue in live-
stock and fisheries management systems. Outbreaks of EUS
have been subsiding in many regions. New occurrences are
being reported from previously unaffected areas, however,

as well as in newly developed fisheries and farming man-
agement systems. It was recently revealed that EUS may
not always occur as seasonal outbreaks and may not always
cause high mortalities, but instead may prevail at low levels
throughout the year. It could thus have some effect on
productivity that may not be measurable in terms of mor-
talities alone. On one hand, communities that are dependent
on local fisheries have been affected greatly by outbreaks of
EUS everywhere. On the other hand, societal impacts may
sometimes extend beyond persons who are directly affected
by the loss of fish. There have been reports of direct eco-
nomic losses due to EUS-caused deaths in various affected
nations, and further estimates are being prepared based on
recent survey data. But losses due to lower productivity
could be of greater significance. Naturally, during the
period of severe EUS outbreak, reduced aquaculture and
fish production could be demonstrated. Declines in fish
production positively due to EUS have not been positively
ascertained, as even during periods of severe EUS out-
breaks, it may be difficult to locate the susceptible species
as revealed from anecdotal evidence. To date, there has not
been much information available on the long-term effects
of EUS on aquatic ecology.
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Chapter 13

Epizootic Ulcerative Syndrome and the
Economy of the Nation

13.1 INTRODUCTION

There is a common Bengali proverb, “Machhe Vate
Bangalee.” It means that Bengalees may not be able to
live without fish in two square meals a day. It is believed
that c 1.4 million people earn their livelihood from the
fisheries sector. Further, c 11.0 million people are
involved in fishing and its related and other ancillary
activities (Mazid, 1995). Furthermore, c 80% of the
population is rural and generally catches wild fishes from
various small and big lentic (lakes, wetlands (beels, haors,
baors or anuas, etc.), ponds, marshes, fens, ditches, etc.)
and lotic (rivers, streams, brooks, canals, etc.) water
bodies. Although fish is the staple food of the people for
nutrition, many poor people may not be able to buy fish
for every meal in a day.

Even so, the fisheries domain is seen by many as an
important sector in the nutrition and avocations of the
people. This fact is more pronounced in tropical Asia,
notably the Indian subcontinent including India and
Bangladesh. In this regard, the fisheries sector contributes c
5.3% to the gross domestic product (GDP) of Bangladesh.
Also, >7% of the country’s population is supported by the
fisheries sector and its allied activities. Further, c 6% of
export-related earnings is contributed by the fisheries sector,
thus paving the way to earn the third rank after jute products
and leather. Furthermore, fish accounts for c 6% of the per
capita protein intake and contributes about 60% of the an-
imal protein consumed throughout Bangladesh. Moreover,
the fisheries sector provides income to c 1.5 million full-
time and 11.0 million part-time fishers. The fish sector
plays similar roles in India, Thailand, and other countries.

Concomitant to the above, production through aqua-
culture (AQC) is continuing by leaps and bounds in the
developing countries in Asia in order to meet the needs of
nutrition and avocation. Burgeoning population pressure
vis-a-vis a shortage of alternative employment opportu-
nities in certain countries had increased the attraction of
fisheries and AQC as avocations. But these countries,
notably Bangladesh and India, had been facing many dif-
ficulties in the appropriate management in AQC, mainly

due to lack of up-to-date knowledge of management
practices and a lack of awareness among growers (pro-
ducers). Information pertaining to appropriate management
of emerging problems should be disseminated among the
fisheries and AQC sectors.

Notwithstanding the above, small-scale fish farming
has become increasingly popular among unemployed
youths as a potential source of income in view of the
burgeoning unemployment problem. Some small-scale
farmers own ponds but, rather than culturing, lease the
ponds to others on an owneretenant basis. In view of this,
in the event of outbreak of a disease such as epizootic
ulcerative syndrome (EUS), there could be colossal losses
to AQC mainly because the tenant farmer may not always
be competent enough to tackle and manage the grievous
situations posed by an outbreak of EUS.

13.2 FRESHWATER FISHERIES SECTOR

There is widespread appreciation that the fisheries and
AQC sectors play significant roles in meeting national
goals in social, economic, and nutritional arenas. In certain
Asian countries like Bangladesh, pisciculture is progress-
ing toward semi-intensive culture in a water-spread area of
c 147,000 ha. As already mentioned, indiscriminate use of
fertilizers and feeds has been rendering fishes susceptible
to diseases due to foul water, and consequently the effects
of the diseases on improved systems of AQC are signifi-
cant. At the same time, outbreaks of diseases had been
insignificantly reported and poorly documented.

13.3 PROMISING AQC AND
SOCIOECONOMICS

Notwithstanding the above, statistical figures from the
Indian subcontinent, notably Bangladesh, indicated that
c 1.31 million ton of fish was produced during
1996e1997. Out of this, c 1.0 million ton was obtained
from inland waters, contributing to c 79% of total fish
production. Further, open-water capture fisheries
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contributed c 58% of total inland production, and the
rest of the c 42% was contributed by closed-water
culture fishery. In fact, the quantum of production
from culture fishery has been increasing since
1983e1984. Its yearly growth rate over the previous
years varied between 4% and 20%. Further statistical
figures portrayed that the contribution of culture fish-
eries to inland fish production in some Asian countries
such as Bangladesh had been c 16% during 1983e1984,
and increased to c 33% by 1996e1997. The average
rate of depletion from capture fisheries, however, was c
1.7% per year during the period 1983e1984 to
1989e1990. Nevertheless, a trend of increasing fish
production has been registered since 1991e1992,
perhaps due to large-scale open-water stocking programs
initiated by some governments neighboring India,
notably Bangladesh. The projected target of fish pro-
duction during 2001e2002 was 2.08 million ton. This
goal was probably achieved through intensification of
AQC and possibly through enhanced fisheries from
floodplains. However, a sustained supply of large-sized
quality fish fry and fingerlings could be a prerequisite
for both the intensification of AQC and the enhance-
ment of fisheries through open-water stockings.

13.4 PADDY-CUM-FISH CULTURE AND
EPIZOOTIC ULCERATIVE SYNDROME

Similarly, and in addition to other species, EUS had been
affecting fishes that grow in paddy fields, notably murrels,
anabantids, clariids, and some minor carps. As such, the
potential socioeconomic impacts of the highly infectious
EUS affecting rice-field fishes are immense. As indicated,
c 250 million families in the region are dependent upon
paddy cultivation as a principal crop, with rice being a
staple food item of their diets (Macintosh, 1986). Farmers
also go for fish production through the application of the
paddy-cum-fish culture technique. They usually produce
two cropsdrice and fish. They often invest a huge sum of
money in such ventures with the expectation of earning a
lucrative return. The usual period of harvest of the crops is
from September to February, but the outbreak of EUS
generally coincides with the harvesting period of crops, as
indicated above. As such, fish farmers face difficulties in
marketing their fish crops, and in the process they incur
colossal losses. As such, estimates of the economic value
of fish losses to commercial fish traders are huge. These
figures do not, however, account for indirect socioeco-
nomic costs due to market rejection of harvested ulcerated
fish or, in some cases, even unaffected fish. In some
communities during the 1980s, a widespread but un-
founded fear of disease transmission to consumers led to a
drastic decrease in market demand for all food fish.
Consequently, confidence in freshwater fish farming,

particularly among potential investors and financial
agencies, was badly damaged.

13.5 LIVESTOCK VERSUS AQC

Livestock production is generally perceived as possessing
high risk due to disease outbreaks, vis-a-vis the high cost
of animals and their maintenance. On the other hand,
AQC, being comparatively less money-intensive than
livestock farming, may not always have severely devas-
tating economic effects in the event of disaster. In this
regard, AQC possesses positive features. However, a
shortage of juveniles for stocking ponds may invite their
import from neighboring areas or countries, and imported
juveniles are sometimes of poor quality and often have
poor survival rates. Moreover, there is the potential risk of
introduction of diseases from the countries of origin.
However, the production of juveniles (mainly fingerlings)
is usually confined to provincial hatcheries and a few
private entrepreneurs. Such a situation is in vogue in Lao
PDR, where this activity is on the increase, and the
consequences are aggravated by health-related manage-
ment problems. The latter limit aquaproduction in Lao
PDR and constrain development, but does not inflict any
direct and severe economic loss. However, this may not
be the case for wild fisheries. Ultimately, a lack of
baseline information on aquatic animal health issues for
Lao PDR may be limiting its ability to assess risks in
AQC and fishery operations.

13.6 INPUTS THROUGH AGRICULTURE

Rice bran and cassava are the two agricultural feedstuffs
produced by the farming system in Lao PDR, and surplus
corn may also be produced in some regions. Rice bran is
usually retained by farmers for use as supplementary feed
in pisciculture and livestock production, although some is
exchanged as the cost of rice milling. On the other hand,
cassava is eaten or fed to livestock in upland areas.
Chemical fertilizers are not in much use mainly because of
financial constraints. Nevertheless, they may be used along
with pesticides in irrigated areas, where there is greater
promotion of the more intensive methods of rice
production.

There is only limited intensive livestock production
in the villages mainly due to a lack of animal feedstuffs.
Limited production area, coupled with marketing diffi-
culties, could serve as a partial reason for this, and the
fragmented nature of subsistence farming could be a
further cause. Although livestock production is encour-
aged, often through bank lending, the agricultural pro-
motion banks in Lao PDR do not seem to be very
conversant with lending to the fisheries sector, notably to
small-scale fish farmers for pisciculture.
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13.7 EPIZOOTIC ULCERATIVE
SYNDROME, THE HITHERTO UNKNOWN
FISH DISEASE

A disease may usually cause loss of life and property. The
loss may be colossal if the outbreak of the disease occurs on
an epidemic dimension. Concomitantly, the inhabitants of a
nation suffer losses due to outbreaks of disease, and the
brunt of a disease is usually faced by the economically poor
masses of a country. Poverty-stricken stakeholders at the
grassroots level are rendered beggars with enormous losses
when the entity that fell ill relates to their nutrition and
avocation. Such a situation occurred when several diverse
species of fishes were killed by EUS on a semiglobal scale,
rendering a number of fish species less abundant and
endangered.

EUS has been a hitherto unknown, virulent, and enig-
matic disease among FW fishes since its inception in SE
Asia, and has inflicted enormous losses on fish farmers
mainly by sweeping through rice fields and fish farms. As
usual, there was widespread fear of and psychosis about
potential EUS disease transmission to human consumers,
which has been found to be totally unfounded and baseless
(Kar, 2007, 2013; Kar and Dey, 1990a,b,c). But this fear
and psychosis consequently led to a drastic decrease in the
market demand for fish, including marine species that were
not in fact affected by EUS.

13.8 THE RISK FACTORS

A principal strategy in subsistence farming is to minimize
“risk factors.” This is possibly reflected in the low input
vis-a-vis low productivity of rural Lao AQC. The size of
Lao ponds ranges from 550 to 1520 m2 with a water depth
of c 50 cm on average. Productivity is low, usually ranging
from 417 to 708 kg/ha per year, mainly due to low stocking
densities (generally, from 1 to 4 fish/m2) and limited arti-
ficial feeding. It is important to note that low-input AQC
systems are generally not very disease-prone, but may
become so during the dry season or with increased inputs.

Disease is a less significant risk factor among fishes in
Lao PDR, as compared with its significance for livestock.
Rather, the significant risk factors are theft, excess use of
time and labor, and so on.

13.9 EPIZOOTIC ULCERATIVE
SYNDROME AND THE LOSS TO
ECONOMY

In addition to the above, there have been reports of eco-
nomic losses due to fish disease and mortalities caused by
EUS in countries such as India, Bangladesh, Nepal,
Pakistan, Sri Lanka, Myanmar, Thailand, Lao PDR,

Kampuchea, Vietnam (Anon, 1991a), the Philippines,
Malaysia, and Indonesia, as well as on the Australasian
continent.

Nevertheless, estimates of the huge losses incurred by
various nations due to EUS are given below:

Country Year

Economic

loss in US$

due to EUS References

Thailand 1982
e1983

8.7 million Tonguthai
(1985)

Sri Lanka 1988
e1989

25,000 Anon
(1991c)

Eastern
Nepal

937.0 Anon
(1991d)

Bangladesh 3.4 million Barua
(1990)

13.9.1 Thailand

As reflected above, EUS had devastating effects in most of
the countries mentioned. Murrels and catfishes were severely
affected. As reported (Tonguthai, 1985; Lilley et al., 1992),
Thailand incurred an estimated economic loss of around 200
million Baht (equal to approximately US$ 8.7 million)
during the EUS outbreak of 1982e1983 alone. There was a
sharp decline in the market demand and sale of food fishes,
possibly due to an unfounded rumor of suspected trans-
mission of EUS to human consumers. Consequently, con-
fidence in fish farming badly declined among fish farmers,
potential investors, and financial agencies. Tonguthai (1985)
estimated the direct losses to culture fisheries in Central
Thailand, due to EUS, to be c US$ 8.0 million.

13.9.2 Indonesia

There were losses of brood stock of common carp (Cyp-
rinus carpio) in Indonesia during 1980. This caused an
economic loss of US$ 2.0 million. However, this was
probably due to an unrelated bacterial septicemic condition
(Priyadi, 1990).

13.9.3 The Philippines

The average daily income of fishers declined from
approximately US$ 4.0 to US$ 1.50 in the Philippines
during the EUS outbreak period in Laguna de Bay. This
was probably due to the rejection of affected fish by human
consumers. There was also worry that repeated yearly
outbreaks of EUS, specifically in Laguna de Bay, could
lead to a significant decline in the natural fish population.
This in turn might lead to dwindled stocks of the affected
species in the wild (Anon, 1991b).
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13.9.4 Australia

Callinan estimated the yearly economic loss of fresh and
brackish-water fishes on the east coast of Australia due to
ulcerative diseases, notably EUS, as US$ 1,330,000.0.
However, this estimate probably did not take into account
the potentially irreversible damage caused to fish stocks
that in turn affected the potential commercial and recrea-
tional fishing industry in the country.

13.9.5 Bangladesh

In addition to the above, Bangladesh had incurred colossal
losses of fish and money due to the devastating outbreaks
of EUS since 1988e1989. Decreased consumption of fish
by humans following the outbreak of EUS resulted in a fall
in fish prices of up to c 75%, leading to high losses to fish
traders, fish farmers, and fishers.

13.9.6 Nepal

Nepal is a country with hilly terrains. But in spite of this,
EUS could prevail with potentially severe impact on the
newly established fish farms. This in turn could affect the
nutritional welfare of the population. As reported, Nepal
had initially incurred a loss of c 15e20% of the total fish
production, which equated to US$ 937,000 from a small
number of affected water bodies covering an area of only c
328 ha in the Eastern Development Region. Further, the
occurrence of EUS in cultured major carp fingerlings gave
rise to fears of a potentially crippling effect on the expan-
sion of carp culture in the mountain country (Anon, 1991d).

13.9.7 Pakistan

EUS had affected the Punjab province of Pakistan. The
financial losses due to the impact of EUS fish disease in
some parts were estimated and reported (Iqbal et al., 1998).
It had been reported that fish losses to the tune of Rs
125,000/- (US$ 3125.0) related to the losses incurred in fish
farms. In fact, the losses spread over c 10% of fish farms are
included in the five affected districts, notably Kausar,
Lahore, Gujranwala, Sialkot, and Narowal in the province of
Punjab. The total economic loss amounted to approximately
US$ 300,000.0 (AAHRI, NACA, IOA and NSW-Fisheries,
1997). Moreover, the wild fish catch had been reported to
have declined by c 25% due to EUS. Further, almost
complete disappearance of murrels, notably Channa punc-
tatus, in portions of the Rivers Chenab, Ravi, and Sutlej, as
well as in the associated canals, had also been reported.

Loss of fishes due to EUS also has social and economic
impacts on fishing communities. There had been a loss of c
80% in the daily income of fishers in Maliwal village on the
bank of River Ravi, which represents a reduction of Rs 1.92

million (US$ 48,000.0) over one fishing season. In addi-
tion, there had also been a c 20% reduction in government
revenue from auctions of fishing rights during August
1996, perhaps due to EUS. In other words, this represented
an economic loss in revenue of c Rs 8.0 million (US$
200,000.0), which could accumulate to a total of Rs 40.0
million in successive years (AAHRI, NACA, IOA, NSW-
Fisheries, 1997).

13.9.8 India

Concomitant to the above, the devastating outbreak of EUS
among cultured IMC had a significantly bad impact on and
severely bad economic implications for almost the entire
Indian subcontinent (Kar and Dey, 1988a,b). This episode
was also said to have a potentially crippling effect on the
expansion and viability of carp culture in some regions.
Bhaumik et al. (1990) reported that greater than 73% of the
AQC ponds in West Bengal (WB) had been affected by
EUS. Further, most of these farms had been reported to
incur losses ranging from 31% to 40% of their stock. In
addition, Prasad and Sinha (1990) reported that out of the
39 districts in Bihar, six recorded a loss of US$ 250,000.0
due to fish kills caused by EUS. Devastating effects of
similar magnitude occurred in Assam (Kar et al.,1993,
1995a,b) and other provinces in Indiadthis was more so
during the initial periods, but the adverse effects on the
economy continue even today (Kar, 2007, 2013; Kar and
Dey, 1990a,b,c).

Similarly, the province of Kerala was affected by EUS
during the mid-1990s. Kerala has rich fishery resources,
and fisheries are an important sector of the province’s
economy. According to the fishery department of the
province, the sector employs about 3% of the population of
the province and contributes to around 2.5% of its net
domestic product. Concomitantly, the total annual inland
fish production of the province had been estimated to be
36,000 ton from 355,000 ha of inland waters. Around
200,000 people belonging to 33,000 fishers’ families
depend almost entirely on the inland fishery resources for
their livelihood. They are usually the subsistence fisherfolk.
Concomitant to the above, EUS was first reported from
Pookote Lake in the Banasurasagar Reservoir area in the
northern district of Wynad in June 1991. EUS had subse-
quently spread to the fresh and the brackish waters of
Kuttanad and Vembanad Lakes and the rivulets in Kot-
tayam, Alappuzha, and Pathanamthitta in the south by the
end of August 1991. It was estimated that EUS had prob-
ably affected c 25% of fish in the Vembanad Lake. How-
ever, EUS had moved to Thrissur by October and was
reported from ponds and canals inside “kole” fields. Later,
in November 1991, EUS had inflicted Kuttanad again,
appearing in Kumarakom, affecting c 30% of the fish there.
Subsequently, EUS spread to southernmost district
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Trivandrum in January 1992, where c 15e30% of the catch
in Veli Lake was affected. It was then reported from the
Achenkoil River, two months later. The various fish types
affected were the murrels, Clarias, Etroplus, Puntius,
Wallago, etc. Fish farmers and fishers were estimated to
have incurred a colossal economic loss of Rs 20 million
(per government records) to Rs 120 and 200 million. The
value of the annual catch from the Vembanad Lake alone
had been estimated at Rs 100 million. Further, in their
report giving details of losses to inland fishworkers in
Kerala, ICSF (1992) quoted the official figure of Rs 20
million, but commented that newspapers reported losses of
up to 10 times this figure.

Under the compelling situation in Kerala described
above, fishers often had to resort to loans with interest rates
as high as 180%, when income from other sources, notably
from fishes, had been totally wiped out. The provincial
government agreed to buy EUS-affected fish at Rs 2.00 per
kg. Three fishworkers’ associations took up the matter of
relief. They were the Kerala Matsya Thozhilali Aikya Vedi,
the Matsya Thozhilali Union, and the Kerala Swatantra
Matsya Thozhilali Federation. However, proper develop-
mental works probably began at the panchayat level in
order to generate employment. Nevertheless, a useful by-
product of the socioeconomic impact of the disease has
been the government’s fresh attention to conducting
research on EUS in Kerala.

Notwithstanding the above, the effects of pesticides and
agrochemicals on Kuttanad were debated. According to a
very significant Indo-Dutch study on water conditions in
Kuttanad, large doses of fertilizers (c 20,000 ton) and toxic
pesticides (c 500 ton) had been sprayed over 66,000 ha of
paddy fields. Notwithstanding the above, a scientist from
the Central Institute of Fisheries Technology (CIFT),
ICAR, Cochin, had questioned the conclusion that had been
drawn on pesticides. He opined that the residues of pesti-
cides, and also heavy metals like mercury and cadmium,
were within acceptable limits of toxicity. He opined further
that the first outbreak of EUS could have occurred in
Kuttanad, and not in Wynad, if high levels of pesticides and
heavy metals were the main causes of EUS.

The scientists from Thailand also had a similar line of
thinking. Kamonporn Tonguthai had opined that there
should be for more experimentation before a specific
pesticide could be pinpointed as a triggering factor. She had
further indicated the case of Lao PDR, where EUS had
been reported, despite the absence of pesticide pollution.
On the other hand, Supranee Chinabut had indicated a
study by FAO in which pesticides had been assigned as the
possible cause for the outbreak of EUS. Further, studies
indicated the occurrence of EUS even in hilly ponds that
were not affected by environmental pollution. However,
low alkalinity seemed to be the common factor all over SE
Asia, although pesticides could also affect water quality.

Similar views had been put forward by the scientists
from Kerala, who had opined that the monsoon rains may
usually lower the alkalinity of water, leading to outbreak
of EUS.

In addition to the above, some of the more farfetched
etiological conjectures pointed to infected fishlings brought
into Kerala by private agencies, and to the droppings of
birds that had eaten diseased fish. Moreover, according to
the subjective perceptions of fisherfolk, EUS had been
regarded as a curse of nature and a warning against
destructive human intervention into the natural aquatic
environment.

13.9.9 China

Reports from Eastern China had portrayed significant
socioeconomic damage to fishes, fishers, and fish farmers
from an ulcerative disease that supposedly showed condi-
tions similar to the symptoms in the Australian condition.
However, the dynamics of EUS outbreak, indicating the
relationship between Chinese episode, the Australian
outbreak, and any other similar outbreak, had not been very
clearly ascertained and needs more elucidation.

13.9.10 Riverine Routes and the Spread
of Epizootic Ulcerative Syndrome

Notwithstanding the above, works by different workers had
brought another dimension to hypotheses on the origin of
EUS. It has been highlighted that there is a strongly
interlinked intricate riverine network of Kerala’s lotic water
system. A continuity of water bodies could be established
between the Kaveri and the Kaverretty rivers, starting from
Wynad in the north, which flowed through Tamil Nadu and
Karnataka. Some prominent lotic systems in Kerala are the
Pamba, Achenkoil, and Meenachil. EUS had been reported
in Tamil Nadu in early 1991 and in Karnataka in 1990. It
could be probable that EUS might have spread to Kerala
from neighboring provinces via the riverine network,
possibly aided by floods.

13.9.11 Epizootic Ulcerative Syndrome
and Nutritional Deficiency

There had been obvious nutritional deficiency among fish
consumers, mainly due to the exclusion of fish, because the
Asian nationsdincluding India, Bangladesh, Pakistan, and
Sri Lankadare those where fish is a main source of animal
protein available to accompany a rice meal. As indicated
earlier, c 250 million families in SE Asia cultivate paddy as
a principal crop and eat rice as a staple food item. As such,
a big portion of the incidental fish harvest from the
paddy fields forms an important part of the family diet
(Macintosh, 1986). In fact, it is quite difficult to estimate
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the economic value of fish losses due to virulent fish dis-
eases, like the EUS. It is mainly because in rural areas, fish
is mostly consumed at a local level and only a small portion
is marketed. Tonguthai (1985), however, had estimated the
direct losses, to the culture fishery in Central Thailand, to
be approximately US$ 8.0 million.

13.9.12 Fisherfolk, Epizootic Ulcerative
Syndrome, and the Economy of the Nation

Fisherfolk procure fish in various water bodies in the
country. Their catch no doubt has a significant impact on
the economy of the country. In the event of a disease,
notably the hitherto unknown, enigmatic, and virulent EUS,
not only are the livelihoods of fisherfolk seriously
hampered, but also the economy of the nation is devastated.

13.9.12.1 Fisherfolk in the Region

“Fisherfolk” or “fishers” are the instruments to harvest fish
from any water body. They are trained not only in various
methods of fishing, but also in the fabrication of different
types of fishing implements and devices according to fish,
habitat, and seasonal types. Sometimes a fishing implement
is fabricated specifically for a particular fishing community
and often they feel proud of such identification of a com-
munity specialized in operating a particular type of fishing
implement or device (Kar, 2000, 2003a,b, 2007, 2013).

In India (particularly its eastern region) and Bangladesh,
there are large numbers of fishers belonging to diverse
types of fishing communities. They could be broadly
classified under different categories based on their com-
munities, intensity of fishing, and so on. Most fishers in this
region belong to the Scheduled Caste community (if non-
tribal) and to the Scheduled Tribe community (if tribal) as
notified in the Constitution of India. Fishers, in general, are
poor and not very literate. There had not been many
ambitious welfare measures for their upliftment, although
some programs meant for their benefit are believed to be in
the offing now. The cooperative movement has not been
well organized among fishers except in the province of
Tripura. The Sone Beel Fishermen’s Co-operative Society

(SBFCS), one of the biggest of its kind in this region, has
not been very active and progressive, although it should
have been (Kar, 2003b).

13.9.12.2 In Sone Beel (the Biggest Wetland
in Assam)

Sone Beel is the biggest wetland in Assam, often serving as
a reservoir of EUS-affected fishes, when there is an
outbreak of the disease. Concomitantly, there are about
100,000 fishers in Sone Beel, who derive their nutrition and
avocation from the beel. Thus, in the event of an outbreak
of a disease among fishes, notably EUS, there is serious
economic hardship, mainly because there is no alternative
source of earnings. Therefore, the aspects of fish disease,
fisherfolk, and the economy of a nation appear to be
inseparably associated with one another in the form of a
linked chain. Similar situations also occur in other wetlands
in the region. Situations in some of these wetlands are
briefly discussed below.

Incidentally, villages on the shore of a beel are gener-
ally inhabited by fishers belonging to different commu-
nities. The activities of fishers, and their socioeconomic
condition, have been influencing the development and
utilization of fishery resources in a significant way. This
aspect has gained importance in view of the so-called
inferior social status of fishers vis-à-vis overfishing of the
water bodies by these poverty-stricken, so-called less
progressive people.

13.9.12.3 Abounding Fishers of the Beel

There are 39 villages around Sone Beel, the biggest
wetland (beel) in Assam and one of the biggest in India.
Fishers belonging to four principal communities have been
recorded in the 39 villages around Sone Beel (Kar,
1990a,b,c, 2003, 2007, 2013; Dey and Kar, 1989). These
are the “Kaibarta,” “Patni,” “Maimal,” and “Namasudra.”
Certain relevant information pertaining to the relative
composition of each community in terms of fishers, the
total population living in the villages around the beel, and
the annual average area exploited by individual fishers of
each community, are tabulated below:

Fisher community

Relative abundance (% of total)

Fishing area (ha/fisher)Total fishers Total inhabitants

Kaibarta 68.14 47.67 0.32

Patni 14.66 10.24 1.51

Maimal 12.29 8.59 1.81

Namasudra 4.91 3.43 4.53

30.07 (nonfishers)
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Moreover, on the basis of fishing intensity, fisherfolk of
Sone Beel have been further classified, after FAO (1962),
into three categories, viz., professional, part-time, and oc-
casional, an account of which, with relevant information
(Kar, 1990), is tabulated below:

A brief description of the three categories of fishers is
given below.

13.9.12.4 Lifescape of Fishers and Glimpse of
the Economy

Occasional Fishers

They take recourse to fishing only when an occasion arises
or when the situation compels. Such a category of fishers is
prevalent in Sone Beel generally during the dry days when
fishing sites are easily accessible on foot. The relative ease
of access coupled with a certain amount of free time be-
tween sowing and harvesting of the beel crops (notably
paddy) makes this type of fishing attractive and often
sportive to the group. This category of fishers constitutes c
15% of the fisher population of the beel. Both affluent and
poor sections of fishers belong to this category: those
compelled to this profession are the poor, while those who
adopt it as a sport are the rich. Certain deeper portions of
the beel, locally called “kuri,” are found to be traditionally
or occasionally reserved for them. These usually fished
during certain festivals or feasts commensurate with holi-
days, where a large section of society generally partici-
pates. Most fishes caught in such operations usually go
directly into their diet. The individual time spent is short
and the gears used are usually simple and less efficacious.
As the number of participants is large, it is difficult to
assess the contribution of individual efforts to total catch.
Migratory habit is not generally seen in this category of
fishers.

Part-Time Fishers

This non-nomadic group of fishers constitutes c 15% of the
fisherfolk population of Sone Beel. They fish only during
part of a year and consider this activity equal or inferior to
other activities of the group. The flood cycle, the biological

cycle of fish (Welcomme, 1979), and the seasonal needs of
agriculture seem to impose cyclicity on such communities.
As such, reservation of fishing sites is not practiced by this
group. Rather, they generally prefer cultivation to fishing in
shallow water. Although their interest lies in hauling the
large growing fishes, the yield status is usually poor
because of the lack of adequate knowledge of the distri-

bution of fish species in the Beel. Nevertheless, part-time
fishers try to operate almost all the types of gears oper-
ated by professional fishers. In addition, they have a ten-
dency to practice certain aquacultural techniques.

Professional Fishers

This is the largest group among fishing communities in
Sone Beel, constituting c 70% of the total fisher population
around the beel. Both poor and rich fishers belong to this
group. They fish throughout the year with the help of
diverse types of fishing gears and devices without any
restriction or reservation of fishing sites. However, they
have a tendency of operating sophisticated and little-
mechanized fishing gears, and they are proud of being
identified as operators of certain specific gears; for
example, professional fishers belonging only to the Kai-
barta community operate the Maha jal, Chat jal, Ghuran jal,
and the Haran jal. Similarly, professional fishers belonging
only to the Patni community operate the Kuchrung jal and
the Dorar jal. Also, professional fishers belonging only to
the Maimal community operate the Chhat jal and Rekh jal.
Although the bamboo cage traps and the bamboo barricades
are used by almost all the categories of fishers, the pro-
fessional fishers belonging to the Namasudra community
operate only the bamboo made cage traps of different
kinds; for example, Dori, Paran, Gui, Polo, Runga, etc.
However, the Namasudras also sometimes operate the Lar
Barshi in Sone Beel. The catches by the professional fishers
include a rich diversity and quantity of fishes, notably
IMCs, exotic carps, Puntius spp., Salmophasia bacaila,
Danio spp., Botia dario, Mystus vittatus, Sperata spp.,
Wallago attu, Eutropiichthys vacha, Channa spp., Chanda
nama, Mastacembelus armatus, and Macrognathus spp.

Fisher category

Relative abundance (% of total)

TotalKaibarta Patni Maimal Namasudra

Professional 55.04 6.91 5.54 2.51 70.00

Part-time 8.00 3.00 2.60 1.40 15.00

Occasional 4.50 4.75 4.75 1.00 15.00

Total 67.54 14.66 12.89 4.91 100.00
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Their catches also include a large number of juveniles. The
professional category of fishers often becomes nomadic.
They construct temporary thatched fishing huts and lead
camp life on high grounds around the beel. They spend
days together on boats and rafts while continuing fishing in
the beel as well as in the inlets and outlets of the beel.

Thus, in view of the debilitating economic condition of
fisherfolk, it is quite understandable that hitherto unknown,
virulent, and enigmatic fish diseases, like the EUS, could
cause serious financial constraints among fisherfolk, and
this could, consequently, devastate the economy of a
nation.

Socioeconomics of the Fisherfolk Population of
Sone Beel

In India, fishing is generally considered a low-category
profession. However, in Sone Beel it is the principal
way of earning a livelihood by poor fishers. The entire
water spread area of the beel is used for intensive
fishing on both domestic and commercial scales by
operating different types of fish-catching devices as
mentioned earlier. Of these fishing gears, all but Pelain
are commercial types. Jhaki jal and Paran are sometimes
found in domestic use as well. CPGH (catch/person/gear/
hour: Dey, 1981) of the principal gears operated by the
fishers of Sone Beel, and calculated on the basis of
12 months’ moving average method (Coxton and Cow-
den, 1950), indicated that Dori is the most efficacious
and is sequentially followed by Jhaki jal > Haran
jal > Ghuran jal > Patan jal > Chat jal > Lar bar-
shi > and Maha jal. Use of fine-meshed nets involving
catch of juveniles, which is seen to be, in vogue, in
Sone Beel, causes concern. Lack of proper training of
fishers regarding professional fishing regulations, a
tremendous amount of poverty, and a lack of rehabili-
tation measures taken for them to date seem to be some
causes impelling the use of banned nets and devices by
poor fishers. Further, in the absence of any large-scale
welfare measures being undertaken for them to date,
poor fishers are compelled to remain in the grip of un-
scrupulous “intermediaries.” Consequently, the per capita
income of fishers is low and ranges from Rs 1.30 to Rs
8.25 (mean of Rs 3.83 � 2.14), according to 1980s
statistics (Dey and Kar, 1989; Kar, 2003). Their poverty
is further aggravated by their early marriage and big
family sizes. A low level of life expectancy (c 55 years)
and high rate of child mortality (c 10% per year) also
reflect their state of distress. Poor adult literacy
(10e20%) may be considered the principal factor behind
their financial hardship. Juvenile literacy, though higher
(c 60e70%), is soon followed by an increased percent-
age of dropouts. Consequently, the number of respon-
sible earning members is meager, and the grip of
poverty lingers on in the community.

Fishers now realize the gross imbalance that exists
between poor income from fish trade and the hard labor
put-in. In view of this, there is a burgeoning tendency
among quite a large number (c 59%) of fishers to motivate
their children against taking up the fishing profession. As a
result of this, it is found that only a meager percentage
(c 20%) of the youth wish to keep faith with their parental
avocation of fishing. Others aspire for varied types of
profession like banking, agriculture, defense, medicine,
engineering, and teaching. As a remedy against such un-
desirable trend, a cross section (c 12%) of their society
advocates setting up a local “fish farmers’ training institute”
to help make the fishing profession more attractive to
fishing youth.

During the dry season, when Sone Beel shrinks to
409.09 ha, and fishing becomes less intensive, fishers
cultivate “boro” paddy (winterespring paddy) within the
beel itself in order to tide over the adverse situation.
The area of their cultivable land ranges from 0.07 to
4.2 ha (Mean 0.02 ha � 0.105). The Kaibartas possess
the biggest quantum of land and the Namasudras the
least. Approximately 7% of fishers do not have any
cultivable land. Nevertheless, during the off-season
some associate themselves with livestock and poultry
farming, pottery and carpentry, net and boat making,
beverages, etc. Some affluent fishers who possess big
areas of cultivable land raise the “sali” paddy
(monsoon-autumn paddy) in addition to the “boro.” In
this way, they involve themselves in paddy trade in a
big way. In addition to paddy, they also grow vegeta-
bles and sun grass on a commercial scale.

Incidentally, religion forms a part of the daily life of
fishers living around Sone Beel. Among Hindus, there are
both “Vaishnavites” (c 33%) and “Shaktas” (c 30%).
Muslims, however, belong to one sect only. Being largely
illiterate, fishers have peculiar beliefs about supernatural
things.

It is amazing to note here that there is an ancient
hermitage of a Muslim hermit called “Sond Peer” or
“Hond Peer” (after whom the beel was named “Sone
Beel”) at the village of Mokam Tila (Anandapur) along the
eastern shoreline of Sone Beel. There is also an equally
ancient temple of Goddess Kali situated adjacent to the
Muslim hermitage. Both Hindus and Muslims pay equal
homage and are equally regardful to both religious
institutions.

Inference on the Socioeconomics of Fisherfolk

The fishers of Sone Beel have been struggling against
poverty for a couple of decades. In view of the nature of
economic constraints faced by fishers, it is strongly felt that
elimination of unscrupulous intermediaries by organizing
credit facilities, marketing of product and purchase of
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domestic as well as production requirements through co-
operatives would go a long way in the emancipation of
fisherfolk. Further, encouragement of IMC culture in the
confined “bandhs” at the DSL of the beel could lead to a
potential IMC fishery. Concomitantly, fast conveyance of
the catch from fishing centers to fish landing stations and
the urban markets would accelerate fish trade. Provision of
cold storage facilities in the landing stations and the urban
markets would be an added advantage to prevent loss of
flesh due to decay. Moreover, popularization of the recent
fish culturing and fishing techniques, and proper rehabili-
tation of fishers could enable them to give up nomadism
and paddy cultivation in the event of hardship and help gear
up the upliftment of the anglers in the long run (Dey and
Kar, 1989).

The Sone Beel Fishermen’s Co-operative Society

The SoneBeel Fishermen’s Co-operative Society (SBFCS) is
a registered Society managed by fishers living around the
beel. The society has a chairman (elected directly by the
fishers), a vice chairman, and a fewmembers. The secretary of
the society is deputed by the government. The beels in Assam
are under administrative control of the deputy commis-
sioners, as they are considered “Khas” lands. In another
context, the beels in Assam are also under administrative
control of the Assam Fisheries Development Corporation
(AFDC) for their “so-called”management. The AFDC floats
tender notices, and in response to the tender notice, the
SBFCS as well as certain affluent individuals try to obtain the
beel on lease from the AFDC. Except in very rare instances,
the Sone Beel Fishermen’s Co-operative Society generally
gets preference over the individuals in obtaining the beel on
lease from the AFDC. The lease amount varies from
approximately Rs 150,000.00 (in 1978) to approximately Rs
500,000.00 (in 2002). But in spite of this, due to misman-
agement during the tenures of certain managing committees
of the SBFCS, the society remains a “defaulter” in not being
able to clear the revenue share that it is supposed to pay to the
government. Nevertheless, during the tenures of some other
managing committees, the society made a big profit and
cleared the revenue share that it was supposed to pay to the
government. The SBFCS raises revenue by leasing out
“bandhs” to different groups and individuals. Fishing re-
strictions are imposed only in “bandhs” at DSL of the beel
after the lease becomes effective. At FSL of the beel, any
fisher can fish anywhere in the beel. Sometimes a law-and-
order problem occurs when fishing in Sone Beel (particu-
larly in the “bandhs” at DSL) becomes a bone of contention
between rival groups.

13.9.12.5 In Chatla Haor

Concomitant to Sone Beel, Chatla Haor, in Assam, is a
much smaller seasonal floodplain wetland having a water

spread area of approximately 1600 ha at FSL. It does not
have any DSL and is almost completely dry during the
winter. There are only a few insignificant fishing centers
(locally called “kheo” or “jheng”) on the NW side of the
haor where fishing is to be completed and all fishes are to
be harvested in autumn. Fishes of this wetland are also
widely affected in the event of an EUS outbreak. Inciden-
tally, “sagar” are typical wetlands in Tripura and fishes in
the “sagar” are also known to be affected by EUS. On the
other hand, a “dil” is a wetland in the hilly province of
Mizoram. Fishes in the “dil” have not been much affected
by EUS.

13.9.12.6 In the Anuas

Notwithstanding the above, the river-formed oxbow wet-
lands, locally called “anua,” are significant fish habitats
harboring a rich diversity of fishes in them. EUS also
causes devastating effects on fishes of the anuas.

The “anuas,” though not enormous in dimension
compared with Sone Beel and Chatla Haor, have high
potential for fish production mainly because of their
great depth (comparable to that of River Barak), having
been part of the course of River Barak once upon a
time. Fishers belonging to different communities,
notably the Maimals, Patnis, and Meiteis live in the
villages around the anuas. They operate mainly the Lar
barshi, Patan jal, and Jhaki jal for fishing in the anuas.
Socioeconomically, they are poor and most live hand to
mouth. However, the anuas are generally leased out by
the government to fish traders who are rich and employ
the poor fishers as laborers in fishing without giving
much benefit to them.

13.9.12.7 Fish Marketing and Transportation

Transportation of fish may be a means of spreading EUS.
Diseased fishes may appear in the market and may lead to
more spread of the disease.

13.9.13 EUS, Ornamental Fishes,
and the Economy of the Nation

Colorful and peculiar fishes are generally called the
“ornamental fishes.” These fishes, kept in aquarium, are
used for decorating the house. Of late, they have occupied
a significant place in the commercial trade, particularly in
earning foreign exchange. In India, Ichthyospecies like
Botia dario, Botia rostrata, Colisa fasciata, Trichogaster
labiosa, and various species of Nemacheilus and Schis-
tura are considered colorful ornamental fishes. However,
C. fasciata has been affected by EUS on a quite large-
scale. Further, attempts have been made to study
in vitro sexual dimorphism of certain ornamental fish
species in NE India.
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13.9.14 Farming Systems and Rural
Livelihoods

A big portion of the rural population in Asia earns its
livelihood through farming systems. As an example, land-
holdings in Lao PDR appear to be of comparatively similar
type, due mainly to large movements of people during the
period of war followed by possible intrafamilial distribution
of land packages by the people. It is quite unlikely to find
farmers with either very large landholdings or complete
landlessness. In fact, the quality of the land and the type of
crops cultivated make the difference in the landholdings
among the inhabitants.

Concomitant to the above, rice happens to be a staple
food of the people of Lao PDR. They cultivate both wet
rice and hill rice, generally as annual crops. Further, flat or
terraced rice paddy is typical in most valleys. Moreover,
corn and cassava are also cultivated on the hillsides, in
addition to rice as part of their lifestyle of shifting culti-
vation. As such, the cycle between cultivation and fallow-
ing is steadily decreasing. This possibly leads to soil
erosion and soil deterioration. This, consequently, may
result in siltation of the water bodies and thus may hamper
AQC. As such, stabilization of shifting cultivation may be
considered a possible solution, but this may need further
confirmation.

In addition to the above, there is usually a limited area
of irrigated paddy, which is principally confined to the
lowland provinces around the bank of the Mekong River.
This allows for production of a second rice crop. Further,
some arrangement has been installed in the flood-prone
provinces in order to permit dry-season farming as a sin-
gle annual crop.

13.9.15 Epizootic Ulcerative Syndrome
and Society

In Lao PDR, rural families are usually quite big in size,
with 6.7e8.3 persons/household on average. The age
structure also reflects that the national averages usually
portray c 50% of the household members of <15 years of
age, while c 10% are >51 years.

13.9.16 Ethnic Status

Lao PDR is the home to >40 ethnic groups with different
types of livelihoods and traditions. These groups could be
broadly categorized into three types, viz., (1) lowland, (2)
middle, and (3) high land inhabitants, according to their
tendency to inhabit different parts of valleys, slopes, and
mountains of Lao. All three groups are believed to be
involved in AQC to some extent. Further, the team LAO/
97/007 worked with 17 different ethnic groups in Lao PDR.

13.9.17 Issues Related to Gender

Lowland Lao is matriarchal, matrilineal, and matrifocal
with regard to land ownership through inheritance. How-
ever, it is not very clear among the other ethnic groups.
There is division of labor, with the female folk mainly
engaged in the marketing and economic affairs of the
family. However, there are differences according to
ethnicity. Nevertheless, participation of c 8% of the females
in AQC-related program, LAO/97/007, had clearly
demonstrated a general interest and involvement of women
in AQC activities, and most had ponds close to their homes.
On the contrary, it was not possible for the women to take
part in fishery-related activities if the ponds were distantly
located because, in addition to security concerns, women
have to devote time to domestic activities as well (Murray
et al., 1998).

13.9.18 Economic Issues

Farmers in Lao PDR are largely self-sufficient, although
they are not very affluent. Farmers are mostly rice
growers, although c 84% have fishponds with a good
resource base. The hill farmers are less likely to be
engaged in AQC because of obvious reasons of unsuit-
ability of terrain. Nevertheless, there are examples of
ponds made from dammed streams by the hill farmers.
These may, however, collapse due to runoff water during
the rainy season.

13.9.19 Dietary Matters

During the rainy season, Lao PDR has extensive water
resources in the form of rivers, streams, wetlands, paddy
fields, etc. The foodstuff grown during the rainy season
provides food support to the people during the long dry
season when food becomes less abundant. Incidentally,
consumption of rice for five provinces has been estimated
to be 189e458 kg/capita/year. Farmers in provinces like
Sekong, Sayaboury, etc., had small landholdings in contrast
to farmers in provinces like Xieng, Khouang, etc., where
farmers possessed large landholdings with good quality
soils. Incidentally, fish consumption ranged between 10 and
19 kg/capita/year.

13.9.20 Pond AQC

Most of the ponds in Lao PDR are manually constructed
by excavation, the damming of small streams, or the
conversion of terraced paddy fields. Peculiarly, machine-
dug ponds are formed as a side effect of earth cutting
for road construction, and such ponds are not very suitable
for AQC.
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13.9.21 Fish Health Issues Reported

There are said to be few predisposing factors in Lao PDR
that might be causing losses in intensive AQC, as the
subsistence fish culture in seasonally stocked ponds is done
usually with low nutrient inputs and low stocking densities.
However, c 28% of farmers had encountered fish mortality
in their ponds. Nevertheless, some of the health-related
issues, as reported from Lao PDR, are briefly discussed
below:

13.9.21.1 Epizootic Ulcerative Syndrome

In Lao PDR, a substantive number of farmers reported
ulcerated fishes, similar to those with EUS, generally
during November and February and also mostly from
Xieng Khouang Province.

13.9.21.2 Stress-Related Disease

Excess fertilization of the shallow ponds had been reported
to cause red spots on the scales due to stressed condition.
The situation is aggravated in the cooler upland areas,
where fishes eat less vis-a-vis high feed input by farmers,
thus leading to fouling of the water bodies and causing
health hazards to fishes.

13.9.21.3 Trematode Infection

Examination of the gills of some sick fishes revealed
infestation with metacercariae of trematodes.

13.9.22 Health Management Issues

Lao PDR is a small nation in SE Asia. AQC happens to be
a lucrative avocation among the people of Lao PDR. Fishes
in its water bodies are often attacked by diseases, notably
EUS. As such, the following points may be discussed with
regard to health management issues:

1. Specific disease conditions such as bacterial, fungal, or
viral infections, or parasites such as helminths or Ler-
naea, are often difficult to treat mainly because of a
lack of strong infrastructure and cost intensiveness.

2. Exclusion of wild fish is often recommended mainly
because they compete with the stocked fish. This may
also reduce the chances of disease inputs.

3. Notwithstanding the above, a positive health manage-
ment feature of rain-fed ponds in Lao PDR is that they
dry completely for some period during the year. This
could therefore limit the transmission of the diseases.

13.9.23 Landless Farmers and Their
Seasonal Occupations

About 80% of the population in Bangladesh is poor and
landless, their livelihood uncertain, and living mostly hand

to mouth. As such, they have to be always on the move in
the lookout for improved living conditions. They often may
migrate to the urban areas for so-called economic oppor-
tunities. Some of such villagers may settle in the “Char”
areas, which may be found to be uninhabited, and earn their
livelihood mainly through fishing. Further, they operate
traps in the rivers during the fish-breeding season (Febru-
aryeJuly) for catching juvenile carps (notably Catla catla
and Cirrhinus mrigala), which are sold usually to the pond-
owners on the mainland. In addition, the landless people
also fish in the canals and open waters during the rainy
season.

13.9.24 Communities Who Are Dependent
on Fisheries

It is a common idea that fishery-dependent people dwell in
boats, floating houses or on the banks of the rivers and
shore of the wetlands. They are dependent exclusively on
fishing or fish-related avocations, which may include,
among others, fabrication and construction of fishing gears
(fish-catching devices) and crafts (mainly boats); growing
and processing of fishes; fish trading; etc. However, the
people belonging to these communities are usually socio-
economically poor and downtrodden.

13.9.25 Services Becoming More Focused

In view of the escalating costs, there have been attempts to
adopt a more businesslike approach in some countries, like
the outsourcing of works to private laboratories rather than
doing the same works in the Govt. Laboratories. The state
of Victoria in Australia nearly halved the cost of routine
serological tests. Similarly, in New Zealand, some exten-
sion services that had earlier been provided by the gov-
ernment free of cost to farmers have of late been privatized
and now operate on a tariff basis.

13.9.26 Government Involvement Reduced

In view of global economic crisis, there has been an
increasing trend in the reduction of government subsidies in
different countries, notably Australia, New Zealand,
Zimbabwe, India, and so on.

13.9.27 How Important Is the Small-Scale
Livestock and AQC Sector?

As reported, the percentage of the population involved in
agriculture ranges from 50% to 90% in the Asian region
(FAO, 1986). Approximately 10e20% of the GDP is
derived from livestock in these countries. Further, small-
scale producers raise 60e90% of the livestock.
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13.9.28 Primary Health Care

Primary health care may be defined as that kind of care that
could be considered practical, community-based, scientifi-
cally sound, socially acceptable, and last, but not the least,
appropriate to the needs of the small-scale farmers. In
others words, “primary health care” generally, refers to an
appropriate approach for small-scale AQC, which reduces
the risk of disease outbreaks and concomitant loss of pro-
duction. Primary health care also stresses that the emphasis
should be on “people” and not narrowed down to pathogens
and technology only.

13.9.29 Case Study One

There have been case studies related to issues in carp
hatcheries and nurseries in Bangladesh, with special refer-
ence to health management with emphasis on primary
aquatic animal health care in rural, small-scale AQC
development.

There have been various studies related to socioeco-
nomics and EUS. A number of studies had been conducted
in Bangladesh in this regard. Hasan and Ahmed (2002)
performed a case study carried out in 180 hatcheries and
nurseries in the NE and SW regions of Bangladesh over a
30-day period during AugusteSeptember 1999. Study of
various aspects of management in small-scale carp hatch-
eries and nurseries, with particular reference to their health
management, was the principal objective of the survey.
Three IMCs (Rohu, Catla, and Mrigal) and three exotic
carps (common, silver, and grass) were the Ichthyospecies
cultured in most hatcheries and nurseries in Bangladesh. In
this context, the average production of spawn in the
hatcheries was 844 kg/ha, while in the nurseries, it was
dependent on the size of the fry. Nevertheless, the average
production of fry in nurseries was found to be 1.722, 1.339,
and 0.837 million/ha respectively for early fry, fry, and
fingerlings. Moreover, the average survival of spawn, fry,
and fingerlings in hatcheries and nurseries had been
reported to be reasonably high, varying between 74% and
82%. The study had further portrayed that the major source
of spawn for the nurseries was hatcheries, while the
hatchery brood stock had been reported to be collected
mostly from farmers’ grow-out ponds. In general, the
hatcheries had been reported to be more profitable than the
nurseries. Further, profitability of the nursery operations
appeared to be fluctuating mainly due to high variability in
market price of fry and fingerlings. Furthermore, the
hatcheries and nurseries had been reported to provide full-
time employment to farmers and labors. It is significant to
note here that the average contribution of AQC to the
household income of hatchery and nursery owners had
been reported to vary between 79.3% (nursery owners) and
95.1% (hatchery owners).

13.9.30 Case Study Two

Funge-Smith and Dubeau (2002) reported about the aquatic
animal health management issues in rural AQC develop-
ment in Lao PDR as a distinct case study. The salient
feature of the study is detailed below:

This communication had tried to highlight the role of
small-scale AQC in subsistence farming systems in rural
Lao PDR. In fact, small AQC is a popular component of
subsistence farming systems in Lao PDR. Moreover, rice
cultivation happens to be a principal activity during the
rainy season. Concomitantly, collection of aquatic products
from rice fields is also quite common. Results from a
production-cum-consumption survey among subsistence
farmers of rural Lao PDR revealed that many (c 84%) were
engaged in fish culture. However, consumption of fish and
other aquatic products was estimated to be 13e48 kg per
capita annually, thereby accounting for c 22e55% of the
total consumption of animal products. Further, fish pro-
duction and livestock farming are the principal sources of
income generation, and the value of fish production/
household annually was US$ 81.0 on average. In addition,
the overall income of the family had ranged between US$
372 and US$ 594 per household/year.

13.10 CONCLUSION

In conclusion, the potential of fish diseases to cause the
incurment of colossal financial losses has been brought to
the notice of various governments (ADB/NACA, 1991).
The governments in turn had sanctioned a substantial
amount of money for managing EUS. In this regard, it
could thus be opined that a positive impact of EUS was the
hike in fund allocation meant for tackling of EUS fish
disease in fishes. This increased fund could often enable
many of the workers in the field of EUS research to
enhance and upgrade their infrastructural facilities for
conducting more in-depth studies with EUS fish disease.
The EUS pandemic has demonstrated to national author-
ities the ability of fish disease to cause major financial
losses, and a positive aftereffect of EUS outbreaks has been
the increased funding allocated to fish disease research and
diagnostic facilities in Asia by governments and interna-
tional organizations.

Not many surveys have been conducted to accurately
assess the impact of EUS on fish populations and associated
fisher communities. However, a review of previous infor-
mation about various aspects of EUS is incomplete to some
extent, in view of the advocated fact that HP-based diag-
nosis of EUS had not been applied in most studies on EUS
before 1994. However, information from the Bangladesh
Food Action Plan 17 (FAP 17) Project, which possibly
spanned from October 1992 to March 1994, portrayed that
c 26% of the 34,451 FW fishes examined had lesions of
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some kind. Further, a recent cross-sectional survey in
Bangladesh displayed that c 80% of the 471 fishes with
lesions sampled from 84 sites were diagnosed as
EUS-positive. This points out that studies on EUS in
Bangladesh, which examined fishes with lesions, had not
been grossly overestimating the prevalence of EUS disease.
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Chapter 14

Conclusions and Recommendations

14.1 INTRODUCTION

Epizootic ulcerative syndrome (EUS) has been sweeping
through the AsiaePacific region since 1972 (Roberts et al.,
1986). Red spot disease (RSD) among the mullets of es-
tuaries and freshwater in Australia has been recorded since
1972 as well (Rodgers and Burke, 1981). Indonesia
suffered from large-scale fish kill during 1980e1981
(Anonymous, 1981). Outbreaks of similar nature occurred
among the gudgeons and the mullets in Papua New Guinea
during 1981e1982, and an outbreak similar to but less
virulent than RSD in Australia had been reported from the
southern rivers of Papua New Guinea during 1972e1974
(Coates et al., 1989). Ulcerative disease among FW fishes
in Malaysia had been recorded during 1980. A major fish
epizootic had been occurring in Thailand since 1981 and
spreading to Lao PDR and Myanmar (Tonguthai, 1985).
Subsequently, EUS with hemorrhagic ulcerations had been
occurring among FW fishes of Bangladesh since Marche
April 1988 (Ahmed and Rab, 1995). From Bangladesh,
EUS is believed to have entered neighboring India during
JulyeAugust 1988 (Kar and Dey, 1988, 1990a,b,c; Kar,
2007, 2010, 2013; Kumar et al., 1991).

Concomitant to the above, the Indian subcontinent has
been the region hit most hard by EUS. Diseases in freshwater
fishes are a great threat to achieve optimum production and
become a limiting factor to economic success in aquaculture.
Open-water capture fish had been suffering from various
types of diseases such as EUS, septicemia, tail and fin rot
disease, gill rot disease, viral disease, bacterial disease, and
fungal disease (Chowdhury, 1993). Fungi, which cause
fungal diseases, are present in salt or freshwater. In most
cases, fungi serve a valuable ecological function by process-
ing dead organic debris. However, fungi could become a
problem, if fish are stressed by poor nutrition, pressure of
population and overexploitation. Fungal infections of fresh-
water fish are common and distributed worldwide. Fungal
diseases are easily recognized by relatively superficial, colony
of fluffy growth on the skin and gill of fishes. Miyazaki and
Egusa (1973) observed an invasive component in histological
section of ulcerative disease affected as MG. Similarly,
McKenzie and Hall (1976) are said to have identified mycotic
granulomas in histological sections of the early outbreak of
EUS in Australasia and later in SEAsia. Achlya, Saprolegnia,
and Aphanomyces were commonly identified from the lesion

surface of affected fish (Roberts et al., 1993). In addition to
these, bacterial studies (Kar et al., 1999; Kar, 2007) and
virological studies (Kar et al., 1993, 1995a,b; Kar, 2007,
2013) had revealed the occurrence of different types of bac-
teria and virus(es) in the EUS-affected fishes. Incidentally,
pathogenic attacks are associated with immune suppression.

Notwithstanding the above, fisheries have been a
lucrative sector in the world today, in view of burgeoning
population pressure with increasing demands for finfish and
shellfish. In fact, pisciculture in different countries seems to
be progressing toward semi-intensive AQC. Conversely,
shrimp culture has been moving toward an improved
traditional system. In fact, uncalculated, unresisted, and
indiscriminate use of fertilizers and feeds had been causing
severe stress on fishes due to changes in the water quality
parameters in the aquatic domain, thereby rendering fishes
susceptible to pathogens in foul water. At the same time,
not many rich databases seem to be available on the disease
and health problems of finfish and shellfish in the region,
although mortality and economic losses are the inevitable
consequences of disease problems. Mass mortality of carp
juveniles due to protozoan and metazoan parasites is often
reported. Nevertheless, EUS has been a virulent, enigmatic,
and hitherto unknown disease among fishes, and has been
spreading through the FW fish population semiglobally
since around 1972. Concomitantly, white spot disease,
believed to be caused by white spot syndrome virus and
reported as a systematic epidermal and mesodermal bacu-
lovirus, is believed to have caused the loss of c 44.4% of
shrimp production alone during the mid-1990s, in Asia
generally and the Indian subcontinent in particular. It is
believed that the shrimp culture industry has suffered a
setback since then. About 350,000 people associated with
shrimp culture have been thrown out of employment.
Consequently, it had appeared that diseases among the
finfishes and shellfishes had severe economic impacts on
the lives of people in low-income groups.

EUS was a new occurrence at the time of its initiation
during the late 1980s in this region, and is still a hitherto
unknown, enigmatic, and virulent fish disease on the Indian
subcontinent. As such, fish consumers, particularly at the
initial period of outbreak, had been apprehending a health
disaster in the event of consumption of EUS-affected fish,
a fear that later proved to be unfounded (Kar, 2007, 2013;
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Kar and Dey, 1988, 1990a,b,c; Kar et al., 1990, 1993,
1995a,b). Nevertheless, there was an alarming decline in
fish prices and sales during the initial period of the EUS
outbreak. This gave a severe blow to the economy of fish
farmers and fishers at large. Moreover, this situation might
have had also quite detrimental effects on the nutritional
status of fish consumers because fish serves as an item of
staple food and a potential source of animal protein in their
diets. As reported, c 250 million families in SE Asia
cultivate paddy (rice) as their principal crop, which is often,
also, accompanied with fish culture; that is, paddy-cum-fish
culture. Incidentally, much of the fish harvested from this
paddy-cum-fish culture go into the diets of growers as
potential nutritional supplements (Macintosh, 1986). As an
example, the economic loss due to the ongoing EUS
outbreak was estimated as 118.3 million taka in Bangladesh
(US$ 4.3 million; 1 US$ ¼ 35 taka at that time) during
1988e1989. The disease occurred with less severity and
magnitude during 1989e1990, when the economic loss
was estimated at 88.2 million taka (US$ 2.2 million).
Incidentally, the price of fishes dropped to 25e40% of the
predisease level during the first outbreak (Barua, 1990).

14.2 DISEASE AND ITS ETIOLOGY

“Etiology”dthat is, what actually causes a diseasedmay
also be considered a kind of challenge. In fact, the late
nineteenth century saw the development of a deterministic
view of causalitydthat is, agent “X” causing disease “Y.”
There was an implication of specificity for both cause and
effect. Concomitantly, the formulation of Henle-Koch’s
postulates strengthened this view and rendered assistance in
establishing the link between microbes and disease with the
following salient features:

1. The causative agent should be present in every case of
the disease when isolated in pure culture.

2. The same agent should not be present in other diseases.
3. The agent should be able to induce the disease in

experiments, once it is isolated.
4. The agent should be recovered from the experimentally

induced disease.

Concomitant to the above, there was advancement
in the scientific understanding of disease processes
throughout the twentieth century. Consequently, Henle-
Koch’s postulates were believed to be too restrictive when
thinking about causality for a number of diseases in
humans, for a number of reasons, some of which are
briefly stated below:

1. Multiple etiologic factors, for example, the combination
of many factors resulting in heart disease

2. Multiple effects of single factor, for example, the rela-
tionship of smoking to both cancer and heart disease

3. Carrier states, for example, hepatitis B

4. Quantitative causal factors, for example, the amount
and period of smoking

5. Nonagent factors, for example, age and sex

The above-mentioned account paved the way for a
broader definition of “cause” in order to embrace this
broadened understanding. This could also facilitate
epidemiological studies that might uncover less direct
interventions to mitigate disease. Such a view widened the
concept of cause. A “cause” now may include an event,
condition, or characteristic that plays an essential role in
producing an occurrence of the disease in question.

14.2.1 Etiology of EUS

The pathogenic Aphanomyces has been reported under
various names such as Aphanomyces piscicida (Hatai,
1980), Aphanomyces invaderis (Willoughby et al., 1995),
and EUS-related Aphanomyces sp. (Lumanlan-Mayo et al.,
1997). The Index of Fungi (1997) renamed A. invaderis to
A. invadans, and in 1998 indicated that A. invadans is the
only valid name.

14.2.2 An Alternative View that EUS is a
Polymicrobial Infection

The concept of polymicrobial disease is well accepted in
human and veterinary medical sciences. However, EUS in
fishes could also be typified under this category based on
available evidence and suggestions. In particular, EUS
could be regarded as a polymicrobial disease, supposed to
be precipitated by environmental stresses. The syndrome,
according to some, is the result of a combination of an
early, primarily viral, etiology followed by a subsequent
secondary mycotic invasion that is terminated by secondary
or tertiary bacterial involvement. On the other hand, a cross
section of other workers (Kar, 2007, 2013; Kar et al., 2003,
2007) considered EUS to be an outcome of complex
interaction between viruses as the primary etiology. These
were in turn associated with secondary bacterial and/or
fungal and/or parasitic infections, and under the overall
influence of environmental stresses in which temperature
and total alkalinity of water appear to act as “stress factors.”

Notwithstanding the above, according to some authors
(Brogden and Guthmiller, 2002), polymicrobial diseases
may be considered the outcome of clinical and pathological
manifestations being induced by a number of microbes.
They are often not easily identifiable and treatable. Further,
polymicrobial infections may be the outcome of viral,
bacterial, fungal, parasitic, etc., etiology coupled with
disease-induced immunosuppression. Some significant un-
derlying mechanisms in pathogenesis are as follows:

1. The host may be predisposed to polymicrobial diseases
due to physical, physiological or metabolic disorders.
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2. Colonization may occur by opportunistic biota due to
changes on the body surface of another organism.

3. Other microbes may colonize a host, being made
possible by pro-inflammatory cytokines from different
microbes, which could not only trigger the severity of
the disease, but also reactivate latent infections.

4. Damage to tissues may occur due to sharing of determi-
nants among organisms.

5. Opportunistic pathogens may be able to colonize the
host body due to alterations in the immune system of
the host by other microbes.

14.3 DEFINITION OF EPIZOOTIC
ULCERATIVE SYNDROME

Notwithstanding the above, designation of EUS as a pol-
ymicrobial disease might get a setback mainly due to works
and views to the contrary. That is, there are studies, which
emphasized that EUS is caused by single putative patho-
gens; for example, fungi (Roberts et al., 1993, Willoughby
and Roberts, 1994) and virus(es) (Kanchanakhan et al.,
1999; Lio-Po et al., 2000; Kar, 2007). In fact, exposed
ulcers may always be colonized by opportunistic patho-
gens, like bacteria, etc. Further, different types of tissue
damage may be due to liquefaction of tissue by highly
proteolytic bacteria (Karunasagar and Karunasagar, 1994;
Karunasagar et al., 1995).

Concomitant to the above, case definition is an important
aspect of a disease etiology. Nevertheless, it may not require
identification of the primary etiology of the disease as a pre-
requisite. The primary etiology of EUS is yet to be confirmed
accurately. But Koch’s postulates need to be satisfied
under all circumstances. As such, there have been attempts
to find an alternative view and case definition of EUS.

14.3.1 Framing of a Case Definition

A case definition can be pinpointed with no confusion. As
such, the main problems in framing and establishing a case
definition lie in ascertaining (1) when an organism is
actually going to be considered to have disease in question,
and (2) what actually “causes” that disease. Nevertheless, a
“disease” in a very wide sense could be defined as “any
condition that impacts an animal and concomitantly may be
deleterious to animal or human health.” Furthermore, with
regard to infectious ailments, there could be an additional
issue of ascertaining, at what stages in the entire process
from initial infection to eventual outcome (recovery,
disability, or death), the animal could be designated as
“diseased.” For instance, could we label a fish to be
“EUS-affected” only when the gross lesions are visible to
the naked eye. Or a fish could be designated as
“EUS-affected” the moment pathological changes could be
detected in HP sections subjected to an immunoassay.

14.3.2 A Case Definition to Be Established

A case definition is an agreed set of rules that allows in-
vestigators to uniformly conclude that a particular indi-
vidual has or does not have a specific disease as defined.
The “as defined” part is important here. Moreover, it may
be convenient to frame a set of rules that could be able to
distinguish both doubtful and confirmed cases. In light of
the foregoing account, a “case definition” could thus be
considered a set of standard criteria for deciding, whether
an individual of interest has a particular disease. The test
unit could be an individual of a group of animals such as a
pond fish, etc. However, a useful case definition for aquatic
animal diseases had been mentioned. In fact, an optimal
case definition depends on criteria that could be applied to
any potential case in the population that acts as the source.
Few cases could display a complete range of disease
criteria. However, there could always be some noncases
in which some criteriadfor example, clinical signsdmay
be similar to those of the specific disease being studied.

Notwithstanding the above, a definition based on field
observations like history, clinical signs, gross pathology,
etc. could be useful for a “suspect” case, whereas a
“confirmed case” could preferably be based on laboratory
findings, in addition to field observations that are equally
important components for confirmation of a result. In
addition, when a hitherto unknown vis-à-vis potentially
virulent syndrome is being studied, it is usually suggested
to use a very broad definition initially (having higher
sensitivity but lower specificity) in order to minimize the
risk of missing any cases.

In view of the above, a tentative case definition for
EUS could be “a fish with necrotizing, granulomatous
dermatitis and/or myositis and/or granulomas in internal
organs with A. invadans (¼A. piscicida) found within
the lesion. On the other hand, an approximate case
definition of RSD could be “a fish with one or more
surface lesions, each of which could be described as a
‘red spot.’”

14.3.3 Alternative Case Definitions
for EUS

ODA (1994) defined EUS as “a seasonal epizootic condi-
tion of freshwater and estuarine warm water fish of com-
plex infectious etiology characterized by the presence of
invasive Aphanomyces infection and necrotizing ulcerative
lesions typically leading to a granulomatous response.” In
view of the expert discussions and based on the large body
of scientific information, two groups of case definitions,
applicable in different situations, are proposed below. It
may be noted that the lists are not exclusive, and that each
proposed case definition has its own sensitivity and
specificity.
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14.3.3.1 Case Definitions for Screening
Programs, Surveys, etc.

A fish with focal to locally extensive cutaneous ulceration
A fish with focal to locally extensive cutaneous ery-
thema or ulceration

14.3.3.2 Case Definitions for Definitive
Diagnosis

The principal criteria are:

1. A fish with necrotizing granulomatous dermatitis and
myositis associated with hyphae of A. invadans

2. A fish with necrotizing, granulomatous dermatitis and/
or myositis and/or granulomas in internal organs with
A. invadans (¼A. piscicida) found within the lesion

3. A fish with necrotizing, granulomatous dermatitis,
myositis, and/or granulomatous response in internal or-
gans, associated with the presence of A. invadans
(¼A. piscicida) hyphae

4. A seasonal epizootic affecting fresh and brackish-water
fish species involving a specific fungal pathogen
A. invadans (¼A. piscicida) characterized by necro-
tizing surface ulcerative lesions and typical mycotic
granulomatous response

An epizootic fungal infection, where formation of ulcer
is secondary, aseptic fungus and granulomas are always
observed in the lesion, and the pathogen is a fungus of
the genus Aphanomyces; confirmatory diagnosis is by
polymerase chain reaction (PCR) test.

There have been common names for the disease. Two
new common names have been proposed. These are:

(i) Epizootic granulomatous aphanomycosis (EGA) or
ulcerative aphanomycosis (UA). There could be synonymy
in Aphanomyces sp. causing the disease. In view of the
above, and since synonymy is a matter of opinion without
formal nomenclatural requirements, we propose that in
other than purely taxonomic contexts, the Aphanomyces
causing EUS, MG, RSD, and UM should be initially
referred to as A. invadans (¼A. piscicida).

14.3.4 EUS Defined Further (As It Stands)

EUS was defined at a DFID Regional Seminar in Bangkok
in 1994 as “a seasonal epizootic condition of freshwater
and estuarine warm water fish of complex infectious eti-
ology characterized by the presence of invasive Aphano-
myces infection and necrotizing ulcerative lesions typically
leading to a granulomatous response” (Roberts et al.,
1994). However, research since that time suggest that a
complex etiology is not necessarily involved in all cases.
Reference to a specific fungal pathogen (A. invadans) could
also now be included in the case definition for EUS. With
these developments, EUS could be considered as

characterized beyond the level of a syndrome. However,
the name “epizootic ulcerative syndrome” is well known
among fish health workers and also among workers who
work on EUS. Further, EUS is an OIE-listed disease, and
notification to the World Animal Health Organisation
(or OIE) is required in the event of an outbreak.

14.3.5 A Direct Question: What Is
Epizootic Ulcerative Syndrome?

EUS, or “red-spot” as it is known colloquially, is an ul-
cerative syndrome of fish that affects a range of native
species in the Northern Territory. The disease also occurs in
New South Wales, Queensland, and Western Australia, as
well as in many Asian countries. It begins as a small area of
reddening over a single scale, which subsequently spreads
to involve a number of adjacent scales; this is the charac-
teristic “red spot.” As the condition progresses, the “red-
spot” expands and deepens, giving a deep ulcer, which
sometimes extends into the abdominal cavity. Some fish,
especially barramundi (Lates calcarifer) may develop uni-
lateral or bilateral cloudiness of the cornea; these changes
in the eye may or may not be accompanied by lesions in the
skin. Some cases of EUS heal spontaneously, but many
affected fish, especially juveniles, die.

Further, EUS is an infection caused by oomycete fungi
known as A. invadans or A. piscicida. Aphanomyces is a
member of a group of organisms formerly commonly
known as water molds; they are currently recognized as
belonging to the group of heterokonts or stramenopiles
(OIE, 2006). EUS is an epizootic condition affecting wild
and farmed freshwater and estuarine finfish since it was first
reported in 1971. EUS is also known, as discussed in
Chapter 1 of this book, as RSD, MG, and UM, and in 2005
it was suggested that EUS be renamed as epizootic gran-
ulomatous aphanomycosis (EGA) (Baldock et al., 2005). A
single row of primary zoospores formed within a zoospo-
rangium is then released through the sporangium to encyst
at the apical tip to form achlyoid clusters. The main free-
swimming stage of Aphanomyces spp. is the secondary
zoospore that is discharged from the encysted primary
zoospores.

14.3.6 Definition of Suspect Case of EUS

A suspect case of EUS disease is defined as the presence of
typical clinical signs, a single or multiple red spots or ulcers
on the body, in a population of susceptible fish at water
temperatures between 18 and 25 �C.

14.3.7 Definition of Confirmed Case

A confirmed case of EUS is defined as a suspect case
that has produced typical mycotic granulomas in affected
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tissues or organs OR that has been identified as positive by
the PCR or fluorescence in situ hybridization detection
techniques OR that A. invadans has been isolated and
confirmed by bioassay, PCR, or sequence analysis.

14.4 CONCLUSION

It may be appreciated that the small-scale aquaculturists are
marginally oppressed, economically poor, and socially
downtrodden people and need to be cared for. Disease
among fishes gives a serious blow to them, as they have to
face the brunt of the impact. Hence, the following recom-
mendations are put forward considering the above points:

1. Level of awareness about the disease problems is to be
raised among small and marginal fish farmers.

2. Any news about mass mortality of fishes is to reach the
nearby fish health center at the earliest.

3. Fish health center/farm managers are to be vigilant, and
they may help small aquafarmers in mitigating the dis-
ease problems.

4. A quick line of communication may be established
in the form of a network among small-scale farmers,
big farmers, departments of fisheries, and fisheries
research institutes in order to manage disease problems
effectively.

There is the possibility of more disease occurrences
rather than less in AQC systems as they expand. However,
the underlying endemic diseases may be managed at the
farm level. But rapidly sweeping infectious diseases are to
be managed at different levels. The producers, the con-
sumers, the stakeholders, and nearly the whole nation could
be affected by the impact of virulent diseases such as the
hitherto unknown, enigmatic, and virulent EUS.

Concomitant to the above, solutions are supposed to lie
at all levels of production, marketing, and policy framing.
Treatment with permitted drugs, proper hygienic measures,
adequate quarantine steps, appropriate policies, etc., could
go a long way in proper healthy management of the farms.

It may be a common notion that there could be a
number of similarities between a small holder of livestock
and a big AQC system. In both systems, similar outcomes
may result after the application of the same principle of
health management. Thus, it may appear appropriate that
the lessons learnt from the livestock sector could be applied
to AQC sector and vice versa. However, improvement in
the situation of disease prevention and control may happen
only when there is a clear understanding of the etiology of
the various disease syndromes and their epidemiology.
In this regard, it could be stated that effective measures
could be adopted only when the main reasons could be
found out through various kinds of studies including
epidemiological surveys. Programs, adopted at the village
level, may gradually be extended to national level. These

disease-control strategies could form strong database for
present and future works on fish health management.
However, such databases, for those countries, should
invariably be based on competent diagnosis, well-designed
disease reporting systems and specific field surveys.
Indeed, collection of high-quality representative basic data
from the farms and villages forms a prerequisite need for
building a sound database.

In addition to the above, EUS has caused significant
losses to both wild and farmed FW fishes. EUS has been
expanding its ambit of spread beyond the Indian subcon-
tinent to other parts of the world, at the same time recurring
where it had appeared earlier. The devastating social and
economic impacts coupled with difficulties in diagnosing
and controlling the epidemic had been emphasizing the
urgent need for developing and implementing improved
infrastructure and skilled workers to combat this hitherto
unknown, virulent, and enigmatic EUS fish disease.
Concomitantly, the lessons learnt from dealing with EUS
could be widely applied to other kinds of fish disease
problems, which could be threatening the development of
aquaculture in the region. Many of the issues had been
deliberated upon at different National and International
Fora, notably the ADB-NACA collaborative study Fish
Diseases and Fish Health Management in the AsiaePacific
Region (ADB/NACA, 1991). The recommendations are
expected to go a long way in formulating tangible actions
required at the regional, national, and international levels,
including capacity building through skill development.
These could create the work force to tackle the present
difficulties and future problems related to aquatic diseases.

Concomitantly, South Africa has many well-managed
conservation areas. Many lie in the drainage pathways of
major river catchments. With increasing urbanization and
industrialization, many of the major catchments in South
Africa have been degraded through anthropogenic activity
and pollution (Ashton, 2007). Aquatic diseases such as
EUS have the potential to spread along such river courses,
and conservation authorities must be aware of the risk of
such diseases entering national parks. The subsequent
outbreaks in the Okavango Delta and in the Western Cape
Province highlighted the urgent need to implement effec-
tive surveillance. In countries further north in Africa, fish
from local fisheries form a major source of protein for the
population, with fishing as an important income generator.
As natural stocks become increasingly overharvested, the
expansion of EUS into Africa threatens potential develop-
ment of the fish farms.

Notwithstanding the above, it appeared that parasites,
pathogens, etc., are often associated with the outbreak of
EUS (Tonguthai, 1985). In fact, a large number of Epistylis
sp., had caused red spots in the snakeheads. Further, apart
from Epistylis sp., various other parasitic forms had been
associated with the EUS-affected fishes, but none could be
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established as the primary causative factor. Nevertheless,
the attachment of Epistylis sp. and Trichodina sp. associ-
ated with damage to the epidermis may have been
responsible for pathogenesis in some specimens. Several
forms of bacteria and virus have been isolated from
EUS-affected fishes, but none have as yet been confirmed as
the primary etiology with a cut-to-the-bottom guaranteed
although the author of this present treatise opines that EUS is
primarily a viral and secondarily a bacterial/fungal/parasitic
disease (Kar and Dey, 1990a,b,c; Kar, 2007, 2013). It was
reported by workers from Pakistan that the water-quality
parameters did not provide any significant information
suggesting a role in the outbreak of EUS, although they
further opined that a role in EUS could not be totally ruled
out. Thus in a general sense, EUS had caused a significant
threat to the newly developing aquaculture industry in many
countries including India, Bangladesh, Pakistan, Thailand,
and so on.

Some important concluding remarks are briefly given
below:

1. Randomization and pathology-based case diagnosis
may be more suitable for studies related to EUS disease
prevalence and its monitoring.

2. There had been a somewhat decreasing trend of preva-
lence and severity, but there has been continued wide-
spread occurrence of EUS in the Indian subcontinent
and its environs.

3. EUS has been continuing to affect new areas.
4. On the Asian continent in general, and the Indian sub-

continent in particular, EUS sometimes has more signif-
icant impact on extensive low-input systems and wild
fisheries than on controlled intensive fish culture.

5. Rural traders and consumers seemed to be more
affected by EUS than the urban/suburban communities
in South and SE Asia were.

6. Prevention of EUS disease by managing the potential
“risk factors” seems to be cheaper and more effective
than its treatment.

7. EUS seems to have some effects on the diversity of species
in certain areas, but its long-term effects are unknown.

The major issues from the above account are briefly
concluded below:

1. Both hatcheries and nurseries appear to be profitable en-
terprises despite sometimes incurring losses due to
disease.

2. Both hatcheries and nurseries are potential institutions
for employment generation.

3. Hatchery and nursery operators are usually better aware
of their problems and limitations than their counterparts
in other kinds of avocations are. As such, the former
generally have better and more access to government-
provided extension services.

4. Operation of nurseries appears to be a little uncertain
(compared with hatcheries), in view of the fluctuating
market prices of their products.

5. In view of less scientific background, the hatchery
owners/operators often use the same brood stock for
raising spawn. This could lead to deterioration of larval
quality.

6. Inbreeding is a common practice in many hatcheries.
However, hatchery owners do not generally exchange
brood stock among themselves in order to maintain
genetic diversity.

7. The use of chemicals and drugs indiscriminately may
lead to environmental hazards in the long run. Moreover,
indiscriminate use of antibiotics may lead to antibiotic
resistance.

In addition to the above, investigations so far con-
ducted by certain schools on EUS-infected fishes have
shown that the spread of the disease is due to A. invadans,
a fungus that is capable of producing a proteolytic enzyme
that helps it to penetrate the fish tissue to cause the
shallow to deep ulcers. However, the fungus itself was not
able to initiate the infection unless the integrity of the
epidermis is hampered due to either biological or abio-
logical agents. The report of a pathogenicity study con-
ducted on Atlantic menhaden had indicated that the
fungus could cause the infection in experimental fish,
which is not subjected to any stress conditions. However,
the EM observations revealed that the germinating spores
could enter the epidermal layer of the fish, which has lost
its integrity.

Cohabitation studies may usually be done to ascertain
the communicable nature of a disease, notably the EUS in
fishes. The striped snakehead fish (Channa striata) was
found to transmit the EUS to healthy snakehead fish in
two separate investigations, where virus isolates were
recovered in both cases. The ranavirus isolated from ul-
cerated largemouth bass also produced skin and muscle
ulcerations in a pathogenicity study conducted in the same
fish without the presence of an invading fungus.
Continued investigations may lead to recovery of more
viral agents from EUS-infected fishes and throw more
light on the involvement of viruses in the initiation of the
disease. Such initiation is believed to involve either
lowering the immune status of fish and consequently
hampering the integrity of the integument, or inducing
dermal ulcerations independently. The presence of
persistent viral infections in the cell lines developed from
EUS-susceptible tropical fishes also points to the possible
role of viruses in the induction of EUS. Although retro-
virus isolated from SSN1 cells differs from human and
other vertebrate retroviruses, what role such viral persis-
tence could play in the development of EUS is not clear.
The incidence of EUS has been on the decline in the last
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few years, and the role of viruses has not been keenly
pursued. Further investigations are therefore necessary
with a panel of additional susceptible fish cell lines for
isolating viruses, if any, from the infected fishes to
delineate the role of viruses in EUS.

14.5 RECOMMENDATIONS

There had been a number of recommendations from
different corners (Anon, 1997) related to EUS fish disease
research. A gist of some of the principal recommendations
is given below:

1. EUS remains a hitherto unknown, virulent, and enig-
matic disease among freshwater fishes semiglobally.

2. Continuous comprehensive research works are to be
continued for determining the accurate etiology of
EUS, as well as to develop exact and effective prophy-
lactic and therapeutic measures.

3. As an ongoing process, detailed studies are to be con-
ducted on:
a. the pathogens involved;
b. fish populations at affected and unaffected sites;
c. HP studies of affected fishes;
d. preventive and curative measures;
e. climatic variations at the affected sites; and
f. prioritized environmental parameters.

4. Pollution in water bodies is to be prevented. That pollu-
tion is a threat to the environment has been appreciated
in almost all corners. Further, there have been sugges-
tions from different quarters to conduct detailed study
of the effect of pollution on fisheries, aquaculture, and
human health.

5. There should be amechanism tomonitor the epidemiolog-
ical spreadofEUSand to establish amechanism todissem-
inate information about EUS. There should be a central
coordinating office to render this service, including
providing an early warning system about EUS outbreaks.
International organizations such as the FAO, NACA, and
OIE could kindly think of such measures.

6. Regional research programs studying EUS must be
continued.

7. There is possibly a need to develop adequate infrastruc-
ture and a skilled work force to effectively combat the
problems arising out of EUS outbreaks. This could
help not only in tackling the EUS problem, but also
in managing any possible fish disease problem.

The broad recommendations outlined above have been
deliberated upon widely in a number of national and in-
ternational seminars, symposia, workshops, etc., including
the various workshops organized by FAO, NACA, and
other international organizations, involving various coun-
tries and organizations around the globe. These could be
considered a distilled product of the deliberations.

14.5.1 Suggestions and Recommendations
for Future Work

In view of the importance and continuing extension of the
area of outbreak of this serious enigmatic EUS disease, it
has been recommended in several meetings that the etiol-
ogy of EUS should be a high priority for future works,
particularly the confirmation of human-induced impacts, if
any, pertaining to the root cause of origin of this hitherto
unknown, virulent, and enigmatic fish epidemic.

14.5.2 Recommendations for Treatment

Lime is commonly in use to control EUS. However, there
is a need to understand the currently inadequate control
methods in order to improve upon them.

14.5.3 Recommendations for Control
of EUS

As reported by some schools, EUS in fishes is believed to be
caused by the fungus A. invadans, which does not seem to
cause any disease in humans who consume fish. However,
fish is to be cooked with proper precautionary measures.

However, HP studies of EUS-affected fish tissues,
collected from around the ulcer, are to be done for confir-
mation of EUS. Nevertheless, the following measures could
be adopted, to reduce not only the risk of EUS outbreaks,
but also fish disease in general.

14.5.4 Measures for Preventing EUS
Outbreak

1. Ichthyospecies, which are resistant to EUS, should be
the only stock allowed in regions already affected by
EUS.

2. The stocking ponds are to be drained, dried, and limed
before stocking with fish.

3. Disease-free hatchery-reared fry (300e400 in size) pre-
treated with a 1% salt bath for 1 h are preferable for
stocking.

4. Tube well water or treated incoming water is to be
used.

5. Wild fishes are to be excluded from the culture ponds.
6. Farm equipment and shoes of visitors are to be disin-

fected with hypochlorite or iodophor disinfectants.
7. Good water quality with high DO is to be maintained.
8. Stress to fish is to be minimized. This could include

low stocking density, healthy food (nutrition), and no
excess handling or netting of the stocked fishes.

9. Special care should be taken during periods of low wa-
ter temperature (winter) with regard to monitoring of
potential “risk factors” such as water quality and para-
sitic infestations.
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10. Farmers are to report immediately to fishery experts in
the event of a suspected EUS outbreak, in order to take
steps for reducing losses.

14.5.5 Further Recommendations

That a study be conducted to establish a baseline incidence
for illness in commercial fishers in the Gladstone area and
possibly other areas of Queensland. This is essential if any
outbreak of disease is to be identified in the future.

That appropriate health and epidemiological statistics be
routinely collected for the fish industry.

That appropriate best practice and guidelines for fishing
and fish handling be developed in collaboration with the
commercial fishing industry.

The Panel noted that identifying the causes of the dis-
eases and prevalence of parasites on fish in Gladstone Harbor
is a complex and difficult task. This task is further compli-
cated by the extreme flood events of the 2010e2011 sum-
mers and the historical and ongoing industrial development
of the Harbor, which have changed the local environment.

Determining conclusively whether any environmental
changes have anything to do with the reported fish health
problems. It is a formidable and perhaps impossible un-
dertaking, given the available data for fish and human
diseases that were collected from fish species in the
Gladstone area. This includes establishing baselines and
trends during “normal” periods, and appropriate areas
outside the Harbor to act as a form of control for compar-
ative analysis, that is, the use of more sophisticated study
designs. The Panel suggested that ongoing pathological
studies are a priority to support epidemiological studies and
as a component of more in-depth investigations, including
the development of a case definition for the observed skin
discoloration or “reddening.”

A panel reviewed the data for the parasite
(Neobenedenia sp.), which was affecting the eyes and skin,
particularly in barramundi. The parasite had been reported
previously in Australia, had wide host specificity, and was
known to cause mass mortalities in aquaculture cages in
many countries. Reports of high prevalences in wild fish
are unusual, but may simply be a reporting issue. While the
presence of Neobenedenia on barramundi explains many of
the lesions reported, the reasons for the high prevalence and
abundance of the parasite were unclear but outbreaks are
known to occur including in Hinchinbrook Channel,
Queensland but not to the extent seen in this instance.

The fish health issue should be the ongoing focus of
Queensland government studies.

As a priority, a conceptual model should be completed,
if possible, including the causeeeffect relationships to help
guide studies and eliminate potential causal factors. The
development of the concept maps is the first step in devel-
oping the conceptual model.

There is an immediate need to develop a case definition
for the observed skin discoloration (“reddening”) in fish.

The ongoing monitoring of the prevalence of the para-
sites, lesions, and skin discoloration and the associated
pathology investigations should continue as a priority and
be guided by the conceptual model.

Consideration should be given to experimental work
with diseased fish and fish with Neobenedenia to better
understand the parasite’s taxonomy, biology, and patho-
genesis, and studies on wild fish with lesions held in
captivity and exposed to water of different quality.

14.5.6 Some Recommendations for
the Prevention of Zoonotic Disease in
Aquaculture Facilities

Guidelines established for the prevention of aquaculture-
associated human disease are to be based upon fish
health considerations, employee health considerations,
and biosecurity.

14.5.6.1 Fish Health Considerations

For any fish-rearing or processing facility, it is reasonable to
assume that the potential for zoonotic bacterial disease in-
creases in proportion to the number of actively infected fish
within the facility at a given time. The maintenance of
disease-free stock is therefore a paramount concern for both
the profit margin and the safety of fish handlers. One key to
keeping fish healthy is to start with healthy fish. In this re-
gard, procedures, such as segregated quarantine, prophy-
lactic antiparasitic therapy, and the sacrifice of specimens for
medical evaluation and bacterial culture of internal organs,
were advocated as routine practices for all newly imported
lots, even when fish are obtained from proven providers.
Recognizing that most bacterial fish pathogens are oppor-
tunistic invaders, the mitigation of physiologic stressors is a
universally acknowledged method of decreasing fish disease.
Limiting stress usually involves committed attention to
factors such as water quality, overcrowding, and excessive
or inappropriate handling. A final animal health consider-
ation is the generation of antibiotic resistance by bacteria. In
fish disease outbreaks caused by resistant bacteria, effective
treatment is often delayed, thus exposing workers to infected
fish for extended amounts of time. Additionally, zoonotic
infections acquired from repeatedly treated fish are more
likely to be medically intractable. In order to decrease the
occurrence of antibiotic resistance in aquaculture facilities,
antibiotic therapy could be based strictly upon bacterial
isolation and antibiotic sensitivity results.

14.5.6.2 Employee Health Considerations

The relevant literature consistently suggests that the inci-
dence and severity of fish-associated zoonotic infections are
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dependent, in part, upon the immune status of the human
hosts. Therefore, it is suggested that persons who handle
large numbers of farmed fish on a regular basis receive an
initial baseline health screen (including a tuberculin test),
followed by scheduled periodic medical examinations.
General safety and hygiene training of aquaculture personnel
could include specific information relative to the manage-
ment and reporting of fish-associated injuries. Additionally,
it is imperative that persons with preexisting viral,
neoplastic, metabolic, or other immune-compromising con-
ditions be made aware of their increased risk for zoonotic
infections.

14.5.6.3 Biosecurity

Infected stock is not the only potential source of pathogenic
fish-associated bacteria. Biosecurity measures to decrease
the introduction of pathogens into fish-holding facilities
include: (1) the use of a sanitary and protected water sup-
ply; (2) physical barriers to prevent contamination by bio-
logical vectors such as birds, rodents, and human visitors;
and (3) the education of employees in the principles of
aquaculture hygiene.

14.6 SUMMARY

EUS is a seasonal epizootic condition of wild and farmed,
fresh- and brackish-water fish of complex infectious etiol-
ogy. It is characterized by the presence of invasive Apha-
nomyces infection and necrotizing ulcerative lesions
typically producing a granulomatous response. The disease
is now endemic in SE and South Asia, and has recently
extended to West Asia. EUS is indistinguishable from RSD
in eastern Australia (Anon, 2012) and MG in Japan.

EUS has been reported to occur in over 100 freshwater
fish species and to a lesser extent in brackish-water fish. It
is more prevalent in snakeheads and barbs, while Chinese
carps are rarely affected, and tilapias seem to be resistant.
The primary causative agent of EUS, according to certain
schools of thoughts, appears to be one or more members of
the fungal genus Aphanomyces. Isolates from EUS-infected
fish in SE and South Asia have recently been described as
A. invaderis, while in Japan, A. piscicida was described as
the primary cause of MG. Studies had shown that these two
species are indistinguishable culturally and pathogenically,
and could probably prove to be conspecific. Additionally,
the opportunistic bacteria Aeromonas hydrophila and
Aeromonas sobria and one or more of a number of viruses
may also be involved in the pathogenesis of EUS.

Diagnosis is based on clinical signs and histological
evidence of the typical aggressive invasiveness of the
nonseptate fungal hyphae, within the context of high
mortality. Isolation of the fungus allows its characteristic
growth profile to be used as an aid to identification.

Control of EUS in natural waters is probably impos-
sible. In outbreaks occurring in small, closed water bodies,
liming of water and improvement of water quality, together
with removal of infected fish, is often effective in reducing
mortality.

As reported:

1. Farm visits should be conducted to ascertain the extent
of the spread of EUS in private- as well as public-sector
aquaculture farms.

2. Preliminary studies had revealed that population of
Channa marulius had specifically been affected by
EUS to a quite large extent. Additional EUS-affected
fishes include Colisa sp. as well as others.

3. Some important and feasible measures have been sug-
gested by the Pakistan Mission in order to reduce the
impact of EUS in Pakistan.

4. The etiology and other parameters of EUS are to be
studied on a long-term basis.

14.6.1 Further Aspects

1. Most of the hatcheries and nurseries in Bangladesh go
for three species of IMCs (Rohu, Catla, and Mrigal)
and three species of exotic carps (common carp, silver
carp, and grass carp). Other culturable species are
orange-fin labeo, Java barb, Kuria labeo, etc.

2. Hatcheries act as sustained sources of spawn for nurs-
eries. However, hatcheries generally obtain brood
stock from farmer’s grow-out ponds.

3. In Bangladesh, the average survival rate of spawn, fry,
and fingerlings in hatcheries and nurseries appears to
vary between 74% and 82%, which could be catego-
rized as a “high” survival rate.

4. Generally, hatcheries appear to be more profitable
than nurseries. However, market prices of fry and
fingerlings often show wide ranges of variability.
As a result, nursery operations often experience
greater fluctuations and uncertainty in terms of
profitability.

5. Hatcheries and nurseries have the potential for employ-
ment generation of farmers. The contribution of hatch-
ery owners and nursery proprietors to the household
incomes of people connected with AQC in the field
are 79.3% and 95.1% respectively.

6. In general, hatcheries are owned by rich farmers, and
nurseries are owned by small- to medium-scale
farmers.

7. Hatchery and nursery operations are often familial av-
ocations with the involvement of collaborative labor by
family members in which the workload is shared
among husband, wife, and children. The system also
generates employment for hired labor, which usually
works 18 hours per day.
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8. Fish, being a rich source of animal protein and a poten-
tial source of avocation, attracts people from different
walks of life, including extension officers of the govern-
ment who, as reported, visit fish farms more frequently
in comparison with their counterparts at other
institutions.

9. The major challenges facing hatcheries and nurseries
are disease, drought, and devastating floods. Interest-
ingly, however, diseases have been reported to be
less prevalent in hatcheries than in nurseries.

10. Categorization of diseases reveals that the major dis-
eases reported by nurseries are white spot, tail and
fin rot, EUS, sudden spawn mortality, gill rot, dropsy,
and malnutrition. Conversely, the main diseases re-
ported by hatcheries are sudden spawn mortality and
argulosis.

11. As reported, the prevalence of diseases in Jessore ap-
pears to be less than it is in Mymensingh. This regional
difference could be because farmers of Jessore have
more experience in farm management than their coun-
terparts in Mymensingh.

12. As reported, the economic loss due to diseases is about
7.6% of profit. Gill rot is responsible for the highest
economic losses to affected farms, followed by spawn
mortality, fish lice, EUS, and malnutrition.
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