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INTRODUCTION

This course examines fish health and disease frenperspectives of
the fish, the pathogen and the environments thay thare. Major
bacterial, viral and parasitic diseases of cultuiskd are explored and
the characteristics, epidemiology, prevention, @rand management
of the causative agents are investigated. While rifegor diseases
covered are particularly important to catfish crédiuthe principles and
practices are applicable to other species, botimveanrd coldwater.

COURSE AIM

The aim of this course, therefore, is not only tovde the basic
background information on fish diseases but alsantegrate it with
recent developments in vital areas of fish disea€apture fisheries,
aquaculture and ornamental fish are linked andbaté contributing
immensely to the supply of food fish as a cheapowf protein in
human diets and fishery products for industrialgesand aquarium
development. Whatever diseases that affect fisharwild, pond or race
waters also affect fish in the tanks and aquarium.

COURSE OBJECTIVE

The main objective of this course is to provide yaith the tools and

skills necessary to objectively evaluate the healthfish in culture

situations. You will be able to describe the causaigents of the major
bacterial, viral and parasitic diseases of fished avill be able to

confidently recognize and evaluate the major factbat contribute to
disease outbreaks in culture. You will also beodtrced to the tools and
techniques available to diagnose and respond ty m@mmon diseases.
Besides the aforementioned aims, this course isosathieve some of
the following objectives:

a) To understand the gross and external morphologyfisi
pathology

b) To understand pathological effects of parasitefsin

C) To identify infectious and non infectious parasites

d) To have a basic knowledge of bacterial, viral anchghl
infections

e) To be able to describe the causative agents ah#jer bacterial,
viral and parasitic diseases of fishes

f) To highlight various controls and treatments

Q) To know how to handle sick fish
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WORKING THROUGH THE COURSE

A great effort was put into this course therebyidmng it with a lot of
useful information.

This accounts for why you find it an irresistiblengpanion both in the
class and for field purposes. However, it requihed concerted effort is
made in reading through these materials for apatied the effort in a
commensurable manner so you will be required tog@elot of time to
read it. You are also encouraged to work througd practice all
assignments contained in this materials.

COURSE MATERIALS

You will be provided with the following materialsoerse guide and
study units. In addition, the course comes withsadf recommended
textbooks which though are not compulsory for yoat¢quire or indeed
read, are necessary as supplements to the coutsgaha

COURSE CONTENT

Fish health is a vast and rapidly expanding diswgphand this course
will provide students with an introduction to theajor topics and
current issues involved over four modules. A bdekcription of the
course content for each module follows:

STUDY UNIT

Module 1 Identification, mor phology, taxonomy and life history of
fish parasites

Unit 1 Identification of fish parasites
Unit 2 Morphology and taxonomy of fish psitas
Unit 3 Life history of fish parasites

Module2 Morphology, Taxonomy and Life
History of Fish Parasites

Unit 1 Morphology and taxonomy of fish psitas
Unit 2 Life history of fish parasites

Module 3 Ecological and Pathological Effects of
Parasites and Diseases of Fish
Unit 1 Ecological effects of parasites on fish
Unit 2 Differences between Viral Infection and Ba@l Infection
Unit 3 Pathological effects of parasites on fish
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Module4 Epidemiology of Parasite Populationsin Water Body;
Common Bacterial, Fungal and Viral fish Diseases and
Their Control

Unitl Types of Fish Diseases

Unit 2 Common bacterial fish diseases and theitrob
Unit 3 Common fungal fish disease and their cdntro
Unit 4 Common viral fish diseases and their cdntro

Module5 Sensitivity test control and therapy

Unit 1 Fish ponds and public health in gaher

Unit 2 Fish pond and health hazard

Unit 3 Fish Allergy

Unit 4 International water or Trans-Boundary Waiansgl Trading

INTRODUCTION

Major Fin Fish Diseases, Their Symptoms and Manag¢ieasures

In recent years traditional aquaculture has tunméal a science based
economic and commercial activity involving heavpums and therefore,
diseases of all kinds are known to occur on aresmingly large scale.
However, fish mortality is not the only criteriom évaluate the effect of
fish disease. Even the morbidity which leads toghtiosses and poor
growth in surviving fish contributes substantiatdes to the farmers.
With increasing intensification of fish culture ware faced with an

increasing number of recognized infectious diseadas to ever

changing environment. Therefore, research on th@opganesis and
pathology of these diseases, their prevention amdral has become
essentially required.

Water Quality — Why Is It Important? Fishes are poikilothermaiiatic
animals and need continuous acclimatization to ém&ironmental
changes. To a great extent, the success or fadtiresh culture is
determined by water quality. A successful pathogearst first find a
susceptible host for its lodging and multiplicatidnis not easy because
the body of fish is covered with scales or mucuseteng epidermal
cells. Easier way is to get entry into host is side on the skin or
through other openings like mouth, eyes, and risstri

Stressors for fish: The stressors which elicit rhofpgical and
physiological responses in fish fall into 4 categer Chemical - Stress
due to water quality, pollutants, and metabolictess

Physical — Temperature and super saturation of gas

vi
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Procedural — Stress due to handling, transportasitmtking or disease
treatment.

Biological — Stress due to population density, ocwrhent, diet
composition and micro- and macro-organisms.

A fundamental management objective of all fish ir@aipractices is to
avoid and minimize stress on fish.

Stress: The aquatic environment is dynamic andtaatlg subject to
changes in its physical, chemical and biologicamponents. These
changes along with culture practices — stressoversly stress the
physiological systems of fishes. The physiologicasponse elicited
initially is adaptive. However, they may ultimatddgcome maladaptive
in chronic situations.

Ssessponse

1
Perceived by CNS

1
Stress hormones Cortisal epinephrine
released from interregrells into blood stream.

!

2° Response Blood and tissue alterations

!

3° Response  Reduction in growth and eastst to diseases

Most fish diseases are stressed mediated. Stresglysiologic state
caused by a procedure, environmental conditionterofactor which
interferes with the fish’s ability to maintain adimal” state. It extends
the adaptive responses of an animal beyond thealaange or which
disturbs the normal functioning.

TEXTBOOKSAND REFERENCES
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MODULE 1

Unit 1 Identification of fish parasites (Protozoan)
Unit 2 Identification of fish parasites (Flagedd)
Unit 3 Morphology and taxonomy of fish parasites
Unit 4 Life history of fish parasites

UNIT 1 EXTERNAL ANATOMY OF A BONY FISH
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
3.1 Ciliates
3.2 Ichthyophthirius multifiliis
3.3 Chilodonella
3.4 Tetrahymena
3.5 Trichodina
3.6  Ambiphyra
3.7 Apiosoma
3.8 Epistylis
3.9 Capriniana
3.10 Treatment of ciliated protozoan infections
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

A common mistake of fish culturists is misdiagngsdisease problems
and treating their sick fish with the wrong medicat or chemical.
When the chemical doesn't work, they will try aresththen another.
Selecting the wrong treatment because of misdiagnesa waste of
time and money and may be more detrimental to tkle than no
treatment at all. The majority of fish parasitea caly be identified by
the use of a microscope. If a microscope is unalbld| or the person
using it has no previous experience with one, tlagrbsis is difficult
and questionable. Successful fish culturists leé&gn experience.
Newcomers to the field need to learn the fundanterdaé diagnostic
procedures and how to use a microscope to ideméyasites by
attending short training courses. The followingalgdions of common
parasites can be used as references for undersgaadiprofessional

1
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diagnostic report or as a quick reference for tkkpedenced fish
culturist.

20 OBJECTIVES

At the end of this unit, the student should be :able

o to identify common fish parasite (protozoan)
o to differentiate protozoan and it effect on fish
o to understand how to control protozoan diseases.

3.0 MAINCONTENT

Protozoa

Most of the commonly encountered fish parasitespaotozoan. With

practice, these can be among the easiest to igemtiid are usually
among the easiest to control. Protozoan is singlleat organisms, many
of which are free-living in the aquatic environmenfitypically, no

intermediate host is required for the parasiteegpraduce (direct life
cycle). Consequently, they can build up to veryhhigimbers when fish
are crowded causing weight loss, debilitation, anwdtality. Five groups
of protozoan are described below: ciliates, flagel, myxozoans,
microsporidians, and coccidians. Parasitic protozoathe latter three
groups can be difficult or impossible to controldéscussed below.

3.1 Ciliates

Most of the protozoan identified by aquarists Wi ciliates. These
organisms have tiny hair-like structures calledacthat are used for
locomotion and/or feeding. Ciliates have a dirdetdycle and many are
common inhabitants of pond-reared fish. Most sgede not seem to
bother host fish until numbers become excessivequmaria, tanks and
ponds which are usually closed systems, ciliatesllshbe eliminated.
Uncontrollable or recurrent infestations with ddid protozoan are
indicative of a husbandry problem. Many of the pdes proliferate in
organic debris accumulated in the bottom of a tankat. Ciliates are
easily transmitted from tank to tank by nets, hpsescaretakers' wet
hands. Symptoms typical of ciliates include skird agill irritation
displayed by flashing, rubbing, and rapid breathing

3.2 Ichthyophthirius multifiliis

The disease called "Ich" or "white spot diseases' bien a problem to
aquarists for generations. Fish infected with tbrganism typically

develop small blister-like raised lesions along ey wall and/or fins.

2
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If the infection is restricted to the gills, no wdispots will be seen. The
gills will appear swollen and be covered with throkicus. Identification

of the parasite on the gills, skin, and/or finséxessary to conclude that
fish has an "ich" infection. The mature parasitgFe 1) is very large,
up to 1000 pum in diameter, is very dark in coloeda the thick cilia
covering the entire cell, and moves with an amagbootion.
Classically,I. multifiliis is identified by its large horseshoe-shaped
macronucleus. This feature is not always readibible, however, and
should not be the sole criterion for identificatidmmature forms of.
multifiliis are smaller and more translucent in appearance.eSom
individuals have suggested that the immature foons$. multifiliis
resembleTetrahymena . Fortunately, scanning the preparation will
usually reveal the presence of mature parasitesaio@ confirmation

of the diagnosis.

Figure 1: An illustration of | multifil parasite

If only one parasite is seen, the entire systemulshde treated
immediately. "Ich" is an obligate parasite and dd@aof causing
massive mortality within a short time. Because #mysted stage
(Figure 3 is resistant to chemicals, a single treatmenbissufficient to
treat "Ich". Repeating the selected treatmdiatb(e ) every other day
(at water temperatures 68--77°F) for three to freatments will disrupt
the life cycle and control the outbreak. Daily cleay of the tank or vat
helps to remove encysted forms from the environmé&mr more
information, see Extension Circular 920]chythyophthirius
multifiliis (White Spot) Infections of Fish.
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Figure 2:.The life cycle of | multifiliis

3.3 Chilodonella

Chilodonella is a ciliated protozoan that causes infected fisheicrete
excessive mucus. Infected fish may flash and shiomviss signs of

irritation. Many fish die when infestations becommderate (five to
nine organisms per low power field on the microg)dp heavy (greater
than ten organisms per low power fieldyhilodonella is easily

identified using a light microscope to examine pargs of skin mucus
or gill filaments. It is a large, heart-shapedatd (60 to 80 m) with
bands of cilia along the long axis of the organi@fgure 3. The

organism is easily recognized at 100X magnification

Chilodonella can be controlled with any of the chemicals listed
Table 1, and one treatment is usually adequziie.odonella has been
eliminated in tanks using recirculating water syseby maintaining
0.02% salt solution.

Figure 3: An illustration of a Chilodonella cili@terotozoan.

3.4 Tetrahymena

Tetrahymena is a protozoan commonly found living in organic deb

at the bottom of an aquarium or tanketrahymena is a teardrop-
shaped ciliateKigure 4 that moves along the outside of the host. The
presence ofl etrahymena on the body surface in low numbers (less
than five organisms per low power field) is prolyabt significant. It is
commonly found on dead material and is associatiéld mgh organic
loads. Therefore, observiriggtrahymena on fish, which have been on
the tank bottom, does not imply the parasite is ghenary cause of
death. One treatment of a chemical listedable 1should be adequate
for control.
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Figure 4: An illustration of a Tetrahymena praian

Identification of Tetrahymena internally is a significant but untreatable
problem. A common site of internal infection is tbge. Affected fish
will have one or both eyes markedly enlarged (eXogmia). Squash
preparations made from fresh material reveal langebers ¥ 10 per
low power field) of Tetrahymena associated with fluids in the eye.
Fish infected withletrahymena internally should be removed from the
collection and destroyed.

3.5 Trichodina

Trichodina is one of the most common ciliates present on kire and
gills of pond-reared fish. Low numbers (less thae brganisms per low
power field) are not harmful, but when fish areveded or stressed, and
water quality deteriorates, the parasite multipliapidly and causes
serious damage. Typically, heavily infested fishndd eat well and lose
condition. Weakened fish become susceptible to dppistic bacterial
pathogens in the wateTrichodina can be observed on scrapings of
skin mucus, fin, or on gill filaments. Its erratiarting movement and
the presence of a circular, toothed disc withirbigly Eigure § easily
identify it.

Trichodina can be controlled with any of the treatments frbable 1.
One application should be sufficient. Correction efivironmental
problems is necessary for complete control.

Figure 5:An illustration of Trichodina ciliates
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3.6 Ambiphyra

Ambiphyra, previously calledScyphidia, is a sedentary ciliate that is
found on the skin, fins, or gills of host fish. tiglindrical shape, row of
oral cilia, and middle bank of cilia identigymbiphyra (Figure §. It is
common on pond-reared fish, and when present inrlambers (less
than five organisms per low power field), it is r@tproblem. High
organic loads and deterioration of water quality @ften associated with
heavy, debilitating Ambiphyra infestations. This parasite can be
controlled with one application of any of the treants listed imable 1.

Figure 6: A illustration of an Ambiphyra ciliate

3.7 Apiosoma

Apiosoma , formerly known asGlossatella , is another sedentary
ciliate common on pond-reared fisApiosoma can cause disease if
their numbers become excessive. The organism cdoumel on gills,
skin, or fins. The vase-like shape and oral cite @aracteristicHigure
7).

Apiosoma can be controlled with one application of one o€ th
treatments fronTable 1

Figure 7:An illustration of a Apiosomia ciliate
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3.8 Epistylis

Epistylis is a stalked ciliate that attaches to the skinireg 6f the host.
Epistylis is of greater concern than many of the ciliatesabse it is
believed to secrete proteolytic ("protein-eatingflzymes that create a
wound, suitable for bacterial invasion, at thecttaent site. It is similar
in appearance tépiosoma except for the non-contractile long stalk
(Figure § and its ability to form colonies.

In contrast to the other ciliates discussed abthes preferred treatment
for Epistylis is salt. Fish can be placed into a 0.02% salt goluds an

indefinite bath, or a 3% salt dip. More than oneatment may be
required to control the problem.

& "\

Figure 8:A microscopic view of the stalked ciliate

3.9 Capriniana

Capriniana , historically calledTrichophyra , is a sessile ciliate that
attaches to the host's gills with a sucker. Theyeheharacteristic cilia
attached to an amorphous-shaped body (Figure $edny infestations,
Capriniana can cause respiratory distress in the host. Orasntent
from a chemical listed ifiable 1should be adequate.

Figure 9:An illustration of a sessile ciliate
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3.10 Treatment of ciliated protozoan infections

Several chemicals commonly used to control ciliagdtozoan in

freshwater fish are listed below for your conveo®nAs stated above,
most ciliate infestations respond to one chemioshtment; however,
fish that do not improve as expected should beedatd and retreated
if necessary. Overtreatment with chemicals caneaasous damage to
fish.

Copper sulfate is an excellent compound for us@dnds to control
external parasites and algae; however, it is exhenoxic to fish. Its
killing action is directly proportional to the caemtration of copper ions
(Cu " in the water. As the alkalinity of the water ingses, the
concentration of copper ions in solution decreas&snsequently, a
therapeutic level of copper in water of high alk#yi would be lethal to
fish in water of low alkalinity. Conversely, a th@eutic concentration
of copper in water of low alkalinity would be in§igfent to have the
desired action in water of higher alkalinity. Fbistreason, the alkalinity
of the water to be treated must be known in ordedeétermine the
amount of copper sulfate needed. The amount oferopplfate needed
in mg/L is the total alkalinity (in mg/L) dividedybl00. For example, if
the total alkalinity in a pond is 100 mg/L, the centration of copper
sulfate needed would be 100/100 or 1 mg/L. If yo& @nsure how to
measure the alkalinity of your water, or have nexsd copper sulfate,
contact your aquaculture Extension specialist Bmistance. Never use
copper sulfate in water that has a total alkalifegs than 50 mg/L.

Because of its algicidal activity, copper sulfatenccause dangerous
oxygen depletions, particularly in warm weather. dégency aeration
should always be available when copper sulfate piglied to your
system or ponds. Copper sulfate should not behtough the bio-filter
on a recirculation system as it will kill the nfyfing bacteria. If possible,
tanks should be taken "off-line" during treatmenhvwopper sulfate. If
necessary, clean the bio-filter manually to de@eaganic debris and
residual parasite load. Potassium permanganateffestiee against
ciliates as well as fungus and external columnaaugeria, and it can be
used in a pond or vat. Multiple treatments withgsstum permanganate
are not recommended as it can burn gills. Aerasioould be available
when potassium permanganate is used becausentakyiaide and can
cause oxygen depletion. Potassium permanganatdeatprtescribed
dosage (2 mg/L) does not seem to affect the nimgfybacteria in a
biological filter; however, ammonia, nitrite, anéi should be closely
monitored following treatment.
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Formalin is an excellent parasiticide for use irabnaolumes of water

such as vats or aquaria. It is not recommendegddod use because it is
a strong algicide and chemically removes oxygermfrthe water.

Vigorous aeration should always be provided whem#&din is used.

Used in proper amounts, salt effectively contralstgzoans on the gills,
skin, and fins of fish. This is an effective treamhfor small volumes of
water such as aquaria or tanks. Use in ponds iesatment is generally
not recommended due to the large amount of salt ragd cost of

treatment that would be needed to be effectivet Sauld never be
used on fish that navigate by electrical field swsh knife fish and

elephant nose fish. When using any treatment &b, fa bioassay (a test
to determine safe concentration) should be conduote a few fish

before large numbers of fish are exposed. Fish ispecan react

differently to various concentrations of the cheahictherefore, fish

undergoing treatment must be monitored closelyathrerse reactions. If
the fish negatively react to treatment, the chehmstauld be flushed

immediately from the system, or the fish should rheved to fresh

water.

4.0 CONCLUSION

In this unit you learnt: the various protozoan @agdish diseases, the
coverings as well as the control and treatmentliated protozoan.

50 SUMMARY

The parasite commonly causing disease in fish. &'laee various type
and can easily be identified with a light microse@nd can be treated
with chemical such as parasitcide and algicide.ndb& should be

handled carefully not to contaminate the environtmen

6.0 TUTOR-MARKED ASSIGNMENT

1. With a well labeled diagram describe the life cyaé I.
multifiliis
2. Describe how you will control the outbreak of ichyiour pond.

7.0 REFERENCESFURTHER READING

Maare ciliated protozoan. ddock et al. 1994a; Vad#993.

The Use of Potassium Permanganate in Fish Ponds, and FA-37,
Use of Potassium Permanganate to Control External Infections of
Ornamental Fish.

See also IFAS Fact Sheéi-86 , The Use of Salt in Aquaculture .
See also IFAS Fact Sheéts-23,
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UNIT 2 FLAGELLATES
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Contents: flagellated protozoan infectudriish
3.1 Hexamita or Spironucleus
3.2 Ichthyobodo
3.3 Piscinoodinium
3.4 Cryptobia
3.5 Myxozoa
3.6  Microsporidia
3.7 Coccidia
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Flagellated protozoan is small parasites that odeci fish externally
and internally. They are characterized by one orenflagella that cause
the parasite to move in a whip-like or jerky motiddecause of their
small size, their movement, observed at 200 or 4@gnification

under the microscope, usually identifies flageBatéommon flagellates
that infest fish are given below.

20 OBJECTIVES

o identify flagellated protozoan
o understand how flagellated protozoan cause infieatidish
o control and treatment of fish infected with flagédld protozoan

3.0 MAINCONTENTS
3.1 Hexamita or Spironucleus

Hexamita is a small (3-18 m) intestinal parasite commonlyrio in the
intestinal tract of freshwater fistFigQure 10. Sick fish are extremely
thin and the abdomen may be distended. The in&sstinay contain a
yellow mucoid (mucus-like) material. Recent taxomorstudies have
labeled the intestinal flagellate of freshwaterelfigh asSpironucleus

. Hexamita or Sprironucleus can be diagnosed by making a squash
preparation of the intestine and examining it atO 26r 400x

10
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magnification. The flagellates can be seen whesentlicosa (intestinal
lining) is broken. They move by spiraling and irafag infestations, they
will be too numerous to be overlooked.

Figure 10: An illustration of a Hexamita patasi

The recommended treatment foHexamita/Spironucleus is
metronidazole (Flagyl). Metronidazole can be adstered in a bath at a
concentration of 5 mg/L (18.9 mg/gallon) every otluay for three
treatments. Medicated feed is even more effectiva dosage of 50
mg/kg body weight (or 10 mg/gm food) for five coogtve days.

3.2 Ichthyobodo

| chthyobodo, formerly known asCostia, is a commonly encountered
external flagellate Kigure 1). Ichthyobodo- infected fish secrete
copious amounts of mucus. Mucus secretion is seyh#aat catfish
farmers popularly refer to the disease as "blumesldisease”. Infected
angelfish also produce excessive mucus that candsrk colored fish a
gray or blue coloration along the dorsal body whifected fish flash
and lose condition, often characterized by a thimthrifty appearance.
| chthyobodo can be located on the gills, skin, and fins, howeitds
difficult to identify because of its small size. &kasiest way to identify
Ichthyobodo is by its corkscrew swimming pattern. With a good
microscope, the attached organism can be seerDatégnification.

Figure 11An illustration of a I chthyobodo flagellate

11
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3.3 Piscinoodinium

Piscinoodinium is a sedentary flagellate that attaches to the, $kin
and gills of fish. The common name fBrscinoodinium infection is
"Gold Dust" or "Velvet" Disease. The parasite hasamber pigment,
visible on heavily infected fish. Affected fish Wilash, go off feed, and
die. Piscinoodinium is most pathogenic to young fish. The life cycle of
this parasite can be completed in 10--14 days aZ73 [Eigurel?,
but lower temperatures can slow the life cycle.cAlhe cyst stage is
highly resistant to chemical treatment. Therefesyeral applications of
a treatment may be necessary to eliminate the ipar&r non-food
species, chloroquin (10mg/L prolonged bath) hasbeported to be
efficacious.

9,9
'3
\

Figure 12life cycle of a piscinoodinium sedentary flagellate

3.4 Cryptobia

Cryptobia is a flagellated protozoan common in cichlids. Treg
often mistaken forHexamita as they are similar in appearance.
However, Cryptobia are more drop-shaped, with two flagella, one on
each end. AlsoCryptobia "wiggles" in a dart-like manner, whereas
Hexamita "spirals". Cryptobia typically is associated with granulomas
(Figure 13, in which the fish "walls off" the parasite. Tleeparasites
have been observed primarily in the stomach, bw b® present in
other organs. Fish afflicted witiryptobia may become thin, lethargic
and develop dark skin pigmentation.

A variety of treatments are presently being stuawti limited success.
Nutritional management has proven to take an actikein its control.

12
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Figure 13: A staining of &ryptobia flagellated protozoan.

3.5 Myxozoa

Myxozoa are parasites that are widely dispersedaitive and pond-
reared fish populations. Most infections in fiskatie minimal problems,
but heavy infestations can become serious, especralyoung fish.
Myxozoans are parasites affecting a wide rangesetieés. They are an
extremely abundant and diverse group of organispesulated by spore
shape and size. Spores can be observed in squagaraiions of the
affected area at 200 or 400 x magnifications ohlsgologic sections.
Clinical signs vary, depending on the target orgamr. example, fish
may have excess mucus production, observed Matneguya (Figure
14) infections. This is a very large group of sies which can cause
disease in a wide variety of fishes. They aregaldé parasites of tissue
(histozoic forms that reside in intercellular spmoe blood vessels that
reside intracellularly) and organ cavities. Keyardcteristics of the
Myxozoa include development of a multicellular sgopresence of
polar capsules in their spores and endogenouglealage in both the
trophozoite and sporogony stages. The method ahsinission
of myxozoans is unknown, but evidence suggests dhdeast some
pathogenic myxozoans have an indirect life cydlbis life cycle may
require the completion of two different life cyclesolving a vertebrate
(fish) and an invertebrate (annelid) host with ebfghcycle having its
own sexual and asexual stages. Severe infestabpricese parasites
can result in disease and/or death of the host #&th parasite is
somewhat species specific as well as organ speditew of the more
common myxozoan parasites are discussed below.

—
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Figure 14: An illustration of Myxozoa parasite

White or yellowish nodules may appear on targetansg Chronic
wasting disease is common among intestinal myxazaach as with
Chloromyxum. "Whirling disease" caused hbylyxobolus cerebralis
has been a serious problem in salmonid culturanigétion of the
affected fish and disinfection of the environmenthe best control of
myxozoans. There are no established remedies $br fopores can
survive over a year, so disinfection is mandatoryefradication.

3.6 Microsporidia

Microsporidians are intracellular parasites thajuree host tissue for
reproduction. Fish acquire the parasite by inggsiimfective spores
from infected fish or food. Replication within spsr (schizogony)
causes enlargement of host cells (hypertrophy)echefli fish may
develop small tumor-like masses in various tissueggnosis is
confirmed by finding spores in affected tissueshesi in wet mount
preparations, or in histologic sections.

Clinical signs depend on the tissue infected amd @age from no
visible lesions to mortalities. In the most serigases, cysts enlarge to a
point that organ function is impaired and severerdity and/or
mortality results. A common microsporidian infecti Pleistophora,
which infects skeletal muscl€igurel§.

Ly R . 7 ‘a?‘ﬁf\- y L ‘
Figure 15: A magnified view of an infected skeletauscle with

Pleistophoral

There is no treatment for microsporidian infectiondish. Spores are
highly resistant to environmental conditions ana sarvive for long
periods. Elimination of the infected stock and mfisction of the
environment is recommended.

14
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3.7 Coccidia

Coccidia are intracellular parasites described in a varietywild-
caught and cultured fisticigure 1§. Their role in the disease process is
poorly understood, but there is increasing evidetizat they are
potential pathogens. The most common species eterednin fish are
intestinal infections. Inflammation and death oé ttissue can occur,
which can affect organ function. Other infectiontesi include
reproductive organs, liver, spleen, and swim bladde
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Figure 16: A magnified view dtocudla

Clinical signs depend on target organ affectedrbay include general
malaise, poor reproductive capacity, and chronicighte loss. A
definitive diagnosis of tissue coccidia should bempleted with
histologic or electron microscopy. Several compaunave been used to
control coccidiosis with some success; howeversgliation with an
experienced fish health professional is recommendégintaining a
proper environment and reducing stress appear tamp®rtant in
preventing coccidia outbreaks in cultured fish.

4.0 CONCLUSION

In this unit you learnt flagellated protozoan irtfen of fish, the clinical
sign of the infection on the fish and how to cohémad treat the affected
fish

50 SUMMARY

Flagellated protozoan infection of fish includélexamita or
Spironucleus, Ichthyobodo, Piscinoodinium, Cryptobia, Myxozoa,
Microsporidia andCoccidia which affect the fresh water fish and
tropical fish. Elimination of the affected fish and disinfectioh tbe
environment is the best control.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the control method for coccidian
2. Draw a life cycle of a piscinoodinium sedentarygé#ate
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UNIT 3 MONOGENEAN TREMATODES
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1.0 INTRODUCTION

Monogenean trematodes, also called flatworms dkefiy commonly
invade the gills, skin, and fins of fish. Monogengdave a direct life
cycle (no intermediate host) and are host- andsgiéeific. In fact, some
adults will remain permanently attached to a sirsgie on the host.

Freshwater fish infested with skin-inhabiting flskbecome lethargic,
swim near the surface, seek the sides of the pogoad, and their
appetite dwindles. They may be seen rubbing theoloor sides of the
holding facility (flashing). The skin where the Kies are attached shows
areas of scale loss and may ooze a pinkish fluills @ay be swollen
and pale, respiration rate may be increased, ahdafill be less tolerant
of low oxygen conditions. "Piping"”, gulping air #te water surface,
may be observed in severe respiratory distresggeLaumbers (>10
organisms per low power field) of monogeneans dheeithe skin or
gills may result in significant damage and moryalecondary infection
by bacteria and fungus is common on tissue withagenean damage.

3.0 MAIN CONTENT
3.1 Gyrodactylus andDactylogyrus
are the two most common genera of monogeneansfieat freshwater

fish (Figure 17. They differ in their reproductive strategies atheir
method of attachment to the host fi&yrodactylus have no eyespots,
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two pairs of anchor hooks, and are generally foomdhe skin and fins
of fish. They are live bearers (viviparous) in white adult parasite can
be seen with a fully developed embryo inside theltadreproductive
tract. This reproductive strategy allows populatiahGyrodactylus to
multiply quickly, particularly in closed systems &rle water exchange is
minimal.

Cyeedactyias
2Oy
[

— N E—

e

Figure 17Anillustration of a Grodactylus and Dactylogyrus

Dactylogyrus prefers to attach to gills. They have two to foyespots,
one pair of large anchor hooks, and are egg layidrs.eggs hatch into
free-swimming larvae and are carried to a new hgstvater currents
and their own ciliated movement. The eggs can biiget to chemical
treatment, and multiple applications of a treatmere usually
recommended to control this group of organismsshsater and marine
fish. In Africa,Dactylosoma has been found in cichlids (species
of Oreochromis, Astatorheochromis andHaplochromis) and grey
mullets (Mugilidae Mugil cephalus, Liza dummerelli andL.
richardsoni). The latter two species of grey mullets are tamghe only
known African hosts foHemogregarina.

Treatment of monogeneans is usually not satisfactoless the primary
cause of increased fluke infestations is found afidviated. The

treatment of choice for freshwater fish is formaladministered as a
short-term or prolonged bath. Fish that are sickadbtolerate formalin

well, so they need to be carefully monitored dutigtment. Potassium
permanganate can also be effective in controlliogpogeneans.

3.2 Digenean Trematodes

Digenean trematodes have a complex life cycle wugl a series of
hosts Figure 1§. Fish can be the primary or intermediate host
depending on the digenean species. They are fouernally or
internally, in any organ. For the majority of digem trematodes,
pathogenicity to the host is limited.
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Figure 18: An illustration of the Digenean Treou#s life cycle.

The life stage most commonly observed in fish is thetacercaria,
which encysts in fish tissueBigure 19. Again, metacercaria that live in
fish rarely cause major problems. However, in theamental fish

industry, digenetic trematodes from the family Hepdyida, have been
responsible for substantial mortalities in ponded fish. These
digeneans become encysted into gill tissue andragsp distress is

eminent.

a1 Y il

Figure 19: The metacercaria stage of the lifédecyc

Another example of a metacercaria that could capiEblems in
cultured fish is the genuRosthodiplostonum or the white grub. This
has caused mortalities in baitfish, but usually ahéy negative effect is
reduced growth rate, even when the infection ategh. In cases where
mortalities occur, there are unusually high numhhetbe eye, head, and
throughout the visceral organs.

Another fluke isClinostonum , often called yellow grub. It is a large
trematode and although it does not cause any mpapdriems for fish, it
is readily seen and will make fish unmarketableafesthetic reasons.
The best control of digenean trematodes is to btiealife cycle of the
parasite. Elimination of the first intermediate idlse freshwater snail is
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often recommended. Copper sulfate in ponds has teshwith limited
success and is most effective against snails wppled at night, due to
their nocturnal feeding activity

3.2 Nematodes

Nematodes, also called roundworms, occur worldwdall animals.
Nematodes are very common parasites of fish. Tivadamay be found
in cysts or coiled in or on the internal organsdulss are usually found
in the intestines. Some are found coiled undersitie. They can infect
all organs of the host, causing loss of functiontted damaged area.
Signs of nematodiasis include anemia, emaciationhriitiness and
reduced vitality. Three common nematodes affedisigare described.

3.2.1 Camillanus

Camillanus is easily recognized as a small thread-like worotrpding
from the anus of the fish. Control of this nematadeon-food fish is
with fenbendazole, a common antihelminthic. Fenbeote can be
mixed with fish food (using gelatin as a binder)aatate of 0.25% for
treatment. It should be fed for three days, andag in three weeks.

3.2.2 Capillaria

Capillaria is a large roundworm commonly found in the gut of
angelfish Eigure 20, often recognized by its double operculated eggs
the female wormKigure 2). Heavy infestations are associated with
debilitated fish, but a few worms per fish may leaign.

Fenbendazole is recommended for treatment.

Figure 20 A Capifiariz in qut of an Angelfish.

3.2.3 Eustrongylides

Eustrongylides is a nematode that uses fish as its intermediasé. ho
The definitive host is a wading bird, a common taisito ponds. The
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worm encysts in the peritoneum or muscle of thb &ed appears to
cause little damage. Because of the large sizheoWibrms Figure 23,
infected fish may appear unsuitable for retail sale

Protecting fish from wading birds and eliminatitg tintermediate host,
the oligocheate or Tubifex (soft-bodied worms), Hre best means to
prevent infection

e

Figure 22: An image of an Eustrongylides nematode.

3.2.4 Cestodes

Cestodes, also called tapeworms, are found in a wadiety of animals,
including fish Eigure 23. The life cycle of cestodes is extremely varied
with fish used as the primary or intermediate h@sstodes infect the
alimentary tract, muscle or other internal orgdresval cestodes called
plerocercoids are some of the most damaging pasasit freshwater
fish. Plerocercoids decrease carcass value if preise muscle, and
impair reproduction when they infect gonadal tissBeoblems also
occur when the cestode damages vital organs suttedsrain, eye or
heart.

Figure 23: A close-up of a tapeworm

One of the most serious adult cestodes that affsltis the Asian

tapeworm,Bothriocephalus acheilognathi. Praziquantel at 2 -- 10

mg/L for 1 to 3 hours in a bath is effective inatiag adult cestode
21
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infections in ornamental fish. At this time, théseno treatment that can
be used for food fish. Also, there is no success$fahtment for

plerocercoids. Ponds can be disinfected to eraita® intermediate
host, the copepod.

4.0 CONCLUSION

In this unit you learnt: Freshwater fish infeste@dh skin-inhabiting
flukes become lethargic, swim near the surfacek $lee sides of the
pool or pond, and their appetite dwindles. They m@een rubbing the
bottom or sides of the holding facility (flashing).

50 SUMMARY

Worms are common in both wild and cultured fishishFfrequently
serve as intermediate or transport hosts for lapaahsites of many
animals, including humans. Worms with direct lifgcles are most
important in dense populations, and heavy parabiiedens are
sometimes found. In general, heavy parasite burdeasm to be more
common in fish originating from wild sources. Cué#td fish are subject
to a rapid buildup of parasites by continuous itilecand worm transfer
to other fish in the tank or pond.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the digenean trematodes life cycle.
2. Explain how monogenean trematodes infect fish.
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1.0 INTRODUCTION
Parasitic crustacea are increasingly serious pmablia cultured fish and
can impact wild populations. Most parasitic crustaof freshwater fish

can be seen with the naked eye as they attacletgilth, body and fins
of the host. Three major genera are discussed below

20 OBJECTIVES

o to identify crustacean parasite in fish
o to study the effect of the parasite on fish motyidi
o to know the treatment of choice for the infections.

3.0 MAIN CONTENTS
3.1 Ergasilus

Ergasilus (Figure 24 are often incidental findings on wild or pond-
raised fish and probably cause few problems in lsmambers.
However, their feeding activity causes severe fatzahage and heavy
infestations can be debilitating. Most affect thiésgf freshwater fish,
commonly seen in warm weather.

A 3% salt dip, followed by 0.2 %-prolonged bath foree weeks, may
be effective in eliminating this parasite.
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Figure 24: A cls-p of an Ergasilus
3.2 Lernaea

Lernaea, also known as anchor worifigure 25, is a common parasite
of goldfish and koi, especially during the summemths. The copepod
attaches to the fish, mates, and the male diesférhale then penetrates
under the skin of the fish and differentiates irgn adult. Heavy
infections lead to debilitation and secondary ba&kteor fungal
infections. Removal of the parasite by hand witlcéps may control
lernaeid infestations with careful monitoring oktiwvound. A 3% salt
dip followed by 0.2%-prolonged immersion has besaduto effectively
controlLernaea in goldfish and koi ponds

b

Figure 25: An illustration of an Lernaea

3.3 Argulus

Argulus or fish louse is a large parasitédure 26 that attaches to the
external surface of the host and can be easily w&brthe unaided eye.
Argulus is uncommon in freshwater aquarium fish but mayuodt
wild or pond-raised fish are introduced into thektalt is especially
common on goldfish and koi.
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Figure 26: An illustration of a fish louse

Individual parasites can be removed from fish atlteps, but this does
not eliminate parasites in the environment. A pmgled immersion of
0.02 - 0.2% salt may control re-infection to thehfhost.

3.4 Leeches

Although not a common problem, occasionally, fistl Wwe observed
infected with either leeches or copepods. Leedisms long, slender
flexible bodies and actively swim for an attacktbeir prey. Skin and
underlying soft tissues are damaged and allow bksoflow into the
leeches digestive tract. Leeches are not hosifspend the damage to
the skin and gills is dependent upon the numbérexthes present at any
time. Small fishes can be seriously injured ordlie to excessive leech
infestation. Leeches are occasionally seen in atild pond-raised fish.
They have a direct life cycle with immature and unatworms being
parasitic on host's blood. Pathogenesis varies muthber and size of
worms and duration of feeding. Heavily infestedh faften have chronic
anemia. Fish may develop secondary bacterial andafuinfections at
the attachment site.

Leeches resemble trematodes but are much largenareanterior and
posterior suckersHgure 273. Dips in 3% saltwater are effective in
controlling leeches. Ponds with heavy leech intestarequire drainage,
treatment with chlorinated lime, followed by sevenseeks of drying.
This will destroy the adults and their cocoons aonhg eggs.
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g Ny

Figure 27: An illustration of a leech on the cauital

40 CONCLUSION

Most fish health problems occur because of enviemal problems:

poor water quality, crowding, dietary deficiencies,"stress". The best
cure for any fish health problem is prevention. Gomater quality

management and proper fish husbandry techniquélviiinate most

parasites described here.

50 SUMMARY

Tablel.

Table 1.Chemical treatments for the control of externahtals.
"X" indicates that the chemical should not be uledhis type
of treatment.

Short-term Prolonged(indefinite)
Bath Immersion

total  alkalinity/10C
(up to 2.5 mg/L), D¢

Chemical Dip

Copper

sulfate X X not wuse if tota
alkalinity < 50mg/L
Potassium X 1(_) mg/L, 3C2 mgiL
permanganaté min
Formalin X 150--250 15-25 mg/lL (2
mg/L, 30 min drops/gallon or
1 mL/10 gallons)
0
?)fr’ation 1%, 30 min tc
Salt . . |1 hr, specie0.02--0.2%
is specie!
\dependent
dependent.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Describe leech and its control
2. What are the differences between leech ancab@ias
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For more information see IFAS Fact ShEét-13, Use of Copper in
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See also IFAS Fact SheéM-77, Use of Formalin to Control Fish
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See IFAS Fact She#&tM-87, Sanitation Practices for Aquaculture
Facilities.

See IFAS Fact Sheet FA-28,0nogenean Trematodes.

See also IFAS Fact Sheet VM-6fManagement of Hexamita in
Ornamental Cichlids.
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MODULE 2 MORPHOLOGY, TAXONOMY AND LIFE
HISTORY OF FISH PARASITES

Unit 1 Morphology and taxonomy of fish parasites
Unit 2 Life history of fish parasites

UNIT 1 MORPHOLOGY AND TAXONOMY OF FISH
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1.0 INTRODUCTION

Good taxonomy is essential for ecological, bio-gappical, and
evolutionary studies of any group of organisms.cAodinids are
members of the peritrichous ciliates, a paraphylgtioup within the
OligohymenophoreaSpecifically, they are mobiline peritrichs beaaus
they are capable of locomotion, as opposed tolsesperitrichs such as
Vorticella and Epistylis, which adhere to the substrate via a stalk or
lorica. There are over 150 species in the genuschodina.
Trichodinella, Tripartiella, Hemitrichodina, Paratrichodina and
Vauchomia are similar genera. Trichodinids are round cibatigat may
be disc-shaped or hemispherical. The cytostomé rfoelith) is on the
surface that faces away from the host; this is eerrtine oral surface.
The other side, or adoral surface, attaches tskimeof the host or other
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substrate. There is a spiral @fia leading towards the cytostome and
several rings of cilia at the periphery of the cedsponsible for creating
adhesive suction and locomotory power. In the taron of
trichodinids, the exact number, shape and arrangenw the
cytoskeletal denticles is critical for determinitagconomic relationships.
These characters are usually revealed silyer nitrate staining of
microscopeslides, which stains the cell cytoplasm black &aves the
denticles white.

20 OBJECTIVES

. to study the morphology of common fish parasites
o to study the taxonomy of fish parasite.

3.0 MAIN CONTENTS
3.1 Cestoda

Cestodes are a taxonomic class of organisms inhaie adult stage
usually lives in the intestinal tract of vertebsatdntermediate stages
live in a wide variety of body locations in both riebrate and

invertebrate hosts. The bodies of most cestodesilaven-shaped and
divided into short segments called proglottids, deenthe name

“tapeworm”. Diagnosis of cestodiasis is dependgidn demonstration
of the parasite within the intestinal tract of th&h. Clinical signs of

cestodiasis include emaciation, anemia, discolmmatf the skin, and

susceptibility to secondary infections. Low nunsbef pleurocercoids
may be located in vital organs such as the braarthspleen, kidney, or
gonad and have a devastating effect on the fish.

Cestodes, more commonly known as tapeworms, areelgnparasitic

and can be found as adults all over the world iitmgpthe intestines of
their hosts. They are dorso-ventrally flattenedn caach lengths of
several meters and normally change hosts at leastia their life cycle.

The scolex or ‘head’ of the worm, which penetratesintestine wall, is
the most distinctive part of the parasite and tsrotised in determining
species. Cestodes posses no gut and nutritionakeips mediated
completely by the tegument which is resistant tackt by the host’s
digestive enzymes. Larval tapeworms can be foundther organs of
intermediate hosts with transmission to the finasthnormally via the
food chain.

Species found in freshwater fishrchigetes sieboldi, Bathybothrium
rectangulum,  Biacetabulum  appendiculatum,  Bothriocephalus
acheilognathi, B. claviceps, Caryophyllaeides fennica, Caryophyllaeus
fimbriceps, C. laticeps, Cyathocephalus truncates, Diphyllobothrium
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dentriticum, D. ditremum, D. latum, D. vogeli, Eubothrium crassum, E.
fragilis, E. salvelini, Hepatoxylon squali, Khawia sinensis, Ligula
intestinalis, Monobothrium wageneri, Proteocephalus ambiguous, P.
cernua, P. exiguous, P. filicallis, P. macrocephalus, P. neglectus, P.
osculates, P. parallacticus, P. percae, P. pollanicola, P. sagittus, P.
torulosus, P. ocellatus, Schistocephalus solidus, S. pungitii, Scolex
pleuronectis, Triaenophorus lucii, T. nodulosus, Valipora
campylancristrota Triaenophorus nodulosus (Pallas, 1781)

3.1.1 Classfication

Kingdom: Animalia

Phylum: Platyhelminthes

Class:Cestoda

Order:Pseudophyllidea

Family: Triaenophoridae

Genus:Triaenophorus

SpeciesT. nodulosus

3.1.2 Size Range

Sexually mature adult worms can range from 65-380miength and
2-6mm in width, eggs from 0.052-0.071mm (averag@68mm) in
length and 0.033-0.045mm (average 0.042mm) in width

Life Stage: Egg/Coracidium

Free Living Environment: On the substrate or fieating in the water
column in shallow zones of fresh waters.

Duration of Stage: Embryonal development in the eggs and the
hatching of the coracidia takes between 4 and & dayl7-20°C with
the coracidium fully formed by day 5. The optimairperature for
development is 20°C. At 18-20°C the coracidium sarvive in its free-
swimming state for 1-3 days. At lower temperatutles coracidium

seems to survive longer; 4 days at 15-16°C andoufpOt13 days at
2.5°C but will survive for less that an hour at @9°
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3.1.3 Morphology

Originally the coracidium is enclosed in a broatated embryonal
membrane, occupies a large amount of space in dbge and moves
actively. Recently hatched coracidia are 4p480x 44:m whilst ones
that are two or three days old are 100x 88um with an average size of
64.2um x 58.9um. The coracidium has cilia uniformly distributedeo
the body surface except at the anterior where itteeaze long and form
a tuft 35-4um in length. The oncosphere occupies a large {atiteo
coracidium and may reach 3% in length.

3.2 Nematode

Nematodes, more commonly known as roundworms aattworms,
are found parasitizing plants, humans and othemalsi and can also
inhabit soil, fresh- and saltwater habitats. Raggnom 0.3mm to 8.5m
in length the largest roundworm recorded Blacentonema
gigantisma from the placenta of a sperm whale. Nematodes are
unsegemented, bilaterally-symmetrical, pseudocoalenanimals and
the mouth can contain teeth or stylets used to tpeeethe host.
Although they lack a circulatory and respiratorysteyn they have a
digestive system in which the food is moved throughk tract via
internal/external pressures and body movementgpesed to muscles).
Most nematodes are not parasitic but those that asaeally have
complicated life cycles involving several hostslocations within a
host.

Anguillicola crassus Kuwahara, Niimi & Itagaki, 1974
3.2.1 Classfication

Kingdom: Animalia

Phylum:Nematoda

Class:Chromadorea

Order:Spirurida

Family: Anguillicolidae

GenusAnguillicola

SpeciesA. crassus

Size Range
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Male parasites range from 20460 in length with females measuring
47-72um. Body width ranges from 0.9-2.8 for males and 3-5u6n for
females.

3.2.2 Life Stages
Life Stage: Eggs/larvae

Transmission In: Eggs are released from the digestive system of
definitive host

Free Living Environment: Larvae attach to the substratum by their
hooked tails

Transmission Out: Larvae ingested by intermediate host
Life Stage: Juvenile

Transmission In: Free-living larvae are ingested by the intermidia
host

Intermediate Hosts: Often a copepod or other crustacean particularly
Cyclops vicinus and C. albidus

Transmission Out: Intermediate host is eaten by definitive host.

Life Stage: Adult

Definitive Host: Anguilla sp. (Anguilla anguilla in Britain)

3.2.3 Pathology

Infected eels develop a disease called 'Anguilhsisi which causes
haemorrhagic lesions, fibrosis and collapsed swiamdders as well as
inflammatory reactions.

3.2.4 Morphology

The adult nematode has a soft, wrinkled outer utigith a small

circular mouth opening which is surrounded by 4 sdtateral and
ventrolateral papillae and 2 small lateral amphids.

3.3 Acanthocephala

Acanthocephalans, otherwise known as spiny- omghbeaded worms,

are highly specialized intestinal parasites whisté a spiny proboscis to
penetrate and attach to host tissues. Nutrientkaptacurs directly
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through the body surface of the parasite as itddokth a mouth and an
alimentary canal. Acanthocephalan life cycles aeally complex and
may involve a number of hosts including invertebsat fishes,
amphibians, birds and mammals. This phylum is clyedivided into
three classes; Archiacanthocephala (with terrésthie cycles),
Palaeacanthocephala (aquatic life cycles with fsg@als or water birds
being the final hosts), and Eoacanthocephala (aqlitd cycles with
fish, reptiles and amphibians being the final hosts

Species found in freshwater fish in Britain anddngl: Acanthocephalus
clavula, A. lucii, A. anguillae, Echinorhynchus borealis, E. clavula, E.
salmonis, E. truttae, Neoechinorhynchus rutili, Pomphorhynchus laevis
Pomphorhynchus laevis (Zoega in Miller, 1776)

3.3.1 Clasdfication

Kingdom: Animalia
Phylum: Acanthocephala
Class:Palaeacanthocephala
Order:Echinorhynchida
Family: Pomphorhynchidae
Genus:Pomphorynchus
SpeciesP. laevis

Size Range

Size varies between 4 and 30mm and generally isescavith age.
Acanthocephalans are dioecious: males are usualiller at 6-16mm
with females being 10-30mm. Eggs are 110-121 x 1%n.

3.4 Trematodes

Trematodes, members of Phylum Platyhelminthes, eddled flukes,
cause a variety of clinical infections in humangldwide. The parasites
are named trematodes because of their conspicumbkers, which are
the organs of attachment (trematode means "piewtthcholes”). All of
the flukes that cause infections in humans areavoadl in the group
called "digenetic trematodes."

Depending on their habitat in the infected hoshégally a vertebrate),
flukes can be classified as blood flukes, livekkds, lung flukes, and
intestinal flukes. Flukes causing most human inbest are Schistosoma
species (blood fluke), Paragonimus westermani (ldluge), and
Clonorchis sinensis (liver fluke). Some less claflig important flukes
are Fasciola hepatica and Opisthorchis viverririiciv are liver flukes,
and Fasciolopsis buski, Heterophyes heterophyed, Matagonimus
yokogawai, which are all intestinal flukes.
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3.4.1 Featuresof Trematodes

The sexes of the parasites are not separate (noors¢cin other words,
they are mostly hermaphroditic with the male anadke reproductive
organs existing complete in each fluke. One exoaptis the
schistosomes, which are diecious.

The flukes are oviparous and lay diagnosticallyropkated eggs. Once
again, an exception is schistosome eggs, whichnateoperculated.

They are unsegemented, dorso-ventrally flattened,l@af-shaped. The
alimentary canal is incomplete, with the anus beadgsent. The
excretory system is bilaterally symmetric. Theywbavo suckers, one
on the ventral surface of the body (ventral suckend one around the
mouth (oral sucker). These serve as organs oftettawt for the fluke.

3.4.2 Taxonomy

Class Trematoda

Subclass Digenea (the digenetic trematodes)
Order Opisthorchiformes

Family Opisthorchiidae

Clonorchis sinensis

3.5 Leeches

Leeches have so far only been reported from a fést fn
Africa; Bagrus docmac, Barbus altianalis, B. tropidolepis, carp
andProtopterus aethiopicus. However, leeches apparently attack a
wider range of fish (Claridae, Synodontidae, Monage and Cichlidae)
and in a greater number of water systems as iseerviffom the
distribution of leech-transmitted trypanosomes ifiican fish. Most
records of leeches removed from fish in Africa are
of Batrachobdelloides tricarinata. This leech occurs from the Jordan
system in Israel, infectinGlarias lazera, throughout tropical West and
East Africa to Zululand in Southern Africa (Ootheliz 1989). Piscicolid
leeches are common parasites of Mugilidae in therine-estuarine
system of the southern Cape Province in South &fric

3.4.1 Description and Taxonomy

Leeches feeding on fish are Rhynchobdellae andngether to the
Glossiphoniidae or the Piscicolidae (Mann, 1962hsMnamed records
of Glossiphoniid leeches from African fish and marfyhose found free
in the habitat were proven to be synonymous WBittricannata. There
is one record of another fish-feeding glossiphoHiemiclepsis
quadrata(Moore, 1939), from Ethiopia (Oosthuizen, 1987).aftpfrom
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the piscicolid leeches (as yet undescribed) of Cgygy mullets, the
only other African record of a piscicolid leech of a species
of Phyllobdella removed fronBarbus (Moore, 1939).

Rhynchobdellae have a small pore-like mouth onaita sucker from
which a proboscis may be protruded, no jaw is priese blood is
transparent (Gnathobdellae which feed on highetebeates have a
large mouth with jaws and red blood). Differentatieven between
Piscicolidae and Glossiphoniidae is not easy ferrtbn-expert:

Glossiphoniidae The body at rest is depressed, not divided into
distinct anterior and posterior regions; the head
is usually much narrower than the body with
an anterior sucker either indistinguishable or
only slightly distinct from the body. There are
usually 3 annuli per segment in the mid-body
region and eyes are confined to the head.

Piscicolidae: The body at rest is cylindrical aegpecially
when contracted) usually divided at segment
Xl into distinct anterior and posterior
regions. The head sucker is usually distinctly
marked off from the body which usually has
more than three annuli per segment. Simple
eyes may be present on the head, neck and
posterior sucke

Experts would prefer leeches live, to be fixed toeit own

specifications. Leeches can survive for a conshderime, even when
mailed in a vial inside wet cotton wool. If fixeitjs best in 70% ethanol
and preferably the leech should be relaxed firshvmenthol, ether, or
by refrigeration, sometimes, if not too small, undkass slide pressure.

3.6 LymphocystisVirus

Species affected a variety of marine and freshwésgdr, in Africa
known only from cichlids; including species of Tgla, Oreochromis
and Haplochromis.

Geographic range:

In cichlid fish in Lakes Victoria (Nyanza) (Oreooimis variabilis and
Haplochromis spp.), in Lake George (H. elegans) andKitangiri
(Tilapia amphimelas and O. esculentus) in EastcAfri
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Description taxonomy and diagnosis

Infection manifested in one to numerous dermal telgsof rounded
pustules or wart-like growths. Histological seciaeveal aggregates of
grossly hypertrophic cells (in cichlids 200-330 pim diameter),
enclosed within a thick hyaline (eosinophilic) walhd an extremely
large nucleus and nucleolus. Cytoplasm containesbgialic (DNA)
inclusions, (numerous, small-rounded in cichlidshd avacuoles.
Lymphocystis viruses are large (160-300 nm), icededn DNA viruses
(iridovirus-like) replicating within the cytoplasmiinclusions and are
released into the cytoplasm to form regular arrays.

4.0 CONCLUSION

Good taxonomy is essential for ecological, bio-gapgical, and
evolutionary studies of any group of organismshiesrve as hosts to a
range of parasites that are taxonomically diverskthat exhibit a wide
variety of life cycle strategies. Whereas many loése parasites are
passed directly between ultimate hosts, others teerdvigate through a
series of intermediate hosts before reaching aihdstr on) which they
can attain sexual maturity.

50 SUMMARY

The study of morphology and taxonomy of fish pdessienable the
identification and mode of behavior on the hosttggge Cestodes are a
taxonomic class of organisms in which the adulgstasually lives in
the intestinal tract of vertebrates. Nematodes,ensommonly known as
roundworms or threadworms, are found parasitizilagts, humans and
other animals and can also inhabit soil, fresh- saltwater habitats.
Acanthocephalans, otherwise known as spiny- omgxeaded worms,
are highly specialized intestinal parasites whisté a spiny proboscis to
penetrate and attach to host tissues. Leechesemtlyaattack a wider
range of fish (Claridae, Synodontidae, Mormyridae &ichlidae) and
in a greater number of water systems as is evilent the distribution
of leech-transmitted trypanosomes in African fish

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the taxonomy of leech and nematodes
2. Describe the adult stage of cestodes
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1.0 INTRODUCTION

Aquatic habitats offer ideal conditions for the manhance and

evolution of parasite life cycles. Water providgshgsiologically stable,

buffered environment, and its viscosity facilitatdse dispersal and
survival of eggs and fragile free-living stagedetting organisms may
live inside a host, in which case they are termedbparasites, or on the
external surface as ectoparasites. In fishes,ithgugfaces are usually
classified as external environment since they aoemstant contact with
the external medium, even in species where theyeaokosed within

opercula. Parasites exhibit a variety of life cytipes. Those that are
transmitted from one definitive host (in which thegach sexual

maturity) to another are described as having directycles. Parasites
that use at least one intermediate host (whichdrarkexually immature
forms of the parasite) to transfer between defiaithosts are said to
have indirect or complex life cycles.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. to study the life cycle of parasite infecting fish
. to understand the life stage of fish parasites.
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3.0 MAINCONTENTS

3.1 Lifecycleof Trichodinids

Trichodinids have a simple direct life cycle. Tigtthey have a single
host and do not use alternation of generations @assmasexual
replication off the host. The reproduce by binasgibn, literally cell-

splitting. This produces daughter cells with hhk number of denticles
of the parent cell. The full complement of dentclis restored by
synthesis of new denticles from the outer edgehef ¢ell, working

inwards.

Trichodinids are typically found on the gills, skamd fins of fishes,
though some species parasitize the urogenital sysé® range of
invertebrates is also host to trichodinid infecipimcluding the surfaces
of copepodsand the mantle cavity gholluscs Transmission occurs by
direct contact of infected and uninfected hostsj afso by active
swimming of trichodinids from one host to anoth&richodina cells
swim with the adoral surface facing forwards. Orfaes, they move
laterally, with the adoral surface facing the stdist

3.2 LifeCycleof nematodes

A. crassusrequires an intermediate arthropod host in its féduced
survival of the host. Transmission to the defimtiost is through the
food chain and all sizes of eels from cycle to lbeednfective to the
definitive eel host. Intermediate host specificitys wide
with Diaptomus gracilis, juvenileGammarusand the brackish
speciefurytemora affinisall acting as possible intermediates but
only Cyclops vicinus andC. albidus allowing the parasite to develop
into the infective stage. Higher densities of ini@ec can lead to
significantly glass eels upwards can be infectedn3mission can also
occur from eel to eel through predatidn. crassusis found in the
swim-bladder of eels and gravid adults can conigino 0.5x10"6 eggs
each. Released eggs pass into the intestinal aratthatch during or
after passage through the digestive system. Frvewgliarvae tend to
aggregate in clumps of 10-30 individuals, attachiimgnly to the
substrate by their hooked tails.
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Anisakiasis

Life Cycle of nematode

3.3 LifeCycleof Cestoda

The life cycle is normally completed within 12 mbstand involves .
freediving stage as well as two intermediate hosts am@finitive host
This parasite is hermaphroditic and the structureéhe reproductive
system irall species of this genus is identical except fier shape of th
internal seminal vesicle. T. nodulosus the internal seminal vesicle
large (33044Qum in length and 2&-385um in width), and oval i
shape. Tapeworms usually release eggs that pi of the definitive
host and complete embryonation in water. They habtt ciliated,
motile and sho-lived larvae (coracidia), which are lighénsitive ant
swim towards the surface of the water body thereblyaecing the
chances of the coracidium be ingested by the first intermedic
copepod host. The coracidium migrates to the haeeidbody cavity)
of the copepod host before it differentiates andiellgs into
procercoid stage. The procercoid stage is fullyettgyed in around
days and it isransmitted to the second intermediate (fish) hostwthe
infected copepod is ingested. Once ingested itategrinto the musc
and viscera of the fish and differentiates into plexocercoid stage. Tt
transmission to the definitive host, in this ¢ a species of pike,

through the ingestion of the infected intermediatest. There ar
thought to be at least 78 species of intermediast o1 T. nodulosus.

Adult tapeworms grow and mature in the definitivesthduring late
spring and early summend release eggs; one sexually mature w
being capable of producing as many as 1,750,00@. dggst new
infections occur during summer and early autumntlbetcifferentiatior
into procercoids can be rapid due to high tempesatand there can |
sufficient time for the tapeworm to-infect fish prior to winter. Eg
laying occurs during the raining season and alth T. nodulosus can
be found in the intestines of pike throughout tresary only younc
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parasites are found during the second half of Zemember, and these
have no trace of gonadal formation. This ‘youngtgsite are usually

10-90mm in length during this stage but by the en&&ftember they

can range from 90-104mm and the initiation of gonaeakelopment is

apparent. Development continues until Decembey/&aruary at which

time growth usually ceases with an average lenggbs6mm.

Two Different Cestode Life Cycles

Pseudophyllidean Cyclophyllidean
Haw fish eaten Cysticercus larvae eaten
by Human or other by Human in raw or
mammal and larvae undercoolked meat
develop into adult and develops into
T apeworm. adult Tapeworm.
Adult worms
Copepod eaten by develop in the Hexacanth larvae
fish and FProcercoid intestines of a develop into infective
larvae develops into Human or some Cysticercus larvae
Plerocercoid larvae. other mammal . in 10-12 weeks.
Coracidium eaten by Eggs hatch into
Copepod and develops Hexacanth larvae

Eggs released

> and penetrate to
in faeces.

voluntary muscle.

Eggs develop in / Eggs caught on
water and hatch |/~ grass stems eaten

into Coracidium larvae.

into Procercoid larvae.

by cattle accidentally.

3.4 LifeCycleof Acanthocephalan

Copulation within the definitive host can occur kit 24 hours of
infection but egg production starts between 4 ame8ks after infection
and lasts for approximately 2 months. Males tenthaee shorter life
spans than females and may die shortly after copulakggs develop
in the fluid-filled body cavity of the female by process of spiral
cleavage which produces an elongated embryo, thatrawra The
number of eggs is dependent upon the size of thmale Acanthors
usually bear hooks or spines arranged in spiratsroles at the anterior
end and the entoblast (a group of germinal celkhiwithe acanthor)
gives rise to most of the organs of the adult foffme eggs, containing a
fully developed acanthor, are passed out of thénitiee host in the
feces and will only hatch when ingested by thermtdiate host. The
acanthor penetrates the intestine wall with its ksoand enters the
haemocoel. These then migrate from intestine ancldpvthrough
series of acanthella stages in the dorsal haemotte¢ gammarid until
an infective juvenile known as a cystacanth (erpedbin a capsule) is
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formed.P. laevishas been known to change the appearance and
behavior of the intermediate host so as to maxiniesr chances of
being eaten by the next host. This can include aopg more visible to

the host predator due to the orange coloring of dpstacanths or
altering the behavior so that the intermediate basins near the surface

of the water (possibly a photophilic response)lmgs to the surface of
vegetation. The life cycle is completed when thealfi infective
cystacanth stage is eaten along with its host ley définitive host
although a paratenic host may sometimes be involved

Cystacanth lodges in
intestine, becomes adult

Adult females lay eggs
which leave host

=)
S o
L=

Amphipods ingest eggs,
eggs hatch and larvae encyst
in host

Life cycle of Acanthocephalan

3.5 Leeches

Life History and Biology

Leeches, once engorged with the blood of the liesgch and rest on a
protected substrate in the water (under stones @ant debris) until
their next meal. Reproduction takes place afteressdv mealsB.
tricarinata in tropical and subtropical waters breeds throwgltloe year
(Oosthuizen, 1989). Glossiphoniidae exhibit parectse. The leeches
produce a thin walled cocoon and immediately afteposition place
their bodies over it and the hatching offsprincaelit themselves in a
brood pouch which forms on the parent's ventral.Wdiey remain in
the pouch until the first feeding stage when they aften brought to
their first host by the parent. The entire life leymay last, depending on
availability of hosts, from 24 days to several nisnB.
tricarinata feeds on fish, and if fish are unavailable wilkalfeed on
tadpoles and adult anurans (Oosthuisen, 1991). $twseiphonids also
feed on freshwater molluscs but, althowjhtricarinata enters the
mantles of molluscs, it does not feed on theseshBstricarinata has
been found feeding naturally and induced experialgnto feed on
hosts of diverse fish.
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Families;Clarias spp.,Bagrus spp.,Oreochromis spp.Barbus spp.
goldfish andProtopterus aethiopicus (Oosthuizen, 1989; Paperna,).
However, populations of a given geographical regoma water syster
show preference for, or will exclusively occur @ame particular hos
for exampleClarias lazerain the Jordan system, Israel iBagrus
docmac in Lake Victoria (Paerna;)ﬁ}n

g 9- 10 days —
(hatching to
maturity )

40 CONCLUSION

Parasites exhibit a variety of life cycle typeso3é that are transmitte
from one dénitive host (in which they reach sexual maturity)anothe
are described as having direct life cycles. Pasagltat us at least one
intermediate host (which harbors sexually immat@oems of the
parasite) to transfer betweerfinitive hosts are said to have indirect or
complex life cycle.

50 SUMMARY

Trichodinids have a simple direct life cycle. Tiwtthey have aingle
host and do not use alternation of generations @ssmasexus
replication off the hostA. crassus requires an intermediate arthropod
host in its life reduced survival of the ht Cestoda life cycle is
normally completed within 12 months and involvdseg-living stage as
well as two intermediate hosts and a definitivet! Acanthocephalan,
copulate within the definitive host can occur witl2#h hours of infectiol
but egg production st between 4 and 8 weeks after infection and

for approximately 2 months. Leech entire life cyelay last, dependin
on availability of hosts, from 24 days to severaintins

6.0 TUTOR-MARKED ASSIGNMENT

1. With a labeled diagram explain the Icycle of nematode.
2. Describe théife Cycle of Acanthocephalan
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1.0 INTRODUCTION

Emerging infectious diseases are associated withogans that have
recently increased in incidence, impact or geogragn host range.
They may pose a greater threat to biodiversityughobiomass loss and
extinctions of host species than pathogens resplengor endemic
diseases .This is because the dynamics of theplaoasite interactions
may differ as the pathogen has not coevolved whih host or the
ecosystem in which they emerged. An outbreak oéraerging disease
may occur when the parasitic fauna of a speciastisduced from its
natural range into a new region at the same timisasost, providing
the opportunity for host switching. Given the laok co-evolution
between these new host species and the introducgtogen,
transmission rates and infection impacts may bé.higdeed, it has
been suggested that the introduction of pathogegnsiew

Host responses to parasite infection are impottaninderstand as they
form the basis of the population response. In chvexbhost: parasite
relationships, infections tend to negatively impaast fithess, modulate
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the dynamics of host populations and have indioeetsequences for
non-host Infection costs are compensated by hbsisgh, for example,

developing immune systems as an infection barried #lerance

through alteration of life-history traits, partiedly in the pre-

reproductive life-span. Populations through changethe strength of

inter specific competitive relationships. This thempacts reproductive
effortand body size as individuals allocate moresources to

reproduction than growth and survival to ensureragepction before

resource depletion, castration or death. How hesigond to introduced
pathogens where there has been no co-evolutioess tlear; whilst

expectations are of catastrophic outcomes througbng negative

effects on host survivorship, these may not alwagsapparent, areas
through human activities is one of the most impdrt@ctors driving

disease emergence in natural populations.

In freshwater ecosystems, the opportunity for pahasites to be moved
between regions by anthropogenic activities is lgyen that the rate of
introduction of non-native fishes has doubled i ldst 30 years, mainly
due to the globalization of aquaculture. Introduckskeases resulting
through fish movements in aquaculture have alreaglyulted in
significant impacts in some fish, for example th&ection of European
eelAnguilla anguilla withAnguillicoloides crassushas been
implicated as a major factor in their global deeliResearch on the host
consequences of infection by introduced parasissénded to focus on
those that impact immediately on host populatiomaggics through
high mortality rates, with sub-lethal impacts, sashalterations in host
behavior and growth rates rarely considered dedpig potentially
significant consequences for wild populations.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o explain how infection alter the bio mechanism ehfi
o state the effect of infection on fish behavior.

3.0 MAIN CONTENTS

Parasitic species can be found everywhere, and \ary eliving
organism. Their presence in their host is generatlyequilibrium in
aquatic organisms and the most common lifestyle tlom planet
(Marcogliese 2005). Consequently, it is difficulo tfind any
environment or organism that can be labeled astipg’ or parasite-
free. When researchers describe control sitesiag peistine, pathogen
or disease-free, they are merely describing thlke tdoviruses, bacteria
and xenobiotics, and are not generally referringpdcasites. There are
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times when changes in the environment (naturalntinrapogenic) can
change the state of balance of the parasite bethestrand nature, thus
resulting in disease. These changes can be enwmamsuch as
temperature, climate, or anthropogenic such as ugpmii and
urbanization When the dynamic equilibrium betweesttand parasite is
lost, some changes can occur within the host. Thieaages can cause
mechanical damage (fusion of gill lamellae, tissieplacement),
physiological damage (cell proliferation, immunedutation, altered
growth, detrimental behavioral responses,) andpraductive damage.
The roles, functions, and life-styles of parashefp to characterize an
ecosystem. Knowledge of parasites and parasiticraamties, allows
scientists to recognize the role of the fish hastthe food web or
ecosystem.

3.1.1 Mechanical Damage

Fusion of gill lamellae Many species of parasites invade the gills of
fish. They can range from microscopic tubulineaneonogenea, to
acroscopic annelida and arthropoda, and all camidaged on the gill
arches or nestled between the gill filaments. Gyoasible reactions to
these parasites on the fish may be noncritical srtude a mild
discoloration of the gill filaments or one or twahie spots. In more
critical cases, the fish may display heavy erodingassive
discolorations (often paler), numerous white spaig] increased mucus
secretion (Toksen 2007).

Tissue ReplacementParasite loads in individual fish can often rise t
such high numbers that they occupy the majorityhef total area of a
specific organ.

3.1.2 Physiological Damage

Cell Proliferation: Proliferation of a single type of cell can cause
detrimental effects in the fish host. This samdifen@tion of cell types
is found in human diseases such as cancer.

Immunomodulation: All parasites have evolved ways to evade the
host's immune response and host immune systems kaoéved
numerous ways to counter these evasive strate@ém-Bobadilla
2008). A trade-off is established that is essentatlhe survival of the
parasite and provokes a state of illness in thet, hokich is not
necessarily lethal (Sitja-Bobadilla 2008). Howevemen a parasite
efficiently evades the host immune system, it masndge the host, but
actually reduce damage to the parasite (Sitja-Bitthad008). Some
parasites have evolved strategies that use tha@rhosine system to aid
their attachment to the fish host.
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Detrimental Behavioral ResponsesAlthough parasites generally do
not cause negative impacts to their host, occayomarasites can
develop in such a way as to alter their host’s bigina This usually
occurs with parasites that have complex lifecyciesjt may be more
difficult for them to go from one host to the nekor example, the
behavior of arthropods, the intermediate hosts cdnthocephalan
parasites, may show various changes when infesteldiding changes
in activity, photoreaction, escape behavior, sabstcolor choice, and
vertical distribution.

Altered Growth: Altered growth is perhaps the most difficult
mechanism to validate effects due to parasitism.many studies,
researchers have determined that altered growthay@® growth,
stunting) only occurs in extreme laboratory comaisi, and would not be
observed in the wild. This may be because parasiésted “stunted”
fish may not survive in the wild, and they be takeore readily by
predation. For the most part, parasites dependsnderived energy for
growth and development, and so they are potentediigcted by the
host’s ability to acquire nutrients under compegitioraging scenarios.
Research by Barber (2005) found that the fastestigg fish developed
the largest parasites; therefore, faster growinggshapparently provide
ideal environments for growing parasites.

3.1.3 Reproductive Damage

Parasites often influence their hosts through tkersion of resources
either directly by using up energy and nutrients indirectly by
increasing the activity of the immune system.

4.0 CONCLUSION

Parasites affect fish health through mechanicalysichl and
reproductive damage. These changes can reducehgrfegtindity and
survival, change behavior and sexual charactesistind result in many
other maladaptive alterations of the infected hdokese changes could
have significant consequences at not only the iddal level, but
population, community and ecosystem levels as wBle use of
parasites to discriminate among fish populationsaloiting sites of
different environmental quality is conceptually pibde.

5.0 SUMMARY

It is difficult to find any environment or organistinat can be labeled as
‘pristine’ or parasite-free. Describing a contriles as being pristine,
pathogen or disease-free, they are merely desgribim lack of viruses,
bacteria and xenobiotics, and are not generallgrnely to parasites.
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The roles, functions, and life-styles of parashefp to characterize an
ecosystem. Knowledge of parasites and parasiticraamties, allows
scientist to recognize the role of the fish hosttle food web or
ecosystem.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the effects of pathogen parasitesinidehavior?
2. What do you understand by the environmentigipe?
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1.0 INTRODUCTION
Though they display similar symptoms, and are simiin many

respects, there are many differences between meed viruses, and
especially the diseases that they cause.

Viruses Protozoans

Every infection that the human body is afflicted ibyprimarily caused
by two sources - bacteria or viruses. Both theasscbf organisms are
pathogens (dangerous microscopic organisms), aune tee ability to
cause some form of illness to human beings. Virasesparasites, and
as a result all viruses cause harm to the bodypadteria are actually
useful to the body as well. Only about 10% of thetbria actually cause
harm to the human body. The infections caused bth ls®ts of
pathogens can escalate immensely if left untreai&e. fundamental
differences between the two sets of organismsiaoeissed below.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

o differentiate between bacterial and viral infection
o have an understanding of what cause some infection
o mode of transmission of bacterial, viral and protomnfections.

3.0 MAIN CONTENTS
3.1 What is Viral Infection?

Viruses are microscopic organisms that are pacasithature. What this
means is that they are dormant when they exishémselves in the air,
but when they enter a host's body they get actinelegin multiplying
and reproducing. Viruses unequivocally require atho order to get
active and reproduce, and share a symbiotic relstiip with the host's
body. The strain that they generate on the hostyy lproduces an
iliness in the host, and this is the primary défece between the two.
In human beings, the most vulnerable cells of thaylthat are prone to
getting attacked by viruses are the mucous memlrele Since there
is no protective skin surrounding these cells, they easily attacked.
Common colds, flu and various other viral infecicare caused by the
viruses attacking these mucous membranes. Thewiolp are the 4
basic types of viruses.

Helical; Enveloped; Complex; Icosahedral

Once a virus enters inside the body it becomes karg for the body's
natural antibodies to locate and fight these visusas they hide
themselves well behind various cells of the bodyt &ce the infection
starts spreading, antibodies are produced to cothbag viruses, which
eventually knock them out.

3.2 What is Bacterial Infection?

Unlike viruses, bacteria are one celled organishat are asexual in
nature. This means that they are capable of repmogwn their own.
There are millions of different types of bacteri@gent in the air, and
they all perform fixed tasks. Not all these baetesre harmful to the
human body, and this is a crucial difference inghely. The four types
of bacteria, based on their shapes, are as follows.

Cocci; Bacilli; Vibrio; Spirochaetes

The body releases many types of antibodies to cbthieadiseases, if
they happen to enter the body. In most cases, t@icedosage of
antibiotics is also necessary to aid the body is ffrocess. Unlike
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viruses, bacteria are not parasitic in nature andat need to depend on
a host in order to get active and reproduce.

How Viral Infection and Bacterial Infection enter into the Body:

As is evident from the difference in properties tok two sets of
pathogens, the ways they enter the human bodyiffeeedt from each
other. The following are the ways that viral infeas enter the body
through viruses.

Coughing by an infected person; Sneezing by anciefe person;
Vomiting by an infected person; Bite from an infttinsect or animal,
Inadequate personal hygiene.

Now we shall see the ways that bacterial infectienser our body
through disease causing bacterium.

Close contact with a person who is infected; Foodwater that is
contaminated; Touching surfaces or objects thatantaminated; Cuts
and abrasions on the surface of the skin.

3.3 What is Protozoa Infection?

Protozoa are Single-celled eukaryotes (organismat tpossess
membrane-bound organelles and nuclei) Protozoa fated as
ubiquitous free-living organisms in the environmerttey are classified
as sporozoa (intracellular parasites), flagellgtedsich possess tail-like
structures for movement), amoeba (which move usemgporary cell
body projections called pseudopods), and ciliatebigh move by
beating multiple hair-like structures called cilia)

Infections caused by protozoa can be spread throwggstion of cysts
(the dormant life stage), sexual transmissionhoough insect vectors.
Common infectious diseases caused by protozoarilsdecmalaria,
giardia and toxoplasmosis.

As components of the micro- and meiofauna, protaeaan important
food source for micro-invertebrates. Thus, the @gichl role of
protozoa in the transfer of bacterial and algaldpation to successive
atrophic levels is important. As predators, theyeyprupon
unicellular or filamentous algae, bacteria, androiitingi. Protozoa are
both herbivores and consumers in the decompodeofithe food chain.
They also control bacteria populations and bioni@ssome extent.
Protozoa  such as  the malaria parasitesPlasmodiunspp.)
trypanosomes and leish-mania, are also importaetde causing agents
in humans.
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4.0 CONCLUSION

We have briefly discussed the viral, bacterial @notozoan and how
they enter the body. The various ways through whiedse pathogen
cause diseases and how they are transmitted.

5.0 SUMMARY

Every infection that the human body is afflicted ibyprimarily caused
by two sources - bacteria or viruses. Both theasscbf organisms are
pathogens (dangerous microscopic organisms), and thee ability to
cause some form of illness to human beings.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe how virus and bacteria enter the body.
2. List the basic types of viral and bacteriaértfons.
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1.0 INTRODUCTION

Parasites

Parasites (in the larval stage) consumed in unahose undercooked,
unfrozen seafood can present a human health ha&ardng parasites,
the nematodes or roundwormAnfsakis spp., Pseudoterranova spp.,
Eustrongylides sppand Gnathostoma spp. cestodes or tapeworms
(Diphyllobothrium spp.and trematodes or fluke€lglonorchis sinensis,
Opisthorchis spp., Heterophyes spp., Metagonimuyss, dpanophyetes
salminicola and Paragonimus sppare of most concern in seafood.
Some products that have been implicated in humdection are:
ceviche (fish and spices marinated in lime juidejni lomi (salmon
marinated in lemon juice, onion and tomato); paissoru (fish
marinated in citrus juice, onion, tomato and cod¢anik); herring roe;
sashimi (slices of raw fish); sushi (pieces of fah with rice and other
ingredients); green herring (lightly brined herjindrunken crabs (crabs
marinated in wine and pepper); cold-smoked fishd, aindercooked
grilled fish.
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2.0 OBJECTIVES

o to understand various parasites those are pathodisin
o to have knowledge of accusative effect of fish piéea on
human.

3.0 MAIN CONTENT
3.1 Nematodes

3.1.1 Anisakiasisis caused by the accidental ingestion of larvathef

nematodes (roundwormspnisakis simplex and Pseudoterranova
decipiens Adult stages ofA. simplexor P. decipiensreside in the

stomach of marine mammals, where they are embeiddé® mucosa,
in clusters. Eggs produced by adult females aresguohsn the feces,
hatch and yield second stage larvae. Upon ingegiiortrustaceans,
third stage larvae develop that are infective &h fand squid. After
ingestion by the fish and squid hosts, the larvagrate from the

intestine to the peritoneal cavity to (upon thetsodeath) the muscle
tissues. Through predation, the larvae are traresfeirom fish to fish

until they are ingested by the marine mammal. is diefinitive host, the
larvae develop into adults, thus closing the cyéfieimans become
infected by eating raw or undercooked marine fistter ingestion, the

anisad larvae penetrate the gastric and intestmalosa, causing the
symptoms of anisakiasis. Within hours after ingesof infected larvae,
violent abdominal pain, nausea, and vomiting maguacOccasionally
the larvae are coughed up. If the larvae passtheobowel, a severe
eosinophilic granulomatous response may also oceawsing symptoms
mimicking Crohn's disease 1-2 weeks following itif@e. A. simplex

and P. decipiens are found worldwide, with highwidence in areas
where raw fish is eaten (e.g., Japan, Pacific cofaSbuth America, the
Netherlands).

Anisakiasis is associated with eating raw fish ligusashimi, lomi lomi,
ceviche, sunomono, Dutch green herring, marinaisd &nd cold-
smoked fish) or undercooked fish. Freezing and ic@pknay kill A.

simplex but may not protect consumers against allergezactions to
ingestedA. simplexantigens.
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3.1.2Eustrongylides spp

larvae are large, bright red nematodes-150 mm long and 2 mm in
diameter. They occur in freshwater fish, brackistew fish, and marin
fish. The larvae normally mature in wading birdstsas herons, egre
and flamingos. If the larvae are consumn raw or undercooked fish,
they can attach to the wall of the digestive traatl penetrate the g
wall with accompanying severe pain. Infections exgeemely rare an
have been associated with consumption of live margnand sashim

3.1.3Gnathostoma spinigerum

infects vertebrate animals. In the natural defieithost (cats, dogs, a
wild animals) the adult worms reside in a tumor abhthey induce i
the gastric wall. They deposit eggs that are imneatthen passed in tt
feces. Aftermaturation in water, the egg releases a first stagya (L1).
After ingestion by a small crustacean (Cyclopgktfintermediate host
the L1 develops into a L2. Following ingestion loé tCyclops by a fist
frog or snake (second intermediate hothe L2 develops in their flesh
into a L3. When the second intermediate host isstef by a definitiv
host, the L3 develops into an adult stage parasitbe stomach wal
Alternatively, the second intermediate host mayngested by anothe
animal (paatenic host) in which the L3 does not develophert but
remains infective to the next predator. Humans texonfected by
eating undercooked fish or poultry containing L8s, reportedly by
drinking water containing L2afected Cyclop:

The clinical nanifestations in human gnasthostomiasis are cabge

migration of the immature worms (L3s). Migrationthne subcutaneot
tissues causes intermittent, migratory, painfuluripc swellings
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(cutaneous larva migrans). Migration in other tessyvisceral larva
migrans), can result in cough, hematuria, oculaolvement, with the
most serious manifestations being eosinophilic mgtis with

myeloencephalitis. High eosinophilia is presenGnathostoma
spinigerumis found in Asia, especially Thailand and Japan

3.2 Cestodes

3.2.1 Diphyllobothrium latum (the fish or broad tapeworm), is the
largest human tapeworm. Several otBaphyllobothriumspecies have
been reported to infect humans, but less frequetitlyy includeD.
pacificum D. cordatum D. ursi, D. dendriticum D. lanceolatum D.
dalliae, andD. yonagoensis

The adultD. latum tapeworm resides in the small intestine where it
attaches to the mucosa. It can reach more thanihdength, with more
than 3,000 proglottids. Immature eggs are disclthrg®m the
proglottids (up to 1,000,000 eggs per day per waang are passed in
the feces. Under appropriate conditions, the eggimas (in 11-15 days),
yields an oncosphere which develops into a coragidiAfter ingestion
by a suitable freshwater crustacean (copepod} (fitermediate host)
the coracidium develops into a procercoid larvdlowong ingestion of
the copepod by a suitable freshwater fish (secotetmediate host), the
procercoid larva migrates into the fish flesh whareevelops into a
plerocercoid larva (sparganum). When the smallfecctied fish is eaten
by a larger one, the sparganum may migrate intdlésé of the larger
fish. Humans (the optimal definitive host) acquhre infection by eating
raw or undercooked infected fish. Eggs appear enfédtes 5-6 weeks
after infection. In addition to humans, many othemmals can also be
infected.

Diphyllobothriasis can be a long lasting infectigdecades). Most
infections are asymptomatic. Manifestations mayluie abdominal
discomfort, diarrhea, vomiting, and weight losstavhin B12 deficiency
with pernicious anemia may occur. Massive infedionay result in
intestinal obstruction. Migration of proglottidsrcaause cholecystitis or
cholangitis. Diphyllobothriasis occurs in areas weh&akes and rivers
coexist with human consumption of raw or undercaokeshwater fish.
Such areas are found in the Northern Hemispherm,iratdganda and
Chile.
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3.3 Trematodes

3.3.1 Clonorchis sinensis is the Chinese or oriental liver fluke. The
adult flukes (10-25 mm by 3-5 mm) reside in smalil anedium sized
biliary ducts. Embryonated eggs are dischargedhenbiliary ducts and
in the stool. After ingestion by the suitable snatermediate host, the
eggs release miracidia which go through severatldpwmental stages
sporocysts, rediae, and cercariae). The cercarmeeteased from the
shail and encyst as metacercariae in the skinlas bf freshwater fish.
Infection of humans occurs by ingestion of undekeab salted, pickled,
or smoked freshwater fish. After ingestion, the awetcariae excyst in
the duodenum and ascend the biliary tract throbghampulla of Vater.
Maturation takes approximately 1 month. Adult flakean survive 20 to
25 years. In addition to humans, carnivorous arsnwdn serve as
reservoir hosts.

Most pathologic manifestations result from inflamima and
intermittent obstruction of the biliary ducts. Imet acute phase,
abdominal pain, nausea, diarrhea, and eosinoptalmoccur. In long-
standing infections, cholangitis, cholelithiasis,anpreatitis, and
cholangiocarcinoma can develop, which may be fatal.

3.3.2 Opisthorchiasisis caused byOpisthorchis viverrini(Southeast
Asian liver fluke) andO. felineus(cat liver fluke). The adult flukesO
viverrini: 5 mm =10 mm by 1 mm-2 mm. felineus7 mm — 12 mm by
2 mm — 3 mm) reside in the biliary and pancreatictsl of the
mammalian host, where they attach to the mucosay Heposit fully
developed eggs that are passed in the feces. iAgestion by a suitable
snail (first intermediate host), the eggs releagacidia, which undergo
in the snail several developmental stages (spoteckediae, cercariae).
Cercariae are released from the snail and penetrashwater fish
(second intermediate host), encysting as metacaecar the muscles or
under the scales. The mammalian definitive hoss(chkgs, and various
fish-eating mammals including humans) become iefiédiy ingesting
undercooked fish containing metacercariae. Aftegestion, the
metacercariae excyst in the duodenum and asceadgthrthe ampulla
of Vater into the biliary ducts, where they attactd develop into adults,
which lay eggs after 3-4 weeks.

Most infections are asymptomatic. In mild casesnifeatations include
dyspepsia, abdominal pain, diarrhea or constipat@ith infections of
longer duration, the symptoms can be more seve hapatomegaly
and malnutrition may be present. In rare casedanfdis, cholecystitis,
and chlolangiocarcinoma may develop. In additiofiggtions due t®.
felineus may present an acute phase resembling Katayamer fev
(schistosomiasis), with fever, facial edema, lynge#opathy,
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arthralgias, rash, and eosinophilia. Chronic forwfs O. felineus
infections present the same manifestationsQasviverrini, with in
addition involvement of the pancreatic duc®. viverrini is found
mainly in northeast Thailand, Laos and Kampucl&édelineuss found
mainly in Europe and Asia.

3.3.3.Heterophyes heterophyes, a minute intestinal fluke causes
heterophyiasis. Aduld. heterophye$1.0 mm - 1.7 mm by 0.3 mm - 0.4
mm) reside in the small intestine, where they #i@ched to the mucosa.
They release fully embryonated eggs that are passt feces. After
ingestion by a suitable snail (first intermediatest), the eggs hatch and
release miracidia which undergo several developahestages in the
snail (sporocysts, rediae, and cercariae). Theader are released from
the snail and encyst as metacercariae in the Hssiea suitable
freshwater fish (second intermediate host). Thendeie host becomes
infected by ingesting undercooked or salted fishnta@ming
metacercariae. After ingestion, the metacercariayst, attach to the
intestinal mucosa, and mature into adults. In &oldito humans, various
fish-eating animals can be infected by Heterophyes.

The main symptoms are diarrhea and colicky abddrpiaia. Migration
of the eggs to the heart, resulting in potentid#ltal myocardial and
valvular damage, has been reported from the Pimiggp Migration to
other organs (e.g., brain) has also been repoHedceterophyesare
found in Egypt, the Middle East and Far East.

3.3.4 Metagonimus yokogawai, a minute intestinal fluke (and the
smallest human fluke), causes metagonimiasis. Adujtokogawai1.0
mm - 2.5 mm by 0.4 mm - 0.75 mm) reside in the §m#dstine, where
they are attached to the mucosa. They release dutlgryonated eggs
that are passed in the feces. After ingestion lsuitable snail (first
intermediate host), the eggs hatch and releaseidimawhich undergo
several developmental stages in the snail (spotecyediae, and
cercariae). The cercariae are released from thé and encyst as
metacercariae in the tissues of a suitable freshwésh (second
intermediate host). The definitive host becomegatdd by ingesting
undercooked fish containing metacercariae. Aftegestion, the
metacercariae excyst, attach to the intestinal saicand mature into
adults. In addition to humans, fish-eating mamnaald birds can also
be infected.

The main symptoms are diarrhea and colicky abddrpiaia. Migration

of the eggs to extra-intestinal sites (heart, Brazan occur, with
resulting symptoms.
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3.3.5 Paragonimiasigs an infection in animals and humans caused by
more than 30 species of trematodes (flukes) ofyraisParagonimus
Among the more than 10 species reported to infeachdns, the most
common isP. westermanithe oriental lung fluke. Human infection with
P. westermanoccurs by eating inadequately cooked or picklexb ar
crayfish that harbor metacercariae of the para3itee metacercariae
excyst in the duodenum, penetrate through thetinedswall into the
peritoneal cavity, then through the abdominal vealtl diaphragm into
the lungs, where they become encapsulated andageweb adults (7.5-
12 mm by 4-6 mm). Time from infection to ovipositics 65 to 90 days.
The eggs are excreted unembryonated in the sputuaiternately they
are swallowed and passed with the stool. In thereat environment,
the eggs embryonate, hatch and yield miracidia wianter the first
intermediate host, a snail. Cercariae emerge filmansnail and invade
the second intermediate host, a crustacean (crakagfish) where they
encyst and become metacercariae. Ingestion of #tac@rcariae closes
the cycle. Infections may persist for 20 years iamhns, and
occasionally other sites than the lungs are inwblMefection occurs
also in many animal species.

The acute phase (invasion and migration) may beedaby diarrhea,
abdominal pain, fever, cough, urticaria, hepatospieegaly, pulmonary
abnormalities, and eosinophilia. During the chroplase, pulmonary
manifestations include cough, expectoration of amed sputum,
hemoptysis, and chest radiographic abnormalitiestrapulmonary
locations of the adult worms result in more sevaranifestations,
especially when the brain is involved. White westermanoccurs in the
Far East, other species Baragonimusare encountered in Asia, the
Americas, and Africa.

3.3.6 Nanophyetus salmincola or N. schikhobalowi are the names,
respectively, of the North American and Russianglovematoid
trematodes (or flukes). Nanophyetiasis is the nafitee human disease
caused by these flukes. At least one newspaparedfe the disease as
"fish flu." N. salmincola is responsible for thearismission of
Neorickettsia helminthoeca, which causes an illmeskgs that may be
serious or even fatal.

Knowledge of nanophyetiasis is limited. The firsfported cases are
characterized by an increase of bowel movemenudiasrhea, usually
accompanied by increased numbers of circulating inepAhils,
abdominal discomfort and nausea. A few patientented weight loss
and fatigue, and some were asymptomatic. The tgikethough fatal to
80% of untreated dogs, is not known to infect husnan
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There have been no reported outbreaks of nanoplsietin North
America; the only scientific reports are of 20 widual cases referred to
in one Oregon clinic. A report in the popular présdicates that the
frequency is significantly higher. It is signifidathat two cases occurred
in New Orleans well outside the endemic area. Iaskis endemic area
the infection rate is reported to be greater thd¥% &nd the size of the
endemic area is growing. Nanophyetiasis is trariethiby the larval
stage (metacercaria) of a worm that encysts infldsh of freshwater
fishes. In anadromous fish, the parasite's cystsscavive the period
spent at sea.

3.4 Control Measure

The process of heating raw fish sufficiently td kécterial pathogens is
also sufficient to kill parasites. Freezing (-2Q°€°F] or below [internal
or external] for 7 d or —35°C [-31°F] or below gmal] for 15 h) of fish
intended for raw consumption also kills parasitébe Food Code
recommends these freezing conditions to retaileh® \provide fish
intended for raw consumption. Brining and picklintgay reduce the
parasite hazard in a fish, but they do not elingndf nor do they
minimize it to an acceptable level. Nematode latvaee been shown to
survive 28 d in 80° salinometer brine (21% saltw®ight). Trimming
away the belly flaps of fish or candling and phgdiic removing
parasites are effective methods for reducing thabars of parasites.
However, they do not completelliminate the hazard, nor do they
minimize it to an acceptable level (FDA, 1998).

3.4.1 FDA guidelines for freezing fish to kill paasites
Freeze and store at -4°F (-20°C) or below for 7sd#&ytal time); or

Freeze at -31°F (-35°C) or below until solid anorstat -31°F (-35°C)
or below for 15 hours; or

Freeze at -31°F (-35°C) or below until solid anotstat -4°F (-20°C) or
below for 24 hours.

Note: these conditions may not be suitable forZireg particularly large
fish (e.g. thicker than six inches) (FDA, 2001).

3.4.2 Controlling Nematodes HACCP model for controllingnmatodes
in fish recommended freezing the fish to below €@%4°F) at the
thermal center and storage at or below -20°C (-#8F)at least 24 h
(Howgate, 1998).
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Freezing conditions to inactivate nematodes in fishfor raw
consumption (Karl and Leinemann1989).

Maximal Product Holding Maximal Holding Temp
Core Temperature Time (°C) (°F)
(°C) (°F)

-18 -0.4 24 h -18 -0.4

-18 -0.4 24 F -20 -4

-20 -4 24 h -18 -0.4

-20 -4 24 h -20 -4

-34 -29.2 24 h -18 -0.4

-34 -29.2 24 h -20 -4

Controlling trematodes
Freezing conditions to kill Trematodes Heterophyes spp.) in frozen
mullet (Hamed and Elias, 1970).

Maximum External Temperature Minimum Time
OC OF

-10 14

-20 -4

Freezing conditions to kill trematodes Clonorchis sinensis) in frozen
cyprinids (Pseudorasbora parva)

Maximum External Temperature Infective After Not
Infective After

°C °F Days
-12 10.4 18
-20 -4 7

N/D = Not determined
4.0 CONCLUSION

Parasites of fish are sometimes regional specmme occur in fish
found in Asia , America etc but due to movemenpeébple (the world
been a global village), the parasitic infection amreading to other
regions of the world. The main control of the fish reduce cross
infection is through proper handling using the HAZ@odel.

5.0 SUMMARY
Parasites (in the larval stage) consumed in unahose undercooked,
unfrozen seafood can present a human health hakardng parasites,

the nematodes or roundwormAanisakis spp., Pseudoterranova spp.,
Eustrongylides sppand Gnathostoma spp. cestodes or tapeworms
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(Diphyllobothrium spp.and trematodes or fluke€lilonorchis sinensis,
Opisthorchis spp., Heterophyes spp., Metagonimuys, dgpanophyetes
salminicola and Paragonimus sp@re of most concern in seafood.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the trematode parasites and their@anethod.
2. Proper handling of fish is necessary to cordgpokad of infection.
How will you control Anisakiasis parasite in fish.
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1.0 INTRODUCTION

The diversity and abundance of parasites vary widamong
populations of the same host species. These inofeprameters are, to
some extent, determined by characteristics of tie population or of
its habitat. Recent studies have supported preditiderived from
epidemiological models regarding the influence afsthpopulation
density: parasite abundance and parasite speclesess are expected to
increase with increasing host population densityleast for directly
transmitted parasites.

20 OBJECTIVES
At the end of this unit, you should be able to:

o explain fish diseases
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. know the different between infectious and non itiles diseases
of fish.

3.0 MAIN CONTENT
3.1 Typesof Fish Diseases

There are two broad categories of disease thattdfédh, infectious and
non-infectious diseases.

I nfectious diseases are caused by pathogenic organisms present

in the environment or carried by other fish. Theye aontagious
diseases, and some type of treatment may be negdssaontrol the
disease outbreak. In contrast, non-infectious d=seaare caused by
environmental problems, nutritional deficiencies,genetic anomalies;
they are not contagious and usually cannot be cbyedhedications.
Infectious diseases: Infectious diseases are lyoeategorized as
parasitic, bacterial, viral, or fungal diseasesstétically, infectious
diseases were the main cause of death in the \aaddindeed, in some
developing regions this may still be the case. Whid development of
antibiotics and vaccination programs, infectiousedse is no longer the
leading cause of death in the western world.

Non-infectious diseases

Non-infectious diseases are disease processesdthabtot have a
bacterial or viral origin. Compared to infectiousahses, non-infectious
diseases are not contagious or communicable. Nfectious diseases
cannot be transmitted to other humans. Non-infestiadiseases are
those diseases that are not caused by a pathoderaanot be shared
from one person to another. Diseases caused bye theganisms
are infectious diseases. There are many kinds miimfectious diseases.
Non-infectious diseases can be broadly categorame@nvironmental,
nutritional, or genetic.

Environmental

Environmental diseases are the most important inmneercial

aquaculture. Environmental diseases include lossalved oxygen,
high ammonia, high nitrite or natural or man-maabarts in the aquatic
environment. Proper techniques of managing watetity will enable

producers to prevent most environmental diseases.

Nutritional

Nutritional diseases can be very difficult to diaga. A classic example
of a nutritional disease of catfish is "broken baligease," caused by
vitamin C deficiency. The lack of dietary vitam{ contributes to
improper bone development, resulting in deformataithe spinal
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column. Another important nutritional disease affish is "no blood
disease" which may be related to a folic acid deficy. Affected fish
become anemic and may die. The condition seendiséppear when
the deficient feed is discarded and a new feedigeov

Genetic

Genetic abnormalities include conformational o@ditsuch as lack of a
tail or presence of an extra tail. Most of these af minimal
significance; however, it is important to bringunrelated fish for use as
broodstock every few years to minimize inbreeding.

3.2 The Significance of Fish Disease to Aquaculture

Fish disease is a substantial source of monetay to aquaculturists.
Production costs are increased by fish diseaseeakb because of the
investment lost in dead fish, cost of treatment] decreased growth
during convalescence. In nature we are less awaréslo disease
problems because sick animals are quickly remorad the population
by predators. In addition, fish are much less creavoh natural systems
than in captivity. Parasites and bacteria may bmioimal significance
under natural conditions, but can cause substaptiablems when
animals are crowded and stressed under culturdtomo sl

Disease is rarely a simple association betweentlzogan and a host
fish. Usually other circumstances must be presantétive disease to
develop in a population. These circumstances areergdy grouped
under the umbrella term "Stress" (Figure 1& 2). igement practices
directed at limiting stress are likely to be moeetive in preventing
disease outbreaks.
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Disease

Fish's
Well-being

Presence of
Pathogens

Dlseas_e Environmental
Potential Stress
Fig. 1

Disease rarely results from simple contact betw#en fish and a
potential pathogen. Environmental problems, suchoas water quality,
or other stressors often contribute to the outb#aksease.

Fish disease organisms are constantly present irst naguatic
environments, and farm and recreational ponds arexaception. Under
optimum conditions, healthy fish are able to figiit most forms of
infectious diseases. Conversely, fish subjectesiress are often unable
to maintain their natural defenses against infestidiseases such as
bacteria, viruses, fungi or protozoan parasites.

Stress may result from a variety of conditions]udmg overcrowding,
handling stress, poor water quality, inadequateitrart and weather-
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related environmental stress. These forms of streay kill fish
outright, in which case they can be considered intettious diseases.
More often, however, they do not Kill fish outrighit lead to outbreaks
of infectious diseases. Ironically, a common canfsstress is chemical
toxicity from disease or weed control efforts. lmsnary, three factors
are involved in fish disease outbreaks: infectipashogens (viruses,
bacteria, fungi or protozoan parasites) must bsgmeand capable of
attacking the fish, the fish must already be inuaceptible state, and
certain environmental conditions, such as spet#fimperatures or poor
water quality, must be present.

As mentioned, many fish disease-causing organismsisually present
in ponds, and little can be done to eliminate tlwrmprevent them from
recurring. These organisms alone, however, arellysoat enough to
cause disease problems. For this reason, diseabems will usually
reoccur in fish ponds unless the conditions whighsed the initial fish
stress can be identified and eliminated. Three naiactices can
minimize the possibility of disease outbreaks. Ehae maintenance of
good water quality, proper nutrition and eliminatiof contact with wild
fish whenever possible. A sound fertilization pigrcan contribute to
the first two objectives. The third can be achiettedugh proper pond
design and water management, as well as preventibnfish
introductions  outside of the established stockinglanp

Common water quality stressors are low dissolvegiger and/or a
buildup of toxic nitrogenous compounds, especiadilyymonia and
nitrite. Dissolved oxygen problems are most commmotme early spring
and the mid-to-late summer. Nitrogenous compourrés naore of a
problem in cold water during the winter.

3.3 Determiningif Fish are Sick

The most obvious sign of sick fish is the preseatelead or dying
animals. However, the careful observer can usuallythat fish are sick
before they start dying because sick fish ofterp deeding and may
appear lethargic. Healthy fish should eat aggre$siv fed at regularly
scheduled times. Pond fish should not be visibepkat feeding time.
Fish that are observed hanging listlessly in shallater, gasping at the
surface, or rubbing against objects indicate somgtmay be wrong.
These behavioral abnormalities indicate that thle &éire not feeling well
or that something is irritating them. In additian iehavioral changes,
there are physical signs that should alert produt®ipotential disease
problems in their fish. These include the presewsiceores (ulcers or
hemorrhages), ragged fins, or abnormal body coafion (i.e., a
distended abdomen or "dropsy" and exophthalmiaPapéye"). When
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these abnormalities are observed, the fish shoaldewaluated for
parasitic or bacterial infections.

3.4 What todoif Fish are Sick

If you suspect that fish are getting sick, thetfirsng to do is check the
water quality. If you do not have a water qualégttkit, contact your
county extension office; some counties have beses these kits, and
your extension agent may be able to help you. lryoounty is not

equipped with a water quality test kit, call theuaqulture extension
specialist nearest to you (see the list at the @hnthis publication).

Anyone contemplating commercial production of f&tould invest in a
water quality test kit and learn how to use it.wLoxygen is a frequent
cause of fish mortality in ponds, especially in th@t weather. High

levels of ammonia are also commonly associated aigbase outbreaks
when fish are crowded in vats or tanks. The folloyyarameters should
be checked and compare with the available data xygem cycles,

ammonia cycles, and management of these watertyjyaibblems. In

general, check dissolved oxygen, ammonia, nitatej pH, during a
minimum water quality screen associated with a fisease outbreak.
The parameters of significance include total atkgli total hardness,
nitrate saltwater systems) and chlorine (if usiqg water). ldeally, daily
records should be available for immediate referamicen a fish disease
outbreak occurs. These should include the dathsieye stocked, size
of fish at stocking, source of fish, feeding ratgpowth rate, daily

mortality and water quality. This information is atkeed by the

aquaculture specialist working with you to solveuydish disease

problem. Good records, a description of behaviaral physical signs
exhibited by sick fish, and results of water quyaliests provide a
complete case history for the diagnostician worlongyour case.

3.5 Epidemiology of parasite population in water body

Epidemiology of infectious diseases attempts tocules the patterns
and processes by which diseases are distributéaeimost population.
The discussion will be on what is known about trengmission of
Daphnia parasites, about the factors that influence trasson, and
how they work together in shaping parasite dynamits a
parasitological context, epidemiology is the staflynfectious diseases
and disease-causing agents at the population letelseeks to
characterize the patterns of distribution and pgenee of the disease
and the factors responsible for these patterna.rore applied context,
it also strives to identify and test prevention darehtment measures.
The key factor to understanding the epidemiologydidfeases is to
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understand transmission, or the movement of pasagibm one host to
the next.

An important component of epidemiology is the paeés mode of
transmission, or how it moves from one host tortet. Unfortunately,
surprisingly few scientific reports include infortiman on parasite
transmission. This parasite is transmitted betweesis via waterborne
infective stages, which are released from infetiests and are ingested
by the same or other host individuals during fifeding.

ey

Horizontal: From living host. Horizontal: From dead host or
Examples: Glugoides intestinaiis. spore bank in sediment.
Ordospora colligata, Pansporeila Examples: Pasfeuria ramosa,
perplexa. Epibionts White fat cell disease,
Metschnikowia bicuspidata,
O ctosporea bayeri

& @

wole with bwo or Vertical: From mother to
more host species. From Daphia offspring.

to secon d host and back to Examples: Flabelfiforma
Daphinia magnivora, Ocfosporea bayert
Examples: Echinuria uncinata,

Cysticercus mirabilis

Parasitic diseases of fish are most frequently caused by Ismal
microscopic organisms called protozoa which live the aquatic
environment. There are a variety of protozoans wiméest the gills and
skin of fish causing irritation, weight loss, andentually death. Most
protozoan infections are relatively easy to contidhg standard fishery
chemicals such as copper sulfate, formalin, orgsdtEn permanganate.
Information on specific diseases and proper usksbéry chemicals is
available from your aquaculture extension spedcialis

B.

sy

Horizontal: L

40 SUMMARY

There are many diseases of fish which can be tesobhie to
commercial producers as well as the recreationatpmvner. Many
disease outbreaks of captive fish stocks are associwith stressful
conditions such as poor water quality, excessiegvding or inadequate
nutrition.

There are two broad categories of disease whichteredlirectly to
selection of appropriate treatments:

1. Infectious diseases are contagious diseasesedadwy parasites,
bacteria, viruses, or fungi. These often requirenesaype of
medication to help the fish recover.
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2. Non-infectious diseases are Dbroadly categorizexs
environmental, nutritional, or genetic. These peols are often
corrected by changing management practices.

5.0 CONCLUSION

Fish disease outbreaks are often complex, involving
both infectious and non-infectious processes. Appate therapy often
involves medication and changes in husbandry peti

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe parasitic diseases
2. What are infectious diseases of fish?
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1.0 INTRODUCTION

Fish do not usually suffer bacterial diseases,astkey are farmed fish
or fish restricted to a tank or bowl. Under theseuwnstances of
potential  stagnation, overcrowding, restricted gpac higher
concentrations of excreta and higher quantity dfients in the water,
bacteria can gain the upper hand.

Fish bacteriatiseasesan be very difficult to deal with, so early
detection is extremely important so that they cantteated before
becoming lethal to your fish. Bacterial disease® ayenerally
categorized into two types: primary pathogens, Wtace not normally
part of the fish’s environment, and opportunistiatimgens, which
generally are. Opportunistic bacteria, though tlestncommon problem,
normally do not pose a threat to your fish, unlagbere is
somechange in the fish’s environment, such as an overabunelasfc
rotting material or other stress or injury to ydsh. These factors allow
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the bacteria to invade. Most of the time, bactadiakases in the early
stages are localized. These can be indicated bypfjrbody ulcers, and
red or inflamed areas on the fins and body. Iftredted, these bacterial
infections may becomsystemic, spreading throughout the fish’s body.
This normally happens through absorption throughditis gut, or skin.
Other signs of bacterial infection include swolleyes, swollen gut, or
lethargic activity. Gill disease can also be anidatdon of bacterial
disease in fish. These symptoms are usually foundnwthe bacterial
infection has begun to spread within your fish.c8iit is impossible to
accurately diagnose bacterial disease in fish mwebgl sight, it is
important that other tests be performed on the, fgich as mucus
sample testing. The obvious signs will, howevetpte narrow down
problems in your fish. Pet store employees, oth&ln bwners, and
veterinarians can also provide helpful information.

3.1 Bacterial Diseases

Bacterial diseases are often internal infections and requeatment
with medicated feeds containing antibiotics. Typicésh infected with

a bacterial disease will have hemorrhagic spotdaars along the body
wall and around the eyes and mouth. They may ase lan enlarged,
fluid-filled abdomen, and protruding eyes. Bactediseases can also be
external, resulting in erosion of skin and ulcenati Columnar is an
example of an external bacterial infection whichyntee caused by
rough handling.

A fundamental management objective of all fish ir@aipractices is to
avoid and minimize stress on fish. .Stress: Theatgenvironment is
dynamic and constantly subject to changes in iisighl, chemical and
biological components. These changes along witbuilpractices —
stressors severely stress the physiological systefndishes. The
physiological response elicited initially is adapti Howevey they may
ultimately become maladaptive in chronic situatidhisess response
Innumerable diseases are caused in fishes dueteriad pathogens and
several of them. They occur in nursery, rearing gnalv out ponds
causing serious concern to fish farmers. Some @intbften wipe out
the entire population of fish. Some of the impotthacterial pathogens
are Aeromonas hydrophila, A. salmonicida, Pseudasofiuorescens,
P.putrefaciens, Flexibacter columnaris, Edwalaldgida, Vibrio alginolyticus and
V. Parahaemolyticus which have been identifiedtrees most commonly
encountered agents in fish diseases.

3.2 Bacterial I nfections
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The most common bacterial infections are causedomy of three
pathogens: Vibrio, Pseudomonas or Aeromonas. Thep®ms (e.g.,
cloudy eyes, bloody patches, decaying or frayed, fecratching) of
these bacterial infections can be similar, andettoge it can be difficult
to determine which pathogen is responsible. Fiskh van internal
bacterial infection may not show any signs othanth loss of appetite
and possibly a swollen abdomen.

With most bacterialinfections, all fish in the pond or tank may be
affected to varying degrees, so the entire pond nesd to be treated.
Obviously, if we are dealing with a large pondsthould potentially be
expensive. If only one fish appears to be infea@aed you move the
infected fish to auarantingpond as soon as possible, you may get lucky
and not have to treat the display pond. In moseégatetracycline has
been the most effective treatment for infectiongsea by both Vibrio
and Aeromonas, though there are other antibioties you can use.
Remember to follow the manufacturer's directionsl a@amove any
activated carbon from your filter before treatimg taquarium. Another
option is the use of medicated foods if the fish @ating well.

3.3 Aeomonas hydrophila  (Bacterial Hemorrhagic

Septicemia)

Gram negative motile rods: Effects many freshwaipecies and
usually is associated with stress and overcrowdirg clinical signs
and lesions are variable. The most common findsdgpemorrhage in
skin, fins, oral cavity and muscles with superficidceration of the
epidermis. Occasionally cavitary ulcers (similarAosalmonicida) are
observed. Exophthalmus and ascites are commonlyerodss.
Spleenomegaly and swollen kidneys are common.

Histologically, multifocal areas of necrosis in thpleen, liver, kidney
and heart with numerous rod shaped bacteria arrdrs Diagnosis is
rendered by culturing the organism from affectetnats: Remember
this is a common water saprophyte with a greatatian in virulence in
serotypes. Disease is transmitted via contaminatattr or diseased
fish. Bacterial infections, caused by motile memsber the genus
Aeromonas, are among the most common and troubkeshseases of
fish raised in ponds and recirculating systems. T#de- spread
distribution of these bacteria in the aquatic emwvmnent and the stress
induced by intensive culture practices predispds#s to infections.
Motile aeromonad infections have been recognizedrfany years and
have been referred to by various names, includiglenaeromonad
septicemia (MAS), motile aeromonad infection (MAHemorrhagic
septicemia, red pest, and red sore. In this puiicathey are referred
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to simply as aeromonas infections. Aeromonas hactausing these
infections are called aeromonads. Whether actimgealor in mixed
infections with other organisms, the motile aeroadmare responsible
for significant financial losses annually. All spes of fish, scaled and
unscaled, are susceptible to infection. Under werteonditions
mortalities can approach 100 percent. Aeromonaiitins also occur
in other vertebrates, including frogs, turtlesjgaifors and, sometimes,
humans.

! L o i B
. ByMarine Vibrio By FW-;]meromo&

Cause

Aeromonas hydrophila, A. sobria, A. caviae, and spug other
aeromonads, are capable of producing disease m fghile all
members of this group are small, motile, gram-negatrod-shaped
bacteria and all share certain biochemical chansttss, their scientific
names are constantly under revision and subjechange in the future.
Numerous strains of these bacteria exist, and #aey greatly in their
ability to cause disease. In general, strains tedlifom the environment
are less pathogenic than those isolated from diseish. The marked
genetic diversity among different aero- monad s#ahas made it
difficult to develop effective vaccines.

TR

Clinical signsor symptoms

Signs of disease associated with aeromonas infeetie non-specific
and may be easily confused with other diseasesctiohs vary greatly
in appearance and may be seen in the skin onlgn asternal systemic
disease (septicemia), or as a combination of bOttbreaks may be
chronic (long-term) and affect only small numberffs fish or may

produce acute (intense and short-term) infectionsompanied by
rapidly increasing, high mortality rates. In ungchfish (e.g., catfish),
there is often fraying and reddening of fins, acpamed by irregular,
variably sized areas of depigmentation (palenekaj tan develop
anywhere on the body surface. The skin overlyingséh sites is
eventually lost, exposing the muscle below. Thgsencsores or ulcers
may remain superficial or they can be extensiveiamdde deeply into
muscle, revealing underlying bone in some casas @i These ulcers
often have ragged white margins bordered by a warrone of
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hemorrhage. In scaled fish (e.g., largemouth baks) lesions begin as
small hemorrhages within scale pockets (Fig. 4) tha rapidly expand
to larger areas. Affected scales are eventually &sl ulcers form.
Aeromonas infection may also include any or alltbé following
external signs: exophthalmia (popeye), abdominsiedtion (swelling
of the abdomen), and pale gills. Scaled fish ofienumulate edema
(fluid) in their scale pockets. This condition, ledl lepidorthosis, creates
a roughened or bristled appearance. Skin lesionsechby aeromonads
often have fungus or columnaris bacteria present.

Fish affected only with skin lesions may continodded and survive for
extended periods, despite the presence of seveemratibn (Fig. 3).
Daily mortalities associated with this chronic fowh disease may be
low, but can rise to high levels over time. Thesintl or septicaemia
form of disease typically follows a more acute seuwith a sudden
onset of relatively high mortalities. Affected fisisually do not eat and
commonly will be seen swimming lazily near the watesurface or in
shallow areas of a pond. If disturbed, the fish enowto deeper water,
but typically return to the surface within a shpdriod of time. The
internal organs may be enlarged, reddened or paléave a mottled
pattern of deep red hemorrhage interspersed willn gi@as of tissue
destruction or necrosis (Fig. 4). Organs with digant tissue necrosis
become weak and are easily damaged when handledniéstinal tract
typically will be devoid of food, reddened, anddd with cloudy yellow
or bloody fluid and mucus. The abdomen may be dilleith clear,
cloudy or bloody fluid. The gall bladder will belléd with large
amounts of green bile. Highly virulent (deadly)astis may cause
sudden mortalities with few external or interngrs of disease. Losses
from aeromonas infections seldom exceed 50 pert; deowever,
mortality is strongly influenced by the general Iteatatus of the fish
population, stress level, and virulence of theipaldr bacterial strain
infecting the fish. Mortalities occasionally appcbalO0 percent in fry
and small fingerlings.

Treatment

Chemical treatments with potassium permanganaten®4), at a rate
of 2 to 4 parts per million (milligrams/liter), asmmetimes useful in the
treatment of infections limited to the skin. Potass permanganate
treatments are of greatest value when fish areirfggoborly or not at
all, and medicated feed is not an option. Potasguemmanganate is
presently on deferred status by the Food and DrdmiAistration; it

may be used but is not officially approved. Systeimfections can only
be successfully treated by the use of medicatedisfemontaining

antibiotics. For medicated feeds to be effectivds iessential that an
early diagnosis is made and that the fish be fedams as possible,
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before the disease causes them to stop eatingniertiwith medicated
feeds will not be effective if a large portion difetfish population has
already stopped feeding. Usually there is not ehdirge to wait for the
results of antibiotic sensitivity tests. Sensigviesting, however, may
indicate that a different, more effective medicateeld should be used.
Oxytetracycline (Terramycine) is approved for cohtrof motile
aeromonad infections in catfish. Sulfadimethoxinespormetoprim
(Rometr) is approved for controlling Edwardsielletaluri (ESC)
infections in catfish.

3.4 Finrot and tail rot

Fin rot and tail rot in hatcheries, nurseries arahgout ponds have been
reported in young and adult fishes. The diseaseoigagious and is
capable of causing immense damage. Fin and taihrgbung fish are
due to a mixed infection of A. hydrophila aRdeudomonas fluorescens.
Short motile Gram-negative rods with polar flagellaesions similar to
Aeromonas hydrophila with a hemorrhagic septicemia resulting in
hemorrhage of the fins and tail and ulcerationhef $kin. Most times it
Is an indication of other problems, such as injoirypoor environmental
conditions.

Fish rot is indicated by the erosion or shreddirigtie fish’'s fin,

normally beginning at the outer end. It can be dxdait or fungal, and
can be caused by a variety of common reasons, sash
poor water conditions, diet, or injury.

Once diagnosed, fin rot is generally easily andcckjyitreated, as the

fish’s fins can be regenerated, unless the comdpimgresses past the
base of the fin. This is extremely dangerous tofigteas, with bacterial

infections, it can be absorbed into the body offible and subsequently
kill the fish.
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Fungal fin rot usually rots more evenly, and prati@ white edge;
while bacterial fin rot produces more of a jaggelde= In many cases,
both can be present at the same time, creating¢lke to treat both
kinds. In more advanced cases of each, there mayeblieess or
inflammation.

The type of fin rot in your fish will determine theethod of treatment
you use. Fungal fin rot is easiest to treat, gdlyeday swabbing
the infected area with an antiseptic, such as rhatagreen, (also called
aniline green and a number of other names).

Bacterial fin rot in fish is normally treated withform of antibiotic in a
guarantine tank. This can be stressful to your, flsbwever. | more
preferred method is the use of food containingraibtic. In advanced
cases, the rotted area may be removed, but thewalsrhave to be
sedated.

Fin rot is easy to diagnose and treat, and mosegtiyour fish will
survive, if treated, properly. It is important temmember, though, that
since fin rot is normally the result of some oth&ess to your fish or its
environment; you must also address these issuesder to prevent it
from reoccurring.

Control

Control measures adopted are bath treatment ir0Q:20pper sulphates
for 2 minutes or swabbing of concentrated coppéphsie solution in
the affected fishes.

3.5 Gill and Fin Rot

Diagnosis

Myxobacteria of the genuEexibacter (Cytophaga), includingF.
columnaris, the commonest etiological agent of fin rot anth $&sions
(“saddle back”) of freshwater fish, are readily aguized in direct
microscopic examination of a squash of an affets=iie by their long
thin (filamentous) structure. Myxobacteria are adetl onCytophaga
agar medium, re-cultured on Nutrient, 5% sheepdloo

Pathology

Gill lesions in the acute clinical condition (udyalcaused byF.
columnaris) are necrotic and often rapidly expanding, andldeamore
rapid. On the skin, acute lesions are often codfteethe head and back
(“saddle back™)). Such lesions are white or yell@ith reddish
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zone of hyperaemia around the periphery and compfi®acterial cells
and necrotic tissue covering haemorrhagic ulcernstoldgy reveals
epidermal spongiosis and a subsequent necrosihveiiends into the
dermis. Chronic myxobacterial infections cause msitee hyperplasia in
the gills, with resulting fusion of the lamellaedasometimes also with
proliferation of mucus glands and chloride celllferation in the skin
occurs at the tips of fins and at skin folds.

Other pathological manifestations of myxobactendéction reported
elsewhere, which might also be relevant to Afriiah are as follows
Fin rot condition has been reported only from fightside Africa
(Richards & Roberts, 1978). It induces a severderpial and dermal
edema, a fibrinous exudates overlaid with cytophhgateria, and
cellular exudates, with subsequent sloughing andnessive erosion of
the fins. Myxobacteria may be displaced by seconagportunistic
saprophytic bacteria.

Cotton wool disease, affecting tropical aquariushfiis suggested to
result from irritation of gill lamellae, producingatarrhal exudates over
the gills which serve as an attractive substance dgtophaga
proliferation.
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Epizootiology

Myxobacteria are ubiquitous opportunists of theatiguhabitat. Many,
particularly those causing gill and skin rot cormati, will colonise only
damaged or ulcerating integument, necrotic tissuerrdgated mucus
excreting epithelium (cotton wool disease). Acutél @nd skin
infections are most often associated with handliog, mechanical
damage of skin and gills in hauling and sorting.vé&de ambient
conditions - low temperatures, excessive organad,|cammonia or
nitrites, are important contributory factors in Bugituations. The same
environmental parameters, as well as other adwgm®sing conditions
(overcrowding and inadequate feeding or nutritigeredispose fish to
chronic myxobacterial diseases. Dispersed toxistaumzes may play an
important role in the etiology of chronic myxobaaeé infections (tail
rot etc.).

3.6 Dropsy

The symptoms of dropsy in fish are a distendedwasllen body with
protruding scales. Dropsy is also known as ascitée affected fish
may appear lethargic and may not eat. Dropsy #&sdisease itself, but
actually a symptom of another underlying diseaghénfish. The reason
the fish's body swells is due to a buildup of flundits body cavity and
internal organs. This may occur if the fish's kigmere affected, for
example. There can be many different causes ofdispsy, and it is
usually difficult to know exactly what the cause is

Notice the protruding scales on this goldfish vdtbpsy.

However, one common cause of dropsy in fish is @dvel infection
byAeromonas. Aeromonas is normally present in all aquarium water;
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however, it sometimes causes illness in fish, aapgdish that are
stressed due to poor water quality from overcrogdan infrequent
partial water changes. Also, some speciesAebdbmonasare more
pathogenic than others. Infection Bgromonas will sometimes cause
red streaks or sores on the fish's body (but neeaysd).

Dropsy is not a specific disease, but rather a sgmpf a deteriorated
health condition. The epidermis and body cavities fdled with fluid
and scales protrude out from their pockets leadngevere anemic
condition. A mixed infection of A. hydrophila anchyxozoan parasite or
malnutrition is frequently the cause of infectiadi®psy in fish. With
dropsy the fish will have visible swelling and projectsdales. This is
the result of a fish not being able to regulateahmunt of fluid in a part
of its body. The affected area is typically the @inen; specifically, it is
most often the visceral cavity that houses a nunalb@rgans, such as
the stomach, intestines, gall bladder and kidn€&lgs. failure to regulate
fluids is a symptom; therefore, there is usuallynsoother disease
involved that starts the process (caused by podemguality, stress,
internal bacterial infections, parasites, virusesl @aumors). Although
dropsy is fairly easy to diagnose, the cause ismiacder to determine;
however, the primary cause is usually attributed twacterial infection.
The causative agent can be introduced to the pordigh food, poor
water quality or through the introduction of otliish to an established
pond. Although dropsy is not highly contagious, #fiected fish should
be removed and placed in a quarantine pond. Dro@sybe spread from
the affected fish, which can possibly produce steeaong the other fish
and make them more vulnerable to dropsy or otheditions.

Control

Although there are no present medications thatedtactively cure fish

stricken with dropsy, your first line of defensetasadminister a wide-
spectrum antibiotic in the condition's early stagBse affected fishes
could be effectively treated by Terramycin in tleed. Application of

neem leaf and leaf extract in the pond water, limeoil, change of
pond water with fresh water can control this diseagthin 2/3 days.

Unfortunately, the prognosis of fish affected wdlopsy is not very
good. By the time the fish has swollen up and taes project outward,
the internal damage may be too expensive to regalrfor the fish to
recover. Most cases of dropsy are fatal. Treatrf@raquarium fish: If

you have a fish with a swollen, distended bodydgpof dropsy, it is

best to isolate the fish and treat it in its oweatment tank if possible.
You can treat the fish by adding a small amounémgom salts to the
tank. Epsom salts consist of magnesium sulfateppesed to sodium
chloride found in regular aquarium salt (and tatdé). Adding epsom
salts to your tank will help to draw some of theess water out of the
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fish's body cavity and tissues. Don't add more tRdn teaspoons of
epsom salts per 10 gallons of water. You should the affected fish
antibacterial fish food for 7-10 days if the fish still eating. You can
also add some Maracyn2 to the aquarium that thewfith dropsy is in.

Maracyn2 treats gram negative bacterial infectiesngh as Aeromonas,
and is absorbed through the fish's skin from theewaddowever, unless
you start the treatment early the fish may stilt sarvive. It is also

possible that the dropsy may be caused by sometbihgr than a
bacterial infection, such as a virus, or some otlarse. If this is the
case then the antibiotics will not be effective.uycan often prevent
bacterial and other diseases in your fish by deegular partial water
changes (20-25 %) in your tank each week. In faghu have the time,
doing partial water changes twice a week is evdtebeAnd of course,
don't overcrowd your fish or over feed them.

Control of Infections by Facultative Pathogenic Bacteria

Antibiotic therapy by use of medicated feeds appdarbe a feasible
undertaking, as long as the infected fish are willing to eat. Drug

sensitivity tests of the pathogen targeted for tinemt must be
repeatedly performed to ensure efficacy of antibsotdded to feeds.
Application of medicated feeds, as a non-specifappylactic measure,
is economically wasteful, harmful to the environmegmamaging

nitrification processes and primary production) apebmotes drug
resistance amongst pathogens in the habitat.

In the case of streptococcal infection, use of wmedd feeds in
polyculture is not cost-effective as carp, whiclvats comprise the
greater portion of the pond biomass, are intraetabinfection.

Vaccination has been repeatedly considered asemfdtsolution and
some research is in progress. There are, howesgous doubts as to
how effective this vaccination may be and whetherwill be
economically worthwhile. The feasibility of vacctian use will largely
depend on the degree and durability of protectitor@ded by immersion
vaccination or via feeds. Specific immune respdrsebeen induced in
tilapia to various antigens and to some bacteni@ctions. Elevation of
antibody titers to a level of 100% protection t@kdénges during two to
five weeks was obtained in Nile tilapi@.(niloticus) following injection
of formalin-killedA. hydrophilaand Freunds complement adjuvant
vaccines (Ruangapaah al., 1986). Attempts to vaccinate reared tilapia
(O. nilaticus) fingerlings with lyophilizedAeromonas hydrophila in the
Ivory Coast were, however, unsatisfactory (J-P. u@bef, unpublished
report).
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Serum agglutinating antibody titer of tilapia hydwirose following
injection with aV. parahemoliticus bacterin both with and without
Freunds complement adjuvant, while titers for ratyr occurring
antibodies in the overwintering fish were usualbwv! Immunisation
trials by immersion showed significant efficacy @motecting tilapia
from a challenge for about 60 days. Neither sigaift elevation in
agglutinin titers nor protection against challervgas obtained in Nile
tilapia immunised with formalin-kille@Edwardsiella tarda, using the
hyperosmotic infiltration method, it was found thatccination using
toxoid, rather than bacterin, elicited a greatdibaady response and they
recommended the use of detoxified endotoxin irnpsteccal infections
of yellowtalil.

There is a serious risk of introducing bacterideations into Africa
(notably Streptococcus, Pasteurella and mycobacterium; see 3.2), which
are prevalent in countries outside Africa spediadjzin tilapia culture,
with genetically improved culture seed - breedéng,and apparently
also eggs. Only an adequately enforced ban onisyabrts will secure
African habitats from these infections.

5.0 CONCLUION

Bacteria are everywhere. But if bacteria are atl, vahy aren’t all fish
sick? Some bacteria are good, some are bad and amemenly bad
under certain, specific conditions or circumstanéésh have defenses
against bacteria, but they don’t always functiooperly.

6.0 SUMMARY

This module introduce you to the bacteria world dmiv they are
identified , what causes them to be pathogenic, they are transmitted
and how the diseases associated with then develap. discover how
fish respond to bacterial infection and how hedskystems and human
control methods work. The problem of bacterial pgéns on finfish
culture, their etiology and specific control metbod
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1.0 INTRODUCTION

Epidemics of bacterial diseases are common in deogelations of

cultured food or aquarium fish. Predisposition tocls outbreaks
frequently is associated with poor water qualitsgamic loading of the
aquatic environment, handling and transport of, frehrked temperature
changes, hypoxia, and related stressful conditibingh concentrations
of waterborne bacteria are normally found in poadd aquaria. Many
of these bacteria are opportunistic facultativehpgéns, which are
activated by an adverse environment, a debilitéwest, or a primary
pathogen. In sharp contrast, obligatory bacter&th@gens of finfish

require the presence of fish for replication and anable to survive
alone for long in the aquatic environment. Mosttbaal pathogens of
fish are aerobic gram-negative rods. Diagnosis ysidmlating the

organism in pure culture from infected tissues amentifying the

bacterial agent.
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20 OBJECTIVES

At the end of this unit, you should be able to:

o identify bacterial infections of fish
. how to control bacterial infection of fish
. the best treatment.

3.0 MAIN CONTENT
3.1 EyeDisease

Fish are prone to developing bacterial infectiangheir eyes. Several
different bacteria can grow and have devastatifigcef on a fish, as
well as spread to the other fish in your aquaridmckily, many
infections can easily be cured by adding medicalieghs to your fish
pond or tank. Eye diseases and infections in fisih loe caused by a
variety of factors, including fungus, bacteria, gmtes, a kidney
infection or a protozoan infestation. Fish can biha variety of
symptoms when suffering from an infection or baetedisease. These
include a cottony growth around the eyes, cloudinesthe eyes, eyes
that appear to be popping out of socket and filntheneyes. Diagnosing
the cause of the fish's eye médnt will depend on the symptoms.
Cottony white growth around the eye is caused fungus and a cloudy
iris is caused by bacteria. If the entire eye lodksidy, it is a protozoan
infestation, and if the eye appears to be poppirgibis kidney failure.
A liquefactions infects the eyes of silver carpeTdornea of the eyes gets
vascularized leading to opacity and complete nésrasd even mass
mortality of fish has been recorded. Investigatiomsve isolated
Staphylococcus aureus from the affected eyes etdes fish.

Treatment

A fungal infection is treated using sulfate dropshich you can
administer to the tank water as directed. Othexdtdns are treated with
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antibiotic drops, which also are administered ® Water. The affected
fish can be treated with other fish in the tanle #ntibiotic drops will
prevent the infection from spreading to them. @naoycetin bath @ 8 -
10mg/L has been found effective in controlling thieease at an early
stage. Disinfecting the environment with Potasspgnmanganate at a
dose of 0.1 ppm followed by liming at 300 ppm chehk disease.
Ulcerative disease bilateral ulcerations of theropl@a and the head in
catfish are observed in ulcerative disease. In mosases, A.
hydrophilic could be isolated, although severalkothacterial forms were
also present as secondary invaders.

3.2 Enteric Septicemia of Catfish (ESC)

ESC caused by the gram negative bacterium Edwédedstaluri, is one
of the most important diseases of farm-raised cbélacet- fish (Ictalurus
punctatus). ESC accounts for approximately 30 pero¢ all disease
cases sub- mitted to fish diagnostic laboratoriesthie southeastern
United States. In Mississippi, where channel datfreake up the
majority of case submissions, it has been repatdrequencies as high
as 47 percent of the yearly total. Economic lo$seke catfish industry
are in the millions of dollars yearly and continteeincrease steadily
with the growth of the industry. The disease wamilar to another
disease of catfish caused by the gram negativestvact Edwardsiella
tarda, but differed in several characteristics. BE#4&5 described in a
published account in 1979 and the causative baotewas described as
a new species in 198.1

e
-
Clinical signsand diagnosis

Behavior Catfish affected with ESC often are se&imming in tight
circles, chasing their tails. This head-chasing-tahirling behavior is
due to the presence of the Edwardsiella ictalurihien brain. Affected
fish also sometimes hang in the water column vithtiead up and tail
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down. In addition, catfish with ESC tend to stopiren shortly after
becoming infected.

External Signs (ESC) affected catfish frequentlyehaed and white
ulcers (ranging from pinhead size to about half ¢ihee of a dime)
covering their skin (Fig. 1); pinpoint red spotsalled petechial
haemorrhages) especially under their heads anbeirvéntral or belly
region (Fig. 2); and longitudinal, raised red piegplat the cranial
foramen between the eyes (Fig. 3) that can progrgssthe hole-in-
head condition. Internal build-up of fluid can le@ada swollen abdomen
and exophthalmia (popeye) (Fig. 4).

Internal Signs

Clear, straw-color or bloody fluid is often presentthe fish’'s body
cavity. The liver typically has characteristic @ahreas of tissue
destruction (necrosis) or a general mottled red whde appearance
(Fig. 5). Petechial hemorrhages can be found énntluscles, intestine
and fat of the fish. The intestine is also oftdiedi with a bloody fluid.
Treatment

Treatment of ESC can be approached in a varietyagk. A good pond
manager makes daily observations on feeding respdrehavior and
mortality, thus making an early diagnosis possibladitionally catfish
infected with ESC are treated with feeds contairamgibiotics. First,
samples of sick fish should be submitted to a digtgnostic laboratory
for a complete diagnosis. The causative bacteriamtben be isolated
and tested for antibiotic sensitivity. Fish shoblel treated as soon as a
diagnosis has been made because fish progressadilige feed intake
during an infection, making medicated feed treats\&ss effective.

3.3 ColumnarisDisease

Flexibacter columnaris (Columnaris disease or Saddleback disease)
Columnaris, first described by Herbert Spencer Bavil922, is one of
the oldest known diseases of warm water fish. Refars tothe disease
can be confusing. The causative bacterium has befmred to by
different names including Bacillus columnaris, Fb&cter columnaris,
Cytophaga columnaris, and most recently Flavobagctercolumnare.
Columnaris disease is the second leading causeodfality in pond
raised catfish in the southeastern United Statess second only to
enteric septicemia of catfish (ESC) caused by thectdsium
Edwardsiella ictaluri. Most species of fish arecgytible to columnaris
following some type of environmental stress and nvheater
temperatures are in the upper part of their pretetemperature range.
The disease commonly occurs in channel catfish wheater
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temperatures are in the range of 25 to 320C (A0wF) in the spring,
summer and fall.

Clinical signs or symptoms Fish with columnaris alsguhave brown to

yellowish-brown lesions (sores) on their gills, rskand/or fins. The
bacteria attach to the gill surface, grow in sphegdpatches, and
eventually cover individual gill filaments (Fig..1This results in cell

death. Portions of the gills are eroded by proteid cartilage-degrading
enzymes produced by the bacteria. Skin lesionsyoeti by columnaris
initially are very shallow and may appear as aradtat has lost its
natural shiny appearance. More advanced lesionshaapund or oval

in shape, yellowish-brown in color, with an opegeaulin the center. A
characteristic lesion produced by columnaris is ae pwhite band

encircling the body, often referred to as saddlkb@mndition (Fig. 2).

As the infection progresses, a yellowish-brown uloften is found in

the center of the “saddle.” Additionally, it is nonhusual to find a
yellowish-brown, mucus-like growth of columnariscberia inside the
fish’'s mouth (Fig. 3). The brownish coloration sually due to mud and
detritus particles trapped in the slime producedh®y bacteria. When
grown in the laboratory the bacteria produce aoyeligment.
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Gram negative slender rods (3-8 microns). The di&sda a serious
disease of young salmonids, catfish and many dister This is a highly
communicable disease. Cause external lesions tneebody surface.
The causative organism has been identified asbé&tsrcolumnaris.
Lesions usually first appear as small white spoishe caudal fin and
progresses towards the head. The caudal fin andfineanay become
severely eroded. As the disease progresses, theiskiften involved
with numerous gray white ulcers. Gills are a comnsdga of damage
and may be the only affected area. The gill lesemescharacterized by
necrosis of the distal end of the gill filamentttippogresses basally to
involve the entire filament.Flexibacter columnaris infections are
frequently associated with stress conditions. Rpediing factors for
Columnaris disease are high water temperature (32°C.), crowding,
injury, and poor water quality (low oxygen and e&sed concentrations
of free ammonia)Flexibacter maritimus: cause similar problems in salt-
water environment.Flexibacter psychrophilus causes Cold Water
Disease or Peduncle disease. Fish develop dark ls&morrhage at the
base of fins, and anemia with pale gills with iras® mucus.
Hemorrhage into the muscles is common. Periostiti<ranial and
vertebral bones is common in chronic cases. A c¢bron
meningoencephalitis occasionally is observed withoamal and erratic
swimming.

Treatment for external columnaris infection incledeeating the culture
water with therapeutic chemicals legal for use oodffish. Potassium
permanganate (KMnO4) is a commonly used therapy.

Terramycin®(100) Concentration of Feeding rate of fish

premix(per ton of feed) | Terramycin®  (in| (percent body
finished feed) weight)

100 lbs 5.00 g/lb. 100 Ibs0.5 - 0.75 %

50 Ibs. 2.50 g/lb. 1.0 - 1.5 %.

25 Ibs. 1.25 g/lb 20-3.0%

3.4 Bacterial Gill Disease

Bacterial gill disease is caused by a variety oftéxaa. Flexibacter
columnaris, Flexibacter psychrophilus, Cytophagy psychrophila and
various species dflavobacterium (all are gram negative rods) are the
primary bacteria involved in this disease. Fry thee most susceptible to
the disease, however, all ages may be affectechic@lly the fish
become anorectic, and face the water current. Pwamihyperplasia
(mucus and epithelial) of the gills is evident aiwgs and microscopic
examination. Microscopically one observes prolifiera of the
epithelium that result in clubbing and fusion oé flamella. Necrosis of
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the gill lamella occurs in serious cases. Overciogidaccumulation of
metabolite waste products (particularly ammoniajaaic matter in the
water, and an increase in water temperature mapealpredisposing
factors.

Topical application of potassium permanganatehortdath in 500ppm
of Potassium permanganate has been found to be eféegtive in
completely curing the disease.

3.5 Proliferativegill disease (PGD)

Proliferative gill disease (PGD) has become comrnroriarm raised
channel catfish. It can kill a few dozen fish ogeveral days, or up to
100 percent of the fish in less than 3 days. Reowge in the same pond
is rare.. This disease causes catfish to suffdoatause of the severe
damage to the gills. Swelling and a red and whiadtling of the gills
gives them a raw hamburger appearance, and maay t@fPGD as
hamburger gill disease

Diseased gills N—_—
(gill licl [
removed) .

In comparison: |
healthy gills
(gill lid
removed)

Proliferative Gill Dissa (PGD)

Clinical signsand diagnosis

Proliferative gill disease occurs most often in $peing, but it can occur
in the fall at water temperatures between 59 amHF 215 to 220C). It

sometimes occurs in winter; PGD mortalities haverbeeported at 430
F (6o C). Though the disease seldom occurs inuharer, deaths have
been reported at 920F (330 C). Even before theaskseccurs, signs of
PGD can be seen in gills viewed under the microscés with other

diseases, a common early sign of a PGD outbreak risduction of

feeding activity by the fish. As the disease preges, the catfish
congregate in the water flow behind an aeratortan@oming water.

Fish may also swim listlessly at the water's swfamd then lie in
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shallow water along the edge of the pond beforg the. They may die
even when dissolved oxygen concentrations arevaidehigh enough
for healthy fish, because the affected gills canrehove sufficient
oxygen from the water. The skin of catfish affecteith PGD appears
healthy, and while PGD occasionally is found iremial organs (liver,
kidney, spleen and brain), it primarily affects tipés. The gills swell
and become mottled red and white in appearanceilasito raw
hamburger meat. In advanced stages, the gill fikasnéo not lie flat and
filaments on one gill arch are not distinct fromarfinents on other arches.
The gills often look mashed and may bleed whenhedoor when the
fish are simply lifted from the water.

Microscopic examination at 40X magnification regeaktreme swelling

of the gills caused by an abnormally large numidecedls at the outer

edge of the gill filaments. These swollen areasroéippear white. PGD
causes swelling and red and white mottling of shtfiills, giving them

a raw hamburger appearance. Some parts of thélgiients look red

because blood cells are pooled in ruptured oradilagapillaries. The qill

filaments may become shorter and wider with roundedquared tips.

The cartilage supporting the gill filament appeassa dark gray band
along the side of each filament and may have netdheaks and gaps.
These characteristics are also much more obvioeshwkamined under
40X magnification than at higher magnifications,daare the best
features for making an early, presumptive diagnoee lesions in the
cartilage can be occupied by the parasite thatesaB$&D. Breaks and
gaps in the filaments’ supporting cartilage cauee dills to lose their

well-defined structure and collapse onto each othiming the mashed
appearance. Parasite cysts are only occasionatly se wet mounts

under the microscope and appear as small, indistioend units. PGD

diagnosis is confirmed by histology procedures whiée parasite can
be seen as a blue stained “cluster of grapes” iy thenly cut sections

of gill tissue. Cause and disease course Most ssigrbelieve that a
sporozoan, probably the myxosporean parasite Alacimomyxon sp.,

is the causative agent of PGD.

Evidence suggests that an oligochaete worm (Deayitath) that lives in
the mud and grows up to 1/2 inch in length is thesitebrate host. The
PGD organism is thought to develop in the worm, chreleases
infective spores capable of penetrating and infigcthe gills of channel
catfish. Most parasites inflict less damage to rtmaitural hosts, and
mature spores are usually found in the host tissMast of the qill
damage is thought to be caused by an inflammatsganse of the fish
to the parasite.
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Following isa possible life cycle of PGD:

[ Mature parasites (possibly Aurantiactinomyxon) spr an
infective stage are released from the fish host.

The invertebrate host (probably Dero digitatajdmes infected.
The parasite develops in the invertebrate host.

An infective stage of the parasite is releasethfthe worm.
This infective stage penetrates and infects #étish gill tissue.

There has been an ongoing controversy among résgarcand

diagnostic workers about the occurrence of thigats in new ponds
built or reworked within the last 3 years as comspawith older ponds.
Although PGD occurs in older ponds, it seems toeappnore often in
new ponds, perhaps because they support largergtioms of Dero

worms.

Treatment and prevention

Though no treatments or preventive methods for PlkEde been

scientifically validated, there are some treatméhét appear effective.
Since fish infected with PGD suffer gill damage aaré less able to
obtain oxygen from water, aeration should be usdwnwvdissolved

oxygen concentrations are low or marginally low.offrer option is to

quickly harvest and process PGD infected fish. Hexemany fish may
die during harvest and have to be discarded; tmogking it to the

processing plant alive can be quickly processedpams# no danger to
the human consumer.

3.6 Edwardsi€elosis

It is a septicaemic disease affecting brood fishuytation. Edwardseilla
tardahas been isolated from the diseases fish isgowmnaemia,
cutaenous lesions and gas filled abscesses inukelen

Edwardsiella tarda (Edwardsiella septicemia). Gram negative motile
pleomorphic curved rod. The disease affects prignahannel catfish
but also observed in goldfish, golden shiners,darguth bass, and the
brown bullhead. This organism is the most seriagsase involving the
eel culture of Asia. The lesions are similarAohydrophila with small
cutaneous ulcers and hemorrhage observed botke iskin and muscle.
Muscle lesions often develop into large gas filethlodorous) cavities.
Diseased fish lose control over the posterior ldlftheir body yet
continue to feed.
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Edwardsiella ictaluri (Enteric septicemia of catfish). Gram negative
motile pleomorphic curved rod. Disease affects prily fingerlings and
yearling catfish. Clinical signs of enteric sepéinaa of catfish closely
resemble those of other systemic bacterial infestioThe most
characteristic external lesion is the presencerais®ed or open ulcer on
the frontal bone of the skull between the eyes €Hiolthe head disease).
Although treatment with idophor has been found ¢oelffective, water
quality improvement in the hatchery is the moseatial component for
keeping the disease away.

Enteric septicemia of catfish
3.7 Epizootic ulcerative syndrome (EUS)

Epizootic ulcerative syndrome (EUS) has become #emaf great

concern not only among fisherman and fish farmbrg, also among
general public, entrepreneurs, administrators dacners. One common
feature of the disease is that it initially affe¢ctsee bottom dwelling
species like murrels followed by catfishes, weesthds and IMC. The
lesions start as small grains to pea sized hemgiohspots over the
body which ultimately turns into big ulcers of teze of a coin with
greyish slimy central necrotic areas surrounded apne of hyperemia.
The disease affects to such an extent that theis statting while still

alive and eventually die. A number of bacteria Aizhudrophila, A.

punctata, Flavobacterium sp.,Pseudomonassp., dswar tarda, Vibrio
parahaemlyticus and Streptococcos sp. have bettied from the affected

specimens.
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3.8 Vibrio

Gram negative rod lives primarily in a marine eowmirent, Vibrio
septicemia: V. alginolyticus / V. anquillarum / V. Salmonicida.
Septicemia has similar lesions tAeromonas hydrophila. See
hemorrhage in the skin of the tail and fins, ultera of the skin
hemorrhage in the muscles and serosal surfaces.spleen may b
enlarged and bright red. Histologically may seerosis of he liver,
kidney, spleen and occasionally the gut mucosaerURisease o
Damselfish: V. Damsel, Deep skin ulcers and necrotizing myosi
Lesions similar tcAeromonas salmonicida. Vibrio salmonicida: Hitra
disease or Cold water vibriosis. Histopathacal studies reveale
complete loss of epidermis in the ulcerative arkethe skin where th
dermis and hypodermis shov characteristi
granulomatoushanges Besides bacteria, virus, fungasd parasite
were also reported to be associated with |

Many antibiotics, sulfonamides, chemicals herbapprations etc. ha
been advocated as preventive and curative meadumgs.was accepte
widely among fish farmers of the country until tf@nhulation of
CIFAX, therapeutics developed by Central Inte of Freshwate
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Aquaculture (CIFA). Marked improvement of the uldam condition is
noticed within seven days of application of the roe@ and the ulcers
are healed up within 10 -14 days.

Streptococcusiniae

Beta-hemolyticStreptococcus (Note: Beta hemolysin may not be present
in culture media in all cases leading to the pdssielieve that this
bacteria is a non-pathogen.). Disease of tildpyayid striped bass and
rainbow trout. Major problem in the tilapia indystiStreptococcus
iniae presents either as an acute fulminating septicemia a chronic
form limited primarily to the central nervous systeThe septicemic
form may present with hemorrhage of the fins, skamd serosal
surfaces. Ulcers may appear. Microscopically, oneseples a
meningoencephalitis, polyserositis, epicarditis, oayditis and/or
cellulitis. Cocci/diplococci are present in the lamhmation. In the
chronic form, granulomas or granulomatous inflamaoratare evident in
the liver, kidney, and brain (meningoencephaliti). the chronic
disease, the brain is the best organ to cultBreptococcus iniae is a
problem primarily of closed recirculating culturegsseem. Probably
associated with overcrowding and poor water qualityigh nitrates.
Depopulation, disinfection and restocking with dise free fish are the
best means of elimination of the organism. The becieknown to be a
zoonotic agent. Individuals who have handled irddctfish have
developed cellulitis of the hands and endocarditis.

Streptococcus iniae infection in aquaculture
Mycobacterium species (Tuber culosis)

Gram positive, acid fast rodsMi( marinum, M. chelone and M.
fortuitum are the most commoMycobacterium species involved.). All
species of fish are affected. This disease affboth saltwater and
freshwater aquariums as well as fish raised fod fag to 10 to 25% of
pen raised fish). Clinical signs of tuberculosis guite variable. The
most common signs are anorexia, emaciation, vertetgfdrmities,
exophthalmus, and loss of normal coloration. Numerargably sized
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granulomas are often observed in various orgarmigffirout the body.
Often numerous acid fast bacteria are observetarmgtanulomas. The
aguatic environment is believed to be the souraaitél infection with
fish becoming infected by ingestion of bacteriahteaninated feed or
debris. Once an aquarium is infected with this aise it is difficult to
remove except by depopulation of the aquarium assthfeicting the
tank. This is a zoonotic disease (atypical mycadramsis). Atypical
mycobacteriosis may manifest itself as a singleradas nodule on the
hand or finger or may produce a regional granulomatgmphadenitis
of the Iymphatics near the original nodule. Ocaaalo local
osteomyelitis and arthritis may also occur.

Flavobacterium sp

Gram- negative rods bacteria. Usually a problemirdividual fish.

This disease is a cause of concern to primarilyokish and producers of
ornamental fish. (Mollie granuloma, Mollie madneb&llie popeye).

Infected fish are usually emaciated and pale. Nbd#l white nodules
are observed in the visceral organs, the retinacAndoid and the brain.
These nodules may be cystic or mineralized. Higiotdly the nodules
are granulomas with a caseous center, a thin pEaphrim of

macrophages and lymphocytes and a fibrous capSuist( be

differentiated from Mycobacterium). The mode of samssion is

unknown.

Epitheliocystis (Chlamydial infection)

Obligated intercellular parasite. Organisms stathw&h Macchiavello

stain. These organisms have been observed in magespof fresh
water and marine fish. Mortality occurs most commoirlyheavily

infected juvenile fish. Clinically infected fish mde asymptomatic or
show respiratory distress or excessive mucus secsetMultiple white

cysts are observed on the gill lamella and skirstd¢togically, the cyst
consists of distended epithelial cells with numerobasophilic

organisms. The means of transmission is unknown.

40 CONCLUSION

Most bacterial pathogens of fish are aerobic gragative rods.
Diagnosis is by isolating the organism in pure geltirom infected
tissues and identifying the bacterial agent.

50 SUMMARY

Most bacterial fish pathogens, suchA&somonas, Pseudomonas, Vibrio,
Flavobacterium andCytophaga are Gram-negative bacteria. These are
the bacteria that are usually involved with baefedisease such as
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ulcers, fin rot, acute septicaemia and bacterlhtigiease. Less common
pathogens ar®lycobacterium and Norcardia sp. which causes chronic
granulomas (or abscesses). While gram negativelenaids effects
many freshwater species and usually is associatéd stress and
overcrowding.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are gram positive and negative bacterial &ffen fish?
2. Describe vibrio infection in fish and its control.
3 Outline the possible life cycle of PGD
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1.0 INTRODUCTION

The most common parasites of fish are protozoa. Timetede species
found on external surfaces and species found igifsp@rgans. Most
protozoa have direct life cycles, but the myxosgiarirequire an
invertebrate intermediate host. There are two mged of protozoan-
ciliated and flagellated protozoan. Ciliated pra@are among the most
common external parasites of fish. Most ciliatesehasimple life cycle
and divide by binary fission. Ciliates can be motd#ached, or found
within the epithelium. The most well-known organigm the latter
group is Ichthyophthirius multifiliis , which has rmore complex life
cycle than the other ciliates. Ichthyobodo (Cos$jpp are some of the
most common and smallest (~15 x 5 um) flagellatetbpo@an parasites
of the skin and gills. They are flattened, pearpglthorganisms with 2
flagellae of unequal lengths. Ichthyobodo movesainerky, spiral
pattern, and free-swimming organisms are fairly essydentify in
direct smear preparations. Once attached, the wrgacan be difficult
to see and is often missed by the novice, but movetypical of a
flickering flame is characteristic.

20 OBJECTIVES

At the end of this unit, you should be able to:

o describe the common fish parasites caused by pratozo
o identify infections due to protozoan in fish
o explain the various methods of control and treatment
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3.0 MAIN CONTENTS

Protozoan Diseases and their Control.
3.1 Ichthyophthiriasis (I ch)

Ich is a common name for the parasite Ichthyophthimustifilis and
the disease that it causes. The parasite is capbldlling large
numbers of fish in a short period of time. Earlgghosis and treatment
are essential for controlling Ich and reducing fiskses. Prevention of
this disease is, of course, the best method otlawpfish mortalities.

The white spot disease or Ichthyophthiriasis isoemmon disease of
freshwater fish. Affected fishes exhibit minute vehitodular spots on
the skin, fins and gills and are restless. The mostmon symptom of
freshwater ichlchthyophthirius multifiliis) is the presence of small
white spots (trophonts) on the body. Actually, thég/hite spots" are
thickened masses of protective mucus that have abwlee attacking
protozoan in an attempt to dispel it. Additional gfoms include rapid
breathing, cloudy eyes, possible fin deterioratmul flashing. The life
cycle ofich includes a host organism and the environment. Tdphont
is the encysted feeding stage of the parasite wkidarges, breaks
through the epithelium and eventually settles oa bottom of the
aquarium. When on the bottom of the aquarium, tigarmsm, which is
now referred to as a tomont, begins to undergo msit=Il division)
and produces hundreds of ciliated theronts. Ifttleronts encounter a
host fish, they will attach, penetrate and enldeyal therefore be visible
to the aquarist as white spots).

The most common form of freshwater fish disease ithy@phthiriasis

or "Ich," an affliction characterized by small, wéhpustules resembling
pimples or grains of salt which concentrate mosthythe fish's fins.

Regrettably, Ich is much easier to diagnose thae tb treat. Ich is,

essentially, a form of parasite which attachedfiteethe outer body of

a fish in the form of pustules. Eventually, the tpless expand and drop
off, floating to the bottom of the aquarium whereytldig into the gravel

or rock and multiply. If left to their own devicebe parasites will then
be able to multiply enough to reattach itself omrg\ish in the tank.

I dentification of Ich

Fish infected with Ich may have white specks orirtekin as though
they were sprinkled with salt (Fig. 1). Becaus¢hid appearance, Ich is
sometimes called white spot disease. The skin ofisthemay also look
bumpy. Mature forms of the parasite are large b thm or 1/32 inch

102



AFM 317 MODULE 4

across) and can be seen without magnification. ftanaauses the fish
to have large amounts of mucus sloughing off of rthekin, an

appearance which may resemble fungus when viewed drdistance in
the water. Many times, however, the only indicat@nlchs presence
may be dead and dying fish. In some Ich cases #nasftfe may be
present only on the gills and not on the skin.

Fish with Ich may be observed making quick rubborgscratching
movements on objects or on the pond bottom. Thisawebr is
sometimes called flashing because of the quick adden exposure of
the fish’s light-colour belly as it rolls duringratic movements. Trout
have been observed flashing at the water surfgqeeagsing as though
they are striking at insects. In the final diseatsges, Ich-infected fish
also may appear lethargic and sometimes gather éiatlowing water.
Infected fish usually refuse to eat. Under the nscope, Ich appears as
a sphere that changes shape and moves aroundlim@ maotion, using
tiny hairs called cilia that totally cover the psita. Its method of
motility is often compared to that of an amoebae Tknter of the adult
organism has a C-shaped nucleus (Fig. 2).

The small infective stages do not have the C-shapeteus, and they
move in the water rigidly, as opposed to the flualing movement of
the adult. In advanced stages of infection, Icfoisnd burrowed under
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the mucus and top layer of cells (epithelium) in fisé’s gills or skin.

After burrowing, Ich is very hard to treat becao$¢he protective layer
of mucus and host cells covering the parasite. Pramgatment is
important to help prevent the establishment of araaded infection.

The protozoa: Ichthyophthiriasis multifilis

A = The trophozoites in the host's skin

B = Trophont leaving the host.

C = The mature trophont with hundreds of maturogites

D = The releasing of tomites that penetrate thie skihe host fish
A = The cycle continues all over again.

Treatment

Because not all stages in the life cycle of Ichaffected by treatments,
multiple treatments must be administered to catctiividual Ich
organisms in the vulnerable stages of their lifeleyéor example,
during the first day when a chemical is added ® water to Kill Ich,
only a certain percentage of Ich organisms will beceptible to the
chemical. Two days later many of the surviving tmiganisms, which
were embedded in the skin, will be entering thengtdble stage of their
life cycle; chemical treatment on this day will kihese susceptible
organisms. In order to catch all the Ich organisma treat- able stage,
from three to seven treatments might be needed €THbilepending on
water temperature. This parasite can be controligdhourly bath
treatment for 7 days in 2-5% NaCl solution. Porditment advocated is
application of 15-25mg/L formalin. Malachite greand formaldehyde
do not penetrate and kill the trophonts, but indtpeevent the motile
trophonts from re-infecting the fish.
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Treatment effectiveness should be evaluated by sh fhealth
professional after the third treatment to decidetiveto continue with
the treatment schedule. Mortality rates should lieoved, and samples
of fish from the infected pond should be examined Ifth under a
microscope.

Preventingich

Ich is a very common disease and if your fish getati are going to end
up having to treat the entire tank. Therefores iaimuch easier disease
to prevent than treat, and the following is a lit suggestions for
helping to prevent ich in your tank:

Only purchase healthy fish that are free of alhsigf disease.

Never buy fish from a tank that contains a dead diseased fish.
Always place new fish in a proper quarantine taorkaf minimum of two
weeks before introducing them into your tank.

Never buy plants from a source that keeps themfishaank with fish.
If you do, make sure to quarantine your plantsatdeast 4 days.
Purchase fish from as direct a source as possbiledice shipping and
handling stress.

Remove to a quarantine tank and treat any fishldbgins to show the
first signs of ich.

Avoid any fluctuations in temperature, pH, or ammdeizels as these
are all very stressful to fish and can result iroatbreak of ich.

Always feed a variety of properly stored food irdihg freeze dried,
frozen, and flaked.

Do not overstock your tank. Most tanks have too ynash and not
enough cover which leads to stress, disease, anebised mortality.
Maintain excellent water quality and do regularevathanges.

While ich may be the most common disease in aqualighmit does not
have to infect your tank. By following these pretrem guidelines and
promptly treating any infected fish, you can grngeadiduce the damage
that can be caused by this deadly disease.

Trichodoniasis

Various life stages of IMC and cat fishes are aéfdc by the
parasites. The causative agents are urecolariidtecispecies of the
genus
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Trichodina, Tripartiella and Trichodinella. Theyteeech to the fish gills by
means of adhesive disc constituted by skeletal elesnd@he treatment
methods adopted are water quality improvement, dsiing stocking

density of fish, bath treatment of fishes with 2-34aCl or 50mg/L

KMnO, and pond treatment with 5 mg/L KMp@r 25 mg/L formalin.

Coastiasis

Heavy infestations of the genus Coastia (Ichthy@jamaluses the disease. It
infests the gills and external surfaces of all sggeof fresh water fishes
and is reported to proliferate at low temperatl#&¢). The affected
fishes show greyish white shade on the body surfHoese parasites are
controlled by bath treatment of fishes with 2-3% Naic 50 mg/litre
KMnO, and pond treatment with 5mg/litre KMno4 or 5mgdit
formalin.

3.2 Myxosporean disease

Myxosporidia are one of the most important groupspathogens
capable of producing diseases in fish causing h&ss/on the juvenile.
Myxobolus cysts of varying sizes have been repoaedhe gills and
kidneys of fish. Larger cysts are located at th&tatliend of the gill
filament whereas smaller ones are seen at the proxantal Infections
damage the respiratory surface of the gill and eieey tubules of the
kidney. Diagnosis of the disease can be made orbdises of gross
appearance of the pin head sized greyish cystslaagé number of
myxosporidian spores under the microscope.

3.3 Heminthic parasites

Dactylogyrosis and Gyrodactylosis

Fishes are infected on their gills and skin by ngaretic and digenetic
tremetodes. The important monogenetic species getorgyrodactylus
(Skin fluke) and dactylogyrus (Gill fluke). Thegmain attach to the skin
(gyrodactylus) and gills (dactylogyrus) by the pheff anchors which
causes wounds. Their presence cause hyper secodtimucous and
haemorrhage from blood capillaries. These wountkr Iget infected
with pathogenic bacteria and fungi. Alternate bathi:2000 acetic acid
solution followed by bath in 2% sodium chloride wan has been
found effective. Some workers have advocated dyattnent in 5%
solution followed by a bath in 1:5000 formalin.

3.4 Black spot disease

The digenetic trematodes generally infect the atitawg canal, but are
rarely harmful. However, in the metacercarial stdgy tare harmful as
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they get encysted in any part of the body. l.en,skiuscle, abdominal
cavity, liver ,eyes, and brain. In these cases $mtves as intermediary
host, while the final host is generally a fish egtbird. In many carp
fingerlings the black spot disease is due to metacer of
Diplostomatidae.

3.5 Vedvet

Velvet disease in freshwater fish is caused by fetozoan
Piscinoodinium. Thevelvet parasite is classified as parasitic algae
because it contains chlorophyll and therefore olstaome of its food
through the chlorophyll. For this reason, it iseoftsuggested to darken
your tank if your fish exhibit a velvet outbreals ehlorophyll requires
visible light to survive. Velvet-infested fish ekiti small yellowish
spots that are much smaller than ich spots. Sirtoldish infested with
ich, fish with velvet may exhibit clamped fins, amey may flash off of
rocks and other surfaces in an attempt to disloigeptarasites. If the
gills are affected, the fish may exhibit rapid reapon or gasp for air at
the surface.

The velvet parasite has two life stages: a freersming form and a cyst
form. The infective stage of this parasite is theefswimming stage.
During this stage, the velvet parasite has twoellagthat enable it to
propel itself through the water. It propels itdbifough the water until it
finds a suitable host. Then it will attach itsalfthe skin or gills of the
fish. Eventually, the parasite will form a cyst tre fish, which will
remain on-site until it releases several hundrede-$s@imming
Piscinoodinium. These newly released Piscinoodingomin search of
another host, and the cycle begins again. Forréason, velvet is very
contagious.
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Trophonts in skin feed
on tissue fluids and

photosyn\:hc size

Cysts burst and
trophonts enter
the water

Dinospores emerge and
start swimming about looking

for hosts
\ Trophont divides into
hundreds of dinospores

ready to infect more fish

eBhwater velvet life cycle
Fortunately, there are effective treatments for eeRopper
sulfateappears to be the best treatment. The only dowrtsidesing
copper sulfate in the pond is that it will kill amyvertebrates, such as
snails and shrimp. In addition, it is very importawot to overdose with
copper sulfate, as this compound can easily poigod Kill fish.
Consequently, once the copper-sulfate treatmerdngpteted, gradually
change the water to remove all traces of it. Theitpe side to using
copper sulfate is that it will also kill the ich raaite if it is present.
Consequently, you don't need to distinguish betwketin parasites.
Copper sulfate gets rid of all external fish paessiKeep in mind that
only the free-swimming form of the velvet parasiteaffected by the
copper sulfate - the encysted stage is not vulferéd treatment.
Another alternative is the use of products withifesine as an active
ingredient; however, it may cause infertility.

40 CONCLUSION

Most bacterial infection of fish can be controllettd treated with
common chemicals. Chemical like copper sulfate isdus the pond
will kill any invertebrates in the pond. Care mbsttaken to isolate the
disease fish for treatment.

50 SUMMARY

Ich is a common name for the parasite Ichthyophthimustifilis and
the disease that it causes. The parasite is capzbldlling large
numbers of fish in a short period of time. Myxosd@ are one of the
most important groups of pathogens capable of piadudiseases in
fish causing heavy loss on the juvenile. Velveedse in freshwater fish
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is caused by the protozoan Piscinoodinium. Medvet parasite is
classified as parasitic algae because it contdalusaphyll and therefore
obtains some of its food through the chlorophyll.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe 2 protozoan disease and their comtealsures.

2. Ich is common fish protozoan disease discuss.

3. How will you control or manage ciliated proven disease in
fish?
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1.0 INTRODUCTION

Fungi are a group of organisms called heterotrdpht/require living or
dead matter for growth and reproduction. Unlike na they are
incapable of manufacturing their own nutrients byptesynthesis. Fungi
are present everywhere--in saltwater or fresh wakeicool or warm
temperatures. In most cases, fungi serve a valwataiogical function
by processing dead organic debris. However, furap tecome a
problem if fish are stressed by disease, by poovir@mmental
conditions, receive poor nutrition, or are injurfdhese factors weaken
the fish or damage its tissue, fungus can infest fieh. All fungi
produce spores--and it is these spores which seadiead disease. The
fungal spore is like a seed which is resistantgat hdrying, disinfectants
and the natural defense systems of fish. The thieest common fungal
diseases are discussed here. They are known asl&apasis,

Branchiomycosis, and Ichthyophonus disease.

Fungal diseases are the fourth type of infectious diselasegal spores
are common in the aquatic environment, but do notllysicause
disease in healthy fish. When fish are infectedhaih external parasite,
bacterial infection, or injured by handling, then@i can colonize
damaged tissue on the exterior of the fish. Thesasaappear to have a
cottony growth or may appear as brown matted ames the fish are
removed from the water. Formalin or potassium permaaiga is
effective against most fungal infections. Since giumare usually a
secondary problem it is important to diagnose theircal problem and
correct it as well.
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20 OBJECTIVES

o to have knowledge of fungal infection in fish
o to understand the effect of fungal infection ot fis
o to know how to control and treat the infected fish.

3.0 MAIN CONTENTS
Fungal Diseases

The disease is characteristic white, cotton-likewgh of fungus on the
skin or fins of infected fish. Known as Saprolegsia., this fungus
readily invades stressed freshwater fish, but is kimmwn to affect
decorative fishes. Signs of fungal infection inhfiare therefore less
dramatic and often difficult to distinguishWhen present, the fungus
appears on fishes as a fine film, dark pigmentexhgror a coating
covering areas of the body or gills. This coatiag easily be confused
with similar signs that are caused by the presarfcearious types of
parasites.

3.1 Saprolegniasp

Saprolegniasis is a fungal disease of fish andds most commonly
caused by th&aprolegnia species called "water molds.”" They are
common in fresh or brackish wat&aprolegniacan grow at
temperatures ranging from 32° to 95°F but seenrefep temperatures
of 59° to 86°F. The disease will attack an exisimgry on the fish and
can spread to healthy tissue. Poor water qualitygkample, water with
low circulation, low dissolved oxygen, or high anm®) and high
organic loads, including the presence of dead emgsoften associated
with Saprolegnia infections.

Among the most common and most easily diagnosed'fisieases” is
saprolegniosis. This is a fungal invader that revatself with a
profusion of white, gray, green or brown cottonjtgiprotruding from
the fish's skin. It can appear anywhere on the fish

Saprolegnia parasitica infection in the fry amdyérlings of major carps is
one of the main problems affecting health of fisHdse disease in fish
is characterized by a white to brown cotton likewgth consisting of
colonies of mycelium and filaments which appear emlkto large
patches on various parts of the body like finslsgimouth, eyes or
muscle. The infection starts due to netting injand overcrowding or
lesions caused by other diseases. Saprolegniosishinis primarily
caused by one of three genera of aquatic furfsaprolegnia spp.
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Achlya spp. omDictyuchusspp. All their basic characteristics are
virtually identical (even fungi specialists haveuble sorting them out),
so it's best to think of them as a single fungahder.

These fungi are found in all freshwaters worldwigled are always
present in some form. Healthy fish easily conthos tungus disease

The outer slime coat that covers a fish's skin asta shield against
fungal invasion. However, when fish are physioladjic stressed or

when they are battling some bacterial or paradisease they become
susceptible to fungal invasion. In this respectpr8izgniosis is not a
primary disease, but becomes a disease problemsaftez other serious
health problem exists. Once saprolegniosis takesihohn pose a much
greater risk to the host fish than the initial dise. The fungi spread
vegetatively below the host's skin tissues, ancetyihg muscles, flesh

and bone are exposed as the dead skin drops away.

Disease Signs

Saprolegniasis is often first noticed by observildfy tufts of cotton-

like material--coloured white to shades of grey Brnalvn--on skin, fins,

gills, or eyes of fish or on fish eggs. These araes scraped and
mounted on a microscope slide for proper diagnosisder a

microscope, Saprolegnia appears like branching stresalled

hyphae. With progression of infection fish usudiigcomes lethargic
and less responsive to external stimuli. So fisheurstich conditions is
a target to predators.

Management and Control

Saprolegniasis is best prevented by good managemactices--such as
good water quality and circulation, avoidance awxing to minimize
injury  (especially during spawning), and good rtign.
OnceSaprolegnia is identified in an aquatic system, sanitation $thdoe
evaluated and corrected. Common treatments includeasgium
permanganate, formalin, and povidone iodine sahgti@ver treatment
can further damage fish tissue, resulting in reogrrinfections.
Environmental management is essential for satisfiaatesolution of
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chronic problems. Bath treatment in NaOH (10-25ddit 10-20min),
KmNO4 (1g in 100lit of water for 30-90 min), CuSO%t10g in 100 lit
water for 10- 30min).

Treatment of fungal infections of the body andggifivolves the use of
various fungicides available commercially. Malachitggeen and
methylene blue have been used successfully toaldotmgal infections

in decorative fish. Various drugs are also usetul dontrolling both

fungal and bacterial infections. Since fungus iseaondary invader,
treatment methods must also address the initiabecani the disease,
including trauma induced by deteriorated water quapoor nutrition,

or poor handling of the fish.

3.2 Branchiomycosis

Branchiomyces demigransor "Gill Rot" is caused by the
fungi Branchiomycessanguinis (carps)andBranchiomyces  demigrans
(Pike and TenchBranchiomycosis is a pervasive problem in Europe,
but has been only occasionally reported by othemntas fish farms.
Both species of fungi are found in fish sufferimgrh an environmental
stress, such as low pH (5.8 to 6.5), low dissolweghen, or a high algal
bloom. Branchiomyces sp. grow at temperatures between 57° and 95°F
but grow best between 77° and 90°F. The main sowktegection are

the fungal spores carried in the water and detdtupond bottoms.

Disease Signs

Branchiomyces sanguinis andB. demigrans infect the gill tissue of fish.

Fish may appear lethargic and may be seen gulpngtahe water

surface (or piping). Gills appear striated or medblith the pale areas
representing infected and dying tissue. Gills stidnd examined under a
microscope by a trained diagnostician for verifmatof the disease.
Damaged gill tissue with fungal hyphae and spori#isbe present. As

the tissue dies and falls off, the spores are sekanto the water and
transmitted to other fish. High mortalities areeoftassociated with this
infection.
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.J..L". R TR RER, i.;p'”.; 1
Management and Control
Avoidance is the best control for Branchiomycosiso® management
practices will create environmental conditions wegtable for fungi
growth. If the disease is present, do not trangpherinfected fish. Great
care must be taken to prevent movement of the dideasen-infected
areas. Formalin and copper sulphate have been twsdtelp stop
mortalities; however, all tanks, raceways, and &quanust be
disinfected and dried. Ponds should be dried azmteéd with quicklime
(calcium oxide). A long term bath Awriflavine Neutralor Forma-
Greenfor seven days helps this condition. Ponds shbeldiried and
treated with quicklime (calcium oxide) and coppelpkate (2-3kg / ha).
Dead fish should be buried.

3.3 Ichthyophonus Disease

Icthyophonus disease is caused by the funigtisjophonus hoferi. It
grows in fresh and saltwater, in wild and cultufisth, but is restricted
to cool temperatures (36° to 68°F). The diseasersad by fungal cysts
which are released in the faeces and by cannibalfanfected fish. If a
fish appears lethargic and exhibits a loss of dguim, it may have a
fungal disease: Ichthyophonus. Most cases of drapsyatal. Although
Ichthyophonus fungi are generally considered adudgease of marine
fish, it does show up in freshwater fish from tinoetime. Infected fish
become lethargic, and if the brain is infectedythey exhibit a loss of
equilibrium as well as staggered movements. thereisreatment for
this fungal infection, but fluconazole, which is ralatively new
antifungal agent active against Saprolegnia fumgly also be affective
against Ichthyophonus fungi. Fluconazole shoul@dministered at the
rate of 6 mg/L (22.6 milligrams per gallon) dailgrffive consecutive
days. If there is no improvement over the courséwad weeks, you
might consider euthanasia.
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Disease Signs

Because the primary route of transmission is thinothge ingestion of
infective spores, fish with a mild to moderate inf@ctwill show no

external signs of the disease. In severe casesskime may have a
"sandpaper texture" caused by infection under &me and in muscle
tissue. Some fish may show curvature of the spiriernally, the organs
may be swollen with white to grey-white sores. @sed fish shows
curious swinging movements hence the disease Isdcak swinging
disease. Along with liver, particularly severelyfeated organs are:-
spleen(salmonids),  heart(herring),  kidney(salmonids)gonads,

brain(salmonids), gills(salmonids), and musculatarel nerve tissue
behind the eyes(sea fish).

(Adopted from Fish pathology by Reichenbach-Kliske

Management and Control

There is no cure for fish witlcthyophonus hoferi; they will carry the
infection for life. Prevention is the only contrdlo avoid introduction of
infective spores, never feed raw fish or raw fisbdocts to cultured
fish. Cooking helps destroy the infective life stadf Icthyophonus
disease is identified by a trained diagnosticiaig important to remove
and destroy any fish with the disease. Completenféisiion of tanks,
raceways, or aquaria is encouraged. Ponds withodigravel bottoms
need months of drying to totally eliminate the fusgu

4.0 CONCLUSION

Aquatic fungi often are considered secondary tissuaders that follow
traumatic injuries, infectious agents, or environtaémsults such as
poor water quality. Because many fungi grow on dmgpyrganic

matter, they are especially common in the aquatic@mment. Fish egg
masses, which usually contain tissue debris and dga or embryos,
are especially vulnerable.
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50 SUMMARY

Fungal diseases are often indicative of a moreogsriproblem.

Saprolegniasis is a common fungal disease whichtaffibe external
surfaces of fish. It can be eliminated easily aftex primary cause of
illness has been identified and corrected. On thkero hand,

Branchiomycosis, a relatively new problem and hassed high

mortalities in cultured fish, and is difficult toowtrol. Ichthyophonus
disease is a systemic fungal disease and onceeitsetfite fish, there is
no cure. The best control for all fungal infectiaaggood management:
good water quality, good nutrition and proper hargll

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe Ichthyophonus Disease and how it can beged.
2. Explain the disease signs of branchiomycosis.
3 Explain how you will manage and control Saprolegsiasfish
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1.0 INTRODUCTION

What Isa Virus?

Viruses are very small infectious agents that mlyltonly within the
living cells of an animal or plant host. Other mmrganisms, such as
bacteria or fungi, have organelles for their ownahetism, but viruses
do not. They must utilize the machinery of the atéel host cell for
growth and reproduction. A virus has two parts. Triternal part is the
virion, or virus particle which is composed of reicl acid, the same
material that makes up genes. The virion is enclaeedn external
protein coat called a capsid. Viruses are broadtggorized by the type
of nucleic acid they contain; the two basic typesuwxleic acid are RNA
(ribonucleic acid) and DNA (deoxyribo-nucleic acidjirologists also
classify viruses by their shape, for example, "&deiral" viruses have
20 sides, and "helical" particles are rod shaped.

3.0 MAIN CONTENTS
3.1 Detection of Viral Diseases

Because they are so small, viruses are often diffiowdetect. Parasites,
bacteria, or fungi are easier to detect than vsuse diagnosticians first
check to see if these other organisms are the cdusepecific disease
before considering the possibility that a virusresponsible. Three
techniques are used for initial identification ofviaus. First, electron
microscopy (EM) is used to visualize virus partcieithin tissue cells.
Second, an effort is made to grow the virus in lddgoratory using

established cell-lines, which are living cells groim vitro, literally "in a

glass,"” outside of a living organism by feeding thgpecial nutrients.
This technique is referred to as cell culture, aalls from specific fish
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are used for growth of specific viral agents. Hinabentification of the
virus is confirmed using serology, in which seruparf of the blood)
from animals known to be infected with the virugasted for its ability
to "recognize" the suspected virus; this confirmat tthe virus in the
animal's body is the same as the virus that has m®ated in the
laboratory.

Viruses are often both species-specific and tispesific. This means
that they may only grow in certain types of cellsnfr certain animals.
This can make it difficult to isolate viral agenterh many fish because
there may not be a commercially available cell-forean individual fish
species.

Management and Control of Viral Diseases

Viral diseases cannot be controlled with medicaliecause they use the
host's own cells for reproduction and survivaisitherefore prudent to
provide "good nursing care" for fish suspected aivihg a viral
infection so that their own natural defense meclmasisan work to
eliminate infected cells. This involves maintainimxcellent water
quality, feeding fish a high quality diet, maintaig clean facilities, and
keeping sick or potentially infected stock separ&tem all other
animals. Equipment, boots, and hands should be wdashi&h a
disinfectant after either handling or being closepbtentially infected
stock. Chlorine bleach is an excellent virucidag¢rigand can be used to
disinfect equipment. Concentrations of 10 mg/l foe drwour will Kill
most infectious. When using bleach, however, iingerative to keep in
mind that it is extremely toxic to fish. Residualemical or strong
fumes are lethal to fish. An alternative to bleach quaternary
ammonium compounds. They are effective virucidal egend can be
used to disinfect equipment; they also are suitedlese as a foot bath.
Although quaternary ammonium compounds are not as toxfish as
chlorine, all items must be thoroughly rinsed befdaeing placed in
contact with live fish. Before introducing new fishto established
breeding populations, a three- to four-week quamarperiod should be
observed. It is not realistic to design the quananperiod to prevent
introduction of viruses because so little is knoaout viral diseases of
fish. Instead the quarantine period should be desigo prevent the
introduction of bacterial and parasitic diseasegtidds to accurately
identify specific viral diseases of fish are lagkimhere is no means of
screening fish which may be carrying suspected diseases, no way
of determining whether or not they may serve asuacgoof infection to
other fish, or how long they may remain infectiol®evelopment of
quarantine strategies that are effective againsises will require
answers to each of these questions before reasomablention or
avoidance recommendations can be made. For margtiouds diseases
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of fish there is a temperature range where the lefveickness and death
in a population is most severe. For example, chaea#ish virus
disease generally causes most severe losses when t@mperatures
reach or exceed 25°C (77°F). Under experimental itond, mortality
rate decreased dramatically when water temperatuselaveered from
28°C (82°F) to 19°C (66°F). For species which aeared in
temperature-controlled environments, manipulation eavironmental
temperature as a means of minimizing the impact ddl \disease is
worth pursuing.

Vaccination

Although vaccination is used routinely to prevental diseases in
humans and domestic mammals, it is not widely uséidhnmedicine.
Vaccine development is extremely expensive ancetlaee only a few
viral diseases of fish which have sufficient ecomimpact to warrant
investment in vaccine development. Also, becawusedre cold-blooded
animals, their immune response to a vaccine is nptedictable as that
of warm-blooded animals, and therefore more frequantination may
be needed. At present, vaccines used in aquacualtenerimarily used in
salmonid production and most commercial vaccines héaeen
developed for protection of fish from common bacteragents.
Vaccines are administered by injection or by immerdath. An oral
vaccine has been developed for use in channelskath prevent
bacterial disease, however, to date; its use has loeited.

Viral Diseases

The major virus common among freshwater fishes afadively easy to
identify from the lesions it produces is lymphoctysiThe disease is
chronic, meaning that in the majority of casesiit mot kill the infected

fish. The major consequence of lymphocystis diseadiesfigurement of
the fish.The disease agent preferentially infects the cell§efskin and
fins, causing the appearance of lesions. Once ithis infects a cell, it
takes over the activities of the cell, forcing @@ manufacture more
viruses. Viral diseases are impossible to distisiguirom bacterial
diseases without special laboratory tests. Theyddfieult to diagnose
and there are no specific medications availablte viral infections of
fish.

3.2 Lymphocystis

If a fish has growths resembling raspberries; ityrba infected with
Lymphocystis The tumors are caused by a viral infection andame
cases, a variety of environmental factors, suclpa® water quality.
Lymphocystis can be inherited by the parent fistransmitted to other
fish through abrasions on the skin. Lymphocystisarely fatal. Because
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this is a viral infection, there is no real curedamost people usually
isolate the infected fish and let the infection rsncourse.

Treatment: There is no known cure for lymphocysiitie use of

medications including antibiotics appears to bdasse If the lesions are
restricted to the distal area of a fin, it is pb#sito carefully trim off the

infected portion and treat with an antibiotic toeypent a bacterial
Infection. In many cases, however, the virus wilippear in the same
area.

3.3 Viral hemorrhagic septicemia virus (VHSV)

Viral Haemorrhagic Septicaemia Virus (VHSV) is anportant fish
virus that has caused several large scale fisk killboth fresh and
saltwater fish in farmed and wild fish. Viral haem@agic septicaemia
(VHS) is a highly infectious virus disease predaoamily affecting
rainbow trout (Oncorhynchus mykiss) in aquaculture.

The virus is an enveloped negative-stranded RN#Asvirelonging to the
family Rhabdoviridae and the genus Novirhabdovifilge virus can be
divided into 4 distinct genotypes and 10 subtypesh wdifferent

geographical occurrence, host range and infectipéyterns. VHSV
have been isolated in the tempered Northern hemrsphe.g. North
America, Asia and Europe. The disease occurs endiynice the

continental part of Europe, in Turkey and in part Binland.

Occasionally outbreaks in farmed rainbow trout atdbot have
occurred in Scandinavia and the British Isles. Nugth sea, Kattegat
and the Baltic Seahouses endemically infected aojomis of wild fish.

VHSV have been isolated from more than 82 diffefesht spec.
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4.0 CONCLUSION

There are many diseases of fish which can be treable to
commercial producers as well as the recreationat pmaner. Many
disease outbreaks of captive fish stocks are assdciwith stressful
conditions such as poor water quality, excessiegvding or inadequate
nutrition. There are two broad categories of disesiich relate directly
to selection of appropriate treatments:

1. Infectious diseases are contagious diseaseseadwy parasites,
bacteria, viruses, or fungi. These often requirenesaype of
medication to help the fish recover.

2. Non-infectious diseases are broadly categorizeab
environmental, nutritional, or genetic. These peofd are often
corrected by changing management practices.

Fish disease outbreaks are often complex, involbioity infectious and

non-infectious processes. Appropriate therapy afigalves medication

and changes in husbandry practices.

50 SUMMARY

Viruses are microorganisms which are extremely diffi to study
because of their small size and inability to livgside their host tissue.
Viruses are classified by the type of nucleic attidy possess, either
RNA or DNA, as well as by their size and shapetidhidentification of
viral agents which may be causing disease is oft@sed on
visualization of viral particles in tissue of dyirfgsh using electron
microscopy. Efforts are then made to isolate thasvin the laboratory
using special living cells, called cell-lines, dmthlly serology is used to
confirm that the virus in the animal's body is thens as the virus which
has been isolated in the laboratory. Identificatioh viruses and
investigation of viral diseases is highly specidizand requires special
training and equipment. Once a viral disease @agress, the course of
the disease cannot be altered by medicating the fsevention of
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secondary bacterial infections and maintenance @éan environment
and good nutrition will help give the fish the begpportunity to
overcome the infection using their own natural de& mechanisms.
Temperature manipulation provides a method for odiivig some viral
diseases of fish, and if fish are reared under &zatpre-controlled
conditions, this may be a practical managementesfyat

DISEASE AGENT TYPE SYNDROME MEASURES
Eye disease Aeromonas Bacterium Eye, optic nerves| Treat affected
liquefaciens and brain; cornea | ponds with
of eye vascularized 0.1ppm
and become KMnO,
opaque; followed by
subsequently 300ppm lime.
eyeball gets
putrefied, leading
to death.
Ulcer Aeromonaspy Bacteric Ulcerations; Destroy badly
Pseudomonaspp exophthalmia: affected fish;
abdominal disinfect
distension affected ponds
with 0.5
solution of
KMnO, and
Sulphadiazine
(100mg/kg) or
terramycin
(75-80mg/kg)
to feed for 10-
12 days.
Columnarit Flavobacteriur Bacteriun Raised white Dip treatmen
Columnaris plagues, often with with 50ppm
reddish peripheral| KMnO,
zone leading to
hemorrhagic spots
on body.
Drops) Aeromonas ¢ Bacteriun Body scales stretc| Disinfect
out resembling affected ponds
pine-cone with 1ppm
inflammation; kMno4; dip
ulceration; treatment of
exophthalmia; 5ppm KMnQ,
abdominal for 2 minutes.
distension.
Saprolegniasis Saprolegnia Fungus Mould grows like | 3-4% Nacl
parasitica cotton wool in bath; KMnQ,

body, penetrating

into the muscle;

morbid muscle rot.

bath for 5days
at 160mg/litre
for 5days; 1-
2mg/litre
malachite
green bath for
30 minutes to
1 hour; add
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formalin at
20ml/litre to
affected pond.
Branchiomyosis | Branchiomyces | Fungus Fungus grow out | Addition of
demjgrans through gill blood | quick lime
vessels and causes (50-100kg/ha)
necrosis of the to affected
surrounding ponds; in case
tissues, yellow of limited
brown infection, use
discoloration and | 3-5% Nacl
disintegration of | bath for 5-
gill tissues. 10minutes or
5ppm KMnQ,
bath for 5-
10minutes.
Ichtyophthirisis Ichthyophthirius | Parasite Skin, fin rays and | Dip in 1:5000
multifilis (Protozoan) | operculum covered formalin
with white spores; | solution for
sick fish keep 1lhour for 7-
rubbing against 10days orin

hard

2% Nacl for 7-

surface/substratum 10days;

affected ponds
should be
disinfected
with quick

lime at
200kg/ha.

What are viruses?

TUTOR-MARKED ASSIGNMENT

How will you manage and control viral diseasefish

1

2.

3. What treatment will you give a fish with Lymphatig

4 Which method will you use to Management and @bt Viral
Diseases?

Central Indtitute of Fisheries Education, India
Common Tropical Fish Diseases: The symptoms, diseasd remedies
for the most common fish maladies: By Jeffrey C. Hojve
October 17, 2011
Disease and Control Measures for Major Tropicah Fource FAQO)
Major Fin Fish Diseases, Their Symptoms and Managéeasures.
Subhendu Datta & Pavan Kumar
Ruth Ellen Klinger and Ruth Francis-Floyd2: Intragtlan to Viral
Diseases of Fish. University of Florida, IFAS E)d&Em

Sephen M. Meyer:
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diseases caused by poor water quality.
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MODULE 5 SENSITIVITY TEST CONTROL AND

THERAPY
Unit 1 Fish ponds and public health in General
Unit 2 Fish pond and health hazard
Unit 3 Fish Allergy
Unit 4 International water or Trans-Boundary Watand
Trading
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1.0 Introduction
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3.0 Main contents

3.1  General Considerations
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3.6 Influenza pandemics
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4.0 Conclusion
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1.0 INTRODUCTION

The public health

implications of livestock-fish tegration are

investigated in this chapter. Many of these areiraportant for
specialized, stand-alone livestock and fish pradacas for integrated
systems. Historical associations between humanttheeldd livestock
production are compared to modern threats and hdavge range of

inputs to livestock, fish and wider food productisystems may impact
directly or indirectly on public health. Identif\gnthe hazards and
assessing the risks of pathogens including bactn@ viruses and

parasites, are considered, and the involvememtefjrated farming in
influenza pandemics. The importance of both chelnaca biological

hazards is raised. The current debate about antbbial resistance is

interpreted from the standpoint of extra risk doentegration. Relative
risks from bioaccumulation and toxic algal blooms discussed.
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20 OBJECTIVES

o to understand the important of public health ih ftsilture

o to how to handle chemical products such as antohials,
pesticides and a range of chemo-therapy

o to have knowledge of pathogens that can affect numafish

culture system.
3.0 MAINCONTENTS
3.1 General Considerations

Public health issues can be considered as thodeedft importance to
both producers and consumers of fish and includadwar issues of food
production, processing and delivery systems. Liekagave been made
between fish or livestock production and health terms of
communicable diseases, non-communicable diseaskutmigon and
injury. Clearly, the improved availability of lowest fish and livestock
products for people’s nutrition needs to be placegerspective with
likely risks. Threats to public health from botladstock and aquaculture
are diverse. Recently, livestock and fish have begplicated in the
irregular occurrence of influenza pandemics; thebgl impacts on
public health of promoting livestock and fish intagon are huge if
these claims are substantiated. Certainly throughwtory, infectious
diseases have largely entered human populatiooaghranimals. It has
been known for some time, that common pathogensasi-blooded
animals do not generally cause disease in fishthmitrole of cultured
fish in the possible transfer of pathogens betwe@stock and humans
is important, particularly in less developed coi@str

Livestock and fish are involved in both passive aotive transfer of a
range of parasites and diseases to humans, brogdir@ need for risk
assessment. The role of fish and warm-bloodedtbegsas intermediate
hosts for a range of human parasites and contrategies are well
known. However, the increasing use of a range ahrtelogies,
chemicals and feed ingredients in both livestocll &sh production
poses a relatively new set of risks. Products sashantimicrobials,
pesticides and a range of chemo-therapy are ofied with little idea of
either indirect or long-term risks. Prophylacticeusf antibiotics and
growth promoters in intensive fish feeds rival these in the livestock
industry. The development of genetically modifmdanisms, either as
feeds of livestock and fish, or the animals theneshas been raised as
both a moral and public health issue.
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A holistic, balanced assessment of risks involveith wntegrated
livestock-fish production needs to consider theeralitive and more
specialized, separate intensive systems. An exampthe impact of
livestock and fish culture on water quality as ipeledent or integrated
activities. Pollution of surface and ground wateith direct negative
impacts on health may be avoided if wastes are cledythrough
integrated aquaculture with little to no impactbeTpooling of water has
often been related to the spread of insect-veadoneéb diseases but use
of water for aquaculture may reduce this risk. Unagged water bodies
in rural or semi-urban areas are more likely tobbarsuitable micro-
habitats for hosts’ pests than ponds stocked andageal for fish
culture. Adoption of livestock wastes for use shficulture may already
have made important contributions to improving tteahd hygiene

Risk analysis, in which hazards are identified #meir relevance and
control methods determined is a logical approachassessing the
implications of integrating livestock and fish pumtion on public
health. Identify the hazards associated with theioua practices
constituting integrated livestock-fish and the sisssociated with them
will be discussed.

3.2 Pathogens

Pathogens can affect human health through botlvea@nd passive
contact. There are potential risks from handlingedtock and their
feeds, their production and slaughter house waasesccur in stand-
alone livestock farming. In addition there is a chée consider hazards
associated with transfer and use of wastes for fsiture, in
management, harvest and marketing of fish, anddditian, potential
risks involved with preparing and consuming wasifish.

Guidelines exist for the use of wastewater in fighiture but are
considered to be too conservative and overly oiste. What is
important is not the presence of pathogens in @nmifhg environment
but their ability to actually cause human dise&3eidelines should be
based on epidemiology and not solely on presenoa@b-organisms.
An understanding of the main risk factors and howdduce them is
therefore essential for developing best managemeatice. Moreover,
in order to obtain a holistic view of risk, any cpamison of public
health and aquaculture produce derived from livdstavaste-fed
systems should be compared to those from othewptiah systems. On
a broader level, the risks associated with disposahtreated livestock
waste in fish ponds should be compared with alter@aises that may
present greater risks to public health in develgpinountries.
Fundamentally a fish pond is a treatment systenp&thogens present
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in organic wastes; large diurnal variations in tenapure, pH and
dissolved oxygen in shallow tropical fish pondsdieilo cause rapid
attenuation of pathogens.

3.3 Bacteriaand Viruses

Livestock fecal wastes used as inputs into fishucel contain varying
guantities of bacteria and viruses that depencherhealth status of the
stock and the method used for collection, storageuse.

| dentifying hazards, assessing risks

All livestock fecal wastes must be assumed to d¢orgathogens. Most
disease is believed to be transferred via feceslaaighter. However,
there is variation in the risk to human health base livestock type,
diet and their management. Human disease caus@&dahy pathogens
carried by livestock is difficult to diagnose. Tygplly, little is known
about the transferability of such pathogens to msmaa fish. It should
be assumed that all water used in aquaculture igenpally
contaminated with pathogens, whether or not livdsteastes are used.
Salmonella and bacteriophage (used as an indicdtatiruses) were
sometimes preselvefore input of wastes, suggesting that surface water
is often contaminated. Whilst the levels of micrgamism in manure or
pond water are important in understanding risksh® producer, the
level of pathogens contained in the fish at hanesif key importance
in determining risk to those preparing and consgntie fish. Levels of
microorganisms found in the digestive tract of &8k much higher than
in the water illustrating a likely route to infeati is via contamination of
hands and surfaces during preparation and cooKifigho

In contrast to bacteria, indicators for pathogemicuses, such as
bacteriophage give a measure of fecal contaminatiner than the

presence of pathogens. It is thought that enterises are also rapidly
attenuated in waste-fed ponds but their low infectiose suggest that
serious attention be given to their persistendesimponds.

Reducing risks

Risks of passive transfer of pathogens through lienaf live fish

during production, harvest and processing can deced if physical
exposure is minimized through use of appropriatghahg, especially
gloves. Attention to minimize the risk of cross-tamination during
processing should be avoided, as the digestivé isabe major source
of pathogens. Depuration, the holding of fish iearl water without
feeding, facilitates this task by reducing the antoof digestive tract
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contents Depuration may not always be an effeatie¢hod to remove
micro-organisms from fish. Depuration in clean wdit® a six week

period is ineffective because the micro-organismad hlready entered
the muscle tissue. The process was more effectitretilapia raised in

optimal growth conditions in wastewater-fed pondstleey contained

initially lower concentrations of bacteria, withmepresent in organs or
muscle.

Consumption of raw, certain types of processedyratercooked fish
should be avoided. Removal of visceral and majgaws, in addition to
the digestive tract, prior to marketing ‘whole fiskould also reduce
risk.

Pre-treatment or processing of livestock wasterptioits use as a
fishpond fertilizer or feed ingredient also reducis&s associated with
transfer of pathogens.

Streptococcus sp. infections of fish are a relatively newly idéet
threat to humans. Increasingly found in culturddptas, S. iniae and
other Streptococci that infect fish may also infect humans. Infections
have been contracted when people market live disbhpnsumers are cut
or spined during handling or preparation of thé.fifhe disease appears
most prevalent in intensive tilapia production sys$, in which water
guality is marginal and/or there is environmentatss or trauma to the
fish.

3.4 Parasites

A variety of parasites (Trematodes, Nematodes, ddes) may be
transferred through livestock waste to aquatic fglamd animals (fish,
amphibian, molluscs or aquatic vegetables) and llaek to humans.
An understanding of current systems and the pateméduction or
increase in risk through integration is requirecheTexposure of
livestock to parasites, through foraging on hunenes$ is often a critical
part of the life cycle in lesser developed coustriacking adequate
sanitation but if animals are penned, risks areimah The risks of
promoting integration of pigs and fish among groupsvhich pigs are
allowed to forage on human waste may, in conttsstmportant.

Key points to reducing public health risks from pathogens in
livestock-fish systems

. Good husbandry of the livestock, an adequate levelutrition,
hygienic accommodation and control of scavenginghaman
waste.
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" Storage and/or composting of wastes reduce patsogeml
parasites.
. Water quality suitable for optimal growth of fishortains

bacteria below the critical concentration that |éadnfection of
fish organs and muscle.

" Fish digestive tracts typically contain high levefdacteria.

. Although depuration is not effective when bacterg@ur in fish
muscle, holding fish for a short time after harveffectively
reduces bacteria in the digestive tract.

" Contamination of hands and surfaces during clearamgl
evisceration of fish is a common route of pathogeiection
through cross-contamination of other food.

" Adequate cooking of fish ensures fish is safe faman
consumption; fish eaten raw, undercooked, or im@ryp
processed or preserved increases risk.

Reducing risks

Improved sanitation or human waste disposal is ya&tement in the
control of parasites, as is the control of pondaesicegetation that
provides cover for snails which are often internagelihosts. Education
and the availability of anti-helminthes drugs ateogprerequisites for
successful improvement of public health at the comity level.

Aquaculture may also reduce the health impactsavhgite diseases.
Key aspects of this are through habitat modificatémd host control.
Abandoned or poorly managed fish ponds have besocaded with

schistosomasis in Africa (McCullough, 1990) but Wwehanaged,

productive systems in which aquatic weeds and reodlare removed or
managed are probably less of a problem.

3.5 Insect-Vector Borne Diseases

Poorly-managed fish ponds often become mosquiteding sites
(Birley and Lock, 1998). Removal of surface and egent vegetation,
as a part of intensified aquaculture, reduces eshédt mosquito larvae.
Introduction of aquaculture has actually decreatesl incidence of
disease through reduction of the habitats of thetove or intermediate
hosts such as mosquitoes and snails in some cesintri

3.6 Influenza Pandemics

A major issue regarding the promotion of integrateestock-fish
production has been the possible connection betseelm practices and
the emergence of influenza pandemics. The farminugs, poultry and
fish together on the same farm is predisposing wueld, to the
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emergence of new virulent strains of influenza sirduman influenza
viruses are similar to poultry viruses but requihange before they can
infect humans, a change that can occur in pigetwéen chickens.

3.7 Chemical Hazards and Associated Risks

A major issue is how integrating livestock and ftslgether can reduce
the level of chemical hazards and associated wskspared to stand-
alone enterprises. Generally, hazards associateth witensive
aquaculture, particularly of carnivorous fish, bkely to be greater than
less intensive culture of herbivorous and omniverspecies because of
the greater likelihood of bioaccumulation and expesthrough the
higher levels of water exchange required. Wild fish unmanaged
aquatic systems may suffer more from the effect€h@micals than
cultured stocks as aquatic habitats often sergram effluents and run-
off from agriculture and complex natural ecologees more likely to be
disturbed than closely monitored culture system$erfiicals may
accumulate more in slow-growing, carnivorous spediean well-fed,
short-lived farmed fish. We first explain the rangfechemical hazards
with a tabulated assessment of their importanceoth integrated and
non-integrated aquaculture compared to, where gpte, reference to
wild stocks (Table 3.2).

Exposure to chemicals can be accidental or purpbs€bntamination
of the surrounding environment, water or feed seufor fish or
livestock integrated with fish can be either acotechronic in nature.
Chemicals are also often used as part of diseasérotogeneral
husbandry or as feed additives. The tendency @gmated systems is for
the fish culture component to be semi-intensive radatively low
densities of fish feeding low in the food chain dnhese are less likely to
require treatment for disease, intensive disindectr specialized feed
additives.

Range of chemical hazards

Chemical hazards may arise from the use of agroatsn chemo-
therapy, metals, feed ingredients and organic faoibs. Agrochemicals
i.e. chemical fertilizers, water treatment compajng@esticides and
disinfectants are widely used in both commercia amallholder food
production. Chemo-therapy include a range of comgsuused to
control the impact of disease on both livestock afeh i.e.
antimicrobials, parasiticides and hormones. Theueis®f bacterial
resistance induced through prophylactic use ofmaotobials and drug
residues that risk human health are of key intefegposure to metals,
in addition to that from chronic or acute pollutioh aquatic systems,
may occur due to their use as anti-foulants anduscides or through
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their inclusion as growth promoters in livestocketdi Other feed
ingredients have come under recent scrutiny angkgosglly as use of
manures as fishponds inputs may increase the pgshtheough which
these compounds can enter the human diet, shouldohsidered.
Aquatic systems are particularly sensitive to orgaollution. In this
regard exposure to chlorinated hydrocarbons treparsistent and can
bioaccumulation.

Integrated management of livestock waste and figldyction ideally

leads to good practice that reduces the necessityse of chemicals to
control pests and maintain optimal conditions. Tieguent collection

and use of manure for fish culture can reduce problassociated with
its accumulation and storage such as the spredlging insect-borne

diseases or ammonia-related respiratory problemsreder, many
farmers have found that siting of livestock pensrgwonds improves the
environment for the livestock through evaporativeolmg; this is

particularly important in the tropics where morgemrsive methods of
controlling heat losses are uneconomic and heas¢ssis a major factor
predisposing livestock to disease.

4.0 CONCLUSION

Key points to reducing public health risk due tags#tes and other
biological and biochemical agents is through properd careful
handling. Reduction in risks from parasites in siek-fish systems
needs to consider current feeding and managemesmttiger and
minimizing contact with intermediate hosts. Imprdv&anitation, anti-
helminth drugs and biological control are also im@ot. Well-managed
productive ponds, in which aquatic weeds and mcdluese controlled,
reduce risk of parasite transfer and insect velotone disease. There is
no evidence that livestock-fish integration has rbdimked to the
incidence of influenza pandemics. But multi-speciésestock
production, especially pigs and poultry should beided in specialized
units or integrated with aquaculture.

Livestock-fish integration probably reduces the ralle risk of
contamination with chemicals compared to productainintensive,
stand-alone fish production or fish captured frdra wild. The risks to
human health through microcystins produced by bieen algae in
livestock waste fed ponds are very small. Eutrogtion of any surface
water, through use of fertilization, or occurringaresult of feeding fish
intensively, need to consider the multipurposeafseater.
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50 SUMMARY

The use of human and livestock waste in semi-iméenBsh culture,

subject to certain safeguards, can generally bsidered positive in any
holistic assessment of risk. Semi-intensive systearigdized within the

carrying capacity of the system are healthy envitents for fish. The
fish production unit can act to ‘treat’ wastes thhemselves may
contain pathogens, provided certain precautiongepssare observed.
Moreover, non-integrated intensive livestock arsth foroduction carries
its own risks to public health, which should be sidered in any
balanced comparison.

6.0 TUTOR-MARKED ASSIGNMENT

1. what are the health hazard of fish cum livestockfag?

2. Pathogens can affect human health through bothveacind
passive contact. Discuss

3. How will you reduce public health risks from patleog in
livestock-fish systems?

7.0 REFERENCE/FURTHER READING

Amato Neto V, Amato JG, Amato VS (2007). "Probatdeognition of
human anisakiasis in BraziRev. Inst. Med. Trop. Sao
Paulo 49 (4): 261-2. PMID 17823758

Kusumawardhani, A., Hussein, M.A. & Chiew, E.F.@94.Economics
of the integrated fish-chicken farming system (Lyenm) in
Tasikmalaya, Indonesidsian Fisheries Science, 7(4): 249-258.

WaiSays: About Consuming Raw Fish Retrieved on [Ajgtj 2009

132



AFM 317 MODULE 5

UNIT 2 FISH POND AND HEALTH HAZARD
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main contents
3.1 The causes of pathogenic agent-borne hazard.
3.2 Non pathogenic agent-borne hazards
3.3 Hazards Associated With Chemical Contaminants
3.4 Management related agents caused hazards
3.5 Treatment and Control Strategy of the Caugahts
3.6 Management Related Causes

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 Reference/Further Reading

1.0 INTRODUCTION

Typesof Hazards

Hazards are activities that could put the life mdividuals directly or
indirectly at risk or dangers. Hazard assessmentisim production
system is therefore a process designed to deterwigther activities
involved in fish production system constitute hagaof any kinds. The
hazards in pond fish production may be grouped mtathogenic and
non pathogenic agent-borne hazards. Pathogenic tAgene Hazard
Pathogenic agent-borne hazard are those due tasaigetme water and
or in the fish causing infection in fish that aspable of causing disease
not only to the fish but also can expose the fasnoerthose involved in
fish handling to hazards. The pathogenic organidiks viruses,
bacteria, protozoa and parasites present in thatiagenvironment are
noted for the potential hazard to fish and conssm8everal authors
cited by Ogbondeminu (1993) reported the evideheg fish can act as
vector of enteropathogenic bacteria. And they prowmt out of the 35
species of bacteria from nine genera isolated fosnassociated with
diseased fish in various parts of the world, 9 msefrom 7 genera have
been detected in association with bacteria diseasésman. Some of
these organisms may not be pathogenic for fishwingn consumed by
man, infection may occur causing diseases like tpahaid fever,
bacillary dysentery, cholera gastroenteritis, itifees hepatitis and other
bacterial food-poisoning (Ogbondeminu (1993). Ibp@q1994) added
that some of these diseases are a potential hkakthrd to human
because of the risk they present through handlind/oa eating of
inadequately cooked fish.
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Fish are prone to various infections just likeeBtock that hampers their
reproduction, growth, appearance which affect thveitolesomeness.
The treatment of fish with antimicrobial agent mpgse a potential
hazard to handlers and consumers, with this re@gdrondetnnu (1993)
indicated that the public health significance ahficontamination lies
not only in their ability to cause disease, bubdlseir possible role in
the transfer of antibiotic resistant strains withpBsmid to other
common pathogens for homeothermic and poikilothermnimals.
Though there is lack of much information on culturfesh and their
environment as a probable source of human entdroganic bacteria.
Ogbondemin (1994) in a study confirmed that fislonir tropical
.aquaculture system can harbor a variety of gragatine bacteria in
theft intestinal tract, He then stated that theamty) of bacteria, that are
carried in the gastro-intestinal tract of fish, afeprimary significance
as a source of occupational hazard to the handlers.

20 OBJECTIVES

At the end of this unit, you should be able to:

J know the causative agents of hazard in fish pond
. know how to manage fish pond to reduce cross iigiect
o how to treatment and control strategy of the caagahts.

3.0 MAIN CONTENTS
3.1 Thecauses of pathogenic agent-borne hazard

Infectious diseases due to bacteria, fungi, virusaotozoa and

helminths can be accidentally transmitted to fasmas a result of
association with aquatic environment or handling fish or eating

improperly cooked fish. Ogbondeminu and Okaeme %)198olated

about 13 bacterial species associated with orgaaiture and water and
reported that the presence of Pseudomonas Esdlaerdromonas and
Staphylococcus species are of public health siamifte because of their
primary role in occupational disease of fish harsll@®ut of the 9

species Aspergillirs species, Mucor species anddidanalbican have
been reported to cause clinical disease in fishsimdl fish and all of

them are of public health significance because tbayse disease of
humans.

The presence of salmonella group in manure or huweste is risky
because it has several serotypes which are patitogenman and
animals. It is worthy to note that pig is well knoweservoir of
pathogenic salmonella so using porcine manureddilization should
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be with care. Furthermore the occurrence of Saltleonsp and

Klebsiella pneumonia are common and are known tce lthe ability

cause variety of human disease (Ogbondeminu ett392) which then
gives the evidence that bacterial contaminatiopasfd with these may
have potential human epidemiological hazard. Hug@rsumption and
processing of fish grown in the waste-fed pond esysincrease the
possibility of transfer of parasite (e.g. Haplocparnllis) or pathogens
to human. Parasite is deeply embedded in the deammsusculature of
fish and cause severe necrotic ulcerative granulmsaresponse.
(Ibiwoye et. al. (1996) added that the lesions eendhe fish

unmarketable and very sceptical | to consumers. é¥ew protozoa
(Ichthyophthirias  multifilis), Helmmth (cestodesreinatodes and
nematodes) has been reported. Other parasites asichrgulus sp,

Ergasilis sp, and Lernea sp are common (lIbiwoya.et996). Encysted
worm throughout the muscle can be zoonotic by gatmproperly

cooked fish.

Although fish are rarely consumed in a raw state, éxposure of fish
growers to the infected fish and their culture wateay be a
predisposing factor in the transmission of potdigtianteropoathogens
to man. Some of these conditions caused by infestegent include
swimmer itches, schistosomiasis; fasciolasis, saétosis,

leptospirosis, aspergulosise candicdiasis, helnasit etc. Virtually

fish production and hazard are interwoven. No wantinsen 1970
cited by Ogbendimu (1993) postulated that the egichl agents of
infection of the eye, ear, nose, throat, gastretmtal tract and urinary
tract in human could be of water-bone, but the ceaiof infection are
rarely traced and need to be traced.

Table 1: Fish pathogen of public health significan

Pathogen Manifestations in human Sources
Haplorchis parnilis Infarction due to eggs in the
blood circulatory system
Diplostomum sp Total blindness due to largelbiwoye
(so-called eye fluke) | number of metacercariae in th€l994)
eye
Mycobacterium sp Tuberculosis
Salmonella sj Several serotypes are pathoge
to man and animal
Enterobacteria s Have association with disea| Ogbodeminu
condition of man and animal and Okaeme
Escherichia ca Salmonella species all (985)
Gastroenteritis.
Eugostrongylids Severe abdominal pa| ibiwoye
species Septicemia due to perforation of (1996).
digestive of the tract
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3.2 Non pathogenic agent-borne hazards

The non-pathogenic hazard is restricted to gemaealagement of the
pond and possible implication by chemicals.

Potential hazard in Management practices.

I Siting of pond

Siting is an important factor to note while constioig a pond for fish
production. Some safety cautions must be consideeddre sitting of
ponds. It is tempting to think that one can simgig a large hole in a
ground fill it with water to grow fish and quickijmake a good profit,
but of course this is not the case. The managenfewater quality is
the single most important factor in productive fildrming. Water
guality management is an ongoing never-ending gyoghich requires
a certain amount of diligence from the fish farni2aily monitoring of

the pond's condition and fish behavior, along wattcurate record
keeping, allow the farmer to recognize and preveeleterious
environmental conditions in the pond and therebyximaing his

production and profit (Sophin 2001).

The pond should therefore not to be located dyectirun-off of rain

flowing directly into the pond, because the floodymcontain waste
from human, animals and debris of various kindst tmay harbor
pathogenic organisms or parasite that may in twseppublic health
risk. Michael (1988) observed that pond should mtiocated close to
power station or industrial installation to avoakic chemical run off in
the pond after heavy down pour of rains.

ii. Hazard associated with management

Aquaculture generally like any other productionteys may expose
farmers to some health hazard; it is therefore hyoto note of the
existing hazard associated with the profession@alhethose of public
health concern. These occupation hazards includerrdng; break in
dams, flood disasters, injuries from the use of@gents, nets sunburns
and exposure to radiation. Possible exposure tolutpoi of
hydrocarbons or heavy metals, toxic waste and gassen may cause
chemical injuries. Poisonous stings from scorpi@amsl insect, bites
from snakes, reptiles and fishes are possible. cktthom large
mammals is common outdoor nuisance observed.

Depending on the site of pond, the environmentahagament, strict
sanitary level of the fish pond, farmers and orradaints may be
exposed to hazard to some extent. If sanitary lesvabt satisfactory in
fish pond environment ecosystem may be establisiieidh create a
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good breeding place for animals and other organisimeh may expose
farmers, attendant visitors to environmental hazdfdr example
unwanted snails, toads and frogs, snakes, indaatis, etc may full the
environment, posing hazard to both fish and man.

Snails of various species (which are believed &y pin important role in
the life cycle of some animal and human diseasas)thabit the place.
According to Churchill Livingstone (pocket medicalictionary)
freshwater snails are intermediate host for schistoasis (bilharziasis).
Schistosoma ,spp are human blood fluke which atem@one and can
enters via skin or MUCOUS membranes. Edward (196gprted also
that snails serve as intermediate host for pasaditee eye fluke
(Diplostomum sp), predators like birds, heron imtipalar and other
birds found in the environment may not only predésh but can
introduce parasite such as eye fluke (Edward 189¢)e pond.

Poisonous and non-poisonous snakes found in emeenh with no
proper sanitation can expose the farmer attendahtveitors to hazard
of snake bite. Insects also which are importarihenecosystem play an
important role as potential hazard e.g. tsetss {li&lossina sp) found in
the riverine area are known as vector for animal homan diseases
causing sleeping sickness in man and somorin, clizggase, etc in
animals. Malaria is another disease of hazard chause mosquito
associated with unsanitized environment.

Long standing and contaminated water provide brepdilace for
leeches. They are believed to serve as vectorrypamnosomiasis and
they suck blood directly from fish and human. Mamdnce of
environmental sanitation to the standard includimater quality will

check this problem.

iii.  Hazardsassociated with husbandry practices

The traditional principles of livestock husbandgver in general terms,
handling of the stock with minimum stress, managgmef
accommodation and environment, feeding preventibrdisease and
harvesting (Andrew 1994). Appropriate uses of eaqugpt are essential
aid to good husbandry. These principles also aggppond fish farming.
The potential hazards from husbandry practicesalspare the farmer,
attendant nor the fish themselves. The farmer @edattendant using
instrument in handling the fish are possible taaasinjuries exposing
the wound to contamination and consequently to regay infection.
For example Newman (1993) reported the possibitityaccidental
injection in the cause of treatment or vaccinatignnjection as a result
of struggling by the fish. The accidental injectitan cause anaphylaxis.
Nets or metallic instrument use in handling or kaig fish may injure
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them and expose them to secondary infection byspasa bacteria or
protozoa that are potential hazard.

a) Per sonal observations

Many other environmental factors can be economipomant to fish
production systems. Some involve material introduc#go the water
supply. Fish pond located close to residential amest times serve as
collection site for harmful object like, broken f@da and bottles, spoons,
nails, old bicycle parts, etc. These objects ary hazardous to farmer
during test cropping or during harvest of the pond.

b) General environmental issues

Most fish live their entire lives in water. Howewgater as the universal
solvent makes prevention and control of physicad ashemical
contamination of water body much more difficultsirican be affected
by such contaminants arriving from outside theirnmal habitant and
also arriving from their own activities.

The quality of the water in which fish are contains therefore very
important to their livelihood. Though according Branson (1993)
different species of fish can tolerate differenteleof contamination,
adverse environmental parameters can have direttirafirect effect.
Since the main objective in any fish pond produtsbould be to create
and maintain water quality within the tolerance ilirof fish, it is
important to maintain a stable environment.

Oxygen content of water is very import because fikh terrestrial

animal require adequate supply of dissolved oxygEme level of

dissolved oxygen content in the water depends erteimperature of the
water and varies from specie to species. Another @aeconomic

importance is carbon dioxide (G which is very essential for plants
growth usually present as free gas or bicarbonedgbonate or in

organic form. Its high level interferes with oxygermtake causing
nephrocalcinosis which has no treatment (Brown 1988her gases of
economic importance are chlorines, ammonia anditastr other

important water parameters are pH., hardness, tatye. The

optimum pH for fish as reported by many authorbasveen 6.5 and 9
and lives below and above this range has effect.

3.3 HazardsAssociated With Chemical Contaminants

The main source of chemicals in fish productiontexysis agricultural
runoff and sometimes inclusive waste. N'Daw (19%dported that
pesticides pollution result mainly from wide spreask in agriculture
and vector control campaign conducted near fisimdarsince the
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pesticide can enter aquatic environment directlytH®yr introduction to
attack particular organisms or directly through @gpheric precipitation
and land runoff. Pesticides widely used include DDindane,
methylparathion, carbofuran, endosulphan and dwzinVhile some
common pesticides used in vector control campaigncurb such
endemic diseases such, as malaria, onchacerciages plindness)
schistosomiasis (bilharziasis) and trypanosomiésmseping sickness),
include temphos, chlorphoxin, permetrim, diflam&trnichlosamide,
DDT, carbosulfan, fenitrothion and fenthion (NDa@o1).

Chemicals used in fish treatment purposes are formanalachite
green, chloramin, dylox, methyleneblue, etc (lbi&o}©94). Edward
(1993) observed that most chemicals used in feshtrinent purposes are
lethal and if applied wrongly could be toxic toHisCausing direct
damaging effect on the gills and causing respiyattistress if over
used. Despite the emphasis on the monitoring ofnated contaminant
in the environment, the ultimate consequences ofiugpmn are
biological. The effect on fisheries may be direcatsing from the
toxicity of pollutants or indirect as a result @osystem modification or
reducing the resistances of fish to infection othpgens by public
significance.

3.4 Management related agents caused hazards

For a long time Africa at large was thought to laéesfrom aquatic
contaminations. However in the recent times as sulreof high

population growth, accompanied by intensive urbaion, increase
industrial activities and high exploration o naturasources including
culturable land there has been a steady increagheimuantity and
diversity of discharges that reach important aguagnvironment
especially pond. Fish cultured in water heavily teomnated by
pesticide, industrial, domestic or animal wasteraeonly subject to the
direct effect of the contaminants but also beconmensusceptible to
disease in the generally crowded condition of la fiend. Though some
waste however can be beneficial to fish productionexample animal
manure and crop residues can increase the prodyatffish pond.

Currently receiving world attention is the utiliat of organic materials
based on the assumption that organic matter ofotiganic manure
provides a source of reduced carbon for heterogjnazing while
mineral fraction of the manure is used by both maphy and microbial
heterotrophs. While organic manure is very impdrtem pond fish
production it has also proved by many authors (@laet. al. 1992,
Ogbondeminu et. al. 1992,; Ogbondeminu and Okaé&s8®5) that it is
a source of contaminants to the aquatic environnagrat source of
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organism that may not only stand a potential hazardfish and
consumers but also affect the production qualitfisbr.

Fertilization of pond with stale manure pile isfereed to the use of wet
and fresh manure Okaeme et. al.(1992). This isusecéresh manure
has high coliform count with high incidence of usdable bacteria,
protozoa, viruses and helmith of public health Higance (Okaeme,
1990). Thus he recommended that manure be storpieirior several
weeks (2 weeks minimum) before application.

Fish as the essential commodities when come dowminfiection from
organism of various kinds found in contaminatedimmment deserved
treatment with antimicrobial agents and other cloaisi to restore the
fish its normal health. Ogbondeminu and OlayemB@)%bserved that
the indiscriminate use of antimicrobial drugs antheo synthetic
chemotherapy to treat fish has resulted in an aszé in population of
antibiotic resistant bacteria as well as resistaReplasmid in food
producing animals. The potential for transferapilibf antibiotic
resistant plasmid in resistant bacteria isolatesnfifish and aqueous
environment is of public health significant. Foraexple tetracycline is
known to induce plasmid encoded drug resistanchfi@rent species of
bacteria, which are pathogenic to fish. It is beeathis kind of hazard,
that Shepherd and Bromage (1992), reported thatainy countries of
the world, antimicrobial drugs are closely contdllby the authorities
and can only be prescribed by a veterinarian wisosh#isfy himself that
their use are justified. In U.K. the tetracyclingibiotics are classed as
prescription-only-medicine (POM) and cannot be pased without
prescription signed by a Veterinarian or a Medigacttor.

3.5 Treatment and Control Strategy of the Causal agents
(1) Infectious cause

Bacterial causes: - Avoid overcrowding by stocking at the propetesa
Don't over fertilize the pond to avoid excessivgahlbloom and the
consequent depletion of dissolved oxygen practieedihg at the
recommended rates

Fungal causes. - Practice good pond sanitation. Ensure reg@adihg
proper stocking and pond fertilization to preveatcterial and fungal
disease that could promote viral disease. Feed haianced ration.
Ensure good pond sanitation.
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Viral causes. - Practice good pond sanitation. Ensure regudadinhg,
proper stocking and pond fertilization to preveatcterial and fungal
disease that could promote viral diseases.

Parasitic causes: - Prevent pond being overgrown with weeds;
predators of fish can easily gain access to poatdhe bushy. Control
predators by killing, remove carcass from pond gotiyn Apply lime at
recommended rates. (Lime is excellent disinfectant)

(2) Management Related Causes

Those occupational hazards whose occurrences angpped any art of
mismanagement on part of the fish farmers. Such r@sult nutritional
problems poor water quality and low dissolved oxygeailability. Seek
technical assistance of extension workers on por@hagement
problem. Ensure proper feeding, fertilization ainairig.

4.0 CONCLUSION

The major raw materials in fish production is origamanure which is
one other way of introducing micro-organism andagde into pond
exposing those involved to occupational hazard.hWitis review it

seems fish farming is full of hazard but it is nestricted to fish farming
only. The aim of this review paper is not to disage fishermen, fish
mongers, attendants and consumers from going isfo &nd fish

farming business. But this is to create awarendsshe potential

occupational hazards involved- in the professiorthst those involved
in it will do them with care since prevention isvalys better than cure.
Recommendations For public health consideratiomqugn indicators
should be used to determine the presence of dissaseng organism
from sewage or manure before use for fertilizat@gbondemin et. al.,
(1994) suggested waste water treatment throughlistdion should be

developed before discharge into natural water bdwegmost effective
method of sewage treatment in hot climate. The afs&esh or wet

Manure should be discouraged Manure- be dried aredtin pile for

several weeks before application.

50 SUMMARY

This unit discusses the significance of environrakeahd occupational
hazards associated with pond fish production. Tlagonmraw material
used in fish production system is the organic marfoow dung, poultry
droppings, and porcine manure) that serves asrsid$or heterotrophic
production of bacteria and protozoa which act asl fior zooplankton
and the fish. The pathogenic organisms (virusesteba, protozoans,
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and parasites), are noted for the potential haatide fish handlers and
consumers. Nine species from seven genera of m@er associated
with fish diseases are found to have associatidh diseases of human
such as typhoid fever, bacillary dysentery and rogiastrointestinal tract
related problems. Also the environmental contantsman pond fish
production become important because of its sigaifoe to consumers
acceptance of the fish products.

6.0 TUTOR-MARKED ASSIGNMENT

1. Distinguish between non pathogenic and pathogegents borne
hazards.

2. List treatment and control strategy of the ehagents.

3. How will you manage hazard related to chemicaitamination?
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1.0 INTRODUCTION

Seafood is an important part of the human diet)embinealthy source of
protein, fish also can cause illness in humansutjnaallergic and non-
allergic food reactions. Seafood allergy is a tgpéood allergy. It is a

hypersensitivity  to dietary substances  from stsdllfi  scaly fish,

or crustaceans, causing an overreaction of the mengystem, which

may lead to severe physical symptoms. Finned faah cause severe
allergic reactions. This allergy is usually lifealp The protein in the
flesh of most fish commonly causes the allergictiea, however, it is

possible to have a reaction to fish gelatin, madefthe skin and bone
of fish.

20 OBJECTIVES
At the end of this unit, you should be able to:

o understand the cause of allergic reaction to fish
o identify the signs of sensitivity reaction to figlinen eaten.

3.0 MAINCONTENTS
3.1 Definitions

Allergy: Term for a foreign substance which induces an gitteor
hypersensitivity response through the productiomwhunoglobulin E.
Sensitization: the production of a specific tygealergic antibody by
the immune system resulting in a positive allerggt,t such as to a
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particular food or pollen. It is possible for a g@m to make a specific
allergic antibody to a food, for example, withoxiperiencing allergic
reactions when that food is eaten. Parvalbumin:al@uwn-
binding albumin protein with low molecular weiglygically 9-11 kDa)

3.2 Causeof Fish Allergy

The major allergen responsible for fish

allergy is a protein called parvalbumin, which cold the balance of
calcium in the white meat of fish. Parvalbumin edlized in fast-

contracting muscles, where its levels are highast, in the brain and
some endocrine tissues. Parvalbumins are veryasitndtween different
species of fish — so if a person is allergic to species of fish, it is very
common to be allergic to other fish species as.w&dlatin is another
major allergen that is shared among species of ¥ten a person who
is sensitized to fish comes into contact with otseash, an allergic

reaction occurs, leading to the symptoms of allergy

3.3 Symptomsof Fish Allergy

The symptoms of fish allergy are similar to thosetber food allergies.
Almost all people with fish allergy will experiensgmptoms within an
hour of eating the food. The most common symptomslude

generalized itching, hives and swelling, vomitingnd respiratory
symptoms such as wheezing and chest tightness heugh fatal

anaphylaxis can also occur. Some people with flergy experience
hives and itching when they touch raw fish, but aioée to eat cooked
fish meat without having allergic symptoms. Progeireleased into
steam when fish is being cooked can also causggiallsymptoms of
asthma and hay fever in people with an allergysio. f

3.4 Avoidance of Fish

Most people with an allergy to one type of fish wldoavoid eating any
species of fish, given that the major fish allegeme shared among
many species of fish. It also seems a good idegéaple with fish

allergy to avoid seafood restaurants, given thenchaf contamination
of other foods with fish allergen. Fish proteinsynsso be present in
steam released from cooking fish, which may trigakgrgic reactions

in people with fish allergy.

Fish proteins can also be hidden in certain foaas| therefore cause
unexpected allergic reactions in people with filargy. Avoidance of
other fish products, such as sushi, caviar, re#, dil capsules and cod
liver oil would seem prudent in people with fisHeadjy. Shellfish are
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not related to fish, and therefore could be eatgrpéople with fish
allergy. However, the danger of cross-contaminabetween fish and
shellfish exists -- meaning that a person withsh fallergy would not
want to eat shellfish in a seafood restaurant,esithe food could be
contaminated with fish.

3.5 Diagnosisand Treatment of Fish Allergy

The diagnosis of fish allergy can be made when &sqpe has

experienced allergic symptoms after eating fisikd has as a positive
allergy test to fish, either with a skin test oblaod test. Skin testing
remains the best way to confirm the diagnosis s fllergy, although
blood testing has the advantage of measuring theuaimof allergic

antibody against fish. The level of allergic antgoto fish can be
helpful in determining whether a person actuallg barue fish allergy,
has possibly outgrown the fish allergy, or may dynpe sensitized to
fish, but without experiencing allergic symptomgheating fish.

A form of food poisoning, called scombroid, invatveating spoiled fish
containing large amounts of histamine. Scombroitsqrong usually

occurs in large dark meat fish such as tuna anckenak Since this
poison develops after a fish is caught and diegrakhe fish is caught
doesn’t really matter. The main factor is how lothg fish sits out

before being refrigerated or frozen.

The harmful substances that cause Ciguatera, Soamland shellfish
poisoning are heat stable, so no amount of cookiligprotect you from

becoming poisoned if you eat fish that is contat@da Symptoms
depend on the specific type of poisoning. The spmgt of

scombroidosis are virtually identical to symptonigrae food allergy,
although allergy testing is negative, since norgiteantibody is present.
Scombroid poisoning symptoms usually occur immedijaafter eating
the fish. They may include:

Breathing problems (in severe cases), extremelyskaa on face and
body, flushing, hives and itching, nausea and viognit

If you have scombroid poisoning, you may receive:

An antihistamine medication, such as diphenhydrar{Benadryl)
Fluids by IV (to replace fluids lost from vomitirand diarrhea)
Medicines to stop vomiting

Medicines to treat severe allergic reactions (édexl)

Breathing tube (in rare cases)

The treatment of fish allergy mainly involves the@ance of fish. If a
fish-allergic person eats fish, and experiencesaliergic reaction,
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immediate treatment is required. This often invelvthe use of
injectable epinephrine, such as with an Epi-Pemwin-Ject device,
although mild reactions may be treated with oraihgstamines. People
with fish allergy should wear a Medic-Alert bradelisting their food

allergy information, and should carry injectablengphrine at all times
given the possibility of the accidental ingestidrfish proteins.

Other treatment include:

Avoid foods containing the allergen, adrenalineatipn if anaphylactic
reaction occurs, antihistamines, bronchodilatorsafthmatic symptoms
The central concept of management of food allergy allergen

avoidance. When this is not possible or inadvertdi@rgen exposure
occurs, treatment depends on the nature and sewétlie reaction.

Treatmentsinclude:
Dietary modification and allergen avoidance - wigducation of
children and parents

No treatment - if symptoms are mild and self-limgfi

Antihistamines - Useful for allergic rhinitis andree allergy mediated
skin conditions. Not helpful in asthma except fatdnseasonal asthma
where allergy may be a precipitant.

40 CONCLUSION

Fish allergy is not an emergency but Shellfish @oisg may be a
medical emergency. With sudden or significant sym#, the person
should be taken immediately to hospital.

5.0 SUMMARY

Seafood allergies are usually treated with an exsiudiet and vigilant
avoidance of foods that may be contaminated witbllfssh or fish
ingredients and/or oils. The most severe seafobetggl reaction is
called anaphylaxi$! which is an emergency, requiring immediate
attention. It is treated with Epinephrine, whicndze administered with
an Epi-Pen.

6.0 TUTOR-MARKED ASSIGNMENT
1. How will you diagnose of fish allergy?
2. What causes fish allergy?
3

What are the Scombroid poisoning symptoms ahdirt
treatment?
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1.0 INTRODUCTION

Fisheries are common-pool resources, and many dlisdisheries are
overexploited. At the same time, capture fisher@esl aquaculture
operations can impinge on public goods providednayine ecosystems
such as marine biodiversity and unique habitat. @ramon-pool and
public goods dimensions of the marine environmastify regulation,
but the issues frequently transcend national bauggla Individual
countries have few alternatives to protect the mearenvironment
beyond their own jurisdictions. The internationadture of marine
conservation thus provides an incentive for coesttd use trade policy
as an indirect means to protect the marine envieminBecause a large
share of the available seafood is being tradedletnastrictions can
potentially lead to better resource protection hetter fishing practices.

The terms international waters or trans-boundarytersaapply where
any of the following types of bodies of water (beir drainage basins)
transcend international boundaries: oceans, largenm ecosystems,
enclosed or semi-enclosed regionalseas andestuavess, lakes,
ground water systems aquifers), and wetldHd©ceans, seas, and
waters outside of national jurisdiction are alséemed to as the high
seas or, in Latimmare liberum (meaningree seas). Ships sailing the
high seas are generally under the jurisdictiorhefftag staté? (if there
is one) however, when a ship is involved in ceraiminal acts, such
as piracy® any nation can exercise jurisdiction under the tritoe
of universal jurisdiction. International waters cape contrasted
with internal waters, territorial waters and exoheseconomic zone.
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20 OBJECTIVES

At the end of this unit, you should be able to:

o analyze the problem associated with trans-boundish f
transportation
o constrains in international fish trade.

3.0 MAINCONTENTS

Seafood’s high degree of tradability also sugg#sds trade policy as a
means to promote marine conservation can havefisgmi economic
consequences. Although seafood has long been tratethationally,
trade has increased dramatically in recent decadeb that fish and
fishery products now constitute the most highlydée food commodity
internationally. Many seafood markets have expanttech strictly
regional to truly global markets. Freezing and agertechnology along
with low transportation costs have facilitated thisbalization of the
fish trade. The seafood trade is characterized dii high degrees of
segmentation and market integration. Segmentaésults from the fact
that there are many product types, most of whica aot close
substitutes for each other. Still, globalizatiors hed to more integration
of certain product types such as the whitefish mtariwhich includes
species caught in multiple regions around the gldlbe trend is toward
further integration. Another important consideratitor the seafood
trade is that production from capture fisheries leagled off and even
declined in some countries. The increase in seafwade is thus
attributable to growth in aquaculture productiord ancreased exports
from developing countries. Developing countriesfum, may be most
affected by trade policies that restrict seafoogarts failing to meet
environmental standards.

Two features of seafood production complicate tipplieation of
standard trade theory to seafood trade restricooriberalization. First,
seafood production, whether from capture fisheoesquaculture, has
an unusually close connection to the environmeantadpture fisheries,
producing fish directly feeds back on the abilifytioe environment to
sustain fish production in the future. This featdrgtinguishes fisheries
from most other natural resources. The higher @gegfeontrol with the
production process in aquaculture makes aquaculmge like
traditional industries. Second, many fisheries apen access, an
institutional arrangement in which fishermen canbetexcluded from
fishing. Open access (or management systems théttldoto exclude
access) is considered to be the root cause of xpler@ation in
fisheries, leading to economic waste from excespadsy and
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environmental harm through degradation of biologistéocks and

alteration of ecosystems. Biological growth of ghfistock combined
with open access or poor management systems cadridesbackward-

bending supply curve for fish along which the lang-supply of fish is

less when price increases. This characteristicp@noaccess fisheries
theoretically can lead to unconventional outcomesmf trade

liberalization, including the possibility that ireased trade may not
benefit both parties in the long run.

When a fishery is well managed, standard trade ryheapplies.
Optimally or well managed fisheries will typicallgperate on the
conventional portion of the supply curve that ig backward-bending
and also with a larger fish stock than under opsress. The literature
on policy instruments to achieve optimal outcomesisheries focuses
mostly on rights-based tools such as individuatBnsferable quotas,
which break the non-excludability problem of opemcess. A
complementary literature on regulated open accasgests that
biological stocks in many fisheries are maintaiaédafe levels through
input controls and season closures, but failurextdude access leads to
economic losses. Under trade liberalization, regdl@pen access many
not lead to changes in the long-run supply of fishere is still much
debate about the effectiveness of different managertypes and the
resulting impacts on biological and economic outeem

The quality of management systems varies subslignaaross and
within countries from poor management systems dosmgen access to
well developed systems close to optimal managemésta result,
predicting the effects of trade restrictions ordéaliberalization on
fisheries must be done on a case by case bassldition, there are a
number of fish stocks that are subject to lllegdhregulated and
Unreported (IlUU) fishing—some in international wateand some
within jurisdictions of individual nations. Fishingractices also differ
substantially across countries, and in many devegppountries—and
for industrial fleets fishing in international wase-the overfishing
problem is often exacerbated by subsidies. In eshtrto other
industries, such subsidies, while wasteful, arekah to convey long-
run competitive advantages for subsidizing coustrie

Many common-pool fisheries problems occur in inéional waters or
involve straddling or shared fish stocks. Regidrighery Management
Organizations (RFMOs) work to establish multilateagreements on
fishing levels and practices and seek to enforesehagreements with
the assistance of member countries. In some casegith 1UU fishing,

trade restrictions can be the only way to regulateironmentally

problematic practices. At the same time, such nreaswcan also
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discriminate between countries, and particularly detrimental to
developing countries with limited capacity to maadigh stocks or to
document the management.

There is significant momentum in industrialized cwies toward rights-
based management of fisheries that break the nclindability problem
of open access. But there is also momentum towame racosystem-
based management of the marine environment thatidens a broader
set of issues such as spatial characteristicsloéfies. These trends may
influence the international fish trade, as theyenthe potential to alter
production of capture fisheries and aquacultureaaimns and thus can
affect demand for imports. Moreover, managememidsenay influence
international environmental norms, which could let increased
pressure for trade restrictions to promote maroreservation.

Trade actions of individual countries or groupscolntries have the
potential to fall under the jurisdiction of, andssily conflict with, a
wide range of WTO rules, including sanitary and tpkgnitary
measures, anti-dumping, subsidies and countergaitmeasures, and
technical barriers to trade and rules of origin.p&sding on how
broadly protection of human health and the envirenihare interpreted,
efforts to promote marine conservation could lead tproliferation of
trade restrictions that are allowable under WT@sul

4.0 CONCLUSION

Seafood has been a traded commodity for thousahd®ars. From

early on, the quantity traded was limited. A maagon for this was the
perishability of seafood, and conserving fish (eby. producing dried
fish) was time consuming, costly, and often inédint. However,

improved storage and preservation technologies aitbaper

transportation have dramatically increased fisligraver the last 30
years.

5.0 SUMMARY

A number of factors have caused the increased tradeeafood.
Transportation and logistics have improved sigaifity. Substantial
reductions in transportation costs by surface andhas promoted the
international trade of new product forms like sashfresh seafood.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain trade globalization of fish industry.
2. What is the work of Regional Fishery ManagementaDizations
(RFMOQOs)?
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