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FOREWORD

Volume IV* of ‘Diseases of Marine Animals’ summarizes and evaluates the present
status of our knowledge on the diseases of those Pisces, Reptilia, Aves and Mammalia that
live permanently or temporarily in marine or brackish habitats. The volume centers on
biotic diseases, proliferative disorders, structural abnormalities, and impairments due to
environmental stressors. While Volume IV concentrates on marine forms, it incluces data
on species migrating between marine, brackish and limnic habitats. Wherever considered
desirable for completeness and comparison, disease phenomena in fresh-water living
relatives are also referred to.

Volume IV consists of 2 parts containing the following chapters:

Part 1

Introduction to Volume IV, Part 1: Pisces
Chapter 1: Diseases of Pisces

Part 2

Introduction to Volume 1V, Part 2: Reptilia, Aves and Mammalia
Chapter 2: Diseases of Reptilia

Chapter 3: Diseases of Aves

Chapter 4: Diseases of Mammalia: Carnivora

Chapter 5: Diseases of Mammalia: Pinnipedia

Chapter 6: Diseases of Mammalia: Sirenia

Chapter 7: Diseases of Mammalia: Cetacea

I could not avoid having Volume I'V appear before Volume III. With all contributions
to Volume IV in my hands and knowing that the preparation of Volume II1 would take
another year, I decided not to let the Volume IV contributions age on my desk but to make
them available to the scientific community as fresh and early as possible — even at the risk
of being critized for breaking the fundamental rule of chronological sequence.

There is more knowledge available on the diseases of fishes than of any other group of
aquatic organisms. This fact is mirrored by the large size of Chapter 1.

Although drawing on different sources, talents and disciplines, Volume [V maintains,
as much as possible, the principles of organization and perspectives outlined in the
introduction to Volume L.

I acknowledge with pleasure and gratitude the assistance and support received from
all contributors to this tome: from Helga Witt, Seetha Murthy and Nancy Norris-Bauer in
matters of technical editing; from Martin S6hl and Frau Schritt in the search for literature
information.

Oldendorf/Luhe, September 16, 1984 O. KINNE

* For technical reasons Volume IV will be published before Volume II1.
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INTRODUCTION TO VOLUME IV, PART 1:
PISCES

O. KINNE

GENERAL SCOPE

Although a multi-author achievement, this book was conceived, planned and pre-
pared with the aim to perpetuate — for the benefit of consistency, clarity and easy
orientation — the organizational concept developed at the outset of organizing this treatise
(for derails consult Kinne, 1980a, b). It was considered equally desirable, however, to
maintain the individuality and specificity of the contributions based on the authors’
professional backgrounds and experiences. Hence, Volume IV is a compromise between
consistency in style and format on the one hand, and the diversity of talents, expertises and
perspectives of its contributors on the other.

SUMMARIES OF CHAPTER CONTENTS

Comments on Fish Diseases Caused by Microorganisms

Microorganisms constitute a most important source of disease in fish. In fact, over
millions of years microorganisms have achieved mastership in gaining access to, and in the
utilization of, organic materials synthesized and stored in the bodies of living organisms.
Where the latter fail to prevent or to counteract excessive microbial attack, disease
prevails.

In this tome, diseases of fishes due to parasitic microorganisms receive extensive and
detailed attention. Diseases caused by viral forms have been documented and discussed by
K. Wolf (p. 17); those due to bacteria by D. A. Conroy (p. 48). and those due to fungi by
G. Lauckner (p. 89).

Diseases due to Viral Agents

There can hardly be any doubt: while our present knowledge on fish diseases caused
by Virales is still quite limited, important breakthroughs can be expected in the foreseeable
future. In fact, viruses may be shown not only to be the primary cause of numerous
diseases not yet fully explored or even known, but also to function as pacemakers for
numerous other secondarily effective disease agents. For these reasons, viruses require
special attention in future research.

K. Wolf has summarized and evaluated the knowledge available on the diseases of
marine, anadromous and catadromous fishes due to virus, visualized virus and virus-like
particles. Some 50 such agents are now known to science. They exhibit the same basic
characteristics as the Virales of homeotherms and they comprise the same virus groupings,
e.g. herpesviruses, iridoviruses, rhabdoviruses and reoviruses. Additional fish-disease
agents are considered to be adenovirus, coronavirus, calicivirus and leucovirus. Still others
await investigation. Wolf predicts that also some of the major virus groups not yet isolated
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from fish but known to exist in homeotherms will eventually be found to inhabit fish hosts.
The overwhelming number of reports on virus-caused fish diseases stem from captive fish,
i.e., hosts kept under environmental conditions which deviate from those to which the fish
host has adapted during its evolution. Some 87 % of the viruses detected in fish tissues
inhabit hosts (mostly fish raised in fresh-water aquaculture farms) utilized as human food.
The remaining 13 % have been reported from tropical fishes, mostly pet fish (ornamental
fish) kept in home aquaria.

Thus far, viruses inhabiting fish tissues have not been shown to be infectious to man or
other homeotherms. However, the effects viruses exhibit in fishes and the general patterns
of agent-host relations are similar in both cases. Two fish-inhabiting viruses, a leucovirus-
like agent of esocids and a herpesvirus of Oncorhynchus masou, are oncogenic and other
viruses, observed in neoplasms, might also turn out to be oncogenic (i.e., tend to induce
tumors).

Wolf reviews the knowledge available on virus-caused fish diseases in a systematic
exposition, introducing subtitles such as: Pathologic Changes, Biophysical Virus Proper-
ties, Diagnosis, Isolation and Identification, Transmission and Incubation, Geographic
Range and Control Measures. Among the marine fishes, Wolf considers cod ulcus
syndrome (p. 18), lymphocystis disease (p. 20), menhaden spinning disease (p. 23), turbot
herpesvirus infection (p. 24) and viral erythrocytic necrosis (p. 25); among anadromous
fishes, chum salmon reovirus (p. 27), herpesvirus salmonis disease (p. 28), infectious
hematopoietic necrosis (p. 30), infectious pancreatic necrosis {p. 33) and Oncorhynchus
masou virus (p. 36). among catadromous fishes, eel viral kidney disease (p. 38), eel
rhabdovirus infection (p. 39) and eel virus-2 (p. 41). A special section is devoted to
visualized viruses and virus-like particles.

Diseases due to Bacteria

Present in each drop of water, each cubic millimeter of sediment, attached to
suspended particles and living in large numbers on and in all other organisms, bacteria are
of basic importance for the functioning of natural aquatic and terrestrial ecosystems. While
most bacteria known so far are benign, a large number have been shown to be the
immediate cause of disease or to be secondarily involved in the development of disease
phenomena.

D. A. Conroy reviews diseases due to bacteria in euryhaline and stenohaline marine
fishes. He considers the disease phenomena reported in the scientific literature in the
context of syndromes rather than as specific infections caused by a defined (i.e., taxonomi-
cally identified) etiological agent. Over the last few decades, research on bacteria-caused
diseases of fishes has received unique impetus from man’s rapidly increasing efforts to
provide additional food through aquaculture. Intensive fish culture thrives under condi-
tions which tend to change dramatically the natural agent-host balances, typically, in favor
of the former. In addition to viral agents, this is particularly so for bacteria. The future of
commercial fish culture depends decisively on the development of handy methods for
diagnosis, prevention, control and treatment of fish diseases due to scores of bacterial
agents.

Conroy pays special attention to bacteria-caused diseases of mugilids and salmonids, a
reflection of his own professional background. He reviews in detail the following groups of
disease phenomena: haemorrhagic septicaemia (p. 54), myxobacterial infections (p. 74),
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streptococcal infections (p. 77), acid-fast bacterial infections (p. 79) and anaerobic
bacterial infections (p. 85).
Diseases due to Fungi

Of the numerous marine fungi only a few associate closely with marine fishes. Thus
far, Ichthyophonus (hoferi) is the only marine fungus that has been shown to cause
diseases in fishes. On the basis of detailed and careful literature research, G. Lauckner
traces and corrects numerous misquotations, misinterpretations and errors regarding the
taxonomic identity of this organism. He concludes (p. 92) that Ichthyophonus is a plant
taxon, with I hoferi as type species (should, however, Ichthyosporidium gasterophilum
Caullery et Mesnil be shown to be a fungus of the genus Ichthyophonus, and should it turn
out to be different from I. hoferi, then Ichthyophonus gasterophilum would have to be
designated as type species). I. hoferi invades its hosts via their alimentary tract by thick-
walled, multinucleate ‘resting spores’ liberated from disintegrating, infected tissues. Trans-
mission occurs from fish to fish. Ichthyophoniasis is a systemic infection (similar to
tuberculosis or mycobacteriosis), characterized by granulomas in the affected organs. It
can develop into a severe disease resulting in heavy mortalities in acutely and chronically
infected fish. In Clupea harengus, external signs of the disease include a ‘sandpaper
appearance’ of the skin due to minute reddish pustules (pathogen cysts in lateral muscles).
In addition, white necrotic areas may form on the skin, as well as ulcerations from which
spores are released into the ambient water. Ichthyophonus disease can also manifest itself
in sex reversal, exophthalmia, hyperaemia and other eye infections, etc. From the marine
environment, reports on fish invading fungi other than Ichthyophonus sp. are rare.

In contrast, numerous instances of fish diseases caused by fungi have been reported
from fresh-water habitats. Members of Oomycetes, Deuteromycetes and Ascomycetes can
cause severe diseases and heavy losses among fresh-water-living fishes, especiaily those
reared and raised in aquaculture farms.

As with other diseases, prevention and treatment of fungus diseases is possible only
under controlled conditions in captive water bodies. Prophylactic measures such as water-
quality control, sanitary care, selection of uninfected food material and a rigid quarantine
regime seem the primary methods of choice.

Comments on Fish Diseases Caused by Protistans

Of the ca 24,000 species of protozoans known to science, some 6,000 to 7,000 live
during part or all of their life in close, intimate association with other organisms and obtain
one-sided benefits (energy, matter, living space) from such symbioses at the expense of
their partner (host). Hence these species are classified as parasites. The vast majority of
protozoan parasites thus far studied live in fresh-water. Numerous marine and brackish-
water protozoans await thorough study; only a few have been investigated in depth.

Most of the about 800 protozoan parasites known to live on or in marine fishes have
received attention not primarily under etiological aspects or as disease-causing agents, but
with an eye on their taxonomy, morphology or life-cycle dynamics. In fact, although
seemingly of paramount significance as potential causes of fish diseases, parasitic proto-
zoans have been studied less extensively than helminths (p. 193) or crustaceans (p. 321).

J. Lom summarizes and evaluates a large body of information concerned with the
disease-causing potential of flagellates (p. 120), amoebic and opalinid forms (p. 127),
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Apicomplexa (p. 127), Microspora (p. 138), Myxosporea (p. 148) and Ciliata (p. 157). In
addition, he considers in detail nutrition, proliferation, life cycles, transmission, host
relations, pathogenicity, host defense and ecological aspects of protozoan infections.
Special attention is paid to diseases in cultivated fishes. Lom concludes that research on
fish diseases due to protistan agents is still in its infancy.

As is the case with other biotic disease agents, protozoan species benign under
undisturbed, natural conditions may succeed in obtaining considerable benefits (energy,
matter, space) from fish hosts under stress (e.g., pollution, crowding in intensive culture),
and consequently in inflicting severe damage. In nature, serious lesions have been reported
to be due to tissue infecting forms. Ectoparasitic protozoans may be particularly harmful
due to rapid flare, no need for intermediate hosts and little or no host specificity. The
pathogenicity of protozoans (Flagellata, Amoebae) infesting the intestinal lumen of fishes
tends to be quite limited. However, more experiments must be conducted in order to
examine whether or not coccidians — which are common in fish intestines, but have not
yet been shown to cause serious diseases — can in fact exert pathogenic effects in their
respective hosts.

Comments on Fish Diseases Caused by Protophytans

To all we know, Protophyta (algae) do not qualify as important disease agents of
marine fishes. According to G. Lauckner’s literature research, only the dinoflagellates
have evolved representatives — members of the genera Amyloodinium, Crepidoodinium
and Ichthyodinium — which parasitize fishes. Thus, A. ocellatum is the agent of ‘velvet
disease’ (p. 172) known from temperate and warm-water, marine fish species. It invades
primarily the gills, in heavy infestations also the skin. Its rhizoids inflict cell damage and
may cause hyperplasia, inflammation, haemorrhages and necrosis. C. cyprinodontum,
although not penetrating the hosts’ epithelial cells, may also cause gill hyperplasia and
necrosis (oodiniasis, p. 172), but thus far has not been shown to produce direct mortalities
in cultivated fish. I. chabelardi, observed to parasitize ova and freshly hatched larvae of
sardines Sardina pilchardus, does not seem to cause large-scale mortalities among infested
eggs and larvae.

Non-parasitic, free-living, red-tide-causing dinoflagetlates — such as Gymnodinium
breve — when present in large populations with high individual densities (‘blooms’), may
cause large-scale mortalities in fish and other taxa by releasing toxic substances into the
ambient water.

In addition to dinoflagellates, members of the Cyanophyceae, Chlorophyta,
Phaeophyta and Rhodophyta may associate with fishes. The role of these algae as fish
symbionts remains to be investigated.

Comments on Fish Diseases Caused by Cnidarians

Intimate associations between cnidarians and fishes are rare. G. Lauckner summarizes
the evidence available for a number of cnidarian—fish symbioses. These range from
commensalism to parasitism. Several species of the athecate genus Hydrichthys have been
shown 1o live parasitically on fishes (mainly juvenile or small-sized species), primarily
affecting the hosts’ body surface (epidermis, fins, opercula, gilis), but some also invade the
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fish body via wounds caused by fish-associated copepods and exploit deeper tissues and
blood vessels.

Comments on Fish Diseases Caused by Helminths

The heterogeneous group of Helminthes — consisting of Turbellaria, Monogenea,
Trematoda, Cestoda, Nematoda, Acanthocephala and Hirudinea — constitutes the largest,
most numerous and most diversified assembly of parasites associating with marine fishes.
However, only a few helminth species have been studied in depth and little is known about
agent—host interactions, especially not in terms of the flow routes and rates of energy and
matter between parasite and host. Parasite effects at the individual or population levels,
agent virulence, host defense, host range, host specificity, etiology, as well as disease
prevention and therapy await thorough attention from pathologists and ecologists alike.

His detailed review leads K. Rohde to conclude that most experimental studies
conducted on helminth biology are concerned with non-marine heiminths. The taxonomy
and life cycles of many species remain to be analysed. Pathogenicity and detailed agent
effects have been explored in only a few selected species, and practically nothing is known
about helminth—fish relations in the unconstrained environment. That reliable reports on
mass mortalities in natural fish populations due to helminth parasites are very rare, need
not necessarily be indicative of the absence of such events, but may be due to the
difficulties involved in the sampling of diseased, and hence weakened, as well as of dead
hosts (see also Kinne 1984, p. 654 and pp. 10-11 of this tome).

His own studies and those reported in the scientific literature suggest to Rohde that
most helminth species associated with marine fishes inhabit warm surface waters, particu-
larly in the Indo-Pacific Ocean. While no clear evidence has been produced yet to indicate
that helminth-caused fish diseases are also more varied in tropical waters than in non-
tropical waters, in analogy to the established greater variety of helminth-caused diseases of
man and domestic animals in the tropics, Rohde suggests that such a relation appears not
unlikely.

Helminth-caused effects on fish hosts range from mild to severe to lethal. Several
Trematoda may cause popeye (exophthalmia). Monogenea may exert severe effects on
gills and skin; they can cause destruction of the eye, and sometimes death. Cestodes may
damage the intestinal wall, and larvae of anisakid nematodes reduce the relative weight of
the liver as well as the condition factor. Parasitic Acanthocephala can perforate the
intestinal wall, and leeches may retard growth rates and transmit parasitic protozans.
Following artificial introduction, the monogenean Nitzschia sturionis produced mass
mortalities in sturgeon populations in the Aral Sea.

Helminth-caused diseases are more obvious, easier to study and often also more
frequent in captive fishes (research cultivation and commercial cultivation), than in their
free-living counterparts. [nterestingly, cultured fish have been shown to lose many of their
helminth parasites, while other parasites affect them in increased numbers. Such shifts in
agent—host relations are indicative of differential environmental requirements of agent and
host or of lack of intermediate hosts under culture conditions (see also Volume I: Kinne,
1980b).
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Comments on Fish Diseases Caused by Crustaceans

Considering the role of marine Branchiura, Copepoda, Isopoda, Amphipoda, Cir-
ripedia and Ostracoda as causes of fish diseases, Z. Kabata presents here the first detailed
review on the subject. This contribution is based on his earlier review (Kabata, 1970)
comprising both limnic and marine forms. As is the case with other biotic disease agents of
fishes, more information is available on freshwater species — both agents and hosts —
than on their marine relatives. In addition, few investigators have explored crustaceans
with a view on their role as fish symbionts and as potential causes of fish diseases.

Among the crustacean groups considered, copepods display the widest range of
adaptation to life on or in fishes. As in other crustacean fish parasites, small and mobile
ectoparasites do not tend to be highly pathogenic; the intensity of their impact depends
primarily on parasite density and host distnbution. While larger, mobile ectoparasites may
cause lesions, except for species of Argulus the effects inflicted are usually not severe. In
general, crustacean gill parasites are capable of causing extensive damage to their hosts.
However, from the marine environment no evidence is available to date for severe
respiratory impairments. Serious host damage may be caused by mesoparasitic copepods.
In fact, their association with fishes is believed to often result directly in fish mortality.
Crustaceans living endoparasitically in fishes have been shown to cause a variety of effects,
depending primarily on body size and taxonomic identity of agent and host, site and
duration of the infestation and, of course, the balance between agent virulence and host
defense.

Kabata considers in detail a variety of local parasite effects (e.g., on gills, skin, muscle,
skeleton, sense organs, heart, liver, kidneys, gonads, alimentary canal) and general effects
(e.g., on fish weight and chemical composition, growth, metabolism, blood, reproduction,
behavior). General effects are easy to define and classify but difficult to assess in terms of
their exact causes (p. 381). Secondary infections facilitated by crustacean parasites are
insufficiently investigated. This holds for their importance relative to cases of intimate
coexistence between fish hosts and additional groups of parasitic symbionts, as well as for
defining cause—effect relations.

A brief consideration of impacts on fishes due to free-living crustaceans and of the
economic consequences of detrimental parasite effects in fishery and aquaculture conclude
Kabata’s review. While attempts have been made to estimate the losses in quality and
numbers of fishes suffered by commercial fishery and aquaculture ventures, and while the
losses may be considerable, sound assessments require more solid data than are presently
available.

Comments on Fish Diseases Caused by Neoplasia

Neoplasia (‘new growth’ or ‘new formations’) comprise local swellings (tumors) due to
excessively growing tissues, benign or malignant. In recent years the study of neoplasms in
aquatic organisms has been greatly intensified. An increasing number of organisms have
been shown to carry tumors, especially those maintained in captive bodies of water (i.e.,
under modified environmental conditions) and those living in natural bodies of water
subject to severe man-made pollution.

N. Peters’ contribution on neoplasms of marine fishes is organized according to the
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tissue type of tumor origin (epithelial, mesenchymal, pigment-cell, neural tumors) and the
type of tumors formed (e.g., papilloma, fibroma, lymphoma, melanoma, neurilemmona,
etc.). Peters uses wide-spread and well-investigated cases of fish neoplasia to document the
present state-of-the-art. Wherever considered useful, he includes pertinent information on
freshwater fishes.

Neoplasia of fishes are similar to those reported from higher vertebrates. Tumors are
wide-spread among different fish taxa, ranging from Cyclostomata to Chondrichthyes to
Teleostei. Almost all organs may be affected. In some cases, tumorous fish diseases have
attained epidemic proportions and thus economic importance. Most of our present
knowledge of fish neoplasia stems from investigations on freshwater forms. Of the
different types of tumors reported, several have not yet been observed in marine fishes.
Certain kinds of tumors can be produced experimentally via crossbreeding: they develop
regularly in hybrids of different tumor-free parents.

As other disease phenomena, tumor formations are subject to natural selection. Since
most fishes reproduce throughout their life, even tumors forming in old individuals
participate in affecting the evolution of counteractive mechanisms (e.g., DNA repair,
immunological defense). Peters concludes that tumor diseases may assist in programming
the gene pool of a population towards a high level of resistance against tumor formation
(p. 422).

While the occasional occurrence of neoplasia appears to be a natural phenomenon,
rates of tumor diseases exceeding 1 % in a given population require explanation. Accord-
ing to Peters, they may be attributable to: (i) interbreeding resulting in genotypes with
reduced tumor resistance; (ii) infections (virus) of non-adapted (non-immunized) fish; (iii)
sudden environmental change (man-made water pollution; invasion of new habitats).

As with other diseases, it is usually the combination of different causes acting in
concert that induces tumor growth. Like organisms themselves, tumors respond to the total
accumulative impact of their envrionment.

Comments on Fish Diseases Caused by Environmental Stressors

The term ‘stress’, in its general connotation, refers to ‘strain’, ‘pressure’ or ‘tension’
exerted upon a body. In biology the term ‘stress’ to many investigators implies forces (e.g.,
sub— or supranormal intensities of temperature and/or salinity, oxygen availability, injury,
disease-agent impact, social dominance) acting upon an organism or its parts, significant
enough to interfere with normal functions. Such forces may produce non-specific or
specific responses. Non-specific responses are — regardless of the causative agent —
similar in quality (general adaptation syndrome: Selye, 1950, 1951); specific responses
more or less differ from each other, depending on the types of stress concerned. In
practice, such differentiation may be difficult to make because a given organism always
responds to the summative, concomitant impact of all stress-causing forces encountered.
Unfortunately the terminology employed for describing organismic responses to environ-
mental stress — including that due to coexisting, foreign, free-living or parasitic organisms
— is inconsistent.

G. A. Wedemeyer and C. P. Goodyear employ the term ‘stress’ to designate the
response of an organism to an impact; the term ‘stressor’, to identify the causative agent.
While extreme intensities of stressors, acute or chronic, tend to be lethal, sublethal stressor
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intensities can induce a variety of negative dewviations in the normal functions and
structures of living organisms; they constitute the main subject of the review. Examples of
sublethal stressor effects are: increased susceptibility to disease, reduced tolerance to other
stressors, diminished rates of growth and reproduction, and a decreased capacity for intra-
and interspecific competition. Effects of stressors at the community level are more difficult
to establish. They manifest themselves through changes experienced at the individual level
and may be masked by a variety of compensatory mechanisms effective at supra-individual
levels of integration.

Fishes challenged by stressors respond by compensative measures at the molecular,
subcellular, cellular, endocrine, blood, tissue and organ levels. While such measures tend
to be similar in different species, species-specific differences have been reported. Typi-
cally, a stressor induces the central nervous system of the responding fish to release ‘stress
hormones’ which, in turn, initiate the compensatory measures available and necessary.

Based on Wedemeyer and McLeay (1981), 3 levels of stress responses are distin-
guished: the primary level involving the endocrine system; the secondary level comprising
blood and tissue chemistry; and the third level manifesting itself in individuals and
populations. Reliable assessments of population-level responses are difficult to make,
except in cases of severe impact and damage.

Considering the potentially pathogenic dimensions of stressor effects, Wedemeyer
and Goodyear review and discuss reports which document or suggest that stressful
environmental impacts (including those due to pollution) may predispose fishes to biotic
and non-biotic diseases. Also behavioral factors can affect the fishes’ disease predisposi-
tion, e.g., through excessive intensities of social dominance or of crowding. In aquaculture,
vibriosis, viral erythrocytic necrosis, myxobacterial gill disease and bacterial hemorrhagic
septicernia have become classic examples of stress-mediated infectious diseases.

Stress-mediated fish diseases may serve as indicators of environmental deformations,
including those due to man’s activities (i.e., in biological monitoring). Infectious diseases
due to bacteria (aeromonads, pseudomonads, Myxobacteria) appear to be particularly
well-suited because these pathogens are widely distributed in marine and inland waters.
Non-infectious fish diseases that may hold promise as indicators of environmental defor-
mation include chromosomal and structural abnormalities of eggs and larvae, skeletal
anomalies and neoplasms (p. 400).

Wedemeyer and Goodyear document and discuss host-pathogen-environment rela-
tions, mechanisms of infectious and non-infectious diseases, as well as the effects of fish
diseases at the population level. They conclude that lack of basic ecological data is
hindering the definition of management alternatives for solving many acute fishery
resource problems.
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CONCLUSIONS

Basic Considerations

It seems safe to assume that the origin and evolution of life on earth was accompanied
- right from the beginning — by the need of the newly-formed living substance to develop
means for coping with and counteracting a variety of life-endangering circurnstances and
for defending the organic material synthesized and contained in a discrete body of life
(individual) against other living entities — competitors for life-supporting substances. In
other words: the phenomenon of disease appears to be as old as life itself. This statement
applies to all the different basic categories of disease causes: (i) critical intensities of abiotic
environmental factors; (ii) damage due to coexisting organisms; (iii) nutritional disorders;
(iv) physical injuries; (v) detrimental circumstances internal to the individual involved
(innate, idiopathic or genetic diseases).

While a given disease reveals itself to the observer at the individual level, its
ecologically most significant effects appear to lie at the population or species level:
adaptive changes in the gene pool, affected by selection of organismic variability and
directed towards counteracting, or adjusting to, the cause of the disease. In response to
environmental change and in concert with comparable adjustments in competing species
such evolutionary changes Jead to ever new levels of newly achieved balance and quasi-
stationary harmony among different coexisting forms of life. Endangering the very
existence of the individual, disease thus acts as a competitive, stabilizing mechanism at the
population or species level. In fact, disease is a major motor and denominator of evolution.

This positive aspect of disease is no longer fully effective in man. Here, our attempts
to safe-guard the individual against disease must be paid for, in the long run, by potentially
incurable deficiencies at the population level, i.e., in our genetic material. It seems
surprising: few, if any, of us who celebrate medical achievements appear to realize that
success in controlling disease in individuals will ultimately produce shortcomings in our
gene pools, i.e., will constitute the very cause of disease at the population or species level.

Individuals are the torch-bearers of life. They are time-space gestalten in which life
temporarily manifests itself and in which it becomes formable in terms of diversification,
specialization and selective directivity. All our own experiences are those of individuals, and
our behavior, emotions or ethics are unthinkable unless rooted in individuals. Just as
unthinkable would be the denial of medical help to an individual—a family member, a friend,
a neighbor, or in fact, any member of the species Homo sapiens — on the grounds that such
help may ultimately reduce healing forces developing through selection and evolution.

While this is not the place to deepen the argument, I wish to say here that I, personally,
am even more concerned about the long-term effects of man-induced degradation of our
genetic material than about the man-made pollution of our envionment. Most of our
technological ,,achievements** and our seeming superiority over other forms of life may, in
the end, turn out to work against us. In fact, how can any organism that has evolved over
millions of years as a fully integrated member of earth’s ecosystem succeed permanently in
escaping the system’s firmly established rules, laws and controls? Unless, that is — unless that
organism commands unique abilities, not only in terms of technological intelligence, but also
in terms of ethic and moral strength. But then, how could ethic and moral strength evolve in
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an integrated ecosystem member? Nature does not select such properties. There is no
mechanism of biological evolution that would support the development of ethical properties
of the intensity and depth required for long-term survival of modern man (Kinne, 1984b,
pp- 36-37). The ethical properties required are (i) modesty, i.e., self-control of man’s
unique dominance over all other forms of life and self-restriction in utilizing nature as a
resource; (ii) tolerance of differences among men (racial, political, religious, philosophicatl),
1.e., sympathy for, not suppression of, diverging thought and conduct; (iii) development of a
universal moral responsibility for fellow creatures. All these properties are foreign — yes,
even detrimental — to fully integrated members of earth’s ecosystems, but they are a must for
a species that has overcome essential integrating ecosystem forces and that now exerts a
unique impact on, and control over, the system (Kinne, 1984b). In the absence of
ecosystem-based evolutionary forces, the properties needed for man’s new role in the
overall system ‘nature plus man’ must be developed de novo, as an act of ‘free will’. The
substrate for such development comprises: recognition of the need for change; the firm
intention to change: and a titanic ethical effort.

Modern man’s basic dilemma is his apparent inability to develop from the status of a
fully integrated ecosystem component to the status of an ecosystem ‘controller’ or
‘conserver’. This inability is likely to restrict the life time of modern man — in geological
terms — to an ephemeral existence. There appears to be no permanent niche between
ecosystem member and ecosystem controller (Kinne, 1984b). In fact, the role of ecosystem
controller is already occupied: Nature herself seems to control the system very effectively, so
much so that her pull of gravity will, in time, bring back and reabsorb any would-be escapist.

Research on Fish Diseases — Importance, Problems and Shortcomings

Fishes are important members of aquatic ecosystems and are of paramount economic
importance, both in fisheries and aquacuiture. Especially in the last 2 decades increasing
portions of public funds have been chanelled into supporting research on the diseases of
fish species used in the production of protein for the world-wide increasing human
population. While the body of information available is, in most cases, still grossly
inadequate for in-depth assessments of disease causes and consequences, and for potential
therapy measures, we know more about the diseases of fishes than of any other group of
aquatic organisms.

Unfortunately, the overwhelming amount of the knowledge available on fish diseases
1s restricted to very few species — less than some 2 % of the total number of fish species
presently known to science. As in other fields of biology, such heavy empbhasis on a few
commercially important or easily culturable forms is likely to distort the real picture, to
falsify assessments of the ultimate ecological significance of diseases phenomena in free-
living fish populations, and to mask the effect of diseases on the overall deformability of
nature due to the impacts suffered from modern human societies.

Another problem complicates a sound analysis of the causes and consequences of
disease phenomena in fishes under in situ conditions: As other diseased organisms,
diseased fishes tend to disappear quickly and completely; hence they cannot be collected
quantitatively (see also Kinne and Bulnheim, 1984a; Kinne, 1984a, p. 654 Lester, 1984).
Disease of an organism tends to reduce (i) the energy available for sustaining essential
functions and structures; (ii) resistance to other concomittantly effective stressors (natural
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and man-made); (iii) capabilities for defense and escape. Consequently, disease renders
the individual involved more available to its predators and to dislodgement from its
original habitat due to water-current transport or sinking. Furthermore, disease diminishes
the potential for competition and for counteracting additional disease-causing entities.
Since long-term data on population dynamics are difficult to obtain and are in most cases
not available, and since increasing pollution loads, especially in near-coastal areas and
estuaries, induce superimposed influences and changes in ecosystem dynamics, the ecolog-
ical net effects and the significances of disease phenomena in natural populations and in
ecosystems are extremely difficult to assess and to quantify.

This situation contrasts sharply with that prevailing in captive fishes, both those used
for physiological or ecological experimentation and those reared and raised in commercial
aquaculture farms. Here, numerous carefully and convincingly documented accounts have
become available on disease-causing entities, and a rapidly increasing body of knowledge
is emerging on etiologies, as well as on disease diagnosis, prevention and therapy.

A captive body of water always undergoes a number of changes which ultimately alter
the biological, chemical and physical properties of the water concerned and, hence its life
supporting qualities. For many organisms, such changes lead to augmented stress, for
others they increase the opportunities for establishment and development, In many cases,
the first group comprises larger, multicellular organisms, usually referred to as hosts; the
latter group, the more resistant microorganisms, among them a variety of disease-causing
agents. The natural balance between symbionts tends to become distorted under condi-
tions of captivity, and such distortions frequently result in disease phenomena. In order to
compensate for detrimental changes in captive water bodies, water-quality management
becomes necessary (Kinne, 1976a, b), i.e., planned and controlled improvements of water
characteristics, often tailor-made for the support of selected target organisms.

Differential effects of environmental change on agent and host may also rid the host
from its parasite. In the microsporidian parasite Octosporea effeminans and its host, the
amphipod Gammarus duebeni, for example, the salinity ranges tolerated are not parallel.
In increased salinities, agent effects diminish progressively until, in 30 %, the parasite
tends to disappear,while the host survives without demonstrable harm (Bulnheim, 1969,
1975, 1978).

In commercial aquaculture farms environmental conditions are usually very different
from those prevailing in natural ecosystems. The aquaculture entrepreneur strives to
manage environmental conditions, flow patterns of energy and matter, and, wherever
possible, the genetic constitution of his target organisms in such a way as to maximize and
economize the mass production of marketable foods or raw materials — no matter how
much the conditions in his culture enclosures deviate from those to which the cultivated
organisms have adapted during their evolution (e.g., Kinne, 1976a, b, 1977; Kinne and
Rosenthal, 1977). Of course, such deformation of natural requirements, conditions and
equilibria is likely to affect the balance between host predisposition and agent virulence.
Hence, host—agent relations and disease manifestations may be different in cuiture and in
nature. This is an important point to keep in mind when studying and interpreting case
histories and etiologies.

There is an additional point — already referred to in Volume I (p. 16; see also Kinne,
1984a, p. 653) — which needs to be emphasized again. Disease has been defined as ‘a
demonstrable, negative deviation from the normal state (health) of a given organism’
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(Volume I, p. 14). In this definition, ‘negative’ implies an impairment, quantifiable in
terms of a reduction in the ecological potential of the organism concerned. The negative
deviation may be functional or structural or both, and it may result from a single cause or —
more often — from several causes acting in concert. Of course, in a biotic disease, all
partners involved may ‘get sick'. Identifying themselves automatically with the larger
partner (the ‘host’), laymen and researchers alike have introduced here a uniquely
subjective concept into the description and investigation of biotic disease phenomena, i.e.,
diseases based on the intimate coexistence of different forms of life (symbiosis; Volume I,
p. 18). A fish and a nematode, for example, may live together in a balanced symbiosis
without negatively affecting each other. Where such a balance shifts significantly in favor
of the nematode, the fish will tend to suffer demonstrable deviations in functions and/or
structures, i.e., it will exhibit a nematode-caused disease. The same, of course, may happen
to the nematode if the balance shifts in favor of the fish. But I have never heard anybody
talk about a fish-caused nematode disease in such a case.

Changes in the balance between agent and host are induced through genetic, environ-
mental or nutritional factors. Unless disproven, we may postulate that the ecological
dynamics which govern the relations between symbionts — including those identified as
potential disease agents — are subject to principally the same rules that govern the
interrelations among the free-living members of an ecosystem. In both situations, the key
for comprehending the processes involved and their causes, as well as for the correction of
damage (disease; environmental degradation) lies in the identification of (i) the forces
responsible for destabilizing and changing established equilibria; (ii) the mechanisms of
resilience (maintenance of existing balances).

A major shortcoming in fish disease research is the frequently confusing taxonomic
status of the organisms involved, especially among the protozoan agents, but also in taxa of
multicellular parasites. Numerous authors have described the parasitic species concerned
with insufficient accuracy, others have quoted previous work incorrectly, and still others
have failed to trace the taxonomic history of a given species with accurate care. This state
of affairs has been documented in this Volume especially by G. Lauckner. The situation is
similar in other agent-host groups (e.g., Lauckner, 1980, 1983).

There is much need for broadening the basis of disease research: we must apply
modern ecological concepts; determine and quantify the flow patterns of energy and
matter between the partners involved in a biotic disease; study the factors responsible for
establishing and/or destabilizing equilibria between antagonistic forces; strengthen the
cooperation between marine, brackish and limnic researchers; and include in our research
programs non-commercial organisms of a wide taxonomic variety. Since life originated in
an aquatic medium, the deepening of our understanding of disease phenomena in aquatic
organisms can be expected to contribute significantly to the analysis, comprehension,
prevention and treatment of diseases in general, i.e., including the diseases of organisms
now living on land, and man. For this reason, a new International Journal has been
established which is being directed by a board of Subject Editors with diverse professional
backgrounds and of high international reputation. Hopefully, this new Journal* will assist
in strengthening the foundations for modern disease research.

(*Diseases of Aquatic Organisms”. Inter-Research, POB 1120, D-2124 Amelinghausen, Federal
Republic of Germany).
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Special Significance of Viruses and Bacteria as Causes of Fish Diseases

Of particular importance as causes of disease phenomena in fishes are microorgan-
isms, especially members of the universally-wide-distributed viruses and bacteria. For
microorganisms, the organic material synthesized by, and temporarily stored in, the body
of a living organism constitutes a unique source of life-supporting energy and matter. In
the course of their evolutionary history, microorganisms have developed an impressive
variety of ‘ingenious’ methods and tricks to gain access to these resources, and the
organisms thus attacked have, in turn, ‘invented’ equally sophisticated mechanisms to
counteract the intruders and to defend themselves. What we begin to discover today is a
fascinating documentation of a millions-of-year-old game of ‘outsmarting* each other,
between parasitic microorganisms and their living target substrates (hosts).

Typically, the opposing or complementary roles and strategies of co-evolving agent—
host pairs appear to follow ‘restricted conflict rules’, characterized by periods of sustained
over-all equilibria. However, such equilibria are disrupted by distortions due to endo- or
exogenously induced changes in the ecological potentials of the partners. Distortions are
often especially pronounced in evolutionary young (insufficiently buffered) interrelations.
Unbalanced agent-host relations tend to induce demonstrable negative deviations from
the normal state in one (or more) of the partners involved, i.e., disease.

Ranging in size from some 18 to 410 nm, viruses depend entirely on living animal,
plant or bacteria cells for maintenance, growth and development. Within the large
organizational spectrum of living and non-living materials present on Planet Earth, viruses
occupy a special position. They are composed of a protein coat, a nucleic-acid core and, in
some cases, carbohydrate and lipid materials. Several of these intra-cellular inhabitants
may inflict diseases on their hosts. Their detrimental effects range from rather harmless
infections to severe cell damage to the induction of cancer. As is the case with other disease
agents, the etiology depends on a variety of factors, including site and route of infection,
agent virulence, host susceptibility, effectiveness of host defense, and the biological history
of both agent and host.

The ecological potentials of agent and host, and hence agent—host dynamics, may be
modified by such factors as age, physiological condition, environment and nutrition.
Consequently, as in the other biotic diseases, the final course and outcome of a given virus
infection is difficult to predict, and the development of agent—host dynamics may be
complex.

Modern virology has received decisive stimulation from the discovery that viruses may
infect bacteria (bacteriophages, phages). In fact, experimentation with bacterial viruses has
opened up entirely new perspectives in biological research and laid the foundation for
molecular biology. In the last 3 decades, numerous detailed analyses have revealed a
surprising diversity of virus structures (shape, composition, size) and functions, and
produced a rapidly growing body of knowledge on patterns of viral growth and develop-
ment, as well as on the types of infection and dynamics of pathogenicity. Viral genetics
{mutation, genetic mapping, deciphering of genetic codes), viral pathogenicity and the
involvement of viruses in tumor development now occupy an increasing number of
researchers.

Information on virus-controlled fish diseases has increased significantly in the last
decade. Most of the knowledge now available was obtained from captive fishes. Especiaily
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in aquaculture farms, many of the viruses that presumably persist in wild host populations
in states of reduced activity were apparently favored by the diminished defense capacities
of their fish hosts which suffered from suboptimal culture conditions (see also Hetrick,
1984; Sindermann, 1984a, b). The number of fish diseases shown to be due to viral agents
is increasing (e.g., Sindermann, 1970, 1979) and the role of the viruses as pacemakers or
secondary agents in disease phenomena primarily due to other causes requires careful
attention.

Similar to viruses, an increasing spectrum of bacteria has been shown to cause, or to
be involved in, fish diseases. Again, most pertinent information comes from fishes kept in
captivity.

Viral and bacterial infections are major hazards confronting the commercial aquacul-
turist. The instrumentarium for microbial disease control in captive fishes comprises the
development of effective vaccines and of general immunization techniques (disease
prophylaxis via immunization), use of monoclonal antibodies, genetic engineering,
employment of polyvalent bacterins whose properties can be adjusted to newly developing
agent strains, chemical treatment, improvements in quarantine techniques and, of course,
the reduction of captivity stress as well as the development of adequate diets. In addition,
our present diagnostic techniques require improvement.

Uni- and Multicellular Disease Agents

About one quarter of all known protistan species may be assumed to be capable of
inflicting disease phenomena on other forms of live (facultative plus obligate parasites),
providing the conditions for their establishment are favorable. Like bacteria, protozoans
command a pronounced affinity for coexisting intimately with foreign, usually larger,
organisms. They constitute a tremendous potential for inflicting diseases on all groups of
multicellular animals, including the fishes.

While a considerable number of fresh-water-living protozoans associated with fishes
have received attention with respect to their parasitic potentials, their marine counterparts
remain to be investigated much beyond the present level of our knowledge in order to
assess their role as disease agents with more solidity. Life cycles, nutritional requirements,
routes of host invasion, strategies for counteracting host defense, agent reproduction and
agent distribution — many of these important facets of biotic diseases have remained in the
dark. We know less about the role of marine protistans and protophytans as causes of fish
diseases than about the roles of a number of multicellular agents, notably the helminths.
Progress in fish pathology will depend to a large extent on a more intensive exploration of
the disease-causing roles of viruses, bacteria and protistans.

A classical object of parasitology, the helminths (Turbellaria, Monogenea, Tre-
matoda, Cestoda, Nematoda, Acanthocephala, Hirudinea) have attracted attention from
numerous researchers for decades (see also Rohde, 1984a, b). The body of knowledge
produced, expecially on life cycles, taxonomic identities and distribution patterns is
impressive. Much less is known about metabolic aspects of agent—host relations (flow
routes of energy and matter, and the materials involved; physical and chemical aspects of
agent virulence and host defense) and — in captive fishes — of disease prevention, disease
control and disease therapy. As in all other groups of organisms known to be able to cause
diseases in fishes, more inforrhation has accumulated on fresh-water-living forms than on
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their marine counterparts, and we know much more about parasites and hosts kept in
captivity than about those living under natural conditions.

While numerous cases of intimate living together with other forms of life have become
known from a variety of crustaceans, the major evolutionary stream of crustacean
development points towards the free-living state and towards the establishment of multila-
teral, rather than bilateral, interrelations of organismic coexistence. Among the relatively
few parasitic members of the group, ectoparasites dominate. Most of the facultative and
obligate crustacean parasites of fishes are not highly pathogenic, except in fish with
diminished defense capacities — e.g., senile individuals or those suffering from excessive
stress (extreme intensities of environmental factors, captivity, pollution). In most cases
crustacean effects are not severe and remain sublethal. However, extensive damage may
be inflicted by species of Argulus, some gill parasites (fresh-water) and several
mesoparasitic copepods. Crustacean endoparasites inhabiting fishes may be capable of
causing severe damage. Their role in fish- pathology requires more attention.

Further work is necessary to define the role of crustacean parasites of marine fishes
more clearly and to assess the potential of crustacean parasites for facilitating infections
of microorganisms and protozoans, as well as infestations of other muiticellular para-
sites.

Abnormal Cell Growth

As other multicellular organisms, fishes suffer from a variety of disease phenomena
due to abnormal cell growth, induced by genetic and/or non-genetic factors. Abnormal cell
growth results from impairments of mechanisms which integrate and coordinate cellular
division, differentiation and cooperation. Such mechanisms are the basic prerequisite for
the evolutionary development of multicellular plants and animals. Diseases due to their
impairment are, so to say, the price to be paid for multicellularity.

Excessive, abnormal, local ceil division and growth produces a tumor (swelling),
which may be benign or malignant. Both these forms of tumors are collectively referred to
as neoplasms (‘new growth’ or ‘new formations’). Neoplasms may be composed of quasi-
normal body-own cells, abnormal body-own cells and/or foreign cells. Abnormal body-
own cells exhibit one or more of the following negative deviations from the normal state:
(1)anaplasia, i.e., degeneration of cellular characteristics and growth patterns; (ii)hyper-
plasia, i.e., autonomous and insufficiently restrained growth of normal cells leading to local
increase in cell numbers; (ni)hypertrophy, i.e., increase in cell volume. The study of
neoplasms is known as oncology.

The causes for negative deviations in cellular division, differentiation, gowth and
coordination include circumstances internal to the individual involved (genetic predisposi-
tion, genetic disorder, senility), environmental factors (foreign organisms: viruses and
other parasites; chemicals; injuries; irradiation; chronic irritation; severe stress) and
nutritional circumstances (dietary deficiencies or excessivenesses). In most cases several of
these causes appear to act in concert, thus increasing the total summative impact on the
target individual. With the exception of external swellings (tumors of the body surface)
many malignant forms of neoplasia (cancers) are beyond-chances for effective, long-term
repair by the time they are definitely diagnosed.

Cells of malignant tumors are characterized by their capacity to leave the site of their
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origin and to migrate, or to allow themselves to be transported, to almost any other part of
the body, where they may establish new centers of cancerous growth (metastases).

None of the neoplasia thus far reported from fishes differs essentially, in terms of
characteristics and host-effects, from comparable tumors in other groups of organisms,
invertebrate or vertebrate. There are reports of tumorous fish diseases of epidemic
proportions, and a growing body of evidence suggests that the incidence of neoplasia in
wild fish populations tends to increase in heavily poliuted waters. Hence, critical studies
are necessary to test the hypothesis that tumor development may be supported, directly or
indirectly, by man-made pollutants.

Some fish tumors have been produced experimentally by cross-breeding. While the
parents used were tumor-free, the resulting hybrids developed tumors with great regular-
ity. Such experiments witness the significance of genetic factors for tumor development.
For a review on genetic aspects of cancer development consult Anders and Anders (1984).

Extreme Intensities of Environmental Factors

Environmental stressors may not only be the immediate cause of a variety of diseases,
but can also significantly modify the ecological potentials of both agent and host. Hence,
they may play an important role in the destabilization of equilibria between disease-
causing and disease-counteracting forces.

In addition to a number of environmental qualities identified as potential stressors
(e.g., extreme intensities of temperature, salinity, oxygen availability, water movement), a
host of chemical substances, including those made and released by man, must be expected
to be capable of inducing stress-mediated diseases in fishes and other organisms (see also
Dethlefsen, 1984; Moller, 1984; Wolthaus, 1984).

The ecological potentials of agents and hosts not only depend on acutely prevailing
environmental circumstances, but also on their environmental histories. It may turn out
that the status of acclimation (non-genetic adaptation) of a given organism can be of much
more importance for the development of disease phenomena than is hitherto being
accounted for. No disease can be explored adequately without taking environmental
stressors, present and past, and nutritional disorders into account.
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1. DISEASES OF PISCES

DISEASES CAUSED BY MICROORGANISMS
Agents: Virales

KEN WOLF

This section reviews and evaluates critically the diseases caused by virus, visualized
virus, and virus-like particles in marine, anadromous and catadromous fishes. It is
restricted to viral conditions. The term ‘disease’ refers to any deviation from the normal
state (health); it includes such pathological conditions as result from genetic, physiological,
nutritional, or environmental factors plus the more commonly considered infectious
conditions caused by parasites; for a more detailed definition consult Volume I: Kinne
(1980, p. 14). The term ‘viral conditions’ includes infections wherein a viral agent has been
isolated and shown by fulfillment of Rivers’ postulates to be the cause of a pathological
condition. The subchapter further includes material on viruses that have been isolated but
whose role is as yet unknown — unequivocal virus forms seen and known only by electron
microscopy and still other abnormal intracellular forms best termed ‘viruslike particles’.
Further research is likely to show that some of the viruslike particles are indeed viruses but
some others will almost certainly be found to be artifacts or unusual cellular particles of
non-virus nature.

At present, about 20,000 different species of fish are known. It would be artificial to
restrict this section to marine species, especially because some fish live in marine habitats
at one time, and at other times migrate to or from freshwaters. Accordingly, I include
viruses of catadromous fishes, notably the anguillid eels that migrate from estuarine and
freshwater habitats to spawn in the sea as well as viruses of anadromous species, which
spend the major portion of their life in marine waters but spawn in freshwater — typically,
but not exclusively — the salmonids.

The term ‘fish’ as used here includes teleosts, bony fishes, plus the cartilaginous
elasmobranchs (sharks, skates, and rays), and cyclostomes (lampreys and hagfishes). With
one exception — virus forms seen in erythrocytes of a shark — viruses of elasmobranchs
and cyclostomes have yet to be documented. That does not mean that these 2 classes are
exempt from viral susceptibility, but rather that the more primitive fishes have not been
adequately investigated virologically. After all, viruses are known from invertebrates as
well as from teleost fishes and all the higher vertebrate classes.

The first fish virus was isolated from diseased trout in 1957 (Wolf, 1983). Twenty-five
years later, an overview showed that viruses isolated from fishes, plus other bona fide
viruses found only by electron microscopy and still others best termed ‘virus-like,’
collectively numbered about S0 (Wolf, 1983).

Viruses of fishes, where characterized, conform to major virus groupings known from
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homeotherms. Fish have herpesviruses, iridoviruses, rhabdoviruses, and reoviruses. Other
fish agents are provisionally considered to be adenovirus, coronavirus, calicivirus or
leucovirus. Of course, still others remain to be isolated and characterized, and undoubtedly
some of the remaining major virus groups will have representatives living in fish. A
possible exception — at least for the present — is that no virus agent from fish seems to
have the size and distinctive morphology of the poxviruses found in mammals and birds.

At least 25 viruses have been isolated from fishes and about 15 others have been
visualized unequivocally in fish tissues. Conservatively, 87 % of all viruses come from fish
species that are important as human food; most of the viruses stem from fish raised in
freshwater aquacuiture facilities. Viruses from truly marine species amount to about one-
fourth of the 87%, and the remaining 13% of all fish viruses come from tropical species,
often those kept in aquaria.

The larger number of viruses, particularly among fish raised in aquaculture, reflects
the influence of economics. Fish in husbandry are typically under regular observation.
When diseases of problem proportion occur the coadition is usually seen and remedial
actions are taken to reduce mortality and hence the loss. In some cases when control
measures were wholly ineffective, certain of the refractory infectious diseases were shown
to have a viral cause. In other cases of patently infectious disease, microscopic pathogens
were absent and appropriate examination showed a viral etiology.

Some generalizations are in order concerning the effects of fish viruses on their hosts.
Just as occurs in virus-host relationships in homeotherms, the effects in fish range from
acute or peracute disease with attendant mortality to infections that are mild or even -
inapparent. Viruses can be present in the absence of clinical signs of disease. Two viruses, a
leucovirus-like agent of esocids and a herpesvirus of the Japanese saimon Oncorhynchus
masou (OMV), are clearly oncogenic. Other fish viruses are present in certain neoplasms
and might eventually be shown to be oncogenic also.

Whereas the general patterns of virus-host relationships in fish is like that in
homeotherms, some exceptions should be noted. (i) No fish virus yet identified has been
shown to require or to use regularly an invertebrate as a vector. (ii) Iridovirus, cause of
lymphocystis disease, (there is evidence for distinct types) causes a unique and often
spectacular cellular hypertrophy that has no counterpart among homeotherm diseases. (iii)
Whereas vertical and horizontal transmission of fish virus occurs, venereal transmission is
unknown, no doubt because intromission between fish is a rare exception.

The overall pattern of viruses in fishes is like that of viruses in warm-blooded
vertebrates, with one notable exception. Viral zoonoses result from certain infected birds
and mammals. Thus far, viruses of fishes are not infectious for man, neither do they result
in disease when injected into homeotherms for the production of specific antisera.

Marine Fishes

Cod ulcus syndrome

Definition. The cod ulcus syndrome is a pathological condition consisting of focal
lesions of the skin of yearling and older Atlantic cod Gadus morhua taken in Denmark’s
coastal waters. Viruses have been isolated from some specimens.

Signs and pathologic changes. Fish were collected with commercial gear, and no
mention was made of possible behavior changes. Danish investigators have described 5
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developmental stages in the course of the disease: (i) papulovesicular, (ii) erosive, (iii)
early ulcerative, (iv) late ulcerative, and (v) healing (Jensen and Larsen, 1979).

Externally, Stage 1 lesions are multiple 2 to 8 mm diameter papules and occasional
vesicles distributed along the lower part of the body but never on fins or head. Some
papules have an apical hemorrhagic area. Papules progress to become vesicles that are
larger and contain serous fluid.

Stage 2 lesions are perforate and crater-like with depressed centers and raised rims.
The color is pink tinged grey to yellow.

Stage 3 ulcers are reddish and concave; they have hyperplastic tissue margins and
necrotic centers.

Stage 4 ulcers (2 to 8 cm diameter) are the most severe form and progress from single
lesions or from fusion of adjacent foci. The worst ulcers penetrate the abdominal wall.

Stage 5 is one of healing and recovery. The lesions are devoid of scales and pigment
and thus are white. Understandably, the recovery stage is more apt to follow Stages 1 and
2 than after lesions have perforated.

Internal findings of affected cod have not been reported; accordingly, it is assumed
that the overall appearance of the visceral mass was normal.

Histologic features of the lesion have been described and illustrated by Jensen and
Larsen (1979).

Pathologic changes of Stage 1 lesions occur in the stratum compactum, but more so in
the overlying tissues. The stratum spongiosum is markedly edematous and the surface
epithelium intact but rough. Fluid fills the scale pockets and in turn those are surrounded
by infiltrating granulocytes. Hyperemia and small hemorrhages are pronounced.

In Stage 2, the underlying musculature is involved; it is edematous and infiltrated.
Epithelial margins of lesions are thickened and the loose connective tissue infiltrated.

Stage 3 lesions show a markedly edematous stratum compactum and beginning
formation of granulation tissue in loose connective tissue. In some cases, the musculature is
exposed.

Stage 4 lesions always have a breached stratum compactum. Granulation tissue has
increased, and the exposed musculature has become necrotic, edematous, and infiltrated.

Stage S lesions show a covering of epithelium, but a lack of scales and pigment cells.
Infiltration has lessened and fibroblasts have moved in. Obvious signs of recovery are
present.

Biophysical properties of the viruses. Two morphologically distinct viruses have been
isolated, but neither has been characterized. Typical rhabdovirus particles have dimensions
of 55 X 175 nm (range 50 to 80 X 115 to 195 nm). At 15°C in the PS line of pike
sarcoma origin, the rhabdovirus attains a titer of about 10° TCIDsy, ml~!. In the EPC cell
line the titer is only 10' TCIDgo ml™ !, and in BF-2, FHM, and RTG-2 lines no replication
occurs (Jensen and co-authors, 1979).

The iridovirus occurs only in cell cytoplasm. It has a diameter of 145 to 150 nm and a
nucleoid of 100 nm. The EPC cell line replicates the agent to a maximal titer of about 10°
TCIDs, ml~! and the PS line only 102 TCIDs, ml~ !

Diagnosis. The etiology of lesions remains to be demonstrated; therefore, within the
limitations of existing information, a pathologic diagnosis of the cod ulcus syndrome based
on gross and histologic features of the lesions is the best that can be accomplished.
Although 2 viruses have been isolated from pooled lesions, neither agent has been shown
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to be present in all cases, and the effect of viruses on fry and fingerling cod — or related
gadid fish — needs to be determined. It is possible that one or both agents are virulent for
young cod and that fish which survive to maturity simply carry the virus.

Isolation and identification of the viruses. Larsen and Jensen (1979) carried out
bacteriological examination of fish with ulcus syndrome. Among 350 fish examined, about
half had sterile lesions, the others harbored Vibrio anguillarum, but that organism failed to
evoke the subject skin ulcers under a variety of methods of experimental challenge.

The possibility of viral involvement came to light when a homogenate of 20 pooled
papules from 7 cod was examined virologically and found to contain the 2 viruses. Neither
agent was evident in original cultures but required 2 or 3 passages to show effects and then
only in specific cell lines. The general effect of viruses in vitro was lytic.

On an individual basis papules from 33 affected cod were examined, and iridovirus
was found in only one. Examination of 20 control cod showed no evidence of virus.

At present, identification can only be made on the basis of virus size, shape, and
differential response in the EPC and PS cell lines. Antigenic relationship to other
rhabdoviruses and iridoviruses remains to be determined.

Transmission and incubation. There seems to be little doubt that the ulcus syndrome is
a contagious disease and, although Rivers’ postulates have not been fulfilied, experimental
evidence supports the proposition that the iridovirus has at least a contributing if not a
causal role. Jensen and Larsen (1982) have carried out extensive trials, the results of which
convincingly eliminate. Vibrio anguillarum as anything but a secondary invader. Also, the
disease could not be induced when the rhabdovirus was used as inoculum. On the other
hand, a 100% transmission was achieved in 9 to 11 days when 6 healthy cod were held with
4 that had Stage 1 papules. A 36% transmission was obtained when papule homogenate
was applied to scarified skin of 11 test fish. The incubation time was 9 to 12 days and new
lesions appeared where skin had not been abraded. However, intraperitoneal injection of
papule homogenate did not give a consistent response. In one trial, 40 fish were used but
none developed lesions. In a second trial, 4 of 31 injected fish — only 13% — developed
the ulcus syndrome. Four trials were conducted in which culture-grown iridovirus was
injected. Twenty fish that received virus intracardially and 20 that were injected
intraperitoneally all failed to show evidence of the disease. In 2 other trials wherein
iridovirus was injected intracardially some of the recipients developed the ulcus syndrome.
Collectively, 113 cod had been injected intraperitoneally and 21, or about 19%, developed
the disease.

The health history of the wild caught test fish is completely unknown. The apparent
resistance of many could be the result of prior exposure and immunity.

Host and geographic range. The only fish known to exhibit the disease is the Atlantic
cod in waters off Denmark. It seem possible that the range will be extended. Also, related
gadids might also be found susceptible.

Control measures. Not applicable.

Lymphocystis disease

Definition. Lymphocystis disease, or simply lymphocystis, is a chronic, dermatotropic,
but trivial, viral infection found only in the more highly evolved orders of fishes — both
freshwater and marine. The infection is typically superficial and results in a unique,
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terminal, and spectacular cell giantism or hypertrophy with distinctive DNA inclusions in
the cytoplasm.

Signs and pathologic changes. Behavior and activities of infected fish are normal.
Typical lesions are external and overwhelmingly located on skin and fins; they consist in
some cases of individual hypertrophied cells, but more usually of clusters that have a warty
or pebbled appearance (Nigrelli and Ruggieri, 1965, Templeman, 1965). Lymphocystis
lesions are usually covered with a layer of epithelium, which matches in pigmentation the
coloration of underlying normal epithelium. Accordingly, lesions can be white, cream-
colored, gray, or brownish; and additionally, if massive, the lesions can show a reddish hue
due to vascularity.

In a few cases, lymphocystis cells can be found internally.

Mature lymphocystis cells are spherical to ovoid but those in clusters are moderately
distorted by reciprocal pressure between adjacent cells during their growth. At all stages,
except the earliest week or two, lymphocystis cells are significantly larger than normal
cells, and at full development they commonly measure 100 to 1000 or more microns in
greatest dimension.

Key features of the mature cell are a thick hyaline capsule; an impressively enlarged,
distorted and generally centrally located nucleus; an enlarged, basophilic nucleolus; and
prominent basophilic cytoplasmic inclusions that give a positive reaction for DNA.
Morphologically, the cytoplasmic inclusions are of 2 types: (i) For convenience referred to
here as ‘mullet or flounder type’, the first is well illustrated by Alexandrowicz (1951) and
Murchelano and Bridges (1976). This type is comparatively massive and cord-like but with
fenestrations and blebs. The location tends to be distant from the nucleus. (ii) The ‘plaice
type’ is more lace-like and has scattered small condensations of chromatin. Its distribution
is throughout the cytoplasm; its morphology is well illustrated in the report of Templeman
(1965).

Lymphocystis cells apparently stimulate proliferation of adjoining noninfected tissue
cells, for the infected cells are typically embedded in a matrix of connective tissue. Dunbar
and Wolf (1966) described and illustrated the development of experimental lymphocystis
in a freshwater fish at constant 25 °C.

Biophysical properties of the virus. Lymphocystis virus is a large cytoplasmic
icosahedron with a genome of DNA and thus a member of the iridovirus group. The virus
is heat- and ether-labile, but does not hemagglutinate. Infectivity persists for years in
lesion homogenates that are either simply dessicated or lyophilized. Virion size differs with
the fish of origin. In Pleuronectes (Pleuronectidae), Walker and Weissenberg (1965)
found the particle size to be 130 to 150 nm and noted that the virions were significantly
smaller than in two other genera. The largest virions, 280 to 330 nm, were found in
Bairdiella (Sciaenidae) by Lawler and co-authors (1974). Other virions from other genera
are intermediate in size.

Whether in vivo or in vitro, replication of lymphocystis virus takes place in fibroblastic
cells; epithelioid cells seem incapable of supporting growth of the virus. The cytoplasmic
inclusions are the site of viral synthesis and assembly. Wolf and Carlson (1965) carried out
a one-step growth curve of lymphocystis in the bluegill Lepomis macrochirus at 25 °C and
correlated the findings with morphological development of infected cells. A near max-
imum level of infectivity — about 107 IDs, ml™! — was present by Day 15, but cell size
continued to increase without appreciable increase in infectivity for 2 weeks.
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The virus is readily replicated in susceptible cells in vitro. In that process, infected cells
enlarge, show enlarged nuclei and nucleoli, and develop basophilic cytoplasmic inclusions.
Virus from marine fish in cell cultures of marine fish origin was reported by Wharton and
co-authors (1974, 1977), but infectivity was rapidly lost in passage. In contrast, a system
using freshwater fish cell cultures and virus, infectivity was maintained and Rivers’
postulates fulfilled (Wolf and co-authors, 1966). In that system, maximum infectivity —
1053 IDgo ml~' — closely approached levels attained in vivo.

Diagnosis. The usual cases of lymphocystis can be diagnosed by macroscopic examina-
tion. In exceptional cases, the condition might be confused with chlamydial epitheliocystis
disease or with small clusters of trematode cysts. With slight magnification, however,
trematodes can be seen to move or their form and suckers recognized in fixed specimens.
Epitheliocystis cells are much smaller than those of lymphocystis, and they are typically
white and abundant. In sections, the nucleus of epitheliocystis cells is located peripherally.

Histologic examination clearly and unequivocally establishes the identity of lym-
phocystis disease. It is, in fact, a situation where an absolute virological identification can
be made histologically. It should be noted that senescent lymphocystis cells can lack nuclei
and inclusion bodies. Such cells are large and possess the hyaline capsule. The interior is
filled with a homogeneous mass of eosinophilic cytoplasm.

Isolation and identification of the virus. The masses of hypertrophied cells contain
abundant virus and homogenates thereof are infectious for susceptible fish and cell
cultures. As inocula for isolations in cell cultures, homogenates should be decontaminated,
and if membrane filtration is used, a 0.45 um porosity is suggested so as to not lose
excessive infectivity. Incubation temperature should approximate that of the environment
from which the source specimen was taken. Incubation should be effected for 2 or more
weeks, but it is doubtful if blind passage of apparently negative cultures has any value. For
susceptible in vitro systems, cell cultures should be from species providing the virus, or at
least from a member of the same family.

Presumptive identification of the virus can be made as was mentioned by finding
lymphocystis cells in histologic section, or alternatively by demonstrating after suitable
staining, their production in vitro. Demonstration of the virions by electron microscopy
adds to and reinforces the presumptive identification.

Serological identification of lymphocystis virus from a freshwater fish was reported by
Walker and Hill (1980) who used an indirect fluorescent antibody technique and noted
that in cell cultures, the inclusion bodies were reactive.

Because differences in size are known, it seems likely that lymphocystis virus will be
found to consist of strains or types of virus with at least some distinctive antigenic
determinants.

Transmission and incubation. There is no doubt that waterborne transmission is the
principal means of communicating virus; that can be demonstrated experimentally. Virus
enters the host through abrasions or wounds such as those caused by nets, territorial
defense, or spawning combat. It has been amply demonstrated that giils are also a portal of
entry; virus being applied thereto will show up as lymphocystis lesions on skin and fins. In
spite of considerable logic and speculation on the matter, imited experimentation has thus
far failed to show transmission of lymphocystis with or by metazoan parasites.

As a generalization, incubation is prolonged and usually requires one to several weeks
for lesions to become apparent. Factors involved include temperature, which when Jow
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prolongs incubation; viral genome — some Jymphocystis virus seem to have a slower
growth cycle than others — and method of examination or determination. Greater length
of time is required for lesions to become visible if macroscopic examination is used instead
of microscopic.

Host and geographic range. Reinforcing part of what was given in the definition,
lymphocystis is peculiar to the more highly evolved orders of fishes. Also, younger fish are
more susceptible than older specimens of the same species. Currently, about 30 families of
marine fishes are known to have one or more susceptible species. The infection is common
among Perciform, Pleuronectiform, and Tetraodontiform fishes. Listings of susceptible
species are given in the reports of Nigrelli and Ruggieri (1965) and Lawler and co-authors
(1977).

Geographically, there are no known restrictions to the occurrence of lymphocystis.

Control measures. Not applicable for marine or anadromous species.

Menhaden spinning disease

Definition. Menhaden spinning disease is a long-recognized condition that occurs
annually and causes mortality among Brevoortia tyrannus in coastal waters of eastern
United States. The etiology has for years been an enigma, but recently a virus was isolated
and claims made that the agent produced spinning disease in experimentally injected
menhaden.

Signs and pathological changes. In epizootics, signs preceding death consist of erratic
swimming and exophthalmia (Sindermann, 1970a). Menhaden injected intraperitoneally
with low passage of the isolated virus developed signs of spinning disease. Histopathologic
examination was not carried out, but hemorrhages occurred in eyes, fin bases, and along
the body. Fish darkened, swam in circles, and died in a matter of 3 to 5 days (Stephens and
co-authors, 1980).

Biophysical properties of the virus. The menhaden isolant has the major biophysical
and chemical properties of infectious pancreatic necrosis virus; the menhaden agent is
stable in the presence of chloroform, unaffected by antoganists of DNA synthesis, and in
negatively stained preparations show icosahedra with a mean diameter of 58 nm. The
buoyant density in CsCl is 1.33 g cm ™2 (Stephens and co-authors, 1980).

Diagnosis. At present, menhaden spinning disease can be diagnosed in cases when
large numbers of the species are found afflicted with erratic circular swimming behavior
and the attendant mortality is great. Thus far, outbreaks have occurred during spring to
autumn in coastal waters of eastern United States. The diagnostic value of hemorrhages is
uncertain, for that sign occurs in bacteremias and in parasitemias. Likewise, the relevance
of the IPN-like virus as a postulated etiologic agent needs to be critically assessed.
Confirmation of original isolations have yet to be reported by other investigators.

Isolation and identification of the virus. The menhaden agent was isolated on a
menhaden kidney cell line using as inocula homogenates from brain tissue and pancreas
and adipose tissues, the latter two presumably in combination. Serologically, the menha-
den virus is completely neutralized by polyvalent anti-IPNV serum and, in all aspects
except one, it i1s a strain of IPNV.

The one unusual feature of the menhaden isolate is that it showed CPE, vacuolation,
and cytoplasmic inclusions only after 1 or 2 weeks, and only on the menhaden kidney cell
line. At 20 °C, that delay in appearance of CPE is most unlike the in vitro effect of IPNV.
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However, transfer of fluids from the menhaden cell line to BF-2, CHSE-214, and RTG-2
cell lines resulted in a lytic CPE. The EPC line was refractory. Non-menhaden cell lines are
refractory to original inocula.

The peculiar situation in which the menhaden kidney cell line was the only culture to
show CPE on first inoculation has changed; additional isolations have been made and lytic
effects were evident in original cultures.

Transmission and incubation. Nothing is known about transmission and incubation
during epizootics. Environmental factors such as changes in salinity, pollution, and
reduced oxygen due to high temperature could be involved or even be the prime cause of
mortality. The virus could be a chance association.

Host and geographic range. Thus far, the spinning disease is known only in the
Atlantic menhaden and only in Atlantic waters off North America. Related clupeid fishes
in other waters might experience similar disease signs and mortality.

Controi measures. Not applicable.

Turbot herpesvirus infection

Definition. Turbot herpesvirus infection is a mild to moderately serious giant cell
condition of the skin and gill epithelium of young Scophthalmus maximus under husbandry
in warm effluent from a nuclear power generating plant (Buchanan and co-authors, 1978).

Signs and pathologic changes. Affected specimens are anorexic and lethargic. Their
posture is abnormal, for instead of lying flat on the bottom they are laterally flexed so that
head and tail are raised. Other behavior changes and external signs have not been noted,
neither has the internal appearance deviated from the normal.

Specific signs of the disease are evident only with microscopy. Giant cells ranging in
size from about 9 X 15um to 70 X 130 pm are present in skin and gill epithelium
(Richards and Buchanan, 1978). The giant cells are more numerous on the upper side than
on the side in contact with the bottom. Cells occur singly, but in heavy cases several layers
can be present. Most of the cells have a single nucleus, and in those cases that nucleus is
large and occupies as much as 90 % of the cell. Other cells are multinucleated, apparently
having been formed by fusion.

The significance of the infection is greatest when gills are involved and when many
cells are present (Richards and Buchanan, 1978). The presence of giant cells in gills causes
hyperplasia of surrounding tissue. When heavy infection is present, lamellae fuse and
malpighian cells become hyperplastic. Vascular stasis and thrombosis occur and result in a
considerable reduction in the functional respiratory area.

Fish with heavy infection must be considered in marginal condition, and stress
conditions such as handling, transport, temperature fluctuation, and high chlorine levels
(from fouling control measures in the plant’s cooling system) can precipitate mortality.

Biophysical properties of the virus. The virus is known only from electron microscopy
(Buchanan and Madeley, 1978, Buchanan and co-authors, 1978). The size and shape and
apparent mode of replication indicate that the turbot agent is in all probability a
herpesvirus; accordingly, the discoverers have proposed the name Herpesvirus scoph-
thalmi (Buchanan and co-authors, 1978). The authors noted 18 nm petal-like projections
on negatively stained preparations of enveloped particles and call attention to the
similarity of such projections on coronaviruses. Coronaviruses however, are replicated
only in cytoplasm and are not found in nuclei.
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Herpesvirus scophthalmi particles measure about 100 nm in diameter — some have a
25 to 30 nm nucleoid, others are empty, but both occur in cell nuclei. Abundant, and at
times membrane enclosed, enveloped particles measuring about 200 nm occur only in the
cytoplasm and extracellularly. Micrographs showing actual envelopment were not found,
and the agent has not been isolated.

Diagnosis. Considering the usual high degree of host specificity of herpesviruses, the
turbot infection can be recognized by the pathognomonic giant cells in skin and gills of the
host species. Light microscopy of gills alone might not always distinguish the condition
from that of epitheliocystis. Electron microscopy, however, will clearly distinguish between
herpesvirus and chlamydia of epitheliocystis.

Isolation and identification of the virus. Buchanan and Madeley (1978) attempted to
isolate the virus, but they were unable to find a cell line that would replicate the agent. In
their survey of fish cell lines and viruses, Wolf and Mann (1980) found no extant cell line
of bothid fish origin. Primary cultures of turbot cells could easily be set up in several hours
using procedures described by Wolf and Quimby (1976a, b). Application of fin epithelial
cultures to isolation of the turbot virus would be most interesting.

Transmission and incubation. The giant cell condition has been found in the wild, and
the infection is considered enzootic. In addition to the presence of giant cells, the skin of
some infected individuals showed crypts that were considered to be sites where giant cells
had been destroyed (or from which infected cells had sloughed). In either case, virus might
have been released to initiate new infections.

Regarding incubation time, Richards and Buchanan (1978) noted that mortality
occurred within 5 days after young turbot were transported. One must assume that the
infection was well underway and that considerable gill hyperplasia was present in fish that
would die so soon. The very size of the giant cells argues for a chronic course of infection.

Host and geographic range. Young turbot in waters off Scotland and Wales and in the
fish production facility of the power station at Ayrshire, Scotland, are the only known
susceptible host. It is possible, however, that closely related pleuronectiform fishes in the
subject marine environment could also be infected. The turbot herpesvirus giant cell
condition is reminiscent of giant cells of Pacific cod that are described by McArn and co-
authors (1978).

Control measures. It has been suggested that the only means of minimizing mortality
among infected turbot is to apply enlightened husbandry, i.e., to minimize handling,
provide optimal nutrition, and reduce or eliminate stress factors.

Viral erythrocytic necrosis (Piscine erythrocytic necrosis)

Definition. Viral erythrocytic necrosis (VEN) is manifest, as the name indicates, only
as pathological alterations of erythrocytes. The disease occurs in poikilotherm vertebrates
from reptiles through elasmobranchs. Among teleost fishes, the host response varies from
inapparent or mild to moderately severe. Also, in fishes, VEN is almost exclusively a viral
infection of marine species.

Signs and pathologic changes. Behavior changes in infected fish have not been
reported. The only consistent gross signs of the disease were seen by Evelyn and Traxler
(1978) who found pale gills and generally pale visceral organs in Pacific salmon (genus
Oncorhynchus) with VEN. Blood of affected specimens clotted slowly if at all, and
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hematocrits were abnormally low. Histologically, hematopoietic tissue of Pacific salmon
was hyperactive.

Specific pathologic alterations occur only in circulating erythrocytes. When fixed and
stained with hematologic stains, blood films show 1 of 2 major changes: (i) Typical of
Pacific salmon, a small (1—4 um) eosinophilic inclusion is present in the cytoplasm or
alternatively as a bleb on the nucleus. (ii) Typical of Atlantic cod (Gadus morhua),
cytoplasmic inclusions can also be present, but the more obvious change is in the nucleus
that is vacuolate or shows various degrees of necrotic degeneration or karyolysis.

The degree of infection in individual fish can range from a low of less than 1 % to the
most severe cases in which 100 % of the erythrocytes show pathological change. Leuco-
cytes, however, are not affected.

Biophysical properties of the virus. The agent universally found in erytrhocytes of fish
with VEN is a large heat-labile, cytoplasmic icosahedron with a genome of DNA.
Accordingly, by those criteria, the agent is an iridovirus, but it has not been isolated in cell
cuiture, and neither have Rivers’ postulates been fulfilled.

Much like the size variability of another well-known fish iridovirus, the lymphocystis
agent, the VEN virus in different hosts has shown a range of size from about 150 to
350 nm. The differences in size cannot be attributed to use of different procedures. Reno
and co-authors (1978) found the size to be 145 nm in Atlantic herring Clupea harengus,
while in 2 species of Oncorhynchus Evelyn and Traxler (1978) found the size to be
190 nm. The largest particles in a teleost were found in Atlantic cod, where the size was
variously reported as 260 to 360 nm (Appy and co-authors, 1976; Walker and Sherburne,
1977; Reno and Nicholson, 1981).

The sole report of virus in an elasmobranch is that of a VEN virus-like agent seen in
erythrocytes of a shark Scyliorhinus canicula; the size of that agent is given as 450 to
500 nm (Johnston, 1975).

Diagnosis. Presumptive diagnosis of VEN is made by staining films of peripheral
blood and finding the distinct small eosinophilic cytoplasmic inclusions or erythrocytes
with obvious lytic or degenerative changes in the nucleus or both. Confirmation of the
diagnosis can be had by electron microscopy and findings of cytoplasmic icosahedral
virions in cells showing nuclear damage and inclusions. Smail and Egglestone (1980) have
reported a rapid method of demonstrating the virus electron microscopically in prepara-
tions of lysed erythrocytes.

Isolation and identification of the virus. Although various fish cell lines widely used in
fish virology have been tried, none proved capable of supporting replication of the VEN
virus, and the agent has not been isolated. Seemingly an obvious approach, cultures of
hematopoietic tissue or cells have not been tried.

The virus — or viruses — can only be identified by electron microscopy, and then
only to the extent of the assumed iridovirus grouping.

Transmission and incubation. Transmission in the marine environment is probably
waterborne but other means are not excluded. That assumption is based on the fact that
waterborne transmission was demonstrated between salmonids in freshwater experimenta-
tion (MacMillan and Mulcahy, 1979). In that work, the minimal incubation time was
7 days and the longest more than 3 months.

Transmission has also been achieved by injection of virus and, in that case, incubation
time was a week or less.
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Host and geographic range. Marine species constitute the primary host group for VEN
infections, and anadromous species are secondary. Within a species, young fish apparently
are more susceptible than older fish.

Walker and Sherburne (1977) list 12 species of fish known to have the infection and
an additional five species in which the disease is considered possible. The listing shows that
several families are represented by two or more susceptible species. Moreover, iridoviruses
of poikilotherm vertebrates are not known for host specificity. Accordingly, it seems most
appropriate to list families of fishes containing species known to be susceptible to VEN
(Table 1).

Control measures. Not applicable.

Table 1-1
Families of fishes having one or more species known to be susceptible to VEN (adapted and
expanded from Walker and Sherburne, 1977)

Scientific name Common name Scientific name Common name
Scylliorhinidae Cat sharks Sciaenidae Croakers

Clupeidae Herrings Cottidae Sculpins
Salmonidae Salmon, trout Hemitripteridae Sea ravens
Osmeridae Smelt Liparidae Sea snails
Anguillidae True eels Labridae Wrasses

Gadidae Codfishes Blennidae Combtooth blennies
Paralichthyidae Bastard halibuts

Anadromous Fishes

Chum salmon reovirus (CSV)

Definition. Chum salmon reovirus (CSV) is a newly recognized apathogenic agent
isolated once from 60 kidney and spleen samples of normal appearing Oncorhynchus keta
on their return to Hokkaido, Japan to spawn (Winton and co-authors, 1981). The
virological examination was carried out as a requirement for certification for importation
of salmonid eggs into the United States. It is stressed that additional search for the agent
has been conducted but, thus far, unsuccessfully.

Signs and pathologic changes. Source fish were sexually mature anadromous speci-
mens; accordingly, they were assumed to be normal in appearance and behavior. Experi-
mentally, Winton and co-authors (1981) intraperitoneally inoculated fry of chum salmon,
chinook salmon (Oncorhynchus tschawytscha), and kokanee (O. nerka) with culture-
grown virus. The fish were held at 12 °C and samples assayed for virus during a 42 day
period of observation.

Neither behavior changes, nor signs of disease occurred. Replication of the virus — at
most about 100 times greater than input — occurred in the young fish, more in the chum
salmon fry than in the other 2 species. Histologically, focal necrosis of transient duration
was found in livers of chum and chinook fry. The foci were first found in chum fry at about
Day 8. At Day 14, the lesions were acute and numerous, but by Day 21 healing had begun.
Chinook salmon fry were less severely afflicted and kokanee not at all. All other organs
appeared normal.
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Biophysical properties of the virus. The chum salmon reovirus has the major attri-
butes of the Reoviridae. It is an acid- and chloroform-stable, doubly encapsidated
icosahedron with a 75 nm diameter. Treatment of CSV with alpha-chymotrypsin results in
subviral particles of 50 to 55 nm and preparations with more than a 10-fold increase in
infectivity. The RNA genome is double-stranded and preliminary results indicate that the
buoyant density is 1.33 to 1.369 cm ™3,

The CSV lacks 2 characteristics found in other reoviruses; it does not agglutinate
human 0+ erythrocytes, and it is not stable at 56 °C.

Initial isolation was made on CHSE-214 cells, whereas RTG-2 cells showed no CPE.
The range of in vitro replication is 10 to 20 °C and the optimum about 15 °C. With the
exception of RTG-2 cells all of the widely used fish cell lines replicate virus. The highest
titers — 10® TCIDs, ml~! — are produced in cell lines of salmonid origin. The most
evident cytopathic effect is the production of syncytia. Those syncytia could be confused
with effects of OMV and Herpesvirus salmonis except that CSV will induce syncytia in
cells at 18 °C, a nonpermissive temperature for H. salmonis and only marginally permissive
for OMV.

Diagnosis. In the absence of a disease state, diagnosis is an inappropriate term;
instead, virus isolation and identification will determine the presence (or absence) of the
chum salmon reovirus.

Isolation and identification of the virus. The CCH-1 cell line of chum salmon origin
and the CHSE-214 line of chinook salmon origin are suggested for isolation. Incubation
should be at 15 °C for at least 7 to 10 days and in the absence of syncytia, or any other
CPE, material should be blind passaged.

The CSV has not been serologically typed, accordingly its possible relationship to
human and avian reoviruses remains unknown. The chum salmon isolant is somewhat
similar to the golden shiner virus (GSV), but the 2 can be distinguished by the fact that
GSV does not grow at 15 °C and CSV does not grow at 30 °C, which is near-optimal for
GSV (Schwedler and Plumb, 1982).

Transmission and incubation. Nothing is known of transmission in nature, and the
only experimental work employed intraperitoneal injection of fry size (1 to 2 g) fish with
10% TCIDs, each — a rather massive amount considering the small size of the animals.

Based on the first appearance of focal necrosis in livers of chum salmon fry and titers
measured in chum salmon and kokanee fry, the minimal incubation time at 12 °C is 8 to
10 days.

Host and geographic range. The chum salmon returning to Hokkaido is the only
known source of the virus, and that fact is further restricted by the finding of virus in only
1 of 60 5-fish pools of kidney and spleen tissues.

Control measures. Not applicable.

Herpesvirus salmonis disease

Definition. Herpesvirus salmonis disease is a subacute systemic disease leasing to high
mortality among experimentally infected fry to fingerling rainbow trout Salmo gairdneri
and chum salmon Oncorhynchus keta following injection of culture-grown virus. The virus
was originally isolated from ovarian fluids of adult rainbow brood stock at a single location
in the State of Washington, USA (Wolf and co-authors, 1978). The presence of the virus
elsewhere has not been reported.
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Signs and pathologic changes. In young rainbow trout, external signs of the disease
include anorexia and lethargy, abdominal distension, exophthalmia, hemorrhages in orbits
and fin bases, abnormal darkening and thick mucoid casts trailing from the vent. Inter-
nally, moribund victims contain abundant ascitic fluid, and the overall appearance of
visceral organs is pale. The liver is pale or mottled, and its texture is friable. Food, if any, is
present only in the posterior intestine. Peripheral blood contains immature erythrocytes
and blast cells of uncertain nature.

Histologically, pathological changes are found in many organs, but particularly in
renal, respiratory, cardiac, hepatic, intestinal, and pancreatic tissues. In some specimens,
pancreatic acinar cells fuse to form syncytia, which are pathognomonic for the infection
and known for no other fish disease. Kidneys show edema, hyperplasia of hematopoietic
tissue, congestion, and necrosis, the latter also quite commonly in hematopoietic tissue as
well as in tubules. Gill epithelium is edematous and hypertrophied. Pseudobranches are, to
various degrees, edematous and some are grossly necrotic. Cardiac tissue is edematous and
necrotic. Leucocytic infiltration is evident as are localized hemorrhages. Livers usually
show edema, necrosis and hemorrhage or congestion. Posterior intestine or rectum shows
necrotic mucosa that sloughs into the lumen and leucocytic infiltration of the submucosa.
The sloughed mucosa undoubtedly constitutes the bulk of the mucoid cast that one sees
trailing from the vent. Illustrated details of the histopathology are reported by Wolf and
Smith (1981).

Biophysical properties of the virus. As the name indicates, Herpesvirus salmonis, or
salmonid herpesvirus, possesses the attributes of the herpesvirus 1 group and is officially
recognized as such (Roizman and co-authors, 1981).

Herpesvirus salmonis is replicated only by salmonid fish cell lines such as the CHSE-
214 and RTG-2. Optimal temperature for replication is 10 °C. Maximal titer is about
5 X 10* PFU ml~! for released virus and about 10-fold greater for cell-associated virus.
A one-step growth cycle requires more than 96 h at 10 °C. Susceptible cell response to the
virus results in cyncytia followed by limited lysis. Syncytia are produced at 0 °C, but at that
temperature replication does not occur. Incubation at 15 °C results in inconsistent replica-
tion (Wolf and co-authors, 1978). Higher temperatures are not at all permissive.

Diagnosis. Herpesvirus salmonis disease is an experimentally induced condition, but
the agent was originally isolated from a population of adults with a history of high
postspawning losses and in which other causes could not be recognized. Accordingly, the
virus has a potential for serious disease and mortality under hatchery conditions and
possibly in the wild.

The disease can be suspected if young rainbow trout show the foregoing external and
internal signs and mortality. When present, syncytia in pancreatic acinar cells are diagnos-
tic, because other viral diseases of salmonids typically cause necrosis of the pancreas but
not cell fusion. Absence of other viral agents of salmonids — IHNV, OMV, VHS, and
IPNV — should be determined. Production of syncytia in salmonid cell cultures is helpful
because at present OMYV is the only other salmonid virus that has that ability.

Isolation and identification. Young, nearly confluent cultures of salmonid cells should
be used for isolation. Their pH should be 7.3 to 7.5 and virus inocula should be adsorbed
on drained cells sheets for 2 h at 10 °C. Care should be taken to avoid dehydration of cells
during adsorption.

Kidneys, liver, stomach, and intestine of young fish harbor the greatest amount of
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virus and are suggested for homogenization, decontamination, and use as inocula. Incuba-
tion at 10 °C should continue for at least 7 to 10 days after which material should be blind
passaged if CPE is not evident.

Syncytia on salmonid cell lines is only presumptive evidence of virus, and only 2
salmonid herpesviruses produce that effect — Herpesvirus saimonis and OMV. Accord-
ingly, serum neutralization is required for definitive identification. H. salmonis and OMV
do not cross-react in cross-neutralization tests (T. Kimura, pers. comm.). The chum
salmon reovirus also produces syncytia in certain fish cell lines, but that agent can be
separated from H. salmonis and OMYV by its RNA genome and ability to grow at 20 °C.

Transmission and incubation. Experimentally, fish-to-fish transmission could not be
demonstrated among young rainbow trout at 8 to 10 °C. Infection, disease, and mortality
were produced only by injection of virus, and first mortalities began 25 or more days after
the fish were inoculated. Mortality continued for up to 50 days.

Nothing is known about transmission and incubation of the infection in the single
source lot of brood stock; the fish were disposed of when it was learned that they harbored
a new virus. It is postulated that the virus persisted to adulthood so that it would be present
as a successful herpesvirus to infect the next generation of hosts.

Host and geographic range. Thus far, the sole location where the virus existed is the
Winthrop (Washington) National Fish Hatchery. A 2-yr virological survey of hatcheries
that received eyed eggs from the Winthrop brood stock failed to reveal progeny fish with
the virus.

Young rainbow trout are demonstrably susceptible to injected virus. However, under
the same conditions young brook trout Salvelinus fontinalis, brown trout Salmo trutta,
Atlantic salmon Salmo salar, and kokanee Oncorhynchus nerka were not susceptible. On
the other hand, T. Kimura (pers. comm.) found that chum salmon (O. keta) are susceptible
to Herpesvirus salmonis by injection.

Control measures. Because only 1 source was known and that fish stock disposed of,
discussion of control is somewhat academic. Avoidance can be recommended — if one
knows the source. Were a new focus to be found, temperature sensitivity of the agent
might be exploited and the disease controlled by elevating temperature to 15 °C or higher.

Chemotherapy with anti-herpesvirus compounds might be effective. T. Kimura (pers.
comm.) has been able to effect control of OMV with continuous feeding of Acyclovir.

Infectious hematopoietic necrosis

Definition. Infectious hematopoietic necrosis (IHN) is an acute rhabdoviral disease
and typically a cause of high mortality amoung young rainbow trout Salmo gairdneri,
chinook salmon Oncorhynchus tschawytscha, sockeye salmon O. nerka, and certain
species of Asiatic salmonids. In older literature, IHN was variously known as chinook
salmon virus disease, Oregon sockeye disease, and sockeye salmon virus disease.

Signs and pathologic changes. The first sign is a sudden rise in mortality among fry or
fingerlings. Affected fish avoid the stronger currents, move to sides of raceways or troughs,
and are carried down current. Brief episodes of frenzied swimming can occur. Victims
develop exophthalmia, abdominal swelling, abnormal darkening, anemia, and hemor-
rhages at fin bases. A thick mucoid cast or exudate trails from the vent of some victims.
Internally, the visceral mass is pale and can show muitiple petechial hemorrhages. The
digestive tract is devoid of food but can contain yellowish or cloudy mucus-like fluid.



DISEASES CAUSED BY MICROORGANISMS 31

The dominant histopathologic change — by which the disease was named — is
marked necrosis of renal hematopoietic tissue and tubules. Pancreatic necrosis can also be
present, but a more distinctive feature that is pathognomonic is necrosis of the acidophilic
granular cells of the intestinal stratum compactum and granulosum (submucosa). Stained
imprints of kidney tissue show abundant cellular debris. Still other changes occur and have
been described in a comparative review of the histopathology of fish viral diseases
(Yasutake, 1975).

Amend and Smith (1975) carried out detailed physiological studies on the response of
fish to IHNV and concluded that renal failure resulted in electrolyte imbalance, hemodilu-
tion, and death.

Biophysical properties of the virus. The agent of IHN is a typical rhabdovirus that
measures about 160 X 90 nm. The genome is RNA, and the virus is labile to ether, acid,
heat, and glycerol. Like others of the fish rhabdoviruses, structural proteins of IHN virus
have been studied and uniformly found by several groups of investigators to contain L, G,
N, M, and M, components. Slightly different values were reported for the respective
molecular weights of each protein, but the profile of IHN virus resembled that of the rabies
type rhabdovirus more than that of vesicular stomatitis virus. Other aspects of the
molecular biology of IHNV and other fish viruses are to be found in reviews of McAllister
(1979) and Pilcher and Fryer (1980).

The infectivity of IHNV persists longer in distilled water than in physiological salines
or seawater. In similar fashion when dried from water, infectivity persisted longer than 1
week — the duration of infectivity when preparations were dried from physiological saline
or even from homogenized tissue. This pattern of survival is consistent with the epizootiol-
ogy of a virus that is transmitted in fresh water environments. Recommended storage of
IHNYV is at —20 °C or preferably at —70 °C or lower, and in the presence of serum or
other protein.

Consistent with the biology of its hosts, IHNV is replicated at low temperatures. In
vitro, the range is 4 to 20 °C, but the optimum is 13 to 18 °C. Maximal titer is about 107
PFU ml~1.

Diagnosis. A presumptive diagnosis of IHN can be made based on findings of the
aforementioned clinical signs and supporting epizootiological data. These data include
occurrence in fry or fingerlings of salmonid species known to be susceptible and in
geographic areas where IHN is enzootic. The disease should also be considered if
appropriate findings are present in the progeny of eggs that come from stock in geographic
areas where JTHN is enzootic.

Added confidence in the accuracy of a diagnosis can be had if histologic examination
of victims shows marked renal and hematopoietic necrosis and especially necrosis of the
eosinophilic granular cells of the digestive tract.

Susceptible lines of fish cells show a pattern of grape-like rounding before necrosis
sets in. However, margination of chromatin is a more specific change. If sought, that
feature can be seen both in stained and unstained preparations. Where specific antiserum
is not available, a presumptive diagnosis can also be made based on cytopathic effects of
IHNV. The reader is cautioned, however, that IHNV can occur in fish already carrying the
virus of infectious pancreatic necrosis and that a definitive diagnosis requires that the virus
be isolated and identified serologically.

Isolation and identification of the virus. Virus is abundant in victims and typically
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reaches and usually exceeds 10° PFU g~ ! of whole fish homogenate. The virus is readily
isolated in cultures of commonly used fish cell lines such as CHSE-214, RTG-2, FHM, and
others. The FHM line is preferred by some workers, but not all lineages retain susceptibil-
ity. Accordingly, the FHM cell line should be monitored to ensure that it will reveal IHNV
if it is present.

Regardless of the cell line used, cultures should be young and vigorous. At most,
cultures should be but several days old and only about 90 % confluent. Adsorption of
suspect material on drained cell sheets is preferred for greatest sensitivity and, also to that
end, the pH should be in the range of 7.6 to 8.0. With epizootic material, CPE will usually
appear with 48 h at 12 to 15 °C and should reach a plateau in 4 to S days.

Identification of the virus is most commonly done with serum neutralization test.
Fluorescent antibody techniques have been developed, but they have not found wide-
spread use.

Egtved virus, the agent of viral hemorrhagic septicemia of rainbow trout, is presently
the only other rhabdovirus known from a salmonid fish, and Egtved virus is not neutralized
by IHNV antiserum.

Transmission and incubation. The virus is carried by survivors of the disease and is
shed by adults at the time of spawning. The virus is associated with sex products of males
and females, but is more abundant with eggs than with sperm. Although virus has not been
demonstrated as actually within the egg, the association is intimate and, in effect, vertical
or at least generation-to-generation transmission occurs. Supporting that concept is the
fact that outbreaks of THN have occurred among progeny of eggs that came from carriers
but were disinfected with an iodophore, the most effective product known for that
purpose. The virus is waterborne and also transmitted by contact and by ingestion.

Incubation time from exposure to first mortality is variable and depends on factors of
temperature, route of infection, amount of virus, and age of fish. The usual range of
incubation time is 5 days to about 2 weeks after fish have been exposed by contact.

Host and geographic range. The disease is native to and enzootic in the Pacific
Northwest (USA) from California to and including most of coastal Alaska. The disease has
been introduced to Japan with virus contaminated eggs from North America, and it has
apparently become established both on Japan’s Honshu and Hokkaido Islands.

In addition to rainbow trout, chinook and sockeye salmon, Japanese chum salmon,
amago Oncorhynchus rhodurus, and masou salmon O. masou have sustained epizootics.
Atlantic salmon Salmo salar have proven susceptible to IHNV when given by injection.

Control measures. Measures that contribute to avoidance or prevention should be
implemented. Where possible, fish stocks known to harbor the virus should be avoided,
but that measure is practical only with hatchery fish such as rainbow trout. In situations
where anadromous stocks of fish are known to harbor IHNV and virus-free alternative
populations are not available, several measures can be applied to reduce mortality even
though the virus can persist.

The first such measure is to disinfect virus-contaminated eggs; iodophores are
recommended for that purpose. Suggested disinfection is with 100 ppm available iodine
for 10 to 15 min. The pH of the disinfecting solution should be 6.0 or higher.

In some, but not all, situations where water supplies are contaminated and JHN
cannot be avoided, incubation of eggs and fry at 15°C or higher has resulted in
significantly reduced mortality. Although incubation at elevated temperature does not



DISEASES CAUSED BY MICROORGANISMS 33

eliminate the virus, the measure has been effective in minimizing losses of chinook salmon
fry in California. Ironically, Idaho’s Snake River Valley has constant 15 °C water and IHN
outbreaks among rainbow trout have occurred there regularly during the last several years.

In theory, ultraviolet irradiation or ozonation of contaminated water supplies should
be effective in controlling THN. Still another measure results in reduced mortality.
Returning stocks of salmon are examined virologically and eggs from individual pairings
are incubated in separate lots. Where high levels of virus are found in one or both parents,
the lots are discarded. The measure requires a disciplined approach in testing, and use of
decontaminated or virus-free equipment for each pairing. Also, cell cultures must be
incubated for a minimum of several days before results are available. Nevertheless, losses
among progeny of parents that shed little or no virus are much less than losses of progeny
of parents with high virus titers. Drastic reduction in virus levels seems to be the operative
factor.

Methods of immunization are in development and hold promise for the future. Virus
has been attenuated by repeated cell culture passage at elevated temperature and when
administered by immersion the result has been to provide protection against virulent
challenge. A 2 day immersion time was most effective (Pilcher and Fryer, 1980). Use of
the vaccine has not yet found widespread application.

Infectious pancreatic necrosis

Definition. Infectious pancreatic necrosis (IPN) is an acute, widely disseminated and
commonly virulent disease of young trout (termed fry or fingerlings) in freshwater
facilities. The causal agent is a bisegmented double-stranded RNA virus with icosahedral
morphology and a particle size of about 60 nm. Viruses indistinguishable from INPV have
been isolated from anadromous, catadromous, and marine fishes. However, in only 1 kind
of host, the eel, is the agent demonstrably virulent (see eel virus kidney disease, this
section). In the case of menhaden spinning disease, the putative causal agent’s virulence
remains to be confirmed. A virus indistinguishable from IPNV has been isolated from
another marine fish, the southern flounder Paralichthyes lethostigma; however, virulence
for the source species or for brook trout Salvelinus fontinalis the species most susceptible
to IPN, could not be demonstrated experimentally. Uncertainty over the nature of viruses
like or distinguishable from IPNV is further clouded by the fact that additional IPNV-like
agents have been isolated from marine molluscs and crustaceans (Hill and Torchy, 1981).

Signs and pathologic changes. The disease IPN occurs among young trout — fry and,
in some cases, fingerlings. The first indication of a health problem is a sudden onset of
mortality. Often, the largest and most vigorous fish are affected and victims exhibit an
unusual swimming behavior in which they rotate about their long axis. Such agonal
behavior alternates with prostration during which the respiration is shallow and rapid.
Exophthalmia, abdominal distension, and darkened pigmentation are common signs, and
some victims trail a thin strand of mucoid material from their vent.

Internally, food is absent from the digestive tract and the stomach is whitish. In some,
but not all cases, petechial hemorrhages are present between pyloric caeca. The most
significant finding — one that with the foregoing signs is pathognomonic — is the presence
of a clear to whitish mucoid gel in the stomach and anterior intestine.

As the name of the disease indicates, pancreatic necrosis is the dominant histo-
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pathological feature. The original report of IPN concerned the disease in brook trout and
noted that necrosis occurred in both the acinar and islet tissue. Other organs were without
significant change (Wood and co-authors, 1955). According to later authors, necrosis of
islet tissue is an exception; instead small foci of mild necrosis is common in hematopoietic
tissue of the kidneys. McKnight and Roberts (1976) investigated IPN in rainbow trout and
found necrosis of renal hematopoietic tissue and intestinal mucosa. The latter sloughed
into the lumen and constituted the catarrhal exudate or fecal cast.

Biophysical properties of the virus. No doubt, in part because it was the first virus
isolated from a fish but aJso because of some of its unusual properties, IPNV has been one
of the most intensively researched and characterized of the fish viruses. The viral genome
is RNA, but double-stranded and composed of 2 segments. Those features are also found
in Tellina virus, oyster virus, drosophila X virus, and in the virus of infectious bursal
disease of chickens. Accordingly, it has been proposed that a new virus group name
Birnaviridae be applied (Dobos and co-authors, 1979).

The IPN virus is an icosahedron about 60 to 65 nm in diameter and lacking an
envelope. It is ether- and glycerol-stable and the latter feature is a decided advantage in
shipping diagnostic specimens, infectivity survives even at ambient summer temperatures.
Infectivity persists for 1 yr or more in 50 % glycerol at 4 °C and in serum containing cell
culture medium at 4 °C or lower if the pH is 7.0 or less. Infectivity is readily preserved for
years at —20 °C or lower or, alternatively, after lyophilization. Some isolants of IPNV are
vulnerable to freezing and thawing if the pH is slightly alkaline. An acidic pH is decidedly
beneficial in stabilizing infectivity.

The virus is remarkably stable, and infectivity can persist for weeks in environments
that are suitable for rearing trout. Even when dried, infectivity can be demonstrated after
several days. The virus is generally vulnerable to commonly used disinfectants such as
chlorine, formalin, iodophores, and ozone (Pilcher and Fryer, 1980).

Additional information on the physical and chemical properties is to be found in the
report of Dobos and co-authors (1979) and the reviews of McAlhster (1979), Pilcher and
Fryer (1980), and Dorson (in press).

Diagnosis. A clinical or presumptive diagnosis of IPN can be made if young trout
evidence a sudden onset of significant mortality and show the aforementioned behavioral
and clinical signs. Other causes of mortality, such as bacterial gill disease or parasitoses,
should be ruled out and additional confidence in accuracy can be had if histopathologic
changes are found that conform to those of IPN.

The best diagnosis is obtained if virologic examination is carried out and IPNV is
isolated and serologically identified. However, mere presence of the virus is not sufficient
to assign to it the cause of mortality. When IPNV causes mortality, the amount of virus per
gram of whole victim fish is usually 103 PFU or greater. It should also be noted that a dual
infection can occur with either infectious hematopoietic necrosis or viral hemorrhagic
septicemia. Careful plaque assay on RTG-2 cells can reveal the presence of 2 salmonid
viruses if they are present.

Isolation and identification of the virus. With the possible exception of the rhabod-
viruses, IPNV is the most easily isolated of the fish viruses, for it is replicated with marked
lytic CPE by most of the commonly used fish cell lines (Wolf and Mann, 1980). The virus is
replicated at 4 to 26 °C, but 20 °C is commonly used and at that temperature CPE will
generally be evident within 24 to 36 h — if the virus is causing mortality. Higher
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temperature is used by some investigators in order to obtain an overnight appearance of
CPE.

When investigating suspect cases of IPN mortality, homogenates of whole victim fry
— fresh, frozen, or glycerinated — or viscera from fingerlings are prepared. Dilutions of
1:50 to 1:100 are used to minimize toxicity to cell cultures and decontamination carried
out with centrifugation, treatment with antibiotics or membrane filtration. Inocula are
adsorbed onto drained cell sheets or added directly to medium overlaying the cells. If CPE
occurs and progresses in virus-like manner, serologic testing will provide identification.

It has been variously noted that there exists among fish at least 3 and possibly as many
as 7 strains of IPNV (Hill, 1982). The strains differ in innate virulence, and a geographic
pattern exists. Strains Sp and Ab are dominant in Europe, but the Ab strain has low
virulence. Strain VR-299 of the American Type Culture Collection is the prototype virus.
It is virulent and prevalent in North America. Regardless of their origin, all strains show
some degree of cross-reactivity and polyvalent antisera are preferred for identification.

Serum neutralization test is the most widely and reliably used method of identifica-
tion. Fluorescent antibody techniques are next most popular followed by complement
fixation and immunoperoxidase. Recently, ELISA has been successfully applied and other
methods are sure to be applied. For further reading see Dorson (in press).

Transmission and incubation. Infection is transmitted principally horizontally, but
there is convincing evidence that vertical transmission also occurs. During epizootics, virus
is shed in the mucoid cast material of victims and massive amounts of waterborne
infectivity are readily demonstrable. Adult carriers are the prime source of virus, and
infectivity can be shed in urine, feces, or sex products, or in all 3. The presence of virus
associated with sex products long provided circumstantial evidence for vertical transmis-
sion. Although proof of virus within eggs is still lacking, careful iodophore disinfection of
eggs from carriers does not prevent IPN outbreaks among resulting progeny.

Transfer or transport of the virus is possible through mammals or birds that might eat
IPN victims, for infectivity has been demonstrated in feces of homeotherm carnivores
following experimental feeding.

Incubation time to death depends on species and age of fish, but also on the strain of
virus, temperature, portal of entry, and possibly on the amount of virus (Hill, 1982). At
about 12 °C, fry of brook trout will show mortality 5 to 7 days after being fed the virus. As
the fish grow older, incubation time is extended to 10 or more days, but when much
beyond 6 months of age the fish can be infected but not show signs of disease. If virus is
injected, incubation time is shortened by several days.

Compared with brook trout, rainbow trout are a bit more resistant to IPN, but they
too show the pattern of development of resistance with age (Dorson and Torchy, 1981).
As could be expected, temperatures of 4 to 6 °C prolong the incubation time, but in
addition low temperature has a sparing effect in that mortality is reduced.

Host and geographic range. A marked difference exists in the pattern of resident or
original strains of IPNV found in North America and those found in Europe. Accordingly,
it seems likely that the disease is native to both continents in the northern hemisphere. The
virus is also found in Japan and Chile, but epizootiological data fully support the
contention that the pathogen was introduced.

The nominal victim of IPN disease is young trout, but virtually all salmonids are
infectable, but with few exceptions the result is wholly sub-clinical.
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Over the years, a growing array of nonsalmonid fish — freshwater, anadromous,
catadromous, and marine — have yielded IPN virus. The groups involved are: anguillids,
cichlids, clupeids, cyprinids, percids, and even a petromyzontid — a lamprey. In some
instances, virus was found during investigation of mortality but in other cases the source
fish appeared to be normal.

Control measures. The most effective measure for control of IPN is avoidance, but
that approach requires that the water supply and the brood stock both be free of the virus.
Although rarely practiced, virus-contaminated water supplies can be decontaminated by
clorination followed by dechlorination, by ozonation, or by UV irradiation. Where captive
brood stocks are known to harbor carriers, nondestructive virological testing of feces and
sex products will reveal most of those that shed virus and should be culled. The fertilized
eggs of each pair of presumptively clean parents should be incubated in separate containers
and the resulting progeny observed and assayed for evidence of IPN. Where the available
supply of virus-free water is limited, eggs can be incubated and fish reared to advanced
fingerling age before transfer to contaminated water. In that way, age resistance is
permitted to develop and mortality is reduced. The fish, however, will become infected and
some could become carriers.

Where virus cannot be avoided, the practice of some operators is to incubate an
additional number of eggs in order to offset anticipated mortality. The economic loss of fry
is least and the year’s production commitments or plans are ensured.

Antiviral drugs have been tested under laboratory conditions but hatchery-scale
applications have been extremely limited. Incorporation of polyvinylpyrrolidone iodine in
trout ration has reduced somewhat the mortality from IPN epizootics. Prospects for
chemical therapy or prophylaxis of any viral disease of fish are presently very dim.

Immunization for control of IPN is an attainable goal, and although considerable
effort is underway a practical product has not yet been developed. For economy and ease
of application, the vaccine will probably be attenuated or low virulence virus that can be
added to food or water. The product ought to be identifiable as a vaccine strain so as not to
confound ongoing programs of inspection and certification.

Unpublished work on selective breeding of brook trout in Pennsylvania has resulted in
a strain that has 95 % survival under challenge with homologous IPN virus. The most
susceptible strain has a 5 % survival. Response to heterologous strain virus is not known.

Oncorhynchus masou virus

Definition. Oncorhynchus masou virus (OMV) 1s a herpesvirus that produces systemic
disease and mortality in young Pacific salmon (Kimura and co-authors, 1981c). The virus
is hepatotropic and, more significantly, oncogenic. A high percentage of OMYV disease
survivors develop epithelial papillomas on and about the head. The tumors show some sign
of being invasive and metastasizing (Kimura and co-authors, 1981a). The virus and its
disease were reviewed by Kimura and co-authors (1981b).

Signs and pathologic changes. The virus was isolated from normal appearing masou
salmon Oncorhynchus masou, but the effects of OMV are best known from experimental
infectiors of young chum salmon O. keta.

Infected young chum salmon develop anorexia, and some become exophthalmic or
develop visible petechiation, but neither in behavior nor appearance are signs diagnostic.
Internally, the liver is mottled with white areas and in extreme cases the organ is pearly
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white. The digestive tract is devoid of food, the spleen of some is swollen, but kidney —
usually a prime target for fish viruses — appear normal.

Histologically, the liver showed multiple foci of severe necrosis and areas of fused cells
— syncytia. The spleen also showed some necrosis, and edema was present in the heart.
Consistent with the gross appearance, kidneys were normal as were the pancreas. More
extensive details of histopathology were not reported.

As many as 60 % of survivors of experimental infection develop epithelial tumors of
papillomatous from about 4 to 6 months after initial infection (Kimura and co-authors,
1981b). Neoplasms occur preferentially on and about the mouth but also on eyes, opercies,
other areas of the head, and occasionally on the caudal fin. In a single case, a tumor was
found in kidneys.

Tumors consist of squamous cells with a fine connective tissue stroma. Mitoses are
common. The single renal tumor, in contrast to external neoplasms, showed internal
necrosis and displacement of normal kidney tissue. Nuclear size varied, but electron
microscopy failed to reveal the presence of virus (Kimura and co-authors, 1981b).

Biophysical properties of the virus. The OMYV, or salmonid herpesvirus 2, is un-
equivocally a member of the Herpesviridae and officially recognized as such (Roizman and
co-authors, 1981). As could be expected, the salmon pathogen is replicated only by
salmonid cell lines such as RTG-2, CHSE-214, KO-6, HIME, CHH-1, SE, and YNK
(Kimura and co-authors, 1981a, ¢). In vitro effects begin as cell rounding followed by
development of syncytia and a terminal lysis. Optimal temperature of incubation is 15 °C,
but the virus is replicated at 5 to 18 °C but not higher. Peak titer in vitro — about 10°
TCIDs, mi~! — is reached at about 9 days.

The virus is somewhat labile; all infectivity is lost within 17 days if material is stored at
15 °C or higher, and even at — 20 °C most of the infectivity is lost by the 17th day. At
—80 °C, infectivity persists for at least 6 months. T. Kimura (pers. comm.) carried out
serological comparisons of OMV and Herpesvirus salmonis and found that the 2 were
distinct agents.

Diagnosis. Disease caused by OMV can be considered when significant mortality
occurs among young masou salmon, when an infectious process is obviously involved, and
when other pathogens cannot be found. It is possible that the virus is virulent for other
Asiatic salmonids. However, virulence for young masou salmon is predicated solely on the
fact that the pattern of fish viral disease is one of causing mortality in the young and after
which survivors develop a carrier state into maturity.

In vitro development of syncytia in salmonid cell lines coupled with findings of hepatic
syncytia gives reasonable assurance of an accurate diagnosis. The most accurate assess-
ment of cause is made by isolating the agent and identifying it serologically.

Isoiation and identification of the virus. Ovarian fluids from masou salmon and
homogenates of whole victims of experimental infection have yielded virus when inocu-
lated on epithelial or fibroblastic cell lines of salmonid origin. Temperature of incubation
of 15 °C is suggested. Young victims yield about 10 TCIDs, g~ ! of body weight. In limited
trials, virus was isolated from 1 of 11 tumors and in another case from primary culture of a
tumor that underwent degeneration after several days.

Serological identification is achieved with rabbit anti-OMV serum. Earlier, in Japan,
Sano (1976) isolated a herpesvirus from Oncorhynchus nerka and termed the agent
NeVTA for nerka virus Towada lake Akita and Aomoni Prefectures. For a while it was



38 1. DISEASES OF FISHES

thought that NeVTA was Herpesvirus salmonis, but now it appears (T. Sano, pers. comm.)
that NeVTA might be the same as OMV.

Transmission and incubation. The original finding of the virus in ovarian fluids
suggests that vertical transmission could be involved. More certainly, however, horizontal
transmission takes place, because infection can be initiated experimentally by simple
immersion. Kimura and co-authors (1981c) used a 1 h immersion of young chum salmon
in a concentration of 100 TCIDs, ml~! of virus at 10 °C. Three-month-old fry were highly
susceptible; after incubation for about 11 days mortality began and by 65 days reached
60 %. Incubation time was nearly double — 20 days — in 5 month-old fry, and mortality
reached 35 %. Age-dependent susceptibility was clearly apparent; 8 month-old chum
salmon showed neither disease nor did they sustain mortality — even after a second
attempt wherein they were injected intraperitoneally with 200 TCIDsq of virus.

Host and geographic range. Thus far, the only natural occurrence of OMV has been
among adult masou salmon in Japan. However, the likelihood that NeVTA virus (herpes-
virus of himemasu) is the same as OMV, extends the natural host range to nerka salmon
Oncorhynchus nerka, but again in Japan. Experimentally, O. nerka was susceptible to
OMYV as were rainbow trout Salmo gairdneri.

Considering the geographic locations of Japan and nearby Soviet Union, one suspects
that OMYV and IHNV might well occur among anadromous salmon in the Far East of the
USSR.

Control measures. Avoidance is the universal control measure for viral diseases of
fishes. That measure is particularly appropriate for captive populations, but hardly for
anadromous species. T. Kimura (pers. comm.) has recently achieved control of OMYV by
continuous feeding of Acyclovir. Also, and in time, it is anticipated that methods of
vaccination will be developed.

Catadramous Fishes
Eel viral kidney disease

Definition. Eel viral kidney disease or branchionephritis is an acute and virulent
infection of young eels of the genus Anguilla under conditions of husbandry in Japan. The
disease characteristically occurs during cold months. The causal agent is an IPNV-like
virus known as eel virus European (EVE or EEV) because the disease was first recognized
after elvers were imported from Europe (Sano and co-authors, 1981).

Signs and pathologic changes. Significant mortality occurs and moribund fish show
transient muscle spasms or rigidity. Gills are swollen and congested. Lamellae show
hyperplasia that results in fusion and clubbing of filaments. Internally, food is absent from
the gut. In some, kidneys are hypertrophied and ascitic fluid is present. Histologically, the
condition is characterized as a proliferative glomerular nephritis. Renal tubular cells show
hyaline droplet degeneration. Focal necrosis occurs in renal interstitial tissue, in some
livers and in most spleens.

Biophysical properties of the virus. The causal agent, EVE, is unequivocally IPNV-
like and thus it has characteristics of the Birnavirus group. Okamoto and co-authors
(1983) compared the antigenic relationships of EVE and selected well-recognized strains
of IPNV. The comparisons showed that EVE was most like the Danish strain Ab.
Interestingly enough, the Ab strain is of low virulence for trout and although experiment-
ally virulent for young eels, the EVE strain is also avirulent for trout.
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Diagnosis. Eel viral kidney disease should be considered if mortality of significance
occurs among young eels — particularly during the cold season — and if the aforemen-
tioned signs and pathologic changes are present. Bacteriologic and parasitologic examina-
tions should be essentially negative, but virologic examination should readily reveal virus
having characteristics of IPNV.

Isolation and identification. The RTG-2 cell line has been used for isolations;
however, considering the IPNV-like properties of EVE, other commonly used fish cell
lines would probably be susceptible and therefore appropriate. Temperature of incubation
is not critical and can be anywhere in the range of 10 to 20 °C. Sano and co-authors (1981)
prepared inocula from gills and kidneys. In the case of very small eels, homogenates could
be prepared from whole elvers.

The eel isolant is readily neutralized by polyvalent anti-IPNV serum. It is only
distantly related to Group I isolants typified by ATCC strain VR-299. It is more closely
related to Group Il isolants — those that are like Sp strain, but most closely related to the
Ab strain (Okamoto and co-authors, 1983).

Transmission and incubation. Young eels are readily infected by intraperitoneal
injection of 107 TCIDs, virus or more and after an incubation time of 6 to 8 days, sustain
losses of 50 to 75 % during the following 10 to 12 days at 8 to 14 °C. Under similar
conditions, rainbow trout were refractory (Sano and co-authors, 1981). The pattern of
mortality is much like that of IPNV in young trout. In addition to injection, young eels are
also susceptible to waterborne virus and can be infected by immersion for 1 h in virus at
about 10° TCIDs, ml™!. Incubation time and cumulative mortality are much like that in
injected eels. Vertical transmission can be considered.

Host and geographic range. Thus far, the hosts known to be susceptible to EVE
disease are Anguilla anguilla and A. japonica. Also, the disease has been recognized thus
far only in Japan. Considering that the virus was presumed to have been introduced from
Europe, and that European eels are shipped elsewhere in the world, eel viral kidney
disease could well occur wherever eels are propagated.

It is conceivable that eel viral kidney disease is simply the expression of cross-infection
of eels by strain Ab of IPNV from trout that are also widely propagated.

Control measures. If sources of EVE are known, avoidance is the most reliable
control measure. Eels raised in proximity to trout that harbor IPNV — particularly strain
Ab — might be at risk. For additional reading, the text section on IPN is suggested.

Eel rhabdovirus infection

Definition. Eel rhabdovirus infection i1s an expedient collective term for a group of
4 serologically related viruses isolated from Anguilla species. Two of the viruses were
designated according to their geographic origin: EVA (eel virus America), and EVEX (eel
virus Europe, unknown) but were actually isolated in Japan (Sano, 1976; Hill and co-
authors, 1980). The other 2 viruses were designated B,; and C;, and were isolated in
France (Castric and Chastel, 1980). The EVA isolant was isolated from elvers that had a
hemorrhagic disease and sustained nearly a 60 % mortality. Experimentally, however, the
virulence of EVA for young eels has yet to be demonstrated. The other isolants — EVEX,
B,,, and C;, — were isolated from apparently healthy eels and produced no signs of
disease in elvers that were challenged by several methods (Castric and Chastel, 1980).
Sano (1976) found that EVEX was pathogenic for young rainbow trout.
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Determination of the virulence or nonvirulence of eel rhabdoviruses might be
resolved if young unexposed elvers can be obtained and appropriately tested. It is worth
noting that most of the fish rhabdoviruses are virulent for young of the hosts in which they
were originally found.

Signs and pathologic changes. Sano (1976) described afflicted elvers from which he
isolated EVA as showing marked vascular congestion in pectoral and anal fins and a more
diffuse congestion on the abdomen. Behavior changes were not reported, but the head was
abnormally flexed downward. Histologically, skeletal muscle was hemorrhagic and degen-
erated, gills were hyperemic, and hemorrhage or leakage of proteinaceous fluid was
present in Bowman’s space and kidney tubules. Necrosis was evident in kidney tubules,
liver, and spleen.

Biophysical properties of the virus. In their size and morphology, the 4 isolants are
unequivocally members of the rhabdovirus group. In their polypeptide composition two of
the isolants, and by inference a third, are distinctly different from agents of viral
hemorrhagic septicemia of trout and spring viremia of carp (Hill and co-authors, 1980).
Serologically, the C;y, EVA, and EVEX isolants are quite closely related, but at best only
distantly related to B, (Castric and Chastel, 1980).

All isolants are replicated by the EPC cell line at 14 °C, but at that temperature the
B, isolant requires 5 days to produce plaques, whereas the other 3 isolants require only
3 days and additionally will plaque in 2 days at 20 °C. Maximum titers are about 10’
PFU mi~! except for the By, isolant that attains 103 PFU ml~1.

The RTG-2 cell line replicates the 3 closely related isolants at temperatures as high as
20 to 25°C, but By, not at all. Hill and co-authors (1980) favored the BF-2 line that
replicated EVA and EVEX at titers as high as 10° PFU mi~ 1.

Diagnosis. The fact that 3 isolants were made from healthy eels and that only the
fourth was from diseased fish and not demonstrably pathogenic, clouds the matter of eel
rhabdoviruses as agents of disease. When eels show evidence of frank disease and other
pathogens are not involved, virus should be considered. Separation of eel viral kidney
disease and rhabdoviral infection can only be done reliably by isolation and identification.

Isolation and identification of the viruses. The EPC line is suggested for isolation of
any of the presently known eel viruses but more specifically for isolation of the eel
rhabdoviruses. Temperature of incubation should not exceed 14 °C. The RTG-2 and BF-2
lines will replicate 3 of the rhabdovirus isolants reliably and are probably suitable for
isolations of all but the B, agent. Serological identification of the eel rhabdoviruses is by
neutralization test and to that end, Hill and co-authors (1981) described the preparation of
antisera.

Transmission and incubation. Nothing is known, but it is assumed that waterborne
infection is the rule.

Host and geographic range. Thus far the viruses have been isolated only in Japan and
France, but one Japanese isolation was made from Cuban elvers at their Tokyo port of
entry. The common eel Anguilla anguilla as known in America or A. rostrata, the
European race, is the only known host. Susceptibility of the Japanese eel A. japonica, has
not been determined.

Control measures. Because the etiologic role of viruses remains to be established,
discussion of control measures is not appropriate.
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Eel virus-2

Definition. Eel virus-2 (EV-2) is a virus of uncertain grouping, possibly an orthomy-
xovirus. The virus was isolated from 1 Anguilla anguilla taken in Germany and bearing
oral neoplastic tissue known as stomatopapilloma or ‘cauliflower disease’ or
‘Blumenkohlkrankheit’ (Nagabayashi and Wolf, 1979). The role of virus in eels has not
been determined. A similar agent was also isolated from young eels in North America’s
coastal waters (Nagabayashi and Wolf, 1979).

Signs and pathologic changes. The source eel was one of 12 that bore oral papillomas
and were sent from Germany for virological investigation. The eels were otherwise normal
in appearance and activity, but the source specimen became weak and so was selected for
early examination.

Infectivity trials with the virus and elvers from North America were inconclusive;
therefore, the role of virus in production of disease or of neoplasia remains to be
determined.

Biophysical properties of the virus. The EV-2 virus is a pleomorphic particle, 80 to
140 nm in diameter, and has an RNA genome. In sucrose gradient, the buoyant density is
1.19g cm 3. The virus is replicated in FHM cells but not in BB, BF-2 or RTG-2. The
range of temperature for replication is 10 to 25 °C and the optimum is 15 °C. Syncytia are
produced at 15 °C, but at 20 to 25 °C the CPE is one of pyknosis and lysis. A one-step
growth curve shows an initial CPE at about 10 h, and a plateau of infectivity of about 103
PFU ml~! is reached at about 20 h. The agent is ether-, pH-, and heat-labile, and its heat
lability is not reversed by MgCl,. The virus agglutinates chick and sheep red blood cells but
only after infectivity is concentrated to 10 PFU ml~! or greater.

Diagnosis. Because a disease has yet to be related to the presence of EV-2, diagnosis
is not applicable.

Isolation and identification of the virus. Original isolations were designated EV-1 and
were made in both FHM and RTG-2 cell lines (McAllister and co-authors, 1977).
However, virus recovered from frozen stocks, again cloned and designated EV-2, failed to
produce CPE in RTG-2 cells. Virus was isolated from homogenates of internal organs and
from papillomatous tissue.

New efforts at isolation should consider using antisera against IPNV and against the
eel rhabdoviruses to inhibit those viruses if they are present and thus to enhance finding
EV-2. The EV-2 is presumptively identified from its eel origin and its ability to evoke
syncytium formation in FHM cells. That characteristic is shared with the golden shiner
virus, but the golden shiner virus is clearly an icosahedron.

Transmission and incubation. Very little is known about transmission and incubation
except that transmission does occur, but whether in fresh water or marine environments
has not been determined. When North American elvers were injected with virus about half
died within 3 months and virus could be recovered from only about 25 % (Nagabayashi
and Wolf, 1979).

Host and geographic range. The original source was Anguilla anguilla from Germany,
but presumptively similar isolations were made from young A. anguilla from North
American (Delaware) coastal waters. Serological comparisons, however, were not made.
Considering that European and North American eels both spawn in adjacent areas of the
Sargasso Sea and that elvers from North America and Europe are exported to Japan,
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viruses similar to or identical with EV-2 might be found in Asia and in eels other than A,
anguilla.
Control measures. Not applicable.

Visualized Viruses and Virus-like Particles

Atlantic cod adenovirus

Definition. Atlantic cod adenovirus is an intranuclear icosahedron seen in cells of
localized areas of hyperplastic epidermis of Gadus morhua from the Baltic Sea (Jensen and
Bloch, 1980).

Signs and pathologic changes. Raised flat and transparent skin lesions, 3 to 20 mm in
diameter, are found on the body but preferentially in the caudal region. Thickness of
epidermis within the lesions is about 4 times greater than that of normal skin and few, if
any, mucus cells are present. Grossly, the hyperplastic cells appear to be normal, but cells
near the germinal layer are shorter than normal. Vascularity within the lesion is greatly
increased.

Intranuclear viral forms are not universally present. They are found in some of the
outermost cells of the lesion. The inference is that virus is causal.

Biophysical properties of the virus. The agent was visualized but not isolated. Its
provisional placement as an adenovirus is based solely on its 77 nm size, intranuclear
location, and icosahedral morphology.

Diagnosis. Recognition of the condition requires finding skin lesions and distinguish-
ing them from those of the cod ulcus syndrome, which occurs in the same waters. Gross
and histological features are useful, but until such time as isolation is made, the most
accurate determination additionally requires demonstration by electron microscopy of the
intranuclear icosahedra of adenovirus-like size.

Isolation and identification of the virus. The literature has long been without a
candidate adenovirus from fish. Jensen and Bloch (1980) qualified their findings by
terming the first such agent ‘adenovirus-like’. Nevertheless, the agent is the best candidate
from a fish for a member of that virus group.

It is suggested that when isolations are attempted that cultures include normal skin
epithelial cells and primary cultures of mixed cell morphology from the cod or a closely
related gadid fish. In addition, an array of the commonly used established fish cell lines —
epithelial and fibroblastic morphology — should be used.

Transmission and incubation. Nothing is known,

Host and geographic range. Thus far, the only report is that of finding the agent in
Atlantic cod taken in the Baltic Sea off Denmark.

Control measures. Not applicable.

Atlantic salmon papillomatosis

Definition. Atlantic salmon papillomatosis is a condition of chronic plaque-like areas
of proliferated epidermis. The plaques occur at multiple sites and seasonally, particularly
on some captive populations of parr and young Salmo salar, but mostly among fish in
freshwater. The etiology has not been demonstrated, but infection has been postulated,
and virus-like particles have been reported by Carlisle (1977).

Signs and pathologic changes. Behavior of affected fish is normal. All signs of the
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condition are external, and the subject lesions are transparent to whitish, wart-like, several
millimeters thick and as large as 40 mm in diameter, but usually smaller. Histologically, the
neoplastic cells are epithelial, but normal tissue architecture is deranged, mucus cells are
scarce and the growth is supported by a fibrovascular dermis. Mitoses are common and
cytoplasmic inclusions occur in some growths where cells are degenerate (Carlisle and
Roberts, 1977). At the ultrastructural level, Carlisle (1977) found the neoplastic cells to
have nuclei that were more spherical than normal epithelial cells. In addition, margination
of chromatin was prominent.

Biophysical properties of the virus. Carlisle (1977) attempted isolation of virus on the
AS cell line of Atlantic salmon origin, but was not successful. He described and illustrated
the virus-like particles found in small numbers in degenerating cells. The particles
measured 125 to 150 nm in diameter and had an electron-dense coat and internally,
separated by an electron-lucent area, a 70 to 95 nm body that was nucleotid-like.

Diagnosis. Diagnosis can be made by findings of wart-like lesions on young Atlantic
salmon. Histological features of the kind described and illustrated by Carlisle and Roberts
(1977) support and confirm the diagnosis.

Isolation and identification of the virus. Isolation has not been achieved. The AS cell
line is fibroblastic, but the dominant cell type in the lesion is epithelial. Accordingly,
cultures of normal epithelial cells from Atlantic salmon should be tried and incubation
should be prolonged to allow transformation to become evident if viral etiology is
involved.

Transmission and incubation. Some attempts at experimental transmission have been
made, but none were successful.

Host and geographic range. The disease is known from young salmon in Scandinavia
and the United Kingdom where it is fairly common in husbandry facilities. On infrequent
occasions it has been found in young salmon in streams in North America’s Northeast.

Control measures. Not applicable.

Atlantic salmon swim bladder fibrosarcoma

Definition. Swim bladder fibrosarcoma of Atlantic salmon Salmo salaris a neoplasm
of prominent proportions but of low incidence and with low associated mortality. The
condition involves subadult fish in mariculture, and an associated C-type or leucovirus is
present in the tumor (McKnight, 1978; Duncan, 1978).

Signs and pathologic changes. The condition became evident when mortality began
among cage-reared fish in a loch. Affected individuals were sluggish and in poor physical
condition. No external lesions were evident.

Internally, hard nodular tumors were distributed along the swim bladder, in some
cases along its entire length. Individually, the nodular masses measured 15 to 30 mm in
diameter; they protruded from the swim bladder and occupied much of the body cavity. No
invasiveness, metastasis or adhesion formed (McKnight, 1978).

Histologically, the tumors consisted of well differentiated interlacing bundies of
fibroblastic cells with elongate nuclei and cytoplasmic processes. The tumors arose at the
junction of the smooth muscle layer and the loose areolar tissue. Centers of the nodules
were not well vascularized and accordingly showed ischemic necrosis. In contrast, outer
portions of the tumors were vascularized. Mitoses were fairly common, and McKnight
(1978) classified the growths as leiomyosarcomas.
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An electron micrographic study was carried out by Duncan (1978) who found 2 kinds
of particles — one extracellularly, the other in the process of budding from cell mem-
branes.

Biophysical properties of the viruses. Numerous electron-dense particles measured
about 110 nm in diameter and were found both in aggregates enclosed in membranes and
located extracellularly. The second type of particle measured about 120 nm in diameter
and had C-type or leucovirus morphology and apparent mode of budding from cell
membranes. No attempt was made at virus isolation.

Diagnosis. Recognition of the disease is based on host species and gross and
histopathological findings.

Isolation and identification of the virus. The agents have not been isolated. Identifica-
tion of the particles — particularly that of the leucovirus — is presently possible and at
that only presumptively by electron microscopy.

Transmission and incubation. Nothing is known.

Host and geographic range. One yr-old smolts and 2 yr-old salmon in cage culture in a
Scottish loch were involved in the sole case reported.

Control measures. Not known.

Gilthead sea bream virus-like particles

Definition. Gilthead sea bream virus-like particles are indeed convincing viral forms
found in the cytoplasm of cells of benign oral papillomas that occur in Sparus auratataken
in Spain (Gutierrez and co-authors, 1977).

Signs and pathological changes. Papillomata were found in 7 of 39 fish taken and
lesions were located about the mouth and on the maxillae. Tumors were slow growing, but
in some cases interfered with feeding. Neither invasion nor metastases were evident.
Internally, tumors showed no necrosis, and the basement membrane was intact.

Biophysical properties of the virus. The virions had morphological properties of
leucovirus or C-type particles. The stated size of 35 to 65 nm is smaller than that of
leucovirus. The particles occurred singly and in groups, and in some areas appeared to bud
from cytoplasmic membranes. Centers of some particles showed evidence of an electron-
dense nucleoid and particle surfaces had regular stud-like or peg projections reminiscent of
cornavirus. Isolation was not attempted, and the author has not pursued the work.

Diagnosis. Findings of oral papillomata on the gilthead sea bream and accompanying
evidence of leucovirus-like particles are suggested as being presumptively diagnostic. The
provisional nature of that statement is based on the fact that the host specificity of the
leucoviruses of fish — and there is a growing number of them — is not known. Also, the
role of leucoviruses in fish is thought to be causal.

Isolation and identification of the virus. Thus far, the virus is identifiable only by its
morphology and apparent mode of replication in tumor cells. Isolation was not reported.

Transmission and incubation. Presence of the virus suggests that the tumor is
transmittable. The nature of the neoplasm and the apparent grouping of the virus further
suggest a lengthy incubation time.

Host and geographic range. At present the agent is known only from the single report
involving one species in Spain. The sea bream, however, is widely propagated; accordingly,
similar cases might occur elsewhere. If so, neoplasms should be examined virologically.

Control measures. Not applicable.
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Opaleye calicivirus

Definition. Opaleye calicivirus can be termed a ‘minimal fish virus’, because it occurs
in the marine teleost Girella nigricans, and experimentally it has been shown to be
replicated in the fish — in both cases without any evidence of harm to that host (Smith and
co-authors, 1981). The virus has also been isolated from a liver fluke taken from a dead
sea lion, and it is in that animal and other marine pinneped mammals that the calicivirus
causes disease and mortality.

Veterinary virologists know the agent as San Miguel sea lion virus (SMSV), and
SMSYV shares common antigens with the virus of vesicular exanthema of swine (VES). The
ocean, in fact, is the likely source of the agent that caused VES epizootics that swept much
of the United States in decades past (Smith, 1981).

Much of the story of calicivirus in fish, parasite, and marine mammal has resulted from
investigations of Smith and co-authors (1978, 1980a, b). Smith (1981) reviewed the
history of investigations, and in the same volume, Bankowski (1981) reviewed diseases in
swine and pinnepeds. Bankowski considers the pinneped and swine viral diseases to have
the same etiology.

Signs and pathological changes. Effects of calicivirus on the opaleye in the ocean are
not known; however, based on results of experimental infections, the virus has minimal
impact. In a limited trial with 4 opaleyes, San Miguel sea lion virus Type 5 was inoculated
into small specimens kept at 15 °C. The fish showed neither behavior change nor evidence
of disease. Virological assay of several tissues and organs showed that the agent was
replicated, that highest titers were produced in spleens, that virus persisted for more than
1 month, but that no mortality occurred (Smith and co-authors, 1981). Histopathologic
examination was not done.

Readers interested in effects of the virus in swine and marine mammals are referred to
the review of Bankowski (1981).

Biophysical properties of the virus. Caliciviruses have a genome of single-stranded
RNA and are members of the Picornaviridae. Particle size is variously cited as being 20 to
40 nm and the morphology as icosahedral. The agents are stable to ether but labile to acid
and heat. In vitro replication of the opaleye isolant occurs at 15 and 37 °C, and peak titers
reach 107 TCIDs, ml~!. Multiple related serotypes are known among isolants from marine
mammals, the opaleye, a liver fluke, and swine.

Diagnosis. Inasmuch as the virus evokes no clinical signs in the fish, diagnosis does not
fit the situation; instead, detection of the agent becomes the goal or purpose. That
approach requires isolation and an appropriate serological method of identification.

Isolation and identification of the virus. Surprisingly, fish cell cultures, have not been
tested for their ability to replicate the opaleye isolant. Instead, the Vero line of African
green monkey kidney cells was used in the investigations of Smith and co-authors (1980b).
Clarified tissue homogenates were used as inocula and adsorbed on cell sheets, which were
incubated at 37 °C. Cytopathic effects were seen after 3 passages. The fish isolants were
presumptively identified by determining their biophysical properties, then definitively
identified and typed using cross-neutralization tests. The results showed that fish isolants
were serotypes of SMSV, but they were not neutralized by the VESV typing serums that
were used.

Primary cultures of fish cells are very easily set up (Wolf and Quimby, 19764, b), and
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more than 60 fish cell lines have been developed and are available to investigators (Wolf
and Mann, 1980). Accordingly, it would seem essential to the study of calicivirus SMSV in
fish to determine the effect of the agent in fish cell cultures. Perhaps the virus-fish
relationship is one of long standing and the virulence of the agent for mammals one of
recent encounter and hence of virulence.

Transmission and incubation. Nothing is known of the biological dissemination and
incubation in fish. Smith and co-authors (1980a) have shown a possible lung worm linkage
between fish and marine mammal. The lung nematode uses fish as an intermediate host
and mammals as final host. Based on increase in titer in opaleyes that were experimentally
inoculated, one can postulate an approximate incubation time of 2 weeks for significant
replication (Smith and co-authors, 1981).

Aspects of incubation time of SMSV in fur seal pups were discussed by Smith and co-
authors (1980a). Bankowski (1981) reviewed infections in swine.

Host and geographic range. Thus far, the sole marine fish host is the opaleye. That
species inhabits coastal Pacific waters from southern California into Mexico. Virological
examination of other fish species associated with the opaleye would be interesting.

Control measures. Not applicable to free-living species, nor warranted where the
effect on the host is apparently benign.

Pacific cod herpesvirus

Definition. Pacific cod herpesvirus is of herpesvirus-like size, shape, and apparent
sequence of replication from nucleus to cytoplasm. The agent is visualized in cyst-like
bodies (also called giant cells) within raised skin lesions of Gadus macrocephalus taken in
the Berning Sea (McArn and co-authors, 1978; McCain and co-authors, 1979).

Signs and pathologic changes. Nothing is known of possible behavior changes because
the affected specimens were taken by trawl. In one case, a lesion incidence of about 4 %
was found among 2000 cod.

The virus is found in cyst-like bodies as McCain and co-authors (1979) describe them,
or as giant cells, the term used by McArn and co-authors (1978). The cellular forms
harboring virus are within raised lesions in the skin of fish. Fish may bear 1 to 5 such
lesions that measure up to 50 mm in diameter. The lesions consist of a 5 to 20 mm wide
cream-colored strip surrounding a round patch of normal appearing epidermis. Only the
epidermis and the stratum spongiosum are affected.

Histologically, the cyst-like bodies are about 4 times larger than normal mucus cells;
they possess a vacuolated basophilic center surrounded by an eosinophilic margin. Within
the margin and internal basophilic core, small eosinophilic bodies of unknown identity can
be found. Infiltrating inflammatory cells occur in the stratum spongiosum near some of the
cyst-like forms.

Biophysical properties of the virus. McArn and co-authors (1978) describe 80 to
110 nm particles in various stages of development within the nucleus of the ‘hypertrophic
cells’. Herpes-like virus particles measuring 120 X 170 nm were found within cytoplasmic
vesicles. The authors note that the virus containing enlarged cells somewhat resembled
lymphocystis and epitheliocystis cells.

Diagnosis. Mere presence of raised skin lesions is not diagnostic, only suggestive.
Lesions should be sectioned and their histology shown to conform to that described by



DISEASES CAUSED BY MICROORGANISMS 47

McCain and co-authors (1979). Demonstration of virions in the cyst-like structures is the
definitive approach at present.

Isolation and identification of the virus. The agent has not been isolated, but it would
appear simple to attempt isolation with at least primary cultures of cod skin epithelium.
Identification requires electron microscopy.

Transmission and incubation. Nothing is known. If live specimens could be held,
opportunity to observe horizontal transmission and incubation would be available. Also,
experimental transmission with lesion homogenate as inocula would be possible.

Host and geographic range. Pacific cod is the only known host; affected specimens
have been taken from the Bering Sea off Alaska.

Control measures. Not applicable.
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Agents: Bacteria

D. A. ConrOY

The remarkable achievements which have come about as a result of the constant
development of productive aquaculture in brackish, estuarine and coastal marine waters, a
biotechnology variously known as ‘mariculture’, ‘ocean ranching’ or simply ‘farming the
sea’, have brought in their train an increasing realization of the potential importance of
bacterial and other diseases of euryhaline and stenohaline marine teleosts. Scientists the
world over, as much in developed countries as in developing nations, are now actively
working on research projects designed to investigate numerous aspects of the bacterial
diseases which adversely affect the species of fish selected for cultivation. In the same way,
efforts are being made to identify novel techniques for the diagnosis, prevention and
control of infectious diseases in an attempt to make available a practical methodology
compatible with the practices and priorities of salt water fish farming. Sufficient experience
is now available to indicate that ‘disease’ as an entity is a factor of singular importance
which limits at the least, or annuls at the most, the productive potential and commercial
profitability of such aquaculture enterprises (see also Volume I: Kinne, 1980a, b).

This section identifies a number of disease problems associated with bacteria in
euryhaline and stenohaline marine fish species, and discusses aspects of particular impor-
tance in relation to aetiological, epizootological, clinical and pathological considerations.

The disease conditions considered are dealt with in the context of syndromes rather
than as individual infections broken down artificially in accordance with the present
taxonomic status of the corresponding aetiological agent. For this reason, it has been
deemed preferable to include important diseases such as furunculosis, vibriosis and
pasteurellosis under the general heading of bacterial haemorrhagic septicaemia; in the
same way, tuberculosis and nocardiosis have been grouped together under the heading of
acid-fast bacterial infections. The special consideration given here to the bacterial diseases
of mugilids and salmonids is a reflection of the personal experience and professional
interests of the author, in addition to which it is emphasized that the catadromous mugilids
and the anadromous salmonids, as representatives of euryhaline species of particular
relevance to present-day salt-water aquaculture are, in addition, of exceptional value as
‘biological models’ with which to demonstrate the impact of bacterial infections on teleosts
maintained in conditions of variable salinities during the process of their capture, confine-
ment, and/or production as food for human consumption.

Grey mullets (Mugilidae) are most important examples of euryhaline and eurytherm
fish, the biology and behaviour of which — already widely capitalized upon for aquacul-
ture purposes — enable certain basic concepts underlying the aetiology of bacterial
diseases of fish in fresh water and in sea water to be more clearly understood. As species of
circumglobal distribution in suitable tropical, sub-tropical and temperate waters, the grey
mullets in general possess feeding habits which may be broadly defined as herbivorous with
marked detritivorous preferences. Payne (1978) has investigated the relationship between
the gastro-intestinal pH and the digestive strategy of the species Liza dumerili, L.
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falcipinnis, Mugil cephalus and M. curema in estuarine environments of Sierra Leone,
West Africa. This worker reported a gastric pH of 2 to S in Liza falcipinnis, in which
species 65 % of the readings lay between pH 3.5 and 4.5, whereas in L. dumerili the value
was pH 7.6 to 8.5 and that of M. cephalusand M. curemawas pH 8.5. No differences were
detected in the readings from the cardiac and pyloric portions of the stomach, and in these
4 species of mugilids the caecal and intestinal pH values were consistent at 8.5. In the
particular case of the striped mullet M. cephalus, Moriarty (1976) demonstrated that on a
basis of muramic acid determinations of the biomass in individuals feeding on sea-grass
flats, approximately 15 to 30 % of the organic carbon present in the stomach was made up
of bacteria. It seems likely, therefore, that the grey mullets do not utilize the secretion of
acid or the production of enzymes to facilitate the breakdown and digestion of the bacteria
which they consume. More likely, they make use of mechanical grinding by the walls of the
muscular stomach, combined with the abrasive effects of sand grains, with protection of the
gastric epithelium being afforded by a process of permanent secretion of a neutral
mucopolysaccharide, as has been demonstrated in Brasilian grey mullets by Castro and co-
authors (1961).

Hamid and co-authors (1978) investigated experimentally the effects of different
environmental salinities on the intestinal microflora of the striped mullet Mugil cephalus.
The fish were transferred from fresh water to sea water through a 1:1 mixture of fresh
water and sea water, and the process was subsequently repeated in reverse order. Samples
from the intestinal tract of mullet in fresh water yielded species of Bacillus, Enterobacter
and Micrococcus. After the mullets had been acclimatized to sea water, the predominant
bacterial flora of the intestine was represented by the genera Aeromonas, Pseudomonas
and Vibrio. When the fish were transferred back into fresh water, the only genus of
bacterium to be recovered was Enterobacter, a finding which led Hamid and co-authors to
conclude that the remaining genera had been incapable of withstanding the transitional
process through the various salinities used in the experimental schedule. Lesel (1982)
postulated that the genus Enterobacter constitutes the only genuinely autochthonous
taxon in the digestive tract of the striped mullet Mugi/ cephalus in sea water. Other
bacterial groups were considered to form part of an allochthonous flora of a temporarily
sedentary nature.

The variations in the bacterial flora of the skin surface of apparently healthy and
visibly diseased striped mullet in natural environments in Queensland, Australia, have
been investigated and documented by Burke and Rodgers (1981). These workers captured
adult muilet by means of gill nets in the mouth of the River Noosa (salinity: 15 to 35 %)
and in Lake Cootharaba (0 to 10 %o) during the period August 1976 to October 1977. The
bacterial isolates were identified to generic level; the distribution of the genera encoun-
tered from healthy skin is summarized in Tables 1-2 and 1-3. In samples from healthy skin,
the bacterial counts ranged from 1.5 X 102to 1.6 X 10% ¢cm~2, whereas in diseased mullet
the counts were in the range of 4 X 105 to 2.5 x 105cm™2. A predominance of
pseudomonads was detected in the skin flora of healthy mullets captured in the mouth of
the River Noosa in April 1977, as was also the case with healthy mullets from Lake
Cootharaba in June 1977. In August 1976, however, Burke and Rodgers observed that
micrococci were the predominant bacteria in the skin flora of healthy mullets from Lake
Cootharaba. Diseased mullets from the mouth of the Noosa River had a skin flora
composed of 100 % Vibrio sp., whilst in similarly diseased fish from Lake Cootharaba the
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Table 1-2
Microbial flora of the skin of apparently healthy striped mullet Mugil cephalus from the mouth of
River Noosa, Queensland, Australia, during April 1977 (Based on Burke and Rodgers, 1981)

Identity of isolate Incidence of occurrence (%)
Coryneforms 10
Flavobacterium 18
Micrococcus 14
Moraxella 4
Pseudomonas 37
Vibrio 14
Yeasts 3

Table 1-3

Microbial flora of the skin of apparently healthy striped mullet Mugil cephalus from Lake Cooth-
araba, Qucensland, Australia, during August 1976 and June 1977 (Based on Burke and Rodgers,

1981)
Identity of isolate Incidence of occurrence (%)
August 1976 June 1977
Acinetobacter 6 -
Aeromonas 4
Alteromonas - 4
Coryneforms - -
Enterobacteria - 4
Flavobacterium - )
Micrococcus 59 5
Moraxella 6 -
Pseudomonas 17 69
Staphylococcus - 5
Streptococcus 6 -
Vibrio - -
Yeasts 6 4

predominant bacterial flora of the skin was composed of Micrococcus sp. (39 %) and
Vibrio sp. (37 %) in June 1977, as opposed to Aeromonas sp. (63 %) and Enterobac-
teriaceae (23 %) in August 1976.

A relation between the feeding habits of fish in brackish water and the incidence of
Vibrio parahaemolyticus has been established by Natarajan and co-authors (1979). These
workers isolated Vibrio parahaemolyticus from more than 1,000 specimens of fish from
Porto Novo, southern India, and found that the incidence of this bacterium was higher in
the gills and intestinal contents than on the skin. The occurrence of Vibrio parahaemoly-
ticus was reported as being far higher in detritivorous fish than in the carnivorous,
herbivorous and planktonivorous species which were examined.

Again with reference to euryhaline and catadromous species of fish, Kanai and co-
authors (1977) investigated the composition of the intestinal bacterial flora of apparently
healthy and visibly diseased Japanese eels Anguilla japonica cultured in fish ponds in
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Shizuoka Prefecture. In the apparently healthy eels, the intestinal flora contained higher
levels of Aeromonas hydrophila and other aeromonads in winter, whilst in spring and
autumn the predominant flora was composed of Enterobacteriaceae. Vibrio sp. invariably
occurred during October, and Streptococcus sp. was present at levels varying between 20
and 80 % in the intestinal contents of eels which were feeding. Diseased eels, in contrast,
gave appreciably higher bacterial counts, and the relative incidence of A. hydrophiia in
these fish was particularly marked.

Yoshimizu and co-authors (1976a, b) have reported on the bacterial flora of the
intestine of salmonids in Japan. In their studies on the flora of fresh-water salmonids, they
used 55 specimens of masou salmon Oncorhynchus masou, 3 sockeye salmon Oncorhyn-
chus nerka and 6 white-spotted char Salvelinus leucomaenis collected in 2 rivers and 2
lakes in the south of Hokkaido. The viable bacterial counts of the water samples were less
than 1 X 10> ml~!; the flora included representatives of the genera Achromobacter,
Aeromonas, Cytophaga/Flavobacteriuvm, Pseudomonas and members of the family
Enterobacteriaceae. The viable counts of the salmonid intestinal contents ranged from 102
to 108 g7 !, with higher counts in spring and summer than in winter. This intestinal flora
was less variable than that of the ambient water, with Aeromonas sp. and Enterobac-
teriaceae predominating. Further studies with mature anadromous salmon were carried
out with 10 pink salmon Oncorhynchus gorbuscha and 20 chum salmon Oncorhynchus
keta caught at the mouth of a river, and 10 cultured masu salmon. Viable counts in the
intestinal slime of chum and pink salmon ranged from 102 to 108 g~ !, those of cultured
masu salmon from 0 to 10%g~'. The genera Aeromonas, Pseudomonas and Vibrio
predominated in the intestinal slime of wild-caught chum and pink salmon; all of the
vibrios were of a marine-halophilic type, the pseudomonads were of a halophilic-terrestrial
type, and most of the aeromonads were of a terrestrial type. Aeromonas sp. proved to be
the predominant type in the intestinal flora of masu salmon cultured in fresh water.

The relation between the bacterial flora of the environment and that of farmed marine
fish has been investigated in the United Kingdom. Gilmour and co-authors (1976a, b)
have studied the composition of the bacterial flora of the skin and intestinal tract of
cultured plaice Pleuronectes platessa and of the power station effluent water used to
cultivate these fish. Plaice were divided into 4 groups of 10 individuals each, and minced
fish with a different binding agent was provided as food for each experimental group. The
skin samples yielded pseudomonads of Groups 1, 2 and 4, Vibrio sp., Enterobacteriaceae
and Moraxelia sp. The intestinal flora, in addition to the aforementioned varieties, also
contained Acinetobacter sp., Aeromonas sp., micrococci, coryneforms and unidentified
oxidase-negative motile Gram-negative rods which failed to ferment glucose. The binding
agents used had no effects on the composition of the skin or intestinal microflora. The
power station effluent yielded a microflora composed primarily of arthrobacters,
Alcaligenes, agrobacteria and pseudomonads, a finding which led Gilmour and co-authors
(1976b) to conclude that eubacteria tend to predominate in coastal marine environments.

Austin (1982) published a significant report on the bacterial flora of a coastal marine
fish-farming facility in England, a study which includes information on the taxonomic
status and seasonal variations of the bacterial types in the water as well as on the surface
and in the internal organs of apparently healthy and diseased turbot Scophthalmus ma-
ximus. In almost 600 isolates of heterotrophic aerobes, Austin detected 8 major and 43
minor phena. Five of the major phena were equated with Acinetobacter calcoaceticus,
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Photobacterium phosphoreum and 3 groups of Vibrio spp., while of the remaining
unidentified phena 1 was classified as Gram-variable rods and the other 2 were considered
to occupy an intermediate position between the Cytophaga/Flexibacter and Flavobac-
terium groups. The surface bacterial flora of apparently healthy turbot included
Alcaligenes faecalis, Bacillus firmus, Photobacterium angustum, ‘Photobacterium loger’
and Pseudomonas fluorescens. Pure cultures of Alteromonas haloplanktis and an uniden-
tified budding bacterium were isolated from the internal organs and muscle tissue of turbot
showing signs of a pathological condition. Austin found that budding bacteria and vibrios
were present throughout the sampling period (January—November 1979), whereas cory-
neforms, Enterobacteriaceae and pseudomonads predominated in summer and
Alteromonas, Lucibacterium and Photobacterium spp. predominated in winter. Organisms
which could be classified as Vibrio anguillarum were conspicuous by their complete
absence from the environmental samples studied by Austin, even from turbot showing
pathological signs considered to be characteristic of clinical cases of vibriosis.

Shin and co-authors (1976) carried out a series of studies on the bacterial flora of
Japanese coastal waters and its relation to the seasonal occurrence of Vibrio parahaemoly-
ticus in 1974 and 1975. During summer, counts of 10 to 10¢ cells 100 ml~! were obtained
for V. parahaemolyticus, whereas this species was not detected during winter. In viable
plate counts, performed at 25 °C for 7 days, species of Pseudomonas and Vibrio predomi-
nated irrespective of the season of the year, although most of the isolates made in summer
could grow at 35 °C while those isolated in winter could not. Plate counts carried out at
42 °C showed a close correlation between total count and incidence of V. parahaemoly-
ticus. Pseudomonads and vibrios formed a high percentage of the isolates during summer,
whereas in winter the predominant flora was composed of Gram-positive rods. Further
studies revealed that most of the vibrios isolated at 42 °C were V. alginolyticus, and that
higher numbers of this species accompanied V. parahaemolyticus in the coastal water
samples investigated during summer.

Wakabayashi and co-authors (1976) examined water samples from eel ponds in
Yoshida, Shizuoka Prefecture, Japan, for the presence of bacterial fish pathogens, with
special reference to Aeromonas spp. and Edwardsiella tarda. Throughout 1 yr, the
bacterial counts ranged from 102 to 10° ml™!, with a minimum in January and a maximum
in September. Aeromonads and enterobacteria were the predominant bacterial types in all
samples analyzed. Of 232 strains of aeromonads identified, 224 were Aeromonas hy-
drophiia and 8 were A. punctata. The enterobacteria isolated included 78 strains of
Citrobacter, 46 of Enterobacter, 9 of Edwardsiella and 4 of Escherichia. Although several
eels Anguilla japonica were found to harbour Edwardsiella tarda, this bacterium was
comparatively rare in the pond water samples tested. Wakabayashi and Egusa (1979)
effected bacteriological studies on the internal organs of diseased Japanese eels from
ponds in the Yoshida region. They observed that 96 eels harboured potential pathogens
such as A. hydrophila, E. tarda and Pseudomonas anguilliseptica, the incidence of which
was 77 % in the heart blood, 84 % in the spleen, 89 % in the liver and 94 % in the kidney.
They concluded that the kidney is one of the most important organs which should be
examined in order to detect and isolate such bacterial pathogens from diseased eels.

It is necessary to bear in mind, from the aetiopathological point of view, that the
interaction of one or more predisposing factors is frequently of importance in the
appearance of outbreaks of bacterial diseases in salt-water fish, as much in the natural
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environment as in conditions of confinement and artificial rearing. Bacteria present in the
water, on the surface, or in the organs of a fish are frequently capable of invading the host
when it is subjected to injury or to biological, chemical and/or physiological stress factors
which serve to reduce its resistance to infection. The effect of ectoparasites, for example,
bears an important relation to the occurrence of bacterial infections in marine and
estuarine fish. Muroga (1979) studied an outbreak of an ulcerative disease affecting grey
mullet Liza akame in the estuary of the Ashida River near Fukuyama City, Japan, during
1977. Thirty-five of the 36 mullet specimens examined were parasitized by the copepod
Caligus orientalis, the presence of which was believed to have inflicted superficial wounds
on the skin which were subsequently invaded by bacteria. The microorganisms isolated
from these skin lesions included Citrobacter sp., Edwardsiella tarda, Klebsiella sp.,
Moraxella sp., Proteus vulgaris, Pseudomonas sp. and Vibrio sp., genera which are often
implicated in disease outbreaks among fish in fresh, brackish and coastal waters. For
example, Kusuda and co-authors (1976) have described an epizootic due to E. tarda in
Mugil cephalus from Okitsu Bay, in the Sea of Japan; another epizootic due to E. tarda has
been reported by Kusuda and co-authors (1977) from crimson sea bream Evynnis
japonicus cultured in Japan. Sato and co-authors (1982) have described a systemic
bacterial infection associated with the presence of Citrobacter freundii which affected
sunfish Mola mola maintained in a marine aquarium in Japan.

The aquatic pathobiologist who becomes involved in studies on the bacterial diseases
of salt-water fish can expect to encounter a challenging situation which offers a number of
intellectual attractions and a tremendous degree of job satisfaction to those possessed with
the stamina to follow through and break new ground in a relatively new scientific discipline
closely associated, as a key support activity, with the development of marine aquaculture
as a source of food for mankind. The requirements of this industry include the application
of novel or more precise techniques in the detection and diagnosis of disease problems, as
well as in the utilization of a suitable methodology to ensure the effective prevention and
control of such problems under operating conditions in the field.

One difficulty which frequently arises in practice is in relation to the correct tax-
onomic status of the bacteria which may be isolated from diseased marine or euryhaline
fish. Many such isolates are motile Gram-negative rods whose precise characterization and
classification at both generic and specific levels is a subject often surrounded by con-
troversy or, at the very least, is a subject in relation to which differences of opinion and
criteria exist. In general terms, these bacteria are identified as species of Acinetobacter,
Aeromonas, Beneckea, Pseudomonas and Vibrio. The taxonomy of bacteria of marine
origin is now becoming a subject of increasing interest to many specialists and, for this
same reason, the ‘traditional’ nomenclature used to describe some of the better known
bacterial pathogens of salt-water fish is susceptible to modification in the light of more
sophisticated taxonomic schemes. For example, attention is drawn to the work of
Baumann and co-authors (1971) who recommended that many Gram-negative, faculta-
tively anaerobic and motile rods of marine origin capable of fermenting glucose anaero-
genically should be assigned to a redefined genus Beneckea. The adoption of this
recommendation would have led to the suppression of many workaday names now so
‘familiar’ to the fish pathologist as Vibrio aiginolyticus, V. anguillarum and V. para-
haemolyticus, and their replacement with terms such as Beneckea alginolyticus (Miyamoto
and co-authors) comb. nov. and Beneckea parahaemolytica (Fujino and co-authors) comb.
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nov. Baumann and co-authors (1980) have, however, proposed that the genus Beneckea
be abolished altogether.

The Shakespearean adage ‘a rose by any other name’ must have an obvious appeal to
all hard-working aquatic pathobiologists called upon to investigate and provide immediate
practical solutions to problems associated with the causes and effects of bacterial diseases
in species of teleosts identified as candidates or potential candidates for aquaculture
operations in brackish and coastal marine waters.

Bacterial Haemorrhagic Septicaemia

One of the most widespread and possibly economically important diseased conditions
in marine and euryhaline teleosts is bacterial haemorrhagic septicaemia, a syndrome in
which various types of bacteria intervene as aetiological agents. The term ‘bacterial
haemorrhagic septicaemia’ is used here to include diseases also known as vibriosis,
furunculosis, pasteurellosis, and infections caused by aeromonads and pseudomonads, the
clinical signs of which are strikingly similar but which are differentiated by the characteri-
zation of the aetiological agent involved in the corresponding outbreak.

Furunculosis per se is a specific form of bacterial haemorrhagic septicaemia caused by
Aeromonas salmonicida; sensu stricto it is a disease which affects salmonids in fresh water.
With the development of salmon and trout culture in sea water, however, increasing
evidence is being accumulated to suggest that furunculosis is likely to become an important
potential disease in salt water. Furunculosis is sufficiently well known as to require little
further comment here; the reader is referred to Bullock and co-authors (1971) for a
detailed description. Mention of furunculosis is confined here to reports on aspects of
particular importance in relation to salt-water salmonid culture.

Nomura and Kimura (1981) have investigated the incidence of Aeromonas sal-
monicida in kidneys of apparently healthy anadromous salmonids captured in rivers in
Hokkaido, Japan. The bacterium was isolated from 148 of 1,280 chum salmon Oncorhyn-
chus keta taken from 12 rivers where the incidence in each river varied from 0 to 60.5 %,
and from 66 of 592 pink salmon O. gorbuscha taken from 9 rivers where the highest
incidence was 36.6 %. A. sa/monicida was also 1solated from kidneys of 116 specimens of
masu salmon O. masou and 60 specimens of sockeye salmon O. nerka.

Novotny (1978) reported that epizootics of furunculosis caused by Aeromonas
salmonicida constitute a very real hazard in salt-water salmonid culture in the State of
Washington, USA. In this situation it appears that furunculosis can occur together with
vibriosis as a dual or mixed infection, one outbreak of which caused mortalities of
approximately 80 % in the course of a S month period among 300,000 chinook salmon
Oncorhynchus tshawytscha maintained in 2 sea-water cages. The strain of A. salmonicida
involved proved to be resistant to oxytetracycline and sulphonamides, although it was
sensitive to furazolidone. Mixed infections were extremely difficult to treat in practice.
Novotny (1978) was of the opinion that A. sa/monicida is introduced together with fish
from fresh water, but that the disease reached epizootic proportions in the conditions of
confinement typical of cage culture. This worker placed particular emphasis on the need to
effectively control cases of furunculosis during the phases of salmonid culture which are
carried out in fresh water, thereby avoiding the unnecessary introduction of the pathogen
into the sea water culture facilities.

Scott (1968) successfully demonstrated that Aeromonas salmonicida is pathogenic to



DISEASES CAUSED BY MICROORGANISMS 55

salmonids in marine and brackish waters. Sea trout and brown trout Saimo trutta
maintained in salinities of 25.4 to 33.1 %s at 5.6 to 14.5 °C were infected. Scott made the
interesting observation that the infected trout, when allowed to remain in fresh water,
retained the typical clinical signs of furunculosis as evidenced by the presence of boil-like
lesions of a ragged appearance and deep-red colour, whereas in fish maintained in sea
water these lesions ‘became clear-cut and their contents were washed away, leaving
undamaged muscle tissue’. Scott concluded from this work that the transmission of
furunculosis by direct infection from a diseased fish to a healthy one is a distinct possibility
in brackish and coastal waters, in which the disease produces a generalized type of
infection without the characteristic cutaneous lesions so typical of the disease. One very
important conclusion of Scott is that anadromous salmonids might not only play an
important role in the transmission of furunculosis, but also serve as a permanent reservoir
of the pathogen as a result of the occurrence of latent or sub-clinical infections in feral
stocks.

Smith and co-authors (1982) provided important information on the transmission of
Aeromonas salmonicida. Routine examinations at 2 sea-water fish farms on the West
Coast of Ireland, revealed the bacterium at a latent or sub-clinical stage in up to 100 % of
Salmo salar smolts produced at one farm. Following the introduction of these smolts into
sea-water cages, mortalities of 40 to 50 % occurred over a 2 to 12 day period, after which
the infection subsided. By the end of the summer, however, the total cumulative mortality
approached 70 %. When infected hatchery-reared smolts were introduced, mortalities
were experienced some 20 days afterwards among smolts which had been produced at
another hatchery. Within 43 days the mortality in the stock stood at 3 to 4 % per diem, to
reach a total of 70 % by the end of the summer. These findings led Smith and co-authors to
postulate that lateral transmission of furunculosis had occurred, a supposition which was
further supported by data subsequently obtained from another fish farm. In this latter case,
fish with a 100 % latent infection on introduction into sea water experienced mortalities of
40 % within 20 days after entering sea water. The strain of A. salmonicida isolated from
these outbreaks had a 40 MD drug resistance plasmid coding with respect to spectinomy-
cin, streptomycin, sulphonamide, tetracycline and trimethoprim, a characteristic which
facilitated recognition of the strain as to its origin in one of the hatcheries from which the
smolts had been received. Smith and co-authors postulated that this strain was capable of
survival in the sea-water farm for at least 6 months in the absence of latent carrier smolts
from the hatchery. They were unable to determine, however, whether introduction of fish
from an uninfected hatchery had contributed to the persistance of the infection as carriers,
or whether the bacterium had been introduced from wild fish in waters adjacent to the
farm. An additional postulate was that the organism may have been derived from bottom
sediments under the cages themselves. Smith and his colleagues draw attention to the
importance of the propagation of furunculosis by one or more of these means in Atlantic
salmon culture operations in sea water. Lubieniecki and Zawadzi (1981) have reported
that furunculosis proved to be a contributory factor in mortalities of rainbow trout
maintained in cages in brackish waters of Puck Bay, Baltic Sea.

One of the best known manifestations of the bacterial haemorrhagic septicaemia
syndrome in euryhaline and stenohaline teleosts is a vibrio-associated disease variously
known as ‘Red Pest’, ‘Red Disease’, pestis rubra anguillarum, erysipelosis anguillarum,
‘Cod Pest’, ulcer disease, eye disease, ‘Boil Disease’, bacterial dermatitis and salt water
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furunculosis — inter alia popular terms which rightly correspond to the all-embracing
designation of vibriosis (Feddersen, 1897a, b; Inghilleri, 1903; Bergman, 1909, 1912;
Aaser, 1925; Schiperclaus, 1927; Bruun and Heiberg, 1932, 1935; Wells and ZoBell,
1934; ZoBell and Wells, 1934; Franco, 1938; Bagge and Bagge, 1956; Rucker, 1963;
Kusuda, 1966; Akazawa, 1968; Wood, 1973).

Red pest (‘peste rossa’) of European eels was of considerable economic importance in
Italy during the 18th and 19th centurnies, where it produced catastrophic mortalities in sea-
water ponds and coastal lagoons during 1825, 1850, 1864, 1884, 1885, 1889 and 1892
(Hofer, 1904; Drouin de Bouville, 1907). What appears to be the first recorded descrip-
tion of a bacterial fish disease is the report of an outbreak of red pest affecting eels in Italy
in 1718 given by Bonaveri in 1761 (cited by Drouin de Bouville, 1907). Other early
European records include reports of outbreaks of red pest in eels from Scandinavian
waters from 1880 onwards, records which have been documented by Bruun and Heiberg
(1932).

The first successful isolation of the aetiological agent of red pest of eels was effected
by Canestrini (1893) in Italy, he described the organism as Bacterium anguiflarum.
Outbreaks of red pest in Swedish coastal waters in 1907 were investigated by Bergman
(1909), to whom the species designation Vibrio anguillarum is due in regard to the
organism which he isolated from the diseased eels. Much of the now classical work on
vibriosis in fish has been carried out by European workers (Inghilleri, 1903; Bergman,
1912; Schiéperclaus, 1927, 1934; Bruun and Heiberg, 1932, 1935; Nybelin, 1935; Franco,
1938).

The earliest records of what is currently recognized as vibriosis in the American
continent are those published by Wells and ZoBell (1934) and ZoBell and Wells (1934).
These workers described a disease characterized by signs of infectious dermatitis in natural
populations of top smelts Atherinops affinis, killifish Fundulus parvipinnis, gobies Gillich-
thys mirabilis and blennies Hypsoblennius gilberti from coastal waters in the State of
California, USA. When infected Kkillifish were captured and transferred to aquaria during
summer, mortalities of up to 90 % frequently occurred. The aetiological agent of the
disease was isolated and described as Achromobacter ichthyodermis by Wells and ZoBell
(1934). A similar organism was isolated from diseased plaice Pleuronectes platessa in
Northeast Scotland by Hodgkiss and Shewan (1950), who classified it as Pseudomonas
ichthyodermis. Shewan and co-authors (1960) have subsequently affirmed that this isolate
should now be recognized as a species of Vibrio. David (1927) refers to the isolation of an
organism described as V. piscium from a disease outbreak in fresh water fish, but it is
doubtful whether this is a vibrio sensu stricto since it fails to attack carbohydrates.

Nybelin (1935) investigated the properties of strains of Vibrio anguillarum available
at that time, and proposed 3 biotypes: (1) Vibrio anguillarum forma typica (Type A); (2)
V. anguillarum forma anguillicida (Type B); (3) V. anguillarum forma ophthalmica
(Type ©).

Larsen and Jensen (1979) have described 2 additional biotypes of Vibrio anguillarum,
designated Types D and E, on a basis of strains isolated from skin lesions and faeces of cod
Gadus morhua and from invertebrates and particulate matter in Danish coastal waters.
The criteria used to differentiate between the biotypes of V. anguillarum include the
production of indole and the fermentation of mannitol and saccharose (Table 1-4).

Many workers have described isolates of Vibrio anguillarum from diseased fish as
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Table 1-4
Critenia used for the characterization of Vibrio anguillarum biotypes (Based on Nybelin, 1935;
Anderson and Conroy, 1970; Larsen and Jensen, 1979)

Biotype Biochemical reactions

Acid from Acid from Production
mannitol saccharose of indole

A + + +

B — —_

C + + -

D - + +

E - - +

+ Positive reaction; — negative reaction

Types A, B or C. Strains from an epizootic detected in chinook salmon Oncorhynchus
tshawytscha in USA have been reported as V. anguillarum Type A by Cisar and Fryer
(1969), whereas strains from trout and other salmonids in Europe and USA have been
classified as V. anguillarum Type C by Smith (1961) and Ross and co-authors (1968).
According to Smith, the strain described as V. piscium var. japonica, and isolated from
rainbow trout in Japan by Hoshina (1956, 1957), would also correspond to Type C. Strains
of V. anguillarum isolated from cod and eels have been variously designated Types A and
B (Bagge and Bagge, 1956; Lagarde and Chakroun, 1965; Muroga and Egusa, 1967;
Larsen and Jensen, 1979). Larsen and Jensen (1979) reported the isolation of Types A
and C from ulcers, mucus and faeces of diseased cod, in addition to Types B and E from
faeces, and Type D from ulcers in these fish. The organism termed V. ichthyodermis
would, on a basis of its reported biochemical reactions, be designated V. anguillarum Type
A in the case of Hodgkiss and Shewan’s (1950) strain, or V. anguillarum Type C in the
case of Wells and ZoBell’s (1934) strain. Anderson and Conroy (1970) isolated more than
40 strains of vibrios from different species of diseased marine fish and found that on a basis
of the biochemical reactions of these strains, they would fall into the category of biotypes
of V. anguillarum in some instances and V. ichthyodermis in others.

Much effort has been given, perhaps unnecessarily, to assigning biotypes to the strains
of Vibrio anguillarum isolated from diseased fish purely on a basis of biochemical
characteristics of the isolates. In this respect, one of the most significant contributions is
the paper by Evelyn (1971), in which many confusing aspects of the taxonomy of V.
anguillarum are carefully analyzed and a tentative archtype of the species is proposed.
Evelyn’s comprehensive studies establish a reference standard for V. anguillarum, a
species which is not included in Bergey’s Manual of Determinative Bacteriology (Breed
and co-authors, 1957) but which is included as V. anguillarum Bergman, 1909 in the Index
Bergeyana (Buchanan and co-authors, 1966).

With reference to the putative existence of biotypes, Evelyn (1971) recommended
that this system of classification be discontinued and that henceforth such types should be
considered as variants of Vibrio anguillarum sensu stricto. Recognizing that the system of
biotype classification stressed the existence of variations among strains of one and the
same species, and forestalled the artificial creation of other species on a basis of a limited
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number of biochemical differences, Evelyn emphasized that the new archtype of V.
anguillarum would inctude strains isolated from disease processes in fish and other marine
organisms variously classified as V. alginolyticus, V. anguillarum, V. ichthyodermisand V.
parahaemolyticus. This proposal would also enable V. anguiflarum to be distinguished
from other bacteria reported as vibrios without sufficient concrete criteria upon which to
base this designation. The archtype of V. anguillarum proposed by Evelyn {1971) is
defined as:
“a facultatively anaerobic, non-sporing (asporogenous), actively motile, polar
monotrichous flagellate, Gram-negative rod; capable of growth on conven-
tional media with salt levels as low as about 0.07 % NaCl but growing
optimally with 1-3 % NaCl; growing well, or best, at 20-30 °C, and poorly, or
not at all, at 37 °C; non-luminescent; unable to digest agar; may sometimes
cause fish disease.”
The biochemical properties of the proposed archtype are given in Table 1-5.

Isolates of vibrios from diseased fish have frequently been classified as Vibrio
alginolyticus, V. anguillarum and V. parahaemolyticus, and the salient characters used to
differentiate between these 3 species and Aeromonas spp. of marine origin have been
given by Larsen and Jensen (1979); they are summarized in Table 1-6. Evelyn (1971)
recognized the need to differentiate between V. anguiliarum (the proposed archtype of
which would now include the organisms previously known as V. alginolyticus and V.
parahaemolyticus) and Vibrio-like anaerogenic aeromonads and plesiomonads. The prin-
cipal biochemical characters which could be used for such differentiation are summarized
in Table 1-7. Evelyn's recommendations permit the adoption of an operational strategy
whereby the diagnosis and identification of isolates of V. angui/larum comb. nov.,
anaerogenic aeromonads and plesiomonads can be effected in a routine manner.

It is generally recognized that Vibrio anguillarum does not ferment lactose, even
though a small number of lactose-fermenting strains have been reported (see Evelyn,
1971). Tison and co-authors (1982) compared strains of vibrios isolated from diseased
Japanese eels to clinical and non-clinical isolates of the lactose-positive V. vulnificus. The
eel isolates were phenotypically different from V. vulnificus in their failure to produce
indole, to ferment mannitol and sorbitol, to decarboxylate ornithine and to grow at 42 °C.
They were, however, pathogenic to eels, a characteristic not shown by the V. vulnificus
strains studied. In the light of Evelyn’s proposal, these strains could conveniently be
accomodated within the species V. anguillarum. Variability among strains of V. anguil-
larum will obviously remain a constant feature as new isolates are investigated. Héstein
and Smith (1977) studied a total of 163 strains of V. anguillarum isolated from diseased
fish in Norway. These strains could be divided into 2 main groups in relation to their ability
to ferment arabinose. Strains originally isolated from salmonids cultured in sea water
generally fell into Group I, while most strains isolated from saithe Gadus virens and other
wild marine fish were classified in the arabinose-negative Group II.

The salinity tolerance of vibrios associated with epizootics among wild and cultured
fish is a matter of practical concern to the fish pathologist, and various workers have
commented on the sodium chloride requirements for growth shown by Vibrio anguillarum
(Bergman, 1909; Nybelin, 1935; Wolter, 1960; Lagarde and Chakroun, 1965: Muroga
and Egusa, 1967; Muroga and Motonobu, 1967; Anderson and Conroy, 1970; Yasamuga
and Yamamoto, 1977). Nishibuchi and Muroga (1977) studied an organism which they
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Table 1-5

Biochemical properties of the emerging (proposed) archtype of Vibrio anguillarum (Based on

Evelyn, 1971)

Test

Reaction

Acid from arabinose
Acid from xylose
Acid from adonitol
Acid from glucose
Acid from fructose
Acid from galactose
Acid from mannose
Acid from rhamnose
Acid from dulcitol
Acid from mannitol
Acid from sorbitol
Acid from cellobiose
Acid from lactose
Acid from maltose
Acid from sucrose
Acid from trehalose
Acid from inositol
Acid from raffinose
Acid from dextrin
Acid from inulin
Acid from salicin
Acid from glycogen
Acid from glycerol
Kovics oxidase test
Sensitivity to 0/129

Catalase
Reduction of nitrate

Urease
Production of indole

MR

Cellulose attacked

Anaerogenic fermentation of glucose

Sensitivity to penicillin

Hydrolysis of gelatine
Arginine dehyroxylase
Lysine decarboxylase
Ornithine decarboxylase
Phenylalanine deaminase

Production of acetoin

Production of hydrogen sulphide

(+) 20 % or more strains give positive reaction
(=) 20 % or more strains give negative reaction

L+ ++4 1 14+

P+ 44+ T+ 4+ |

+

—_~
|

L+ 4+ 1+ +++

—

!

tentatively designated V. anguillicida, and which had been isolated from a disease
outbreak in Japanese eels. The organism was found to have a tolerance for 0.1 to 6 %
sodium chloride; the percentage of cells with multiple fiagellation was directly propor-
tional to the prevailing salt concentration (although the cells were consistently monotrich-
ous when grown in nutrient broth). Nishibuchi and Muroga believed their isolate to be very
similar to V. fischeri. Strains of Vibrio sp. isolated from diseased rainbow trout in Japan
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Table 1-6
Salient differential characteristics of Aeromonas sp., Vibrio alginolyticus, Vibrio anguillarum and
Vibrio parahaemolyticus (Based on Larsen and Jensen, 1979)

Test Aeromonas Vibrio algino- Vibrio anguil- Vibrio
sp. Iyticus larum parahaemo-
lyticus

Gram

Motility

Morphology

Catalase

Oxidase

Anaerogenic fermentation of glucose
Pigmentation

Haemolysis

Swarming

Arginine attacked

Lysine decarboxylated

Ornithine decarboxylated -
0/129 sensitivity -
Growth in TCBS* -
Growth in 6 % NaCl -
Growth in 8 % NaCl -
Growth in 10 % NaCl -
V-P reaction -~
Inositol fermentation -
Acid from arabinose -
Starch hydrolysis -
Gelatine liquefaction +

H
g +

3
I +++8 + 1
I+ ++8 + 1

< I +++8 + 1

[

+
L+ 0+ ++ ++

1

l++++++++ 1+
L4+
I+ 4+ +++

| <
[

+ +
+ + <
++ <

* Thiosulphate citrate bile salts sucrose agar
+ Positive; — negative; (+) most strains positive; v variable

Table 1-7
Principal biochemical characteristics which couid be used to differentiate between Vibrio anguil-
larum, Aeromonas formicans and other vibrio-like anaerogenic aeromonads and Plesiomonas
shigelloides (Based on Evelyn, 1971)

Test Vibrio Aeromonas Plesiomonas
anguillarum formicans shigelloides
and other
anaerogenic
aeromonads

Acetoin production + - -
0/129 sensitivity + — -
Inositol fermentation + - +
Gelatine liquefaction + + -
Lysine decarboxylase - - +

+ Positive reaction; — negative reaction
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survived more than 4 wk in sea water; they died within a matter of hours when maintained
in fresh water (Ohnishi and Muroga, 1977).

Evelyn (1971) demonstrated conclusively that strains of Vibrio anguillarum grow at
sodium chloride concentrations of 0.1 to 8 %, and that they die within 2 h when suspended
in distilled water alone. This worker also made the interesting observation that when
organic matter, in the form of 0.1 % peptone, was added to filtered and autoclaved sea
water, the survival of the bacteria could be extended indefinitely, whereas in the presence
of sea water alone survival was limited to 2 to 3 weeks. This might explain how a disease
recognized as a marine phenomenon is capable of causing epizootics in fresh water
environments, perhaps through the introduction of vibrios from a salt water habitat (e. g.
the use of marine fish as food) in conditions which limit direct contact between bacteria
and fresh water (Ross and co-authors, 1968; Evelyn, 1971; Muroga, 1975).

Several workers endeavoured to utilize the antigenic properties of vibrios pathogenic
to fish in attempts to identify isolates from different sources (Bruun and Heiberg, 1935;
Nybelin, 1935; Rucker, 1959). However, strong cross-reactions between strains isolated
from different outbreaks and geographical areas are not always present. Pacha and Kiehn
(1969) studied a number of fish pathogenic vibrios, and were able to differentiate them
into 3 serotypes in accordance with the geographical area from which they had been
isolated. Novotny (1978) detected 2 distinct serotypes of Vibrio anguillarum as aetiologi-
cal agents of severe mortalities experienced in the culture of chinook salmon Oncorhyn-
chus tshawytscha in floating cages in Puget Sound, Washington State, USA. Strout and co-
authors (1978) identified 3 distinct antigenic groups of V. anguillarum in coastal waters of
Maine and New Hampshire, USA, and found that 2 of these groups were antigenically
similar to 2 strains isolated from the West Coast but that the third group bore no obvious
antigenic relation to either East Coast of West Coast serotypes. Rucker (1959) reported a
similar phenomenon in relation to a serotype of V. anguillarum isolated from Pacific
herring Clupea pallasi, which showed virtually no antigenic relation to strains of V.
anguillarum from Pacific salmon in the same geographical area. None of the isolates of V.
anguillarum from gilt-head sea bream at Elat, Israel, gave a clear-cut agglutination
reaction with a Vibrio anguillarum antiserum prepared in Great Britain (Colorni and co-
authors, 1981).

Variations in the pathogenicity of isolates of Vibrio anguillarum from different species
of fish have been commented upon by several workers. Egidius and Andersen (1978)
found that strains of V. anguillarum isolated from diseased rainbow trout in Norway, whilst
highly pathogenic for salmonids, failed to give rise to the disease in saithe Gadus virens,
whereas strains from saithe were pathogenic to that species but not to the cultured
salmonids. Paperna and co-authors (1977) administered intra-peritoneal injections of V.
anguillarum cells suspended in saline to 40 healthy gilt-head sea bream Sparus aurata with
a mean weight of 80 g. The fish were injected with strains of the organism, but failed to
develop signs of the disease over a 4-week period of observation. The bacterium was never
recovered from the peripheral blood of these experimentally infected fish, and it was
concluded that the organisms constitute opportunistic invaders requiring the presence of
some degree of physiological stress in the host which encourages them to act as pathogens.
One possible explanation which Paperna and co-authors offered was that the bacteria need
to maintain their virulence through continued fish-to-fish passage. Muroga (1975) found
that different serotypes of V. anguillarum isolated from fish diseases in Japan, when
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injected via the intra-muscular route into Japanese eels Anguilla japonica, were capable of
producing a generalized septicaemia and 90 % mortalities within 1 week when a dose of
8 X 108® cells (100 g)~! was used. In eels injected with 8§ X 107 cells (100 g) ™', however,
the bacteria had been eliminated from the tissues within the course of 72 h, and no clinical
signs were present. Strout and co-authors (1978) observed that a single group of V.
anguillarum isolated from wild winter flounders Pseudopleuronectes americanus was
highly pathogenic to coho salmon (Oncorhynchus kisutch) smolts reared in fresh water.
The uncertain nature of the pathogenicity of V. anguillarum has led Evelyn (1971) to
recommend, very wisely, that this characteristic be considered of minor importance as a
criterion upon which to base a concrete description of the organism.

Evidence has accumulated that, under certain circumstances, the use of contaminated
food may serve as a potential source of infection in aquaculture operations. This
hypothesis was first advanced by Ross and co-authors (1968) to explain how an outbreak
of vibriosis came to occur in a fresh water rainbow trout farm, and infected marine trash
fish were suspected of having been the vehicle of infection on being fed to the trout.
Colorni and co-authors (1977) detected a strain of Vibrio anguillarum pathogenic to sea
bream in the fish meal used to prepare the pelleted food on which the bream were fed, and
a similar situation has been detected in Venezuela where strains of V. anguillarum
identical to those causing epizootic disease in pompanos (Trachinotus spp.) in floating
cages have also been isolated from frozen engraulids used to feed the pompanos (Cairoli
and Conroy, unpubl.).

The histological manifestations of vibriosis in Japanese eels Anguilla japonica have
been studied and documented by Miyazaki and co-authors (1977) with reference to an
outbreak in Tokushima Prefecture. Clinically, the disease was characterized in the initial
stages of infection by the presence of small haemorrhagic areas on the body surface or
caudal fins, and gave rise to extensive haemorrhagic lesions and necrosis in advanced
stages of the infection. The liver showed signs of congestion, the spleen was swollen and
deep red in colour, the kidney was necrotized, the visceral blood vessels were dilated, and
the intestine was reddish in colour with desquamation of the epithelium.

In the early lesion, the bacteria penetrated the dermis, sub-cutaneous adipose tissue
and red muscle tissue, and in advanced cases the bacteria invaded the myoseptum and
lateral musculature. The lesions became haemorrhaged and necrotized, and showed
extensive dilation of the blood vessels and serous exudation. Systemic infections gave rise
to metastatic necrotic lesions involving the gills, heart, kidney, liver and spleen. Desqua-
mation of the intestinal epithelium was a particularly marked feature in advanced
infections.

In yearling rainbow trout affected by vibriosis, Miyazaki and Kubota (1977) reported
the presence of erosive lesions or small boils on the head or body surface during early
stages of the infection. In advanced cases, however, the disease produced extensive
ulcerative lesions on head and body surface, with exophthalmos, and splenomegaly. The
early lesion was associated with considerable multiplication of the bacteria. Oedematous
dissociation of the loose connective tissues of the dermis was detected, and inflammatory
cell infiltration was observed. In the more advanced ulcerative lesions, the bacteria had
spread extensively throughout the interstitial muscle tissues, and gave rise to desquamation
or sloughing of the epithelium, infiltration by inflammatory cells, and degenerative
necrosis of the muscle fibres. Masses of bacteria described as emboli were detected in the
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hepatic sinusoids, renal haematopoietic tissue and capillaries of the gill lamellae. The
histopathological manifestations of exophthalmos included pronounced dilation of the
coroid capillaries, detachment of the retina with necrosis of the pigmented layer, degenera-
tion of the cornea and necrosis of the iris.

Horne and co-authors (1977) reported an outbreak of acute oedematous disease in
juvenile turbot Scophthalmus maximus characterized by swelling of abdomen and orbits.
Clinical and pathological manifestations of the infection, which gave rise to high mor-
talities, were described as consistent with a circulating toxaemia affecting heart, orbit and
kidney. Vibrio anguillarum was isolated in pure culture from all organs of the fish, and the
characteristics of the isolate were considered to be almost identical to those of the type
strain NCMB 6. Antibiotic therapy was ineffective, but when a small group of the fish was
held at temperatures below 10 °C, the losses were reduced from 20 to 5 % in comparison
to those observed in the untreated control group.

Vibriosis has been reported as one of the most significant diseases in the artificial
production of juvenile red sea bream Pagrus major in Japan (Muroga and Tatani, 1982).
Strains of Vibrio anguillarum were isolated from epizootics affecting this species of marine
fish in 2 hatcheries, and identified as aetiological agents of the infection. Bacterial
haemorrhagic septicaemia, frequently associated with Aeromonas and Pseudomonas spp.,
and more particularly with Vibrio spp., has been considered of sufficient importance as to
constitute a limiting factor in the culture of gilt-head sea bream Sparus aurata in Israel
(Paperna and co-authors, 1977). Further observations have again demonstrated the
importance of acute bacterial haemorrhagic septicaemia as a contributing cause to mor-
talities in sea bream in that country (Colorni and co-authors, 1981). These workers
isolated a total of 116 bacterial strains from the peripheral blood of 88 moribund sea
bream over a 16-month period, using trypticase soy agar (TSA) and thiosulphate citrate
bile salts sucrose agar (TCBS) prepared with 25 % filtered and autoclaved sea water as
primary isolation media. A battery of more than 30 different tests was performed to
facilitate the identification of the isolates, the great majority of which were classified as V.
alginolyticus, V. anguillarum or closely related forms, and V. parahaemolyticus. Strains of
Aeromonas and Pseudomonas spp. were also isolated from the blood and skin of moribund
sea bream.

The gross pathology in the diseased fish included lethargy, dark coloration of the skin,
lepidorthosis and haemorrhagic ulcerative lesions of the skin and muscle tissue. Conges-
tion of the liver and of the capillary network of the intestine, swim bladder and peritoneum
was detected, and the rectum was filled with clear mucoid material. Anaemia was another
important clinical manifestation of the disease. All isolates were sensitive in vitro to
chloramphenicol, furaltadone (tartrate salt) and nitrofurazone. Nitrofurazone 10 % pow-
der, routinely used as a dip at a concentration of 50 ppm active ingredient for an exposure
period of 1 h, was effective in controlling the condition in practice.

Colorni and co-authors (1981) endeavoured to reproduce experimentally the disease
in healthy sea bream by intra-peritoneal injection of 10° cells suspended in saline into 40
fish (mean weight 80 g). The 3 strains of Vibrio alginolyticus used, designated Elat 1, 2 and
3, failed to give rise to signs of septicaemia over a 4-week observation period, and the
organisms were never recovered from the peripheral blood of these injected fish.

A marine bacterium designated Aeromonas proteolytica was isolated by Merkel and
co-authors (1964) from the intestine of the isopod Limnoria tripunctata. Schubert (1969)
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considered this organism to be a halophilic variety of A. hydrophila which he named A.
hydrophila subspecies proteolytica on the basis of its biochemical characteristics and polar
flagella. This bacterium has been studied in detail by McCarthy (1975), who showed
conclusively that it presents both peritrichous and polar flagella, fails to ferment galactose,
is unique amongst the previously known aeromonads in its ability to grow in the presence
of 9 % sodium chloride and, more important still, fails to produce precipitin bands when
tested with 6 A. hydrophila antisera obtained from rabbits. Sandvik and Hagan (1968)
have also been unable to detect serological cross-reactions between A. proteo/ytica on the
one hand, and A. hydrophila and A. salmonicida on the other hand. McCarthy (1975) and
Popoff and Véron (1976) concluded that A. proteolytica is not a true aeromonad and
should be excluded from the genus until such time as its precise taxonomic status can be
determined.

Hawkes (1976) carried out a survey of the diseases of pompanos Trachinotus
carolinus and striped bass Morone saxatilis cultivated in earth ponds fed with brackish
water (2 to 25 %0 S) in Alabama, USA, from 1974 to 1975. These studies were com-
plemented by others involving striped bass fingerlings in fresh-water ponds. Samples from
kidney, liver, spleen, and lesions of the fish were streaked onto brain infusion agar plates
incubated at 28 °C for 48 h. The isolates were subsequently purified and identified in
accordance with the techniques outlined by Bullock (1971). Heavy infections of the kidney
and liver of pompanos in brackish water were reported as being caused by Aeromonas
hydrophila, and light to moderate infections caused by the same species of bacterium were
also detected in fins, kidney and liver of striped bass in brackish water and in fresh water
conditions. A. hydrophila and Vibrio anguillarum were isolated from healthy and diseased
pompanos. Hawke also reported that cases of bacterial haemorrhagic septicaemia and fin
rot caused by A. hydrophila and V. anguillarum were diagnosed in striped bass fingerlings
maintained in indoor concrete containers supplied with warm (32 °C) brackish water, and
concluded that under such intensive maintenance conditions serious epizootics due to both
of these species of bacteria could occur.

An outbreak of a condition described as ulcer disease was investigated by Larsen and
Jensen (1977) in cod Gadus morhua from net impoundments in marine and brackish water
localities on the coast of Denmark. An organism identified as an aeromonad was
consistently isolated in pure culture from the ulcerative skin lesions and kidney of the fish,
as well as from faeces, gills and mucus in occasional cases. The characteristics of 22 of these
isolates were compared with those of Aeromonas hydrophila ssp. anaerogenes (ATCC
15467), A. hydrophila ssp. hydrophila (ATCC 7966), A. punctata (NCMB 74), A.
salmonicida ssp. salmonicida (NCMB 1102) and A. salmonicida ssp. achromogenes
(NCMB 1110), in addition to those of 11 strains of Vibrio anguillarum isolated from the
diseased cod. Larsen and Jensen’s findings are summarized in Table 1-8.

Larsen and Jensen (1977) found that all strains of Aeromonas spp. investigated were
capable of growth in 4 % sodium chloride. The cod aeromonads and strain ATCC 7966
grew in 5 % sodium chloride, but neither of them was capable of growth at a concentration
of 6 % sodium chloride. Intra-peritoneal injection of the aeromonad into cod and rainbow
trout produced acute septicaemia and mortalities in both teleost species. Whilst recogniz-
ing that the ulcer disease of cod seems to comprise a highly complex situation, Larsen and
Jensen (1977) pointed to their finding that the aeromonad was more frequently isolated in
pure culture than Vibrio anguillarum from the kidney of cod with signs of septicaemia.
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This observation led them to conclude that the aeromonad was more capable of causing a
generalized infection than V. anguillarum. The cod aeromonads were clearly distinguish-
able from V. anguillarum in their lack of sensitivity to the vibriostatic compound 0/129,
and Larsen and Jensen were of the opinion that their strains belonged to the ‘Aeromonas
hydrophila — Aeromonas punctata group’. These aeromonads from cod ferment glucose
anaerogenically and produce gas from glycerol; they are 2,3-butanediol and lysine
decarboxylase-positive. Strains of anaerogenic aeromonads have been isolated from
bacterial haemorrhagic septicaemia in gilt-head sea bream Sparus aurata cultured in earth
ponds and in floating cages in the Red Sea, Israel, by Colorni and co-authors (1981).
These workers also found many of their anaerogenic acromonads to be lysine decarboxy-
lase and 2,3-butanediol positive, the former reaction being similar to that obtained with
their isolates of Vibrio spp., all of which were 2,3-butanediol negative. The positive lysine
decarboxylase reaction reported by Colorni and co-authors for their isolates identified as
‘Vibrio anguillarum and closely related forms’ conflicts with the findings of Evelyn (1971)
that V. anguillarum is lysine decarboxylase-negative.

Lee and co-authors (1981) mention a group of halotolerant bacteria frequently
isolated from estuarine environments, which they had variously described as ‘marine
aeromonads’ or ‘Group F vibrios’. Phenotypically this group of bacteria appears to occupy
an intermediate position between the genus Aeromonas and certain species of Vibrio,
including V. anguillarum. The minimum inhibitory concentration (MIC) of the organisms
to vibriostatic compound 0/129 (2,4-diamino-6,7-di-isopropyl pteridine phosphate) was
10 to 50 mcg mi~ 1, whereas the MIC of Aeromonas was > 320 mcg ml~! and that of V.
anguillarum was 1 to 5 meg ml~!. Lee and co-authors commented that it was often difficult
to distinguish between ‘Group F vibrios’ and members of the genus Aeromonas or vibrios
such as V. anguillarum which possess arginine dehydrolase. A total of 154 type strains and
original isolates of aeromonads, photobacters, piesiomonads and vibrios were investigated,
many of which had been obtained from molluscs, crustaceans, fish, river and sea water, and
from ‘sea food’. Lee and co-authors confirmed that the ‘Group F vibrios’ are true vibrios,
and designated them as members of the new species V. fluvialis. Salient characters useful
for the identification of V. fluvialis are listed in Table 1-9.

The species description by Lee and co-authors (1981) for Vibrio fluvialisis as follows:
“Gram negative short rods; axis straight or curved; sides usually parallel; ends
rounded; occurring singly, in pairs or occasionally in short chains of 3 to 4
organisms; may be pleomorphic. Motile by means of a single polar sheathed
flagellum in liquid media. On solid media lateral, unsheathed flagella of
shorter wave length may be produced. Sodium chloride may be required for
growth and the optimum concentration for growth is 1-3 % (w/v). Colonies
on heart infusion agar are opaque, shiny, smooth, round, domed, entire, may
be mucoid and are 2-3 mm in diameter after 18 h at 30 °C. No pigments are
produced. Facultative anaerobe. Metabolism of glucose is fermentative and
gas may be produced. Kovdcs oxidase positive. Reduce nitrate to nitrite.
Grow on simple mineral media on a variety of organic carbon sources. The
mol% G + C content of the DNA ranges from 49.3-50.6.”

Two biovars, designated I and II, were recognized; their distinguishing characters are

given in Table 1-10. Both these biovars are widely distributed in the aquatic environment,
particularly in brackish and estuarine waters. The holotype of Vibrio fluvialis has been



1. DISEASES OF FISHES

66

L9YSTIODOLVY  996L D01V

+ + + + + +
+ + - - + +
+ + + + + +
+ + + - + +
+ + + - + +
— — |+| — — —
+ + + + + +
- - - - + +
(+) - - - + +
(+) - - + + +
+ —_ —_ —_ —_ —_
+ + - + + +
- - - - - +
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
OITT dINDON  ZOTT dINDN
Sauafowoydr  BpIIILOW[ES souaforoeue
pOd WOl “dss -dss L GINDN “dss
wnrgindue  poowoly'ds  eporuowyes  epidow)es grejound gjiydoIpAy
oLQIA SeUOWOoIdYy Yy 1Y SEUOWOIdY oy

+ +

+

I+ 4+ 1+ + |

+

_+_

+H++++

e[rydoapAy
-dss

gjiydoipAy
Pl

uinur woiIj py
UIX3p Wwol) pry
3ISO[N[[90 WOIf pY
Jsouljjel wolj pry
10120413 wo1y prYy
[olIsoul WOoI) Py
3S0[BY3J] WOI) PIOY
250JONS WOl] Py
350IqQI[aW WO PIdY
3SOJ[BW WO} PIOY
3SO19B[ WOI) PIOY
9S01QO[[32 WOl PIOY
|0MUOpE WOl} PY
350}jAX Wol] PV
asouiqele Woij pry
[011Q10S WOolj Py
[olluuRW WOIj POV
101d[Np Wol} PV
asouweyl Woij pRy
2SOUUBW WOI} POV
aso1deed woily poy
35010NIJ WOIJ POV
asoon[3 woij sen)
as0on[3 woiy pYy
1S9

(LL61 ‘uasuaf pue uassie] uo paseq)
wnrefingue ouqiA pue "dds seuowossy jo sutens Kq UMoys SOUSLISIOBIBYD [e2T1WAYD01q [BNUSIR)JI(]

8-1 21qe L




67

DISEASES CAUSED BY MICROORGANISMS

+

—_

l++++++++++

~

_—
~—

—_
[+ 4+
S’

—_
~—

e

~—

+ +

—_

I F++F I ++++ 1 ++

+

Pl+4+ 0 T +++ 1 +4 1

++

I+ 4+ I+ +

++ +

1+ +

+

L+ 4+ 11

++

I+ +

I+ + 1

At

++

P+ + 0 L +++4 1

I+ + 1

[ ol B

e o e S o S

L+ +++ | ++

I+ +

e+ r b+

]

++ 44+

I+ ++ 0 ++++ 1 ++

I +4+ 11

R T o Tt S B S S

uoIIdeal allsod 2ABS SUIBNS SO +

1ede A9YU0DIBN UO (IMOID)
Ie8e §S UO YImo1D)

Jefe gD U0 YImOID)
Do P 1B PIMOIH

Do LE 1B YIMOIH

D001 18 Y1m015

D6 § 1B YIm0I

IDBEN % 9 Ul im0
1DBN % § Ut Bimoig
IDEN % b U! Yim01
IDBN % 0 Ut 4imoin
uI01qOAOU O1 ANAILISUIS
urjjiuad o1 L1anisuag
6Z1/Q 01 AUALISUSS
aune|28 Jo SIsA|0IpAH
3|0put Jo uoHINPOId
ase|Axoqledap autuele|lAusyd
ase|Ax0qIedap aulyluIQ
25B1AX0qIedap JUISA
ase[Ax0IpAYap suluidly
yuaw3did umoug
SiIskjowde
[0tpauRINg-£°7

dA

U

asealn)

31BNV JO UOLONPIY
asepIxQ

asBIBIED

UIIBS WOL] POV
U{nIsae Woly pOY
Yd1B)S WOIJ PIOY
u23004[3 woiy pY




68 1. DISEASES OF FISHES

Table 1-9
Useful characters for the identification of Vibrio fluvialis (Based on Lee and co-authors, 1981)

Test Reaction

Gram

Motility

Glucose fermentation

Oxidase

0/129 sensitivity (150 mcg disc™!)
Novobiocin sensitivity (5 mcg disc™!)
Thornley's arginine

Moller’s ornithine

Meller’s lysine

V-p

Indole production

L4+ 1 +4+++ 1

[

Growth in 0 % NaCl v
Growth in 6 % NaCl +
Growth in 8 % NaCl v
Growth in 10 % NaCl -
Growth in glycine +
Growth on propionate +
Growth on NH, butyrate +
Growth on chi-ketogutarate +
Growth on ethanol +
Growth on arabinose +
Growth on sucrose +
+ Positive reaction; — negative reaction; v variable reaction
Table 1-10
Characters which distinguish between Vibrio fluvialis biovars I and 11 (Based on Lee and co-authors,
1981)
Test Biovar 1 Biovar I1
Gas from glucose — + (89 %)
Hydrolysis of aesculin v (72 %) -
Growth on cellobiose v (63 %) — (4 %)
Growth on glucuronate + (94 %) - (7%)
Growth on citrulline + (97 %) - (4 %)
Growth on putrescine v (31 %) +
Growth on delta-NH, valerate - v (63 %)

Figures in parentheses: percentage of strains possessing the corresponding character

deposited in the National Collection of Marine Bacteria, Britain, as NCMB 11327. In
addition, NCMB 11328 is recommended by Lee and co-authors (1981) as a working type
for Biovar Il. These workers pointed out the importance of correctly identifying V.
fluvialis with reference to the ecology of the genus Aeromonas. since at present it is almost
impossible to differentiate between V. fluvialis and anaerogenic, lysine decarboxylase-
negative strains of aeromonads. Re-examination of old cultures previously identified as
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Aeromonas sp. enabled Lee and co-authors to assign approximately one third of such
anaerogenic, lysine decarboxylase-negative strains to the new species V. fiuvialis.

West and Lee (1982) studied the distribution of vibrios from 2 sites in Kent, England,
during 1978-1980. One of the sampling sites was a fresh-water stream which received
domestic sewage treatment effluents; the other was a static brackish water ditch which
drained agricultural Jand reclaimed from an estuary and which was uncontaminated by
human faeces and sewage. Vibrio anguillarum and V. fluvialis were isolated infrequently
from the fresh-water source, whereas V. anguillarum was repeatedly isolated from the
brackish-water source throughout the sampling period.

An important bacterial infection of Japanese eels Anguilla japonica in brackish water
ponds is known as ‘Red Spot Disease’, the aetiological agent of which is Pseudomonas
anguilliseptica. Outbreaks tend to occur principally in spring and when the water tempera-
ture is below 20 °C; they give rise to heavy mortalities. In advanced cases of this disease,
the condition produces petechial haemorrhages on body surface and fins; internally there
is hepatomegaly, atrophy of haematopoietic tissues of kidney and spleen, and pericarditis/
epicarditis. Miyazaki and Egusa (1977) investigated the histopathological changes which
occur in ‘Red Spot Disease’. The lesions are located in the dermis, sub-cutaneous adipose
tissue and interstitial tissues of the musculature. Similar haemorrhagic lesions are present
in the interstitial tissues of the bulbus arteriosus, heart muscle and blood vessels.
Pseudomonas anguilliseptica grows rapidly in the lesions, in which the bacteria produce an
inflammation characterized by the presence of a serous exudate and by the presence of
cellular proliferation involving mesenchymal cells, with a leucocytic infiltration composed
of macrophages and neutrophils. Numerous small haemorrhagic foci are present in the
loose connective tissue of the dermis and in the intraepithelial papillary tissue.

Pseudomonas anguilliseptica has been characterized by Muroga and co-authors
(1977a). The organism shows optimum growth in a salinity of 0.5 to 1 % sodium chloride
(range: 0 to 4 %) at 15 to 20 °C (range: S to 30 °C) and pH 7 to 9 (range: 5.3t09.7). The
survival of P. anguilliseptica is increased with a corresponding increase in salinity; it
withstands more than 200 days exposure in full-strength sea water and in diluted sea water
(Cl = 1.9 %). When grown in diluted sea water (Cl = 5.6 %), the bacterium survived for
more than 40 days at 27 °C and below, but died within 7 days when held at 30 °C and
above. An increase in incubation temperature led to a gradual decrease in motility of the
pseudomonad. Muroga and co-authors concluded that the characteristics of P. anguillisep-
tica determined serve to explain why outbreaks of ‘Red Spot Disease’ occur in brackish
water ponds when the prevailing water temperature is below 20 °C.

Jo and co-authors (1975) reported on an outbreak of ‘Red Spot Disease’ caused by
Pseudomonas anguilliseptica in European eels Anguilla anguilla cultured in Tokushima
Prefecture, Japan, during 1974. External clinical signs of the infection — characterized by
petechial haemorrhages on the skin of the mouth, opercula and ventral body surface —
were less obvious than in Japanese eels, and mortalities were less severe in A. anguilla than
in A. japonica. According to Muroga and co-authors (1973) this condition occurs
principally in brackish-water ponds below 20 °C, and ceases when the water temperature
rises to 26 to 27 °C. Outbreaks occur in spring and autumn, but subside in summer. In
addition to infection with P. anguilliseptica, some eels also harbour Aeromonas liquefa-
ciens (= A. hydrophila) and Vibrio anguiflarum.

Muroga and co-authors (1975) injected Pseudomonas anguilliseptica by the intra-



70 1. DISEASES OF FISHES

muscular route into Japanese and European eels. All Japanese eels died, but 29 % of the
European eels survived, a fact which led Muroga and co-authors to conclude that the latter
species is less susceptible to infection. Muroga (1978) recommended that European eels be
cultured in preference to Japanese eels in ponds with brackish waters and temperatures
below 27 °C as a means of preventing outbreaks of ‘Red Spot Disease’, since European
eels are apparently more resistant to the infection.

Stewart and co-authors (1983) described an outbreak of ‘Red Spot Disease’ in
approximately 70,000 elvers of the European eel from River Severn, south-West England.
When the elvers were introduced into a closed-circuit fresh-water system in Scotland
containing about 3,900 healthy aduit eels carrying Vibrio anguillarum and Aeromonas
hydrophila, within 3 weeks both eels and elvers began to die. In total, 96 % of the elvers
and 39 % of the eels succumbed. No external signs were observed in the elvers, but adult
eels developed small petechial haemorrhages over most of their ventral body surface. Pure
cultures of Pseudomonas anguilliseptica were isolated from muscle tissue, liver, spleen,
kidney and heart. Following the method of control employed in Japan, the water
temperature was raised to 26 to 27 °C for 2 weeks, after which it was gradually lowered to
the original temperature of 21 °C. No further cases of ‘Red Spot Disease’ occurred in the
ensuing 5 months. Ellis and co-authors (1983) studied histopathological changes in
European ecls affected by ‘Red Spot Disease’. The fish had petechial haemorrhages in the
skin, particularly on the unpigmented ventrum. The epidermis, when present, was
detached from the basement membrane below which the superficial collagen was haemor-
rhagic and oedematous. Where the epidermis had been lost, exposed dermal collagen was
haemorrhagic and necrotic in appearance. The liver was pale, with congestion of the
hepatic sinuses, petechial haemorrhages and, in 1 specimen, liquefactive necrosis of the
tissues underlying the liver capsule. Slight vasodilation was observed in gills and kidney,
but no lesions were detected in heart, spleen, pancreas or intestine. The lesions were
described as less intense than those reported for Japanese eels, and no bacteria were seen
in the histological sections.

Nakai and co-authors (1981) investigated the serological properties of 96 strains of
Pseudomonas anguilliseptica isolated from European and Japanese eels. On the basis of
agglutination tests carried out with rabbit antisera, it was shown that all of the 96 strains
possessed a common heat-stable 0 antigen. When 0 antisera prepared against heatkilled
cells were used, the strains could be divided into 2 antigenically separate types. This work
also demonstrated that the use of a slide agglutination test is of value in the rapid diagnosis
of isolates of P. anguilliseptica..

A mass mortality affecting white perch Roccus americanus occurred in Chesapeake
Bay, Maryland, USA, during the summer of 1963 and was investigated by Snieszko and
co-authors (1964b). The epizootic started in Potomac estuary, from whence it spread
rapidly to other widely separated locations. In addition to white perch, of which approxi-
mately 50 % of the population was lost, the outbreak also affected striped bass Morone
saxatilis in the same localities. Snieszko and his colleagues isolated 30 bacterial cultures of
an organism identified as Pasteurella sp. from the blood and internal organs of 17
moribund white perch and 3 striped bass. The bacterium was a pleomorphic and non-
motile Gram-negative rod, with polar staining characteristics. It was cytochrome oxidase
positive, and fermented glucose, maltose, fructose and sucrose anaerogenically. Primary
isolation was effected on blood agar, but it was subsequently found that agar prepared with
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1 to 3 % sodium chloride, or half-strength sea water, supported growth in vitro. Optimum
growth temperature ranged from 20 to 30 °C, with no growth at 37 °C. In nutrient broth,
the organism grew at salinities of 0.5 to 5 % sodium chloride. Negative reactions were
obtained with amylase, gelatine liquefaction, hydrogen sulphide production, indole pro-
duction and urease tests, although the production of ‘a trace’ of acetyl-methyl-carbinol was
reported.

Pasteurella sp. was further investigated by Janssen and Surgalla (1968) on the basis of
27 of the strains originally isolated by Snieszko and co-authors (1964b), all of which were
found to be identical in every respect. The organism was designated P. piscicida. It was
sensitive to vibriostatic agent 0/129, grew at 17 to 31 °C, and exhibited optimum growth at
1.5 % sodium chloride. the salinity tolerance of P. piscicida ranged up to 2.5 to 3 %
sodium chloride, and at least 0.5 % sodium chloride was required for growth in culture
media. When suspended in sterile brackish water (NaCl = 1.7 %) obtained from
Chesapeake Bay, the organism died within 3 days. For these reasons, Janssen and Surgalla
concluded that P. piscicida is poorly adapted to survival outside the body of the host fish
per se.

Toranzo and co-authors (1982) carried out experiments on the survival of Pasteurella
piscicida in waters of varying salinities. Using P. piscicida strain ATCC 17911 in filtered or
autoclaved Chesapeake Bay water (12 %o S) and fresh water, they demonstrated that the
organism was very labile both in fresh and estuarine waters. In fresh water, the viable
bacterial cell numbers decreased by 4 logs within 24 h, and no organisms were detected
after 48 h incubation at 20 °C. In contrast, survival of the bacterium in estuarine water was
4 to S days. These workers concluded that direct fish-to-fish transmission is likely to be of
significance for the maintenance of the pathogen as an infective agent in fish from
estuarine conditions.

Bacterial haemorrhagic septicaemia associated with Pasteurella piscicida has regularly
been reported from cultured yellowtail Seriola quinqueradiata and black sea bream Mylio
macrocephalus from Japanese fish farms. In Japan the disease is also known as bacterial
pseudotuberculosis (Kusuda and Yamaoka, 1972, Simidu and Egusa 1972, Koike and co-
authors, 1975; Muroga and co-authors, 1977b; Ohnishi and co-authors, 1982). Lewis and
co-authors (1970) reported the occurrence of a Pasteurella-like bacterium in association
with an epizootic affecting menhaden Brevoortia tyrannus and striped mullet Mugi/
cephalus in Galveston Bay, Texas, USA. The affected fish had a purulent material in the
abdominal cavity, and a pleomorphic bipolar staining Gram-negative rod was isolated.
This organism, which differed in several of its characteristics from P. piscicida, was
experimentally transmitted to striped mullet by exposure of the fish to infected water.

The importance of pasteurellosis as a clinical entity within the concept of bacterial
haemorrhagic septicaemia as a syndrome is illustrated by the report of Hastein and Bullock
(1976) of an outbreak of the disease in Atlantic salmon Sa/mo salar and brown trout Sa/mo
trutta from Norwegian fish farms. The first outbreak was detected on one single occasion
during 1968 in fingerling brown trout raised at a fresh-water fish farm near Oslo, Norway,
and gave rise to average mortalities of 58 %. Further observations in 1969 led to the
detection of the infection in Atlantic salmon yearlings, smolts and brood stock at a fish
farm on the West Coast of Norway. The fish farm concerned was supplied by a mixture of
fresh water and sea water. Mortalities occurred throughout the year, but the death rate was
highest from mid-March to mid-August, when the water temperature ranged between 10
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and 20 °C. In this period, the mortalities were in the region of 3108 % mo ™! for yearlings
and 2-yr old salmon; Héstein and Bullock mentioned that the disease had been transferred
to other Norwegian fish farms through the movement of infected smolts.

Few differences were detected in the clinical manifestations of the disease in 700
specimens of Atlantic salmon and brown trout. Main pathological changes in the trout
included the presence of superficial Iesions on one or both sides of the body; the lesions
had the appearance of small blisters which, on rupture, produced superficial ulcers
affecting the skin. Ulcerative areas were greyish-white in colour, with haemorrhagic areas
and a slightly-raised whitish-coloured zone demarcating the ulcers from the normal skin.
Gills were palid and showed evidence of petechial haemorrhages. Both kidney and spleen
were swollen, and petechiae were frequently observed in intestine and liver. Ascitic fluid
was occasionally present in the abdominal cavity, and exophthalmos was detected in the
trout.

Hastein and Bullock (1976) reported that while no external clinical disease manifesta-
tions were observed in some of the Atlantic salmon, in other specimens lesions similar to
those in the trout were present. Older salmon showed boil-like necrotic lesions in the
muscle tissue containing a viscid haemorrhagic and purulent material strikingly similar to
that found in cases of furunculosis and vibriosis. The microscopical examination of stained
smears from the affected areas showed the presence of numerous small Gram-negative
rods, erythrocytes and necrotized cell debris. Pasteurella-like bacteria were consistently
isolated in pure culture from kidney, liver, spleen and necrotic lesions of diseased fish. A
mixed flora was isolated from superficial lesions, in which Pasteurella-like organisms
predominated. An interesting finding reported by these workers is that Vibrio anguillarum
was occasionally isolated from diseased salmon in brackish water, a fact which led them to
conclude that both pasteurellosis and vibriosis can occur simultaneously in the same fish
under such environmental conditions.

Following a study of the morphology and other characteristics of 36 isolates of the
Pasteurella-like organism from diseased salmonids, Hastein and Bullock (1976) were able
to classify their isolates as being similar to Pasteurella piscicida. Reactions of Norwegian
strains were compared to those reported by Janssen and Surgalla (1968), Kusuda and
Yamaoka (1972) and Simidu and Egusa (1972) for strains isolated from white perch in
USA and from yellowtail in Japan. The findings are summarized in Table 1-11.

Pasteurellosis is now recognized as a major problem in marine aquaculture operations
in Japan, where it is of particular importance in cultured yellowtail. An outbreak of the
disease has been reported by Muroga and co-authors (1977b), Ohnishi and co-authors
(1982), and Sugiyama and co-authors (1977) from black sea bream Mylio macrocephalus
reared in floating cages. In this instance, 8,000 of 9,000 black sea bream were lost. The
pathogenicity of the organism was demonstrated by the intra-muscular injection of 9 sea
bream, 8 of which succumbed to the infection. The aetiological agent was identified as
Pasteurella piscicida.

Fukuda and Kusuda (1980) investigated certain aspects of the humeral immune
response of yellowtail to Pasteurella piscicida. Following an outbreak of the disease in a
population of cultured yellowtail, they found that the serum contained agglutinating
antibodies against whole cells and cell extracts of the bacterium, with peaks occurring in
mid-July and towards the end of October, when the water temperatures were in the range
of 23 to 25 °C. A similar increase in the serum gamma-globulin was also detected. Fukuda
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Table 1-11
Properties of Pasteurelia piscicida as reported in the literature (Based on Héstein and Bullock, 1976)

Test Janssen & Kusuda & Simidu & Hastein &
Surgalla Yamaoka Egusa Bullock
(1968) (1972) (1972) (1976)

Motility - - - -
Acid from arabinose
Acid from xylose
Acid from adonitol
Acid from glucose
Acid from fructose
Acid from galactose
Acid from mannose
Acid from rhamnose
Acid from dulcito} . -
Acid from mannitol
Acid from sorbitol
Acid from cellobiose
Acid from lactose — -
Acid from maltose
Acid from sucrose
Acid from trehalose
Acid from inositol .
Acid from raffinose - - -
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and Kusuda concluded that infected yellowtail produce antibodies against P. piscicida
during early summer and late autumn, a finding which suggests that some degree of
protective immunity is conferred on those fish which do not succumb to the initial
infection. According to Kusuda and co-authors (1978), the bacteria isolated from epizoo-
tics affecting yellowtail in various locations in Japan show a similar immuno-diffusion
pattern, and should thus be considered as being of the same serotype. The immuno-
diffusion pattern, as determined by the Ouchterlony technique, coincides with that of the
organism defined as P. piscicida by Janssen and Surgalla (1968) in USA. Mori and co-
authors (1976) carried out a field survey in Miyazaki Prefecture to detect the presence of
pasteurellosis in cultured yellowtail. P. piscicida was detected by means of the direct
fluorescent antibody technique used, and isolated in vitro from the fish in the absence of
macroscopical signs of lesions in kidney and spleen. These workers concluded that the
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fluorescent antibody test could prove of diagnostic value in the detection of pre-clinical or
sub-clinical cases of the disease.

Myxobacterial infections

Myxobacteria are of particular interest to fish pathologists since, with the possible
exception of an anaerobic myxobacterium capable of producing experimentally
cytopathogenic effects on bruised human mouth tissue (Dworkin, 1966), these organisms
are known only as pathogens of fish and certain aquatic invertebrates such as crustaceans.
Higher vertebrates appear to be completely refractory to myxobacterial infections.

The myxobacteria are slender, long, procaryotic Gram-negative rods which exhibit a
highly characteristic gliding motion associated with the production of abundant quantities
of mucoid material which facilitates their movement. In nature, various types of myxobac-
teria are widely distributed in fresh and marine waters, and in the soil. Myxobacterial
infections, or myxobacterioses, affect a wide variety of fresh-water fish in artificial and
natural habitats. Among the diseases they cause are columnaris, cold-water or peduncle
disease, and bacterial gill disease. Bullock (1968) suggested that myxobacteria may play an
important role in relation to necrotic processes occurring in outbreaks of fin rot in brook
trout Salvelinus fontinalis in fresh water. The importance of various myxobacterioses in
relation to fish diseases has been reviewed comprehensively by Anderson and Conroy
(1969).

The principal myxobacterial disease encountered in fish from salt-water environments
is ‘salt-water columnaris’ or ‘salt-water myxobacteriosis’. Its external clinical manifesta-
tions are strikingly similar to those found in columnaris disease sensu stricto of fresh-water
fish. Among the first workers to have described salt-water myxobacteriosis are Rucker and
co-authors (1953), who reported an outbreak affecting young chinook salmon Oncorhyn-
chus tshawytscha reared in sea water on the North-West Pacific coast of USA. These
workers commented on the close similarity between the clinical signs of this condition and
those of fresh-water columnaris, and identified a halophilic and highly fastidious myxobac-
terium as the aetiological agent of the outbreak. Borg (1960) observed a similar disease in
pink salmon Oncorhynchus gorbuscha raised in sea water; the disease is characterized by
necrotized areas on the caudal peduncle. Numerous myxobacteria were detected in
scrapings from affected areas and lesions. Wood (1973) mentioned that the salient clinical
signs of salt-water columnaris in Pacific salmon and rainbow trout from sea water include
rough and necrotic lesions, of variable size, affecting skin and superficial tissues. The
disease has also been reported from coho salmon Oncorhynchus kisutch held in estuarine
conditions in Maine, USA (Sawyer, 1976). In this instance, the outbreak caused the death
of 50,000 coho salmon, approximately 30 % of the total stock. The diseased fish showed
signs of progressive erosion of the cartilage of the snout, lower jaw and mouth; the severity
of the infection increased with a corresponding increase in water temperature. Yellowish-
coloured sheets of myxobacteria were detected in the buccal, pharyngeal and pneumatic
duct tissues, and were believed to have been responsible for the infection in the absence of
other known bacterial fish pathogens. A preliminary attempt to study the pathogenicity of
the myxobacterium was inconclusive, since only 2 of 18 experimentally infected salmon
developed typical clinical signs of the infection. It is of interest to mention in this context
that Nigrelli and Hutner (1946) described fresh-water columnaris in mummichogs Fun-
dulus heteroclitus, euryhaline cyprinodonts common to waters of the southern USA. The
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possibility of columnaris disease sensu stricto, caused by Flexibacter columnaris, occurring
in susceptible species of fish in low salinity estuarine conditions cannot, therefore, be
completely disregarded.

Anderson and Conroy (1968, 1969) investigated the causes of a disease which they
designated ‘eroded mouth’ in a population of 1-yr old rainbow trout reared in floating
cages in a sea water loch on the West Coast of Scotland. The principal clinical signs
observed included severe necrotic lesions which gave rise to erosion of the upper jaw of the
trout. The entire population showed evidence of anorrexia and listlessness, and mortality
reached 10 %. Histological changes included destruction of epidermis and parts of the
dermis, with consequent exposure of the underlying cartilaginous tissues. Sections through
the affected areas revealed masses of myxobacteria in the connective tissue, in which the
bacteria were arranged in sheets. No evidence of any involvement of gills or other organs
was apparent.

Japanese workers (Masumura and Wakabayashi, 1977) reported myxobacterial infec-
tions in hatchery-raised red sea bream Pagrus major and gilthead Acanthopagrus schiegeli.
The disease affected 15 to 60 mm long fry reared in floating cages, producing mortalities of
20 to 30 %. Salient clinical signs included erosion of the mouth together with marked fin
and tail rot. A halophilic myxobacterium was isolated, and when apparently healthy
specimens were brought into contact with the organism following smearing of the surface
of mouth and tail, similar symptoms were reproduced. Colorni and co-authors (1981)
described cases of ‘gill rot’ in gilt head sea bream Sparus aurata cultured in floating cages in
the Red Sea at Elat, Israel. Large numbers of myxobacteria were isolated from the
diseased fish following the inoculation of Anacker and Ordal’s medium and 2 % fish
muscle-sea water broth. In the former medium the bacteria quickly lost their characteristic
morphology and motility, but these features were retained to a greater degree in the fish
muscle-sea water broth. Due to the difficulties inherent in the isolation and cultivation of
these bacteria, Colorni and co-authors based their diagnosis on the detection of myxobac-
teria in fresh smears from the diseased areas of the fish.

Campbell and Buswell (1982) described a condition designated ‘black patch necrosis’
causing heavy mortalities in O and I group Dover sole Solea solea during 1974-1978 in a
marine fish farming facility in Great Britain. When diseased and healthy tissues were
investigated microbiologically, a myxobacterium was consistently isolated from diseased
fish but not from healthy ones. The organism was a long and filamentous Gram-negative
rod, closely resembling Flexibacter columnaris, and was identical to reference strain
NCMB 1038 of F. columnaris. The bacterium produced 100 % mortalities in experimen-
tally infected Dover sole maintained at 17.5 °C over a 96-h period, and was therefore
identified as the aetiological agent of ‘black patch necrosis’ in this flatfish. Hikida and co-
authors (1979) also recorded Flexibacter-like bacteria as pathogens of marine fish in
Japanese waters.

From the foregoing, it is convenient to consider salt water myxobacterioses as non-
systemic cutaneous infections which give rise to abrasive and shallow lesions on the skin of
the flanks of the body, caudal peduncle and/or upper jaw of the fish. Salt-water myxobac-
teriosis is thus far known from anadromous salmonids being raised in sea water from the
Atlantic and Pacific coasts of North America and from the West Coast of Scotland (Rucker
and co-authors, 1953; Borg, 1960; Rucker, 1963; Anderson and Conroy, 1968, 1969;
Pacha and Ordal, 1970; Wood, 1973; Sawyer, 1976), as well as from strictly marine
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species cultured in sea water cages and artificial environments in Britain, Israel and Japan
(Masumura and Wakabayashi, 1977; Hikida and co-authors, 1979; Colorni and co-
authors, 1981; Campbell and Buswell, 1982).

The aetiological agent of salt-water myxobacteriosis in salmonids was successfully
isolated by Borg (1960) on a 1.5 % (w/v) agar medium containing a small amount of
sterile unheated fish extract and prepared with equal amounts of 3 % (w/v) sodium
chloride solution and full-strength sea water. In their studies on salt-water myxobacteriosis
of rainbow trout in Scotland, Anderson and Conroy (1968, 1969) were initially unsuccess-
ful in isolating the organism on the medium of Anacker and Ordal (1959) containing 25 %
(v/v) sea water. Successful isolation and subsequent maintenance of the bacterium in pure
culture was achieved by the use of a medium containing 0.1 % (w/v) peptone, 0.1 % (w/v)
yeast extract, 0.9 % (w/v) agar and 5 % (v/v) enzymic extract of fish muscle tissue. This
medium was prepared with full-strength sea water and, following inoculation, was incu-
bated at 10 °C. Subsequently, however, the bacterium was successfully maintained on a
routine basis in sub-cultures at 20 °C. The isolates had an obligate requirement for sea
water and failed to grow in the medium when this was prepared with sodium chloride
alone. In vitro, the Scottish isolates were highly proteolytic, gave a positive reaction with
Kovac’s oxidase test, failed to reduce nitrates, produce indole or to attack glucose, maltose
and saccharose. Varying degrees of sensitivity to chloramphenicol, nitrofurantoin, penicil-
lin and streptomycin were observed.

The epizootics reported from USA and from Great Britain share the fact that ‘a
halophilic and highly fastidious myxobacterium’ is involved as aetiological agent of the
condition in salmonids. North American workers (Pacha and Ordal, 1970; Wood, 1973)
refer to the causative agent as long and slender rods corresponding to a marine species of
the genus Sporocytophaga which is capable of forming microcysts and also of producing
resting cells directly from the vegetative cells themselves, without any need to develop
fruiting bodies. The isolates studied by Anderson and Conroy (1969) from Scotland also
produced round bodies, but were considered to be somewhat distinct from the strains of
Sporocytophaga sp. isolated in North America. Since no information is currently available
on the serological characteristics of the American and European strains, it might be
prudent to reserve judgment on the precise generic status of the organisms until such time
as more detailed research can be conducted. In general terms, however, the organism can
be described as a halophilic and highly fastidious myxobacterium which produces yellow-
ish-coloured colonies on solid or semi-solid (= ‘sloppy’) agar media prepared with full-
strength sea water. It is recommended that initial isolation be attempted by inoculation and
incubation of the medium at 10 °C, and that sub-cultures be maintained by incubation at
20 °C. In older cultures, round bodies or microcysts may be observed together with the
vegetative cells.

As experimental pathogenicity tests have not been carried out on a large scale, it can
only be postulated at this juncture that the infection occurs when myxobacteria invade
areas affected by physical or mechanical abrasion when the fish rub against the sides of the
floating cages. The euryhaline characteristics of the anadromous salmonids have been used
to good effect in the elimination of the strongly halophilic myxobacteria from infected
tissues. Anderson and Conroy (1968, 1969) transferred 200 infected rainbow trout from
sea water to fresh water, and it was no longer possible to detect or to isolate any
myxobacteria. However, these workers recognized that such treatment is impracticable in
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large-scale aquaculture operations involving thousands of salmonids in sea water, particu-
larly when the degree of stress imposed on the fish by the osmotic shock of transfer from
sea water to fresh water and vice versa is taken into consideration. In practice, Anderson
and Conroy (1968, 1969) achieved an acceptable level of control of the infection by
exposure of the diseased trout to dips of 2 min duration in copper sulphate at a
concentration of 1:2,000 in fresh water, on each of 3 consecutive days. It is also possible
that outbreaks could be controlled by the use of baths in 1 to 2 ppm oxytetracycline or
another suitable wide-spectrum antibiotic or nitrofuran derivative.

Streptococcal Infections

Plumb and co-authors (1974) documented an important mass mortality of fish in
estuarine areas of Alabama and Florida, USA. It affected sea catfish Arjus felis, menhaden
Brevoortia patronus, silver trout Cynoscion nothus, pin fish Lagodon rhomboides, spot
Leiostomus xanthurus, Atlantic croaker Micropogon undulatus and striped mullet Mugil
cephalus. The stingray Dasyatis sp., an elasmobranch, was also affected. Mortalities were
described as of an acute to chronic nature, occurring over 72 km of the north-western coast
of the Gulf of Mexico, and tens of thousands of fish were stated to have died.

Moribund fish swam erratically at the water surface, and frequently exhibited whirling
movements. Haemorrhagic lesions were detected on skin, opercula, in the buccal area, at
the base of the fins and in the perianal regions. Signs of abdominal distension were
observed, associated with the presence of a bloody fluid in the body cavity and with
exophthalmos. Internally, the kidneys of most fish had a normal appearance, although the
livers were pale and the spleens were of a deep red colour. Presence of haemorrhagic
enteritis was confirmed in many of the fish, where the lumen of the intestine was filled with
a bloody fluid which tended to be extruded via the anus.

Attempts to isolate the aetiological agent were made on brain/heart infusion (BHI)
agar plates inoculated with material from eyes, kidney, liver, peritoneal fluid and skin
lesions. Ninety to 100 % of the fish sampled yielded pure cultures of colonies subsequently
identified as strains of a non-haemolytic, Lancefield Group B, type I, Streptococcus sp.

Plumb and co-authors (1974) made the interesting observation that, with the excep-
tion of Escambia Bay, Florida, all sampling sites from which fish were obtained possessed
similar topographical characteristics in that a narrow passage exists at the mouths of the
affected areas at their zone of confluence with larger bodies of water in the estuarine bays.
The principal fish species affected was the menhaden, upon which sea catfish — a
scavenger — were seen to feed. It was suggested that the kills might have been due to a
lack of flushing by fresh or tidal waters, creating a stress situation, and that sea catfish and
other ichthyophagous species could have become infected through the consumption of
dead menhaden.

Cook and Lofton (1975) carried out pathogenicity tests with a strain of non-
haemolytic, Lancefield Group B, type I, Streptococcus sp., referred to as Strain 992, which
they isolated from the kidney of a moribund menhaden captured in Alabama. This strain
was shown to be serologically identical to the one isolated by Plumb and co-authors
(1974). Pathogenicity studies were undertaken with this and other streptococci (Strep-
tococcus agalactiae, S. durans, S. faecalis, S. liquefaciens and 1 strain each of a Lancefield
Group A and a Lancefield Group D streptococcus), using sea catfish, menhaden, spot,
Atlantic croaker and striped mullet as experimental fish. The fish were maintained in
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aquaria containing 20 to 40 [ of water (15 %0 S; 22 to 25 °C) and were injected via the
intra-peritoneal route with 0.1 ml of Todd-Hewitt broth to give a dose of 10 to 107 cells
fish~!. Strain 922 produced 100 % mortalities in menhaden and striped mullet injected
with 10* to 10° bacteria. Mortalities in Atlantic croaker, sea catfish and spot ranged from
70 to 90 %, 0 to 40 % and 57 to 100 % respectively at a dose of 10 to 10° bacteria fish™!.
The results indicated that menhaden was the most susceptible and sea catfish the least
susceptible of the fish species tested. Mortalities of Atlantic croaker and spot were
observed when these species were injected with high (10% to 107 cells fish™') doses of
Streptococcus agalactiae, S. faecalis and §. liquefaciens, a finding which prompted Cook
and Lofton (1975) to conclude that such non-fish-related streptococci ‘may simply have
overpowered the protective mechanisms in some fish and caused death’. Their findings
confirm, however, that Streptococcus sp. Strain 922 is pathogenic to euryhaline fish.

Streptococcal infections of marine fish such as yellowtail (Seriola spp.) are of such
importance to aquaculture operations in Japanese coastal waters that the Japanese Society
of Fish Pathology organized a Symposium on the subject at the University of Mie, during
October 1971 (Japan, 1982). Kusuda and Komatsu (1978) carried out a series of
comparative studies on 16 strains of streptococci isolated from disease outbreaks affecting
yellowtails, eels, and other marine and fresh water fish in Japan and USA. The American
strains were identified as Streptococcus agalactiae, whereas the Japanese strains — in spite
of the fact that they could not be classified serologically as members of Lancefield’s Group
D — bore many features in common with both S. faecalis and S. faecium, being classified
as a new species. It is of interest to mention that Hoshina and co-authors (1958) isolated a
non-haemolytic Lancefield Group D streptococcus, classified as S. faecalis, from a disease
outbreak affecting rainbow trout at a fresh water fish farm in Japan. In the absence of any
obvious faecal contamination of the incoming water, it was concluded that the infection
may have arisen from the use of contaminated food.

The pathogenicity of streptococcal infections of yellowtail has been investigated with
reference to Streptococcus sp. Strain YT-3 by Kusuda and Kimura (1978). Following oral
administration, the bacteria gave rise to high numbers of organisms in the blood and
internal organs within a 10 min period, but had been eliminated from all organs except the
intestine after 24 h. When administered by the per-cutaneous route, the streptococci were
retained at a level of 107 cells g7}, in the kidney tissue, but decreased from 103 to 10°
cells g~ ! in other organs between 10 min and 24 h of administration, following which the
numbers rapidly increased and produced an infection. An interesting observation by
Kusuda and Kimura is that the intestine yielded counts of 107 cellsg™' 72 h after
inoculation, a finding which bears a close relation to that of Kanai and co-authors (1977)
where feeding Japanese eels had an intestinal microflora composed of 20 to 80 %
streptococci.

With reference to streptococcal infections of yellowtail, Shiomitsu and co-authors
(1980) demonstrated that all strains of Streptococcus sp. isolated from disease outbreaks
in 1 yr old specimens from marine fish farms in Kagoshima and Kochi Prefectures were
sensitive In vitro to ampicillin, chloramphenicol, erythromycin and tetracycline. The
minimum inhibitory concentration (M.I.C.) of erythromycin was 0.1 to 0.2 mcg mi™} A
dose of erythromycin incorporated into the food at a concentration of 25 to 50 mg kg ™!
live weight d ! was capable of controlling clinical outbreaks of the infection, and of curing
infections not controlled by ampicillin. No clinical abnormalities were observed in a
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population of approximately 1,000,000 yellowtails treated with erythromycin, from which
Shiomitsu and co-authors concluded that the compound appears to hold promise for the
practical control of streptococcal infections in species of yellowtail reared in sea water.

A beta-haemolytic streptococcus, reported as being identical to that causing disease
and mortalities in yellowtails, has been isolated from ayu Plecoglossus altivelis and amago
salmon Oncorhynchus rhodurus cultured in fresh water ponds in Tokushima Prefecture,
Japan, by Ohnishi and Jo (1981).

To conclude this section, mention must be made of the work of Kusuda and Sugiyama
(1981), by whom a staphylococcus was isolated as aetiological agent of disease epizootics
among cultured red sea bream Chrysophrys major and yellowtail Seriola quinqueradiatain
Japan during 1976-1977. The diseased fish showed clinical signs of exophthalmos,
congestion and swollen lesions on the caudal peduncle. On the basis of morphological,
biological and biochemical studies undertaken with 6 strains of the organism, it was
identified as Staphlococcus epidermidis. Three strains from red sea bream were classified
as Baird-Parker’s sub-Group II, whereas 3 strains from yellowtails were classified as
Baird-Parker’s Staphylococcus sub-Groups II, V and VI respectively.

Acid-fast Bacterial Infections

The term ‘tuberculosis’ is generally used to describe a chronic disease of man and
other vertebrates caused by bacteria belonging to the genus Mycobacterium. These
organisms are termed acid-fast because of their ability to resist the decolorizing action of
alcohol and mineral acids. Tuberculosis sensu stricto is a disease characterized by the
presence of cellular lesions, or tubercles, produced by the irritating action of bacteria in the
sites where they are held and ingested by phagocytes. The tubercle frequently undergoes a
process of caseation which commences in the centre and gradually extends to the outer
margin of the nodule. Miliary tuberculosis occurs when the mycobacteria are released into
the blood stream from the primary focus of infection, thereby reaching other organs such
as kidney, liver and spleen, in which they produce secondary foci of infection. Because
several differences have been reported in the clinical manifestations of mycobacterial
infections in man and fish, as well as in the morphology of the corresponding aetiological
agents, Parisot and Wood (1960) proposed that the disease in fish should be referred to as
‘fish mycobacteriosis’ rather than ‘fish tuberculosis’. The present writer, however, has
elected to retain the latter term since it is possibly more familiar to the general reader.

The first workers to investigate the occurrence of tuberculosis in marine fish were
Bertarelli and Bocchia (1910), who failed to detect acid-fast bacterial infections in a
number of wild-caught sea fish on sale in Italian fish markets. They concluded, therefore,
that the disease is either absent or extremely rare in marine fish.

Alexander (1913) and Johnstone (1913) have the distinction of being the first to
describe a naturally occurring case of tuberculosis in a marine fish. The species concerned
was the cod Gadus morhua captured at sea and landed at the port of Fleetwood, England.
Alexander described the case as resembling lupus in man, and isolated acid-fast bacteria
from a dark-coloured patch on the skin of the fish, without being able to identify the
isolate. Johnstone reported cutaneous lesions affecting caudal peduncle, fins and skin of
the cod, and noted that these lesions measured up to 5 mm in diameter, were circular in
shape, slightly rasied, and of a dark greyish to black colour. The case was investigated
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histologically, and Johnstone reported evidence of morbid tissue formation in the cutane-
ous lesions of a type indicative of an infectious granuloma. The skin lesions, many of which
appeared to be healing, were described as of a tubercular nature which principally affected
the thick layer of coarse fibrous connective tissue of the integument. Several masses of
acid-fast bacteria lying within small cavities surrounded by concentric layers of fibrous
tissue were present, and in some instances encapsulated masses of bacteria were also
detected. Cellular elements termed giant cells were similarly described, but could not be
positively identified as giant cells sensu stricto, since they mainly consisted of ruptured
erythrocytes, fragments of necrotized tissue elements and dense masses of acid-fast
bacteria. The granulomatous tissue, which was not highly vascularized, contained melanin
granules either in stellate form or, more frequently, as discrete rounded bodies.

Sutherland (1922) studied a naturally occurring case of tuberculosis in halibut
Hippoglossus hippoglossus, and noted the presence of numerous greyish-white nodules in
liver and spleen of the fish. Similar nodules were also detected in the ovary, where they had
produced a moderate degree of caseation. The gastro-intestinal tract was normal in
appearance, but muscular and sub-cutaneous tissues were of a yellowish colour and soft to
the touch. In liver, ovary and spleen, a total replacement of the glandular tissue had
occurred in many areas by the formation of a fibrous stroma composed of masses of
fasciculi of flattened cells. Several tubercular lesions were present in these fasciculi, and
were composed of a central group of round cells with well-stained nuclei, surrounded by
concentric layers of flattened cells which gradually merged with the stroma. Different
degrees of necrosis were apparent. The superficial lesions in the muscle tissue were located
in the loose connective tissue between the muscle bundles, and in these locations the
tubercles were more distinctly circumscribed than in the internal organs. Acid-fast bacteria
were demonstrated in the tubercles and in the affected tissues. Johnstone (1927) encoun-
tered a further case of tuberculosis in a halibut, and in this specimen the ovary was small
and undeveloped and the kidney was swollen and covered with yellowish-coloured
tubercles and granulomatous masses. The histological structure of the lesions present in
the kidney and the ovary was interpreted as being characteristic of a tuberculosis-like
granuloma. Fibrosis had occurred to a marked extent, and the nodules were filled with a
caseous substance. No giant cells were detected, but small numbers of acid-fast bacteria
were demonstrated in the lesions.

Aronson (1926) investigated the causes of mortalities in various species of fish
maintained in aquaria at the Philadelphia Zoo, in USA. An acid-fast bacterium designated
Mycobacterium marinum was isolated from livers and spleens of croakers Micropogon
undulatus, sea bass Centropristes striatus and sergeant-majors Abudefduf mauritii
affected by the disease. Eyes, gills, kidneys, ovaries, spleens and pericardia had greyish-
white tubercular nodules measuring up to 18 mm in diameter. Circular areas of focal
necrosis, not sharply circumscribed, were detected in the liver but seemed to bear little
relation to the vascular supply. Occasional giant cells were observed in the periphery of
these areas of focal necrosis, and in certain cases the normal liver cells had been replaced
by large mononuclear cells in which the nucleus had ruptured or had disappeared
altogether. These mononuclear cells contained masses of acid-fast bacteria, which also
occurred in clumps in the necrotized areas. The spleen showed evidence of necrosis, as did
the endothelial cells of the blood vessels — the lumena of which were replete with acid-fast
bacteria and yellow-coloured pigment granules. Winsor (1946) described tubercular
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lesions from a single specimen of smelt Osmerus mordax and a single specimen of weakfish
Cynoscion regalis from Philadelphia, USA; both specimens had been obtained as wild-
caught fish from a local market.

A survey of halibut landed at British ports failed to reveal cases of tuberculosis
(Anon., 1962, 1963, 1964, 1965), and over the decade 1940-1950 only 6 cases of the
disease were observed among marine fish landed at Hull, England, one of which was in a
plaice Pleuronectes platessa and the remaining 5 were in turbot Rhombus maximus
(Rhodes, cited by Hodgkiss and Shewan, 1950).

Reichenbach-Klinke (1955¢) detected cases of tuberculosis in fish from marine
aquaria. Clinical signs of the disease included ulcerative lesions on jaw and skin, and a
granular appearance of liver and spleen. In sea perch Morone labrax, numerous flattened
and shrunken cells were detected in histological sections from the affected skin tissue. The
epidermis was ‘notched’ and the mucus bed dark and thin. Giavenni (1982) found that
tuberculosis was present in 130 of 653 specimens of tropical marine aquarium fish
investigated in Italy, corresponding to 41 different species, and identified the aetiological
agent as Mycobacterium marinum. Conroy (1965) reported a case of tuberculosis in a
single specimen of horse mackerel Trachurus picturatus caught in the South-West Atlantic
Ocean. No obvious disease signs were visible externally, but when the fish was opened the
presence of several discrete nodules containing acid-fast bacteria was detected in the
muscle tissue adjoining the vertebral column.

Bucke (1980) described an acid-fast bacterial infection from a single specimen of
mackerel Scomber scombrus caught in British waters; further studies on the disease in this
teleost species have recently been published by Hastings and co-authors (1982). These
workers carried out routine examinations on specimens of mackerel from the northern part
of the North Sea, the western English Channel and the Minche. Tubercular nodules were
detected in heart, kidney, liver, spleen and walls of the gastro-intestinal tract, in addition to
the mesenteries and connective tissue, in several of these fish. No marked variation was
reported in the prevalence or distribution of the disease from the sampling sites, and the
incidence of the disease was 80 to 100 % in mackerel of the 1+ and older age groups. On
a histological basis, Hastings and co-authors were able to distinguish 3 different types of
nodule, designated Types A, B and C respectively, in kidney and spleen. Type A nodules
possessed an intact centre and were completely surrounded by a discrete capsule composed
of epithelioid cells and fibrous tissue. These nodules also contained numerous melano-
macrophage cells with acid-fast bacteria. Type B nodules possessed a solid caseous
necrotic mass in the centre, frequently containing a few acid-fast bacteria and melanin
granules; the mass was encompassed by a fibrous capsule surrounding a discrete layer of
epithelioid cells. Type C nodules closely resembled Type B nodules, the main difference
being that in the former the contents of the epithelioid cells and fibrous capsule were ‘of a
more amorphous appearance’. Hastings and his colleagues postulated that the acid-fast
bacteria in kidney and spleen of the mackerel may be carried within macrophages towards
the melano-macrophage centres from whence the nodules develop in the renal and splenic
tissue. Nodules in heart, liver and mesenteric tissues were similar to Type B and C nodules
of kidney and spleen, save that the former did not contain melanin, a finding which was
interpreted as an indication that such nodules can occur in other tissues even in the absence
of melano-macrophage centres. The contents of Type B and C nodules gave a positive
periodic acid-Schiff (PAS) staining reaction. Hastings and co-authors found that 2,3 and 5
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yr old mackerel affected by tuberculosis showed evidence of a decreasing body length in
relation to an increasing intensity of infection. They also observed that a higher proportion
of females than males was affected. Neither Bucke (1980) nor Hastings and co-authors
(1982) detected giant cells in the cases of tuberculosis which they investigated in mackerel.

The question as to whether giant cells are involved or not in fish tuberculosis has
recently been investigated experimentally by Timur and co-authors (1977) with reference
to plaice Pleuronectes platessa. Twelve 1 yr old plaice were obtained from a marine fish
farm and were injected by the intra-muscular route with a saline suspension of Mycobac-
terium sp. (NCMB 1484) grown on Dorset’s egg medium. This strain had originally been
isolated from a case of tuberculosis in halibut. The experimentally-infected plaice were
maintained at 10 °C and were sacrificed over a 12 to 60 days period post-infection. The
first lesions produced included muscle-fibre necrosis extending over a wide area of the
myotome. Destruction of myofibrils was observed, and macrophages were present. Occa-
sional lymphocytes, polymorphonuclear neutrophils and plasma cells were detected, and
acid-fast bacteria were present within the macrophages and free among the cells. By Day
18 post-infection, masses of macrophages containing acid-fast bacteria were present and
some of them showed a typical epithelioid cell morphology. Occasional Langhans-type
multinucleate giant cells were reported at this stage, the numbers of which increased by
Days 24 and 28 post-infection. The typical epihtelioid granuloma of fish tuberculosis was
present from Day 25 of the experimental infection, and thereafter the lesion was
characterized by the presence of numerous typical epithelioid granulomata or tubercles,
some of which had a central focus of caseation containing numerous acid-fast bacteria. The
giant cells became less frequent after 28 days, and by Day 60 the lesion was formed
primarily of fibrious tissue, epithelioid cells and central necrotic foci containing large
numbers of acid-fast bacteria. Numerous lymphocytes were also present in the stroma of
the tubercles, and this infiltration coincided closely with the development of caseation in
the centres of the granulomata. The paper by Timur and co-authors is an important
contribution to our understanding of the pathogenesis of fish tuberculosis, since it confirms
that mycobacteria of piscine origin are capable of inducing the transient production of
Langhans-type giant cells in marine teleosts during the course of an infection. Tirnur and
co-authors suggested that the failure to detect giant cells in cases of tuberculosis of marine
and migratory fish studied by other workers may be explained by the fact that these cases
were advanced stages of the disease at which giant cell production had been suppressed.

Sato (1962) carried out histological studies of tuberculous nodules from several types
of marine fish, and demonstrated that these were granulomata in which the acid-fast
bacteria occurred both in and around the monocytes. This worker observed 2 types of
nodule; the first was a slowly-developing lesion composed of epithelial cells with a
surrounding fibroblast capsule, the second, a rapidly-produced lesion containing large
numbers of histiocytes filled with acid-fast bacteria.

Interest in tuberculosis of migratory fish has centred principally on the finding of the
disease in anadromous salmonids from the Pacific coast of North America. The presence of
acid-fast bacteria in the kidney tissue of chinook salmon Oncorhynchus tshawytscha was
first reported by Earp and co-authors (1953) for adult fish ascending the Columbia River
from the sea during 1952. The infection was further observed in migrating chinook salmon
in the Williamette River in 1953, 1954, 1955 and 1956 (Wood and Ordal, 1958) as well as
in O. keta, O. kisutch, O. nerka and rainbow trout from coastal and lacustrine US waters of
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Alaska, California, Idaho, Oregon and Washington; (Ross and co-authors, 1959; Ross,
1963).

Parisot (1958) gave a general description of the clinical signs and gross pathology of
salmonid tuberculosis, and stated that the external signs usually include abnormally bright
silver coloration, stunted appearance, and lack of normal development of the gonads.
Numerous discrete greyish-white granulomata are present in the kidney, the posterior
portion of which is swollen and shows evidence of necrosis. Similar granulomata are
present in liver, spleen, pyloric caeca and wall of the intestine. These necrotic foci contain
masses of acid-fast bacteria. The histopathology of tuberculosis in chinook salmon was
described by Parisot and Wood (1960). In juvenile salmon, the disease was characterized
by the presence of a massive infection involving the adipose connective tissue surrounding
the intestine and in the serosa, in which the bacteria formed layers. No evidence of
inflammation was detected either in early or in advanced infections. The haematopoietic
tissues of the anterior and mid-kidney, liver and spleen contained small groups of acid-fast
bacteria within the cytoplasm of fixed macrophages.

In older fish, the disease had extended well beyond the stage observed in juveniles.
Massive involvement of kidney, liver and spleen was present, and the gills and cardiac
tissue of adults were also affected by areas of focal necrosis associated with the presence of
acid-fast bacteria. The total absence of an inflammatory response in salmonids infected by
tuberculosis, as reported by Parisot and Wood (1960), has recently been questioned by
Timur and co-authors (1977) on the grounds that the material examined may have been
from an advanced stage of the infection beyond that when giant cells are prevalent. The
presence of a giant cell response in fish, as demonstrated by Timur and co-authors,
provides further grounds for utilization of the term fish tuberculosis in preference to fish
mycobacteriosis when reference is made to this condition.

All workers who have thus far described cases of tuberculosis from marine and
migratory fish reported the presence of acid-fast bacteria in the lesions, even in instances
when these bacteria have not been actually isolated. The genus Mycobacterium comprises
Gram-positive, acid-fast and non-motile rods which can usually be isolated in vitro from
the lesions on Lowenstein-Jensen, Petragnani or other suitable medium. Mycobacterium
marinum (Aronson, 1926) and Mycobacterium salmoniphilum (Ross, 1960) were
described from marine fish and migratory Pacific salmon respectively. Several workers
have detected the related genus Nocardia in fresh water fish and migratory salmonids
(Valdéz and Conroy, 1963; Conroy, 1964; Snieszko and co-authors, 1964a; Campbell and
MacKelvie, 1968; Ghittino and Penna, 1968). Japanese workers have reported that
nocardiosis due to Nocardia kampachi is of major importance as a cause of mortalities in
yellowtails (Seriola quinqueradiata, S. purpurascens) reared in marine fish farms (Kariya
and co-authors, 1968; Kubota and co-authors 1968; Matsuzato, 1968). Wolke and Meade
(1974) reported on cases of systemic nocardiosis detected in 2 chinook saimon smolts. The
fish showed granulomatous oral masses which maintained the mouths open. These masses
measured 1.0 X 0.75 cm in one specimen and 1.0 X 1.5 ¢cm in the second specimen.
Histopathological studies revealed that the masses were composed mainly of reticulo-
endothelial cells closely resembling mammalian histiocytes, with a fine, sparse network of
collagen fibres present within the cells. A fibrous capsule surrounded the mass. Small
lymphocytes and erythrocytes were present in the tissue, but multinucleate giant cells were
very infrequent. Randomly distributed necrotic foci were detected in the reticulo-endothe-
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lial cell mass, and these foci were characterized by central areas of sparsely distributed
necrotic debris and inflammatory cells surrounded by histiocytes. Granulomatous inflam-
matory tissue, necrotic areas and acid-fast bacteria were detected in gill tissue, myocar-
dium, pericardium, spleen, kidney, pancreas, mesentery, pyloric caeca and anterior part of
the gut. When the Fite-Faraco staining technique was used, the bacteria were filamentous,
branched and beaded. Wolke and Meade commented that the proliferative tissue
response, unique morphology and characteristic staining properties of the nocardiae
provide a sufficient basis upon which to arrive at a diagnosis of nocardiosis in cases where it
1s impossible to isolate the aetiological agent. These workers suspected that, in this
particular instance, the bacteria may have gained access to the fish through wounds in the
buccal cavity, from which the infection subsequently spread systemically.

Yellowtails Seriola quinqueradiata were inoculated experimentally with Nocardia
kampachi by lkeda and co-authors (1976), and changes characteristic of a chronic
suppurative inflammation were produced. The total leucocyte, neutrophil and monocyte
counts increased, and other increases were detected in the A/G ratio, total protein and
alkaline phosphatase levels of the serum. Slight increases were detected in the erythrocyte
and reticulocyte counts and in the haemoglobin level of the blood. The effects of the
organism on the kidney, liver and spleen were considered to be of limited significance,
although it was concluded that increases in the neutrophil count, serum albumin level and
alkaline phosphatase activity preceded the appearance of external clinical signs of the
disease in the infected fish.

Kusuda and Nakagawa (1978) demonstrated that strains of Nocardia kampachi were
capable of surviving for 1 to 2 days in sea water, but that survival increased to 6 to 8 days in
water samples taken from the immediate vicinity of floating cages in which yellowtails were
cultured. These workers injected yellowtails with heat- or formalin-killed bacteria and
demonstrated the presence of serum antibody titres of up to 1:10,000 following 6 wk post-
inoculation. Strict hygiene was recommended in view of the fact that survival of the
nocardiae was enhanced by overcrowding of the fish, the presence of food in the water and
factors which contributed to localized pollution.

In everyday practice, it is sufficient to make a tentative diagnosis of fish tuberculosis
or nocardiosis on a basis of the demonstration of acid-fast bacteria in smears from the
lesions and/or infected organs. A simple modification of the Petroff technique was
successfully developed by Conroy (1966) for use in the detection of acid-fast bacteria in
asymptomatic carriers in fresh water aquaria, and this technique has also enabled acid-fast
bacteria to be detected in apparently healthy cod held in sea water tanks (Conroy, 1970).

Various hypotheses have been advanced in an attempt to elucidate the manner in
which fish tuberculosis is transmitted. Winsor (1946) suggested that acid-fast bacteria may
gain entry to fish maintained in aquaria through the use of infected marine fish provided as
food. Ross (1959) and Wood and Ordal (1958) demonstrated conclusively that the
incidence of tuberculosis in Pacific salmon was directly related to the practice of feeding
untreated salmon offal to the young fish in the hatchery. Transovarian transmission of
tuberculosis was demonstrated in the viviparous Mexican platyfish Platypoecilus maculatus
by Conroy (1966), a finding of interest since Baker and Hagan (1942) had isolated
Mycobacterium platypoecilus from this species of teleost, and also because the platyfish is
a member of the family Cyprinodontidae which contains species possessing euryhaline
characteristics that occur in brackish waters and in coastal environments. Transovarian
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transmission of tuberculosis in chinook salmon, an oviparous species, could not be
decisively demonstrated by Ross and Johnson (1962), although recent evidence from
Australia (Ashburner, 1977) suggests that tuberculosis in this salmonid may be passed to
the F; generation by the ovarian route, possibly by means of infected ovarian fluid. An
interesting observation by Timur and co-authors (1977) is that Mycobacterium sp.
(NCMB 1484) is capable of producing a generalized tuberculosis in hatchery-reared plaice
when the bacterium is administered via the intra-venous route. Whatever the mode of
transmission, fish tuberculosis is characterized by a chronic course which produces
pronounced pathological changes in kidney, liver, spleen and reproductive organs, and
thus it is likely that the acid-fast bacteria may possess a low degree of pathogenicity to the
fish.
Anaerobic Bacterial Infections

The literature on fish pathology contains surprisingly few references to obligate
anaerobes occurring as the aetiological agents of diseases or mortalities in fish from marine
and other salt water environments. During 1976, however, mass mortalities linked with
anaerobes affecting striped mullets Mugi/ cephalus and redfish or red drums Sciaenops
ocellata from Biscayne Bay, Florida, and from the Texas coast of the Gulf of Mexico were
investigated in USA. These observations are of particular interest to our knowledge and
better understanding of the role of anaerobic bacteria in relation to epizootics affecting
populations of fish in natural salt water environments.

Henley and Lewis (1976) isolated anaerobic bacteria which they tentatively classified
as Catenabacterium sp. from blood, brain, kidney and liver of striped mullets and redfish
affected by disorientation, debility and disordered swimming movements at the water
surface. This condition was of epizootic proportions in the coastal waters of the State of
Texas, and gave rise to massive mortality levels in these fish. The bacteria were isolated on
thioglycollate agar and on salt bovine blood agar containing 40 mcg ml~! of gentamycin.
Both of these were useful as selective media for primary isolation of the bacteria. The
anaerobe was experimentally pathogenic to striped mullets and sea catfish Arius felis, but
not to channel catfish Ictalurus punctatus or to white mice.

Udey and co-authors (1976, 1977) reported that the salient clinical manifestations of
the epizootic which they investigated in striped mullets from Biscayne Bay included the
presence of an abnormal behaviour in the fish characterized by ‘twirling’, a feature
assumed to indicate impairment of the normal neurological functions. Few other external
pathological signs were in evidence in live or moribund mullets. The examination of
stained sections of the brain revealed the presence of large Gram-positive rods with a
tendency to form long unbranched filaments, distributed throughout the brain tissue.
Samples from the brain and other organs were aseptically removed and cultured on brain
heart infusion agar and in Brewer’s thioglycollate medium incubated at room temperature
for 7 days. Obligate asporogenous anaerobes were isolated in pure culture from the brain.
Udey and co-authors also isolated ‘occasional vibrios, biochemically resembling but
serologically distinct from Vibrio anguillarun? in samples taken from liver and kidney
tissue of the mullets on plates incubated under anaerobic conditions.

Five representative cultures from the brains of 5 striped mullets were selected for
further study and characterization. One of these cultures was deposited with the American
Type Culture Collection as ATCC 29255. The organism has been classified as Eubac-
terium tarantellus n. sp.; its characteristics are summarized in Table 1-12.
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Table 1-12
Principal characteristics of Eubacterium taranteljus strain ATCC 29255 (Based
authors, 1977)

on Udey and co-

Fermentation of mannitol -
Fermentation of mannose (v)
Fermentation of arabinose -
Fermentation of amygdalin -
Fermentation of cellobiose

Fermentation of melezitose

Fermentation of raffinose -
Fermentation of rhamnose -
Fermentation of salicin -
Fermentation of sucrose -
Fermentation of trehalose -
Fermentation of xylose
Hydrolysis of starch
Hydrolysis of aesculin
Deoxyribonuclease production
Hydrolysis of gelatine
Lecithinase production

Lipase production

Reduction of nitrate
Production of indole
Production of hydrogen sulphide -
Production of NH, —
Haemolysis of sheep blood +

|

I+ 0+

Sensitivity to erythromycin +
Sensitivity to chloramphenicol +
Sensitivity to gentamycin —
Sensitivity to kanamycin
Sensitivity to neomycin
Sensitivity to novobiocin
Sensitivity to penicillin
Sensitivity to polymyxin B
Sensitivity to streptomycin
Sensitivity 1o tetracycline
Sensitivity to vancomycin

+ o+

(+) Weak positive reaction; (v) variable reaction

Test Reaction

Gram +
Production of spores -
Motility —
Catalase

Fermentation of glucose (+)
Fermentation of lactose (+)
Fermentation of maltose (v)

Fermentation of fructose (+)

(beta)

Growth temperature (°C) 25 (15-40)
Salinity growth range (%) 0.5-2.0
pH growth range 5.6-8.0

~—
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Henley and Lewis (1976) had tentatively classified 2 strains of the anaerobe which
they isolated from moribund striped mullets and redfish captured in Texas coastal waters
as Catenabacterium sp. Udey and co-authors (1977), after pointing out that the genus
Catenabacterium Prévot, 1938 is no longer recognized as valid, considered that the
similarities between the characteristics of the strains isolated in Texas and those isolated in
Florida respectively were such that all of these isolates should rightly be placed in the
genus Eubacterium Prévot, 1938. This proposal is strengthened by the finding that both
the Texas and the Florida isolates possess a common antigen, as demonstrated by the
indirect immuno-fluorescent technique, and on this basis Udey and co-authors suggested
the possibility of these strains being biotypes or biovariants of the species E. tarantellus.
Udey and his colleagues also isolated E. tarantellus from the brain tissue of no less than 10
additional, although unnamed, estuarine species of fish from Florida, without detecting the
anaerobe in strictly marine teleosts which never enter bays or other environments subject
to fluctuating salinities.

In discussing their findings, Udey and co-authors (1977) point out that the failure of
Eubacterium tarantellus to grow in salinities above 2 % sodium chloride may indicate that
the organism is limited to estuarine, rather than to marine environments. They suggested
that the anaerobe grows slowly in the host fish, as evidenced by the fact that neurological
manifestations are chiefly present in mature specimens. On the other hand, they made the
alternative suggestion that the bacteria may cause a sub-clinical or chronic disease which
only becomes manifest when the infected fish are subjected to stress.

With specific reference to possible stress factors in relation to these mass mortalities of
striped mullets in Florida and Texas, mention must be made of the histozoic myxospori-
dian Myxosoma cephalis, first reported and described by Iversen and co-authors (1971)
from dead and moribund striped mullets collected during 1964 from water with a salinity
of 16 to 45 %o in the Everglades National Park, Florida, USA. Cysts of this parasite were
detected in the cerebral meninges, gill arches, buccal cavity, jaw bone and crop tissues of
the mullets, a finding which led Iversen and co-authors to speculate that the myxosporidian
‘may have been responsible for the epizootic’. Skinner (1975) subsequently reported the
presence of M. cephalis from gill arches, gill filaments, outer walls of the oesophagus,
stomach and intestine, as well as on the surface of the liver, in mesenteries and in the brain
of striped mullets from Biscayne Bay. According to Skinner 1 specimen of striped mullet
had skin lesions above the mouth and soft skull bones, and cysts and individual spores of
M. cephalis were detected in the brain cavity and in the brain tissue itself. Approximately
20 % of the striped mullets examined by Udey and co-authors (1977) harboured spores of
M. cephalis in their brain cavity, in addition to low levels of the digenetic trematode
Bucephalus sp. in a small (unquantified) sample of the fish. The precise role played by the
myxosporidian in the aetiology of this ‘twirling’ syndrome cannot be ascertained, since
pathogenicity experiments have not been carried out with the parasite. However, as Udey
and co-authors (1977) reported, Eubacterium tarantellus is experimentally pathogenic to
channel catfish, though not to guinea pigs, so that the available evidence points to the
bacterium as being the prime aetiological agent of the condition.

The pathology of what was described as a case of ‘whirling disease’ was investigated by
Brown (1970) in 1 specimen of 20,000 juvenile pompanos Trachinotus carolinus main-
tained in an outdoor pool provided with circulating sea water in the State of Florida, USA.
The pompano showed signs of continuous anti-clockwise whirling movements. Abnor-
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malities were confined almost exclusively to the cerebellum, the structure of which had
been markedly disrupted and showed signs of encephalomalacia. Groups of several
hundred bacteria each, and nervous system cellular debris, were encountered in the
affected area of tissue. The single histological section examined by Brown had been stained
with haematoxylin and eosin, so it became necessary to destain and restain it by the
MacCallum-Goodpasture technique, with which groups of Gram-positive rods were
demonstrated. In other affected areas, however, the rods appeared Gram-negative, a
finding which led Brown to conclude that Gram-variable bacteria were involved although,
as he pointed out, the irregular staining characteristics may have been due to the fact that
the section had been destained and then restained. It was concluded that the condition was
a bacterial encephalitis with cerebellar encephalomalacia associated with dysfunction of
the central nervous system. Whilst bacteriological studies were not carried out with the
pompano, it is tempting to associate the pathological manifestations of the ‘whirling
disease’ reported by Brown (1970) with those described by Udey and co-authors (1976,
1977) and by Henley and Lewis (1976) in striped mullets and redfish infected by anaerobic
bacteria.

The potential importance of these observations cannot be underestimated, since the
fish pathologist now has at his disposal a methodology for the detection, isolation and
characterization of Eubacterium taranteflus and other obligate anaerobic bacteria from
estuarine and marine fish. This methodology will henceforth need to be utilized on a
routine basis in all investigations relating to epizootics and ‘fish kills’ involving fish in
coastal and estuarine waters.
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Agents: Fungi

G. LAUCKNER

Fungus diseases of fish are of considerable concern in freshwater. Most of the known
fish-pathogenic fungi are members of the class Oomycetes. A few belong to the
Deuteromycetes (Fungi Imperfecti) or the Ascomycetes, or are of uncertain taxonomic
status and presently not classifiable. Recently, Neish and Hughes (1980) have critically
reviewed the vast body of literature existing on the fungal diseases of fish. As expected,
most of the information stems from freshwater species.

Although a vast number of fungi — pathogenic and non-pathogenic — exist in oceans
and coastal waters (Johnson and Sparrow, 1961), relatively few species have been reported
to occur in marine fish. Only a single species (or species complex), Ichthyophonus (hoferi),
is known to be of ecological significance and to cause economic losses among commercially
exploited stocks (Sindermann, 1966, 1970a).

The organism(s) commonly considered to represent Ichthyophonus display(s) a
perplexing physiological adaptability to a wide range of environmental conditions and
hosts. It has thus far been reported from more than 80 species of freshwater and marine
fish from tropical to temperate waters (Lederer, 1936; Reichenbach-Klinke, 1954, 1956a,
1957b, 1980). There has been much confusion with respect to the identity of this organism,
which has a long and fascinating history, full of errors and misinterpretations. The
literature reflects the notorious habit of writers and reviewers of scientific publications to
avoid the study of original publications (by some disqualified as *fossil literature’!) and to
copy misquotations and false informations from each other. As one of the consequences of
this disgusting conduct, the organism(s) in question is (are) sometimes referred to as
Ichthyophonus and, at other times, as Ichthyosporidium. The latter genus, however, is a
valid taxon in the Microspora (see below).

Although Ichthyophonus is generally classified as an entomophthoracean phycomy-
cete, there is no definite evidence favouring this viewpoint. It might not be a fungus at all.
In a review of the taxonomy of the Entomophthorales, Waterhouse (1973) listed Ichthy-
ophonus as a doubtful genus. Neish and Hughes (1980, p. 7) even concluded:

“We have no clear conception of what Ichthyophonus hofers really is, and
although it is called a fungus by most researchers working with it, there is little
firm evidence to support this viewpoint.”

Ichthyophonus hoferi was named by Plehn and Mulsow (1911) in honour of B. Hofer
(1893), who first reported the agent from diseased cultivated brown trout Salmo trutta and
brook trout Salvelinus fontinalis in Germany, and who described the disease produced by
this organism. Although being brief and devoid of illustrations, Hofer’s description is very
clear. Upon autopsy of diseased fish, tiny white ‘cysts’ became discernible at the surface of
affected organs, mainly the kidney, liver and heart. When ruptured, these cysts liberated
large numbers of very small ‘grains’ believed to be ‘sporozoan’ spores. Hofer tentatively
assigned the organism to the Gregarinia — not to the Fungi, as corroborated even by
modern textbook authors (e. g., Reichenbach-Klinke, 1980).



90 1. DISEASES OF FISHES

Hofer (1893) did not apply a specific name to the disease syndrome described by him
but merely stated that affected trout typically perform ‘torkeinde Bewegungen’ (‘stagger-
ing movements’). Subsequently, in his textbook on fish diseases, Hofer (1904) termed the
condition ‘Taumelkrankheit’ (‘stagger disease’), which now stands, in the literature, as a
synonym of Ichthyophonus disease. As already pointed out by Plehn and Mulsow (1911),
‘staggers’ are not a characteristic sign of the disease. Therefore, ‘Taumelkrankheit’ or
‘staggers’ should be replaced by ‘ichthyophoniasis’, a term correctly applied by Schéper-
claus (1979).

Apparently unaware of Hofer’s (1893) brief note, Caullery and Mesnil (1905a, b)
described 2 ‘*haplosporidians’ from marine teleosts at Wimereux and Saint-Martin, France
— Ichthyosporidium gasterophilum from S-bearded rocklings Motella (= Ciliata) mustela
and sea snails Liparis liparis, as well as I. phymogenes from gilt-head Crenilabrus melops.

Doflein (1909) was the first who linked Hofer’s (1893) ‘gregarines’ with Caullery and
Mesnil’s (1905a) ‘haplosporidians’ Ichthyosporidium spp., thereby clearing the way for an
error which has persisted in the literature until today. Similarly, Robertson (1908, 1909)
reported on a ‘haplosporidian’ of the genus Ichthyosporidium, which she first saw in
marine teleosts — in a flounder Platichthys flesus and in a haddock Melanogrammus
aeglefinus — and subsequently found to cause fatal disease in sea trout Sa/mo trutta. The
British author is now generally believed to have been studying a fungus, in all probability
Ichthyophonus (Sprague, 1965). There are several other early reports on the occurrence of
what might have been Ichthyophonus or a closely related fungus in marine fish hosts. Thus,
Johnstone’s (1906) report on a presumed entomophthoracean fungus, believed to be
related to the (plant-parasitic!) genus Conidiobolus, is highly suggestive of Ichthyophonus.
Williamson (1913) described an organism from Melanogrammus aeglefinus, Gadus
morhua and Brosme brosme in Scottish waters under the name Dokus adus. According to
Reichenbach-Klinke (1957b) and Priebe (1973) this was clearly an Ichthyophonus infec-
tion. Alexeieff (1914) restudied what he believed to be Caullery and Mesnil’s (1905a)
Ichthyosporidium gasterophilum in Ciliata mustela from Roscoff, France. Unaware of the
above records, Ellis (1928), describing an Ichthyophonus infection in Pseudopleuronectes
americanus, claimed to report the fungus for the first time from the New World and from a
marine host. As early as 1916, however, P. Cox had shown the presence of the fungus
(which he regarded as a myxosporidian) to be associated with mass mortalities of herring in
the Gulf of St. Lawrence.

In 1910, Laveran and Pettit reported on a epizootic disease of trout in France, which
they believed to be identical with the condition reported by Hofer (1893) in Germany.
Although exhibiting distinct affinities to the plant kingdom, the causative agent was
tentatively assigned to the ‘Haplosporidia’. Subsequently, Mulsow (1911) and Plehn and
Mulsow (1911) reisolated what appeared to be the same organism from diseased trout,
clearly demonstrated its fungal nature by means of cultivation in artificial media, and
named it Ichthyophonus hoferi. The authors likewise believed it to be identical with
Hofer’s (1893) agent. Although making reference to Caullery and Mesnil’s (1905b)
publication, they did not, however, associate their agent with the latter authors’ Ichthyo-
sporidium. Pettit (1911), in spite of agreeing with Plehn and Mulsow (1911) in that the
organism in question is a phycomycetous fungus, used both generic designations, Ichthyo-
sporidium and Ichthyophonus, interchangeably, but in a later publication (Pettit, 1913)
challenged the nomenclature in naming the fungus Ichthyosporidium hoferi.
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Neresheimer and Clodi (1914), who reexamined Ichthyophonus hoferiin great detail,
confirmed and extended Plehn and Mulsow’s (1911) findings and emphasized the organ-
ism’'s distinctiveness from Caullery and Mesnil’s (1905a, b) Ichthyosporidium. Concomi-
tantly, Swarczewsky (1914), who restudied Ichthyosporidium phymogenes Caullery et
Mesnil, 1905, in detail, believed it to be identical with a microsporan placed by Thélohan
(1895) among the ‘myxosporidiens glugéidées’ and initially named Glugea gigantea, a view
later confirmed by Sprague and Vernick (1968, see below). In a previous study, Swellen-
grebel (1911, 1912) had already restudied the same parasite, which he included in the
microsporan genus Pleistophora as P. gigantea.

Léger and Hesse (1923) found a pathogenic fungus, apparently exclusively confined
to the intestinal tract of trout, which they believed to be related to Caullery and Mesnil’s
(1905a, b) ‘haplosporidian’ Ichthyosporidium gasterophilum but to differ from Hofer’s
(1893) agent, and which they reclassified as Ichthyophonus intestinalis. In 1924, Léger
described what he considered a different species from the digestive tract of Lota Jota,
another freshwater fish, and named it I lotae. Léger (1927, 1929b) noted close similarities
between Ichthyophonus and Basidiobolus spp., fungi parasitic in amphibians, reptiles and
fish. He (1929a) even used the designations ‘Ichthyophonus (Basidiobolus) hoferi’ and
‘Basidiobolus (Ichthyophonus) hoferi’ interchangeably. At the end of a discussion of the
Basidiobolus — Ichthyophonus problem, Neish and Hughes (1980, p. 64) concluded that

“there is little reason to suspect that Basidiobolus and Ichthyophonus will
ever be shown to be congeneric.”

In spite of the evidence which became available through the detailed studies of Plehn
and Mulsow (1911), Neresheimer and Clodi (1914), Swarczewsky (1914) and Léger
(1924, 1927, 1929a, b), subsequent workers remained unaware of the fact that Ichthyos-
poridium and Ichthyophonus refer to 2 totally different organisms — a protozoan and a
fungus — and continued to apply both generic names interchangeably to Ichthyophonus
hoferi, or even listed Ichthyophonus as a synonym of Ichthyosporidium.

Eventually, Sprague (1965) made it clear that there are two original species in the
genus Ichthyosporidium Caullery et Mesnil, 1905. In all probability, and as far as the
French authors’ incomplete description permits to decide, I. gasterophilum is not a
protozoan at all, but a fungus. I. phymogenes, in its turn, was found to be clearly a
protozoan, either a haplosporidian or a microsporan. Consequently, Sprague transferred I.
gasterophilum to the (fungus!) genus Ichthyophonus Plehn et Mulsow, 1911, and reserved
Ichthyosporidium for the protozoans, selecting I. phymogenes as type-species. Later,
Sprague and Vernick (1968) confirmed the specific identity of I. phymogenes with Glugea
gigantea Thélohan, 1895, and Pleistophora gigantea Swellengrebel, 1911, which had been
identified as a species of Ichthyosporidium (Swarczewsky, 1914; see above). After initially
having expressed some doubts about the validity of genus Ichthyosporidium (Sprague,
1966, 1969), Sprague and Vernick (1974) reestablished Ichthyosporidium with I gigan-
teurn as type-species. Sprague and Hussey (1980) finally demonstrated the identity of
Schwartz’ (1963) Ichthyosporidium sp. — a haplosporidian from spot Leiostomus xan-
thurus in Chincoteague Bay, Maryland — with the type-species and introduced a new
concept of the structure and host-parasite relations of the genus. Sprague (1977a) lists
Ichthyosporidium in the family Nosematidae.

Hence, there can be no doubt that Ichthyosporidium is a valid genus in the Micro-
spora, and that a fungus with the name Ichthyosporidium hoferi has never existed. The
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genus Ichthyophonus, on the other hand, is clearly a taxon in the plant kingdom, with L.
hoferi as type species (however, should it be proven that ‘Ichthyosporidium gasterophilum’
Caullery et Mesnil is, in fact, a fungus of genus Ichthyophonus, and should it prove to be
different from I. hoferi, then Ichthyophonus gasterophilum would have to be selected, by
subsequent designation, as type species).

In spite of the information extractable from the above-cited original publications, and
in particular from Sprague’s (1965) clear delineation, the nomenclatorial confusion about
this organism notoriously persists even in several of the present-day textbooks on [ish
diseases (Reichenbach-Klinke and Elkan, 1965; Amlacher, 1970; Mawdesley-Thomas,
1972; Roberts, 1978; Reichenbach-Klinke, 1980). Amlacher (1981) even went so far as to
argue that, according to the rules of nomenclature, Ichthyosporidium has priority over
Ichthyophonus. Richards (1977a, p. 149) reasoned:

“There is considerable argument as to whether the organism responsible for
this disease, Ichthyophonus (Ichthyosporidium) hoferi, is a haplosporidian
parasite or a fungus.”

As stated, Ichthyophonus occurs in freshwater and sea water as well. Apparently, its
development proceeds along different lines, depending on host species and — probably —
environmental factors, which has led to the distinction between ‘salmonid’ or ‘cold-water
forms’, ‘tropical freshwater-fish’ or ‘aquarium fish forms’ and ‘marine forms’ (Schiper-
claus, 1953a; Reichenbach-Klinke, 1956a, ¢, 1961; Herkner, 1961). At least some of
these actually represent cases of mycobacterioses (see below). While it is generally
believed that the freshwater and the marine forms of Ichthyophonus are conspecific,
Johnson and Sparrow (1961) point out that I. hoferi has, apparently, never been formally
circumscribed. The authors cautiously conclude (p. 557) that the extreme polymorphism
of the various forms ‘makes it highly possible that “Ichthyosporidium hoferi’ is not a single
species’ — a view also shared by other workers. Thus, MacKenzie (1979, p. 5) states:

““Ichthyophonus is the collective name for a fungus infection reported from
many species of marine and freshwater fish. Most records are attributed to
Ichthyophonus hoferi (Plehn & Mulsow), but it is not clear if this specific
name embraces one or several species.”

Neish and Hughes (1980) consider the name Ichthyophonus hoferi as a ‘wastebasket’
taxon with poorly defined species limits. In fact, there appear to be strong arguments in
favour of the validity of the specific name hoferi for the freshwater or ‘salmonid’ form of
ichthyophoniasis, while to the marine forms merely the generic name Ichthyophonus (in
the collective sense) should be applied until it will be proven by application of several
independent methods available today that both (or all) forms are specifically identical and
referable to I. hoferi. Neish and Hughes (1980) feel that, on the basis of the information
presently available, and the absence of extant cultures of organisms thought to be I. hoferi,
a resolution of these problems is not possible.

Development and pathology of Ichthyophonus hoferi in freshwater fish have been
studied by Plehn and Mulsow (1911), Neresheimer and Clodi (1914), Reichenbach-Klinke
(1954), Dorier and Degrange (1961), and that of Ichthyophonusin marine fish by Daniel
(1933a), Fish (1934), Sproston (1944), Sindermann and Scattergood (1954), Reichen-
bach-Klinke (1956¢, 1957b) and Chien and co-authors (1979a, b, ¢). The general life-
cycle pattern of the fungus in freshwater salmonids, as outlined by Dorier and Degrange
(1961), may be summarized as follows (Fig. 1-1):
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Fig. 1-1: Ichthyophonus hoferi. Life cycle. For explanation see text. (After Dorier and Degrange,
1961; modified.)

Infection of the suscept occurs via the alimentary tract by thick-walled multinucleate
‘resting spores’ (‘kystes en latence’; Fig. 1-1:1, Fig. 1-2) liberated from disintegrating
infected tissue. Division of their contents leads to the production of ‘amoeboblasts’ (Fig.
1-1: 2, 3) from which uni- or binucleate motile ‘amoeboid forms’ (4) develop. These
plasmodia penetrate the intestinal barrier and are transported by the blood stream to their
final location in host organs or musculature where they transform into initially uni- or
binucleate spherical ‘cysts’ (5, 6), a process in which the host tissue actively participates.
Rapid growth, accompanied by nuclear divisions and accumulation of reserve material (7,
8) eventually leads (in most cases) to the formation of new ‘resting spores’ (1’), which can
reinitiate the cycle (1'-1). From some of these ‘cysts’ (7, 8), however, ‘plasmodia’ may
hatch, which in their turn produce ‘endospores’. These are either liberated by rupture of
the spore wall (9) or by escape from the tips of irregular, stout, non-septate hyphae (9).
These ‘endospores’ reinitiate what may be termed an ‘endogenous’ or ‘secondary’ cycle.
This mode of multiplication eventually produces ‘resting spores’ in enormous numbers,
which rapidly overwhelm the entire host organism and may cause its death.

During post-mortem decay of infected host tissue, ‘resting spores’ may germinate into
multinucleate plasmodia (10) or hyphae (11) which, in their turn, eventually lead to the
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Fig. 1-2: Ichthyophonus. Typical ‘resting cyst’ (‘resting spore’) with multinucleated plasmodium from
liver of yellowtail flounder Limanda ferruginea. (After Ruggieri and co-authors, 1970.)

formation of ‘amoeboblasts’ (2'), which are smaller and less thick-walled than those (2)
developing directly from ‘resting spores’. The hyphae growing from ‘resting spores’ may be
highly polymorphic (Fig. 1-3).

In sea water, a somewhat simpler sequence of life-cycle stages of Ichthyophonus has
been described from herring Clupea harengus by Sindermann and Scattergood (1954), and
a more complex situation from mackerel Scomber scombrus by Sproston (1944). Among
the developmental stages of the fungus, the occurrence of which apparently varies with the
host species involved, are multinucleate stout hyphae which may or may not branch

|

Fig. 1-3: Ichthyophonus hoferi. 1, 2: Filamentous post mortem germination; 3: condensation of
hyphal contents; 4: formation of ‘amoeboblasts’. (After Dorier and Degrange, 1961.)
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(Fig. 1-3), nonseptate ‘macrohyphae’ measuring 7 to 15 um in width, ‘microhyphae’
measuring 2 to 3 pm in width, brownish ‘resting stages’ with heavy cyst walls, chlamydo-
spores, ‘endoconidia’ 1.5 to 4 um in diameter, plasmodia measuring 0.2 to 2 um in
diameter, and similar or analogous structures, some of which are difficult or even
impossible to interpret (for details consult Daniel, 1933a; Fish, 1934; Sproston, 1944;
Sindermann and Scattergood, 1954; Dorier and Degrange, 1961; Chien and co-authors,
1979¢). As pointed out by Neish and Hughes (1980), it is difficult to adopt a standardized
terminology for some of the structures described by the various authors because they may
not be homologous.

Some of the more ‘exotic’ stages reported and figured by Sproston (1944), including
stages of sexual reproduction, have never been seen again, which led Johnson and Sparrow
(1961) to the conclusion that the developmental pattern of Ichthyophonus in Scomber
scombrus departs radically from that observed in Clupea harengus and other species.
According to Neish and Hughes (1980), Sproston’s (1944) 1. hoferi remains an enigmatic
organism.

The numerous inconsistencies in the above descriptions of what is considered Ichthy-
ophonus hoferi have been discussed in detail by Johnson and Sparrow (1961) and Neish
and Hughes (1980) and will not be considered here further. However, these discrepancies
make it indeed hard to believe that all of the above authors dealt with one and the same
organism. Neish and Hughes (1980, p. 86) conclude:

“It appears that much of the supposed polymorphism attributed to I. hoferi
may be related to problems in distinguishing among Ichthyophonus infections
and infections caused by other organisms which also elicit a chronic, prolifera-
tive, granulomatous response.”

Regardless of the above-mentioned problems and details in the life history of the
presumed fungus (or fungi), the ‘resting spores’ are the most conspicuous stage common to
all reported cases. They vary in size between 10 and 150 um; the nuclei of the contained
multinucleate plasmodium (the early ‘amiboblastes’ of Dorier and Degrange, 1961) have a
diameter of roughly 2 to 4 um. The cytoplasm gives a positive PAS and Bauer reaction,
which indicates that it contains glycogen, a common reserve carbohydrate in fungi. The
wall of the ‘resting spore’ gives a strong PAS reaction, which indicates that it is composed
of polysaccharides as, indeed, it would have to be if we were going to entertain the notion
that Ichthyophonus is a fungus (Neish and Hughes, 1980).

As stated, Ichthyophonus gains entrance into the host body via the digestive tract, the
‘resting spores’ germinating in the stomach, from which the plasmodia enter the blood
stream by migrating into the vasculature of the gastric wall. As pointed out by Bendele and
Klontz (1975), the most heavily affected organs are those receiving the richest blood
supply, 1. €., liver, kidney, heart and spleen. In advanced stages of the disease, any organ
can be involved. The host’s internal defense system appears to be effective against low
numbers of invasive particles, as indicated by Sindermann’s (1965) finding of the non-
transmissibility of Ichthyophonus disease by low spore doses and single applications. The
developing plasmodia are phagocytized but, when overwhelming the body in large
numbers, are apparently not readily destroyed by the lysosomal enzymes of the ma-
crophages.

As the fungal organisms overhwelm the macrophages in newly invaded tissue, a zone
of leukocytes surrounds them, and renewed phagocytosis occurs. These parasite-loaden
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areas then become centres of granulomas (Fig. 1-4), as reticulo-endothelial cells and
fibroblasts surround the foci. The developing plasmodia cause local tissue necrosis and die
within the developing granulomas. In affected organs, recurrent episodes of necrosis with
accompanying proliferative inflammation occur until the normal tissue has been replaced
by granulomatous and fibrous elements (Bendele and Klontz, 1975).

In culture, Ichthyophonus grew best on Sabouraud agar inoculated with material
taken from the musculature and heart of diseased herring. The temperature required for
fungal development was found to range from 3 to 20 °C, with an optimum at about 10 °C.
Germination of the resting spores usually occurred 24 h after inoculation, but in rare cases
took up to 7 days. By successive passage, the fungus could be maintained in culture for a
period of up to 14 months (Sindermann and Scattergood, 1954). Fish (1934) successfully
cultivated Ichthyophonus on 4 types of agar slants. More recently, artificial cultivation of
Ichthyophonus has been achieved by Chien and co-authors (1979b).

Transmission of Ichthyophonus occurs from fish to fish. Experimentally, infections
may be obtained by either feeding fish massive doses of resting spores (see below) or
infected fish flesh or viscera (Plehn and Mulsow, 1911; Pettit, 1913; McVicar, 1977,
Egusa, 1980). Sindermann and Scattergood (1954) succeeded in transmitting the fungus to
Fundulus heteroclitus by force-feeding. Similarly, Herkner (1961) achieved a 20 %
infection in tropical freshwater fish by feeding them infected flesh of marine fish. It
appears, however, that the agent can also invade and survive in marine copepods,

Fig. 1-4: Ichthyophonus. Granuloma-like reaction around ‘resting spore' in kidney of Limanda
ferruginea. Note accumulation of histiocytes and degenerative changes of kidney tubules due to
pressure exerted by granuloma. (After Ruggieri and co-authors, 1970.)
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apparently without producing overt signs of disease in these crustaceans. Chatton (1920)
reported on an organism, believed to represent a species of ‘Ichthyosporidium’, in the
general cavity of Acartia clausi, Paracalanus parvus and Clausocalanus arcuicornis. Jepps
(1937a) saw a similar parasite in Calanus finmarchicus. Previously, Apstein (1911) had
tentatively assigned his enigmatic ‘Parasites No. 6, 7 and 8 from the same copepod host to
‘Ichthyosporidium’, but Jepps (1937b) doubted the correctness of this allocation. Chatton
(1920), on the other hand, felt Apstein’s (1911) ‘Parasite No. 7’ to be correctly classified
and, in addition, identified the latter author’s ‘Parasite No. 10’ from C. finmarchicus as a
typical form of ‘Ichthyosporidium’. As stated by Apstein, infected copepods appeared
quite vigorous. Whether the infection of marine copepods with what — from the above
descriptions — appears to be Ichthyophonus is merely accidental, or whether these
crustaceans act as normal (transport?) hosts for the fungus, is unknown. At least copepods
should be considered as a possible infection source for plankton-feeding fish, such as
herring and mackerel. Sindermann and Scattergood (1954) obtained experimental Ichthy-
ophonus infections in C. finmarchicus, but herring fed copepods exposed to the fungus did
not acquire the disease in two series of experiments. Reichenbach-Klinke (1957b) claimed
to have achieved a ‘35 % Ichthyophonus infection” (= 4 of 11 test animals!) in
Crenilabrus melops fed copepods which, upon microscopic inspection, had proved to be
“partially infected by fungi’”. However, his experimental procedure is so dubious that the
reported results should be evaluated with caution. One may cautiously conclude, —
particularly in view of the role of spore dose in the transmission of Ichthyophonus, as
established by Sindermann (1965) —, that concentrations of spores or invasive develop-
mental stages of the fungus presumably present in the copepods used by Sindermann and
Scattergood (1954) were not high enough to produce the disease in the experimental
herring, but that copepods may nevertheless be capable of transmitting Ichthyophonus
under suitable conditions in the field.

According to Reichenbach-Klinke and Elkan (1965), freshwater copepods have not
yet been found to harbour Ichthyophonus-like fungi, but Pérez (1903, 1905) described a
similar (or identical) agent from freshwater daphnids. Named Blastulidium paedo-
phthorum, the organism was hesitatingly assigned to the Haplosporidia. Chatton (1908)
showed it to be a fungus, probably a chytridiomycete, and Alexeieff (1914) emphasized its
striking similarity with ‘Ichthyosporidium gasterophilum’. Therefore, the possibility of
transmission of ichthyophoniasis via planktonic crustaceans may also exist in freshwater.

Normally, however, transmission of Ichthyophonus is effected from fish to fish by the
heavy-walled resting spores, which have been found to survive in sea-water cultures for
over 6 months with no loss of viability. Resting spores have been demonstrated in inshore
bottom sediments during fungus epizootics in herring. Since, in the course of an outbreak,
up to 27 % of the fish population may harbour the fungus, and since most diseased
individuals die either from acute or chronic infection, the spore load in mortality areas can
be very high (Sindermann, 1963, 1965).

Knowledge about the effects of increasing infection pressure on the manifestation of
ichthyophoniasis in susceptible hosts has been gained by experimental infection of Atlantic
herring Clupea harengus. In a pilot experiment, 2-year-old laboratory-held individuals
were challenged repeatedly with varying doses of Ichthyophonus spores. Each experimen-
tal group consisted of S0 fish, maintained in 950-] sea-water tanks. Spores were obtained
from naturally infected hosts and tested for viability by culturing in Sabouraud-serum agar.
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Spore suspensions were added to the food just prior to feeding the herring. The experi-
ment was terminated after 90 days. Low spore doses either failed to establish infections or
resulted in chronic, and heavy doses in acute infections. Wide individual variation in
susceptibility occurred in response to identical spore doses (Table 1-13; Sindermann,
1965).

Table 1-13

Clupea harengus. Response of 2-year-old herring 1o experimental Ichthyophonus infection (After
Sindermann, 1965)

Ichthyophonus Clupea harengus
Exposure and dosage schedule Response to experimental infection

2 % 10° spores in single exposure  No gross or histological evidence of disease after 90 days

2 X 10° spores on each of After 90 days, 4 of 50 fish had subacute or chronic infections;
3 consecutive days spores few and encapsulated; other fish uninfected

2 X 10° spores on each of After 20 days, 1 fish dead with massive acute infection;

5 consecutive days extensive tissue necrosis; little host response

After 90 days, 10 of remaining 49 fish with subacute or
chronic infections of varying severity; 39 fish uninfected

2 X 10° spores on each of After 15 to 30 days, S fish dead with massive acute infections

7 consecutive days After 90 days, 12 with subacute infections of varying severity;
33 fish uninfected

Control (no spore exposure) No gross or histological evidence of disease

With experimental demonstration of the effect of increasing spore dosage or infection
pressure on prevalence and severity of Ichthyophonus disease, a large-scale laboratory
experiment was set up. Challenge of 2,000 one-year-old herring with 2 X 10° spores on
each of 4 consecutive days resulted in infection of 23 % of the population — 8 % acute
and 15 % subacute cases. The disease was terminal in all acute cases within 30 days.
Chronic and subacute infections resulted in death of all but very light cases within 6
months. At the termination of the experiment, 18 months after initial exposure, all
surviving individuals were examined; only 3 lightly infected Clupea harengus were found
(Sindermann, 1965).

Ichthyophoniasis is a systemic infection characterized by the formation of numerous
granulomas in affected organs. The pathology caused by this disease can be severe, as
mirrored by the heavy mortalities in acutely or chronically infected fish. In signs and
internal appearance, ichthyophoniasis is essentially similar to tuberculosis (mycobac-
teriosis). Histologically the fungal granulomas resemble those produced in other
granulomatous diseases when observed in tissue sections stained with hematoxylin and
eosin. For differential diagnosis, Bendele and Klontz (1975) therefore recommend a PAS
stain, because it allows detection of PAS-positive organisms in the granulomas and in free
macrophages. As mycobacterial granulomas may also contain PAS-positive material, an
acid-fast stain is essential for differential diagnosis in some cases. If no acid-fast organisms
are seen on examination of sections or smears, it is very likely that Ichthyophonus is the
organism involved (Richards, 1977a). Neish and Hughes (1980) suggest that material
suspected to be an Ichthyophonus infection should be stained by the Ziehl-Neelsen
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method for acid-fast bacteria, especially when involved with tropical freshwater fish.
Occasionally, ichthyophoniasis can be diagnosed from the occurrence of the characteristic
hyphae in wet tissue smears. Hyphae regularly appear in infected tissue after 12 h storage
at room temperature and permit positive diagnosis even in difficult suspect cases
(Richards, 1977a; McVicar, 1980; Moller and Anders, 1983). Schiperclaus (1953a)
employed polarized-light microscopy in diagnosing ichthyophoniasis.

Developmental stages of the fungus may be found in any organ; the picture of the
disease varies from species to species. In Clupea harengus, heart, lateral muscles and liver
are most frequently affected. Acute infections are paralleled by massive tissue invasion,
necrosis, and death of the victims within 30 days. Chronic cases exhibit cellular infiltration,
progressive connective-tissue encapsulation of spores and accumulation of melanophores.
Heavy acute infections sometirnes result in partial decay of affected fish even before death.
In Scomber scombrus, kidney and spleen, and in Gadus morhua, liver and kidney are main
sites of the fungus (Figs 1-5 and 1-6). Also the gills, ovaries and the nervous system may be
attacked. External signs, if present, comprise a ‘sandpaper’ appearance of the skin,
produced by minute reddish pustules representing stages of the pathogen encysted in the
superficial parts of the lateral muscles. In addition, white, necrotic areas may be seen on
the skin, and ulcerations occur from which spores are released into the water (Daniel,
1933b; Sproston, 1944; Sindermann, 1956, 1963; Moller, 1974b).

Fig. 1-5: Ichthyophonus. Granulomas on liver of Gadus morhua. (After Moller, 1974b.)
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Fig. 1-6: Ichthyophonus. Three giant ‘cysts’ on heart of Gadus morhua. (After Méller, 1974b.)

Frequently, fish with severe internal lesions exhibit no external signs of the disease
(Machado-Cruz, 1961). It furthermore appears that in fish species but lightly affected by
Ichthyophonus, macroscopic inspection of organs for possible infection foci may not be
sufficient to detect light cases of ichthyophoniasis. Thus, Machado-Cruz (1961) states that
the liver of a haddock caught off Greenland appeared to be entirely normal on macro-
scopic inspection and revealed its fungal affection only upon microscopic study. In most
cases, however, distinct lesions of internal organs are immediately apparent on gross
macroscopic inspection. Typically, Ichthyophonus infection is accompanied by formation
of ‘granulomas’ — white to yellow lesions, which may have a cheesy or hard consistency or
even be calcified. They result from chronic inflammation, with development of a prolifera-
tive lesion progressing to fibrosis (Roberts, 1978). (Since similar defects occur in response
to mycobacteria and other pathogens, differential diagnosis of ichthyophoniasis should rely
upon cultivation of the agent or differential diagnosis employing appropriate staining
methods; see above).

According to Johnstone (1913, p. 205), who diagnosed an Ichthyophonusinfection in
a mackerel,

‘“the liver was hard to the touch and granular in appearance, the whole surface
being marked by slight rounded elevations from 1/4 to 1 mm in diameter.”

About three-fourths of the hepatic tissue had disappeared in this heavily affected fish.
When the gills are affected, haemorrhages occur resulting in marked anaemia (Egusa,
1980). In blue whiting Micromesistius poutassou, the heart was the most common site of
Ichthyophonus infection, but liver, kidney, spleen, swimbladder, gills and body muscles
were also affected in different fish. Infected hearts were covered with a layer of tough
nodular tissue, the nodules containing fungal spores (MacKenzie, 1979). Ichthyophonus-
infected haddock Melanogrammus aeglefinus are sometimes rendered unsaleable by their
unsightly appearance and unpleasant smell (McVicar, 1977).
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Ichthyophonus disease has many faces, the site of the parasite within the host body
and the severety of affection varies with the fish species involved and also varies in
individual fish. Among the more exotic manifestations of the mycosis, sex reversal in
female Lebistes reticulatus (Poecilia reticulata) may be mentioned. In body size, the
affected individuals were similar to females, but in shape and colouration resembled males
and had well-developed gonopodia. Developing ova and embryos were killed by Ichthy-
ophonus (Wurmbach, 1951). Similar observations have been made by Reichenbach-
Klinke (1955a). According to Neish and Hughes (1980), these observations and their
association with ichthyophoniasis require confirmation.

Exophthalmia, hyperaemia and other eye affections in Mediterranean Polyprion
americanum, Serranus (Epinephelus) guaza, S. scriba and S. cabrilla from the Neapolitan
Marine Aquarium have been attributed to Ichthyophonus infection. Four of the diseased
serranids were totally blind. Fungal hyphae and other developmental stages were detected
in diseased eyes and in the adjacent connective tissue, as well as in the liver. The main
damage occurring in the eyes was believed to be due to clogging of the blood vessels
supplying the eyes by masses of fungal spores, which apparently led to a degeneration of
these sense organs (Reichenbach-Klinke, 1957b).

Ichthyophonus infection of marine teleosts has, thus far, mostly been reported from
the North Atlantic and adjacent waters. Apparently, the fungus has not yet been reported
from the South Atlantic (Neish and Hughes, 1980). Reichenbach-Klinke (1954, 19570,
1958) found it to be of frequent occurrence in Mediterranean fish. However, some of these
records may be regarded as dubious. In Japanese waters, as well as in marine fish species
cultivated in that country, Ichthyophonuswas first reported by Kubota (1967). Thereafter,
it has been encountered in various areas, but the incidence was usually low. In cultivated
fish, it occurs mainly early in the first year of life of seed fish (Egusa, 1980). According to
Reichenbach-Klinke (1955a) and Chlupaty (1962), ‘Ichthyosporidium’ is widespread
among coral fish. This curious statement would imply the existence of special warm-water
strains of the pathogen. However, most ‘mycoses’ reported from captive tropical fish may
actually represent cases of mycobacterioses, as suggested by Amlacher (1965).

Ichthyophonus is of considerable economic concern, since it is capable of producing
mortalities of epizootic proportions in marine fish populations. Clupea harengus appears
to be particularly susceptible to the fungus. At least 6 epizootics, caused by this agent, have
occurred in the western North Atlantic during the past 80 years, resulting in widespread
mortalities and affecting the abundance of the species in that area (Fig. 1-7; Cox, 1916;
Fish, 1934; Scattergood, 1948; Leim, 1955; Sindermann, 1956, 1957b, 1958, 1963). It has
been postulated that Ichthyophonus mycosis may be the most important single limiting
factor to population growth of C. harengus in the western North Atlantic (Sindermann,
1958, 1966, 1970a).

During the 1930-31 outbreak in the Gulf of Maine, the average incidence in all age
groups of herring was about 70 %, falling precipitously to approximately 18 % after July,
1931. Subsequently, Gulf-of-Maine fishermen reported an unusual scarcity of herring in
that area. Alewives Alosa pseudoharengus and winter flounders Pseudopleuronectes
americanus were also affected, but to a much lesser extent (Fish, 1934). During the
1954-55 epizootic, herring mortalities caused by Ichthyophonus (Fig. 1-7) extended along
hundreds of miles of Gulf-of-Saint-Lawrence coastline. An estimated 50 % of the herring
population in the Gulf was killed by the disease in these 2 yr, and subsequent landings
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Fig. 1-7: Ichthyophonus. Time sequence of fungus epizootics and herring landings in the Northwest

Atantic. (After Sindermann, 1963.)

declined drastically. A. pseudoharengus, present in inshore waters, and Scomber scombrus
also became infected in sufficient numbers so that mortalities were observed and reported.
Gadus morhua, on the other hand, did not acquire infections, but fed on infected and dying
herring to such an extent that their growth rate — as indicated by scale growth zones —
exceeded anything experienced previously. Consequently, G. morhua landings almost
doubled during the period immediately following the herring epizootic, due almost entirely
to increased weight of individual fish landed, rather than to increased numbers of fish
taken (Sindermann, 1963, 1965).
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The observation that Gadus morpua did not become infected by Ichthyophonus
during the 1954-55 Gulf-of-Saint-Lawrence Clupea harengus epizootic appears notewor-
thy, since it raises the question of the existence of either a variation in host susceptibility or
of different strains (or even species) of Ichthyophonus commonly grouped under the name
I hoferi. For example, Pseudopleuronectes americanus generally exhibited low levels of
fungus prevalence during the 1930-31 Gulf-of-Maine herring epizootic, and were hence
regarded as accidental hosts for the fungus. In Lord’s Cove (Deer Island, New Brunswick,
Canada), however, where winter flounders were given occasion to feed on large quantities
of fungus-diseased herring discarded by local fishermen, as many as 60 % of the flounders
exhibited internal fungal lesions (Fish, 1934). Ichthyophonus infections in P. americanus
have also been reported by Ellis (1928).

More recently, yellow-tail flounders Limanda ferruginea from western Sable Island
Bank and Western Bank (off Nova Scotia, Canada) have been found to carry Ichthy-
ophonus or a closely related fungus. Of 146 flounders, 20.6 % were found infected;
15.1 % exhibited low fungus prevalence, as indicated by the presence of small numbers of
granulomas on the liver; 4.8 % had moderate infections characterized by confluent
granulomas covering more than half of the liver surface; and the remaining 0.7 % were
heavily affected, with the liver surface completely matted with cysts (Figs 1-8 and 1-9).
Granulomas, up to 2 mm in diameter, were also found on most of the internal organs
including heart, intestinal tract, spleen and kidneys, but the musculature was never
attacked (Figs 1-10 and 1-11). In some cases, the heart was completely covered with cysts;
some infected flounders had grossly distorted and enlarged kidneys. Even heavily infected
individuals revealed no external evidence of the fungus. Ichthyophonus infection of L.
ferruginea was first observed in July 1966, and three subsequent samplings on Sable Island
Bank have confirmed that the disease was still present in May 1967. High mortalities
among L. ferruginea have been attributed to the mycosis, and surveys indicated that
yellow-tail flounder landings from that region have declined subsequently {(Powles and co-
authors, 1968; Ruggieri and co-authors, 1970; Hendricks, 1972).

While, according to Sindermann (1963, 1965), Gadus morhua from the Gulf of Saint
Lawrence did not acquire Ichthyophonus infections, individuals of the same host species
from waters off Greenland, the Northwest Atlantic, the northern North Sea and the Baltic
Sea were found to be positive for the fungus (Machado-Cruz, 1961, Hendricks, 1972;
McVicar and MacKenzie, 1972; Moller, 1974b).

Of 541 Gadus morhua from Kiel Fjord (western Baltic Sea), 15.2 % exhibited
macroscopically visible signs of Ichthyophonus infection. Granulomas were most fre-
quently encountered in the liver, but were also seen in the spleen and body musculature;
the heart was rarely infected. Cyst diameters reached 6.5 mm in liver and 8.1 mm in heart
tissue (Fig. 1-5). Heavily infected cod showed external signs of emaciation and had up to
30.7 % underweight. The average condition factor was 0.7787 in healthy and 0.7526 in
infected G. morhua, the difference being statistically significant at the 5 % level. In one
individual of 30.3 cm length and a condition factor of 0.5716, the liver weight was only
6.3 g, as opposed to 13.1 g (average of 8 determinations) in healthy cod of the same
length. Infections appeared to be in a chronic state, since all observed cysts were found to
be covered by a thick wall (Moller, 1974b). Ninety-two percent of G. morhua that had
died during experiments with net cages suspended in the open water in Kiel Fjord, had
Ichthyophonus infections (Kock, 1975).
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Fig. 1-8: Limanda ferruginea. Liver pathology caused by Ichthyophonus. (a) Densely packed ‘resting
cysts’ causing extensive damage and development of connective tissue; (b) area of liver showing
necrosis and distortion of parenchymal architecture. (After Ruggieri and co-authors, 1970.)

In pollock Poliachius virens from Iceland, Ichthyophonus infection produced
extended necrotic areas in the body musculature, characterized by greenish discolouration.
Post-mortem hyphal germination was observed in squash preparations of host tissue
(Priebe, 1973).

Ichthyophonus is very common in food fish from Scottish waters. Species affected
include herring, mackerel, cod, haddock, blue whiting, plaice and salmon. While in most of
the northern North Sea 2 to 12 % of the Melanogrammus aeglefinus population are
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Fig. 1-9: Ichthyophonus. Germination and hyphal development in liver of Limanda ferruginea,
accompanied by extensive parenchymal necrosis. Note absence of typical inflammatory reaction.
Resting cysts strongly PAS-positive. (After Ruggieri and co-authors, 1970.)

infected, incidences reach 85 % in the Orkney-Shetland-Cape Wrath area. As a conse-
quence, a significant percentage of haddock from some fishing grounds is rejected for
human consumption. Infestation levels were lower in Pleuronectes platessa (max. 25 %)
but showed the same geographic pattern. In infected haddock, a distinct cellular host-
defense response (inflammatory reaction, encapsulation of fungal stages) was present and
the pathogenicity of the disease was apparently low. Although a strong humoural antibody
response was elicited by plaice, there was but a poor encapsulation response, and infected
individuals were typically heavily parasitized, emaciated and thin. There was evidence that
ichthyophoniasis was terminal to those flatfish within a few months. In areas of high
disease prevalence a serious effect to the population could be estimated (McVicar, 1977,
1979, 1980, 1981).

In the western Baltic Sea, Ichthyophonus appears to prefer Gadus morhua as host.
Macroscopic inspection of 228 Anguilla anguilla, 700 Zoarces viviparus, 208 Pholis
gunnellus, 300 Taulurus bubalis, 101 Myoxocephalus scorpiusand 2,183 Platichthys flesus
revealed not a single case of fungus infection in these fish (Moller, 1974b). Similar ‘apparent
immunity’ to Ichthyophonus infection (which, however, may rather be due to differences
in susceptibility and response to the pathogen, as well as in the ecology of the respective
hosts) has also been noticed by Fish (1934) and others. Spatial variation in infection of
susceptible hosts renders Ichthyophonus suitable as a biological tag for the discrimination
between fish populations of different geographic origin (Sindermann, 1961a, b, 1965).

Agius (1978) provided the first record of an ‘fehthyophonus-like' fungus in deep-sea
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Fig. 1-10: Limanda ferruginea. Myocardial degeneration caused by Ichthyophonus. Note extensive
connective-tissue development resulting in fibroid swelling. (After Ruggieri and co-authors, 1970.)

scabbard fish Aphanopus carbo, trawled from depths of 735 m and 980 m, respectively, in
the Northeast Atlantic. No gross lesions were visible on any of 85 fish caught, butin 5 of 6
A. carbo selected at random from the catches and examined microscopically, all of the
organs carried granulomas. Two of the fish were severely affected. In extreme cases, the
inflammatory lesions had replaced much of the normal tissue. The granulomatous reaction
type was indistinguishable from that found in ichthyophoniasis in gadoids and clupeids.
How fish at such depths become infected with the fungus remained unknown.

Provided that identifications are correct, Ichthyophonus also affects elasmobranchs.
Lederer (1936) reported the fungus from the shark Scyliorhinus caniculus, and Reichen-
bach-Klinke (1957b) from the eagle ray Myliobatis aquila. In the latter host, fungal
development was observed in the uterus and in the liver.

The above records may be incomplete because fungal lesions, particularly chronic
infections, may not have been recognized as such. Recent evidence suggests that chronic
Ichthyophonus infections have a much higher prevalence in marine fish than previously
expected. It is also possibie that the reports contain erroneous records possibly encompas-
sing microsporan, mycobacterial or other granulomatous diseases. In most of the numer-
ous reports, positive identification of the causative agent(s) by cultivation in artificial
media has not been made.

How problematic the distinction between deveJopmental stages of fish-invading
microsporans and fungi can be, particularly if statements have to be based on original
descriptions rather than on the examination of fresh material, is vividly illustrated by
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Fig. 1-11: Limanda ferruginea. Cysts of Ichthyophonus in mucosa of large intestine. Basement
membrane has been penetrated. PAS stain. (After Ruggieri and co-authors, 1970.)

several examples documented in the scientific literature. Alexeieff (1914), for instance,
studied what he believed to be Ichthyosporidium gasterophilum Caullery et Mesnil, 1905
(i. e., an organism now believed to be a fungus close to, or identical with, Ichthyophonus;
see Sprague, 1965). Johnson and Sparrow (1961), comparing Alexeieff’s organism with
the latter fungus, stated (p. 562) that
“it should be noted that Alexeieff’s organism (1914-1915), reported as
Ichthyosporidium gasterophilum, is incorrectly named.”

Another ‘Ichthyosporidium-like’” organism was found to cause considerable losses
among commercially exploited stocks of ocean pout Zoarces anguillaris (= Macrozoarces
americanus) on the U.S. Atlantic coast (Sandholzer and co-authors, 1945). Although
clearly recognized as a protozoan (Fischthal, 1944), and later identified as a microsporan
by Nigrelli (1946) and named Pleistophora macrozoarcidis, Johnson and Sparrow (1961)
discussed it as a synonym of Ichthyophonus hoferi. Similarly, Reichenbach-Klinke
(1956¢), apparently unaware of the pertinent state of knowledge and the literature then
available, regarded the above-mentioned protozoans and others as fungi, and confusingly
compared them with I. hoferi.

Tumorous outgrowths on the body surface or on infected organs, produced by
mycobacteria, Pasteurella species or actinomycetes, are macroscopically indistinguishable
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from mycotic infections. Thus, a special form of ‘aquarium fish ichthyophonosis’
(Schdperclaus, 1953a), was later (Amlacher, 1965, 1968) identified as fish tuberculosis
(mycobacteriosis) caused by Mycobacterium spp. As stated, a reliable proof of the
involvement of Ichthyophonus can be obtained by a 12-h storage of diseased tissue at
room temperature and subsequent inspection for the presence of fungal hyphae, or by
special microscopical preparation, as outlined above.

In some cases, early stages of ‘xenomas’ produced by microsporans (Weissenberg,
1922a, 1949) may be mistaken for Ichthyophonus granulomas, or vice versa. Differential
diagnosis is facilitated by search, in squash preparations of formalin-preserved material,

“for the characteristic spores, which are ever-present in microsporan infestations (Moller
and Anders, 1983).

In fact, 64 or more species of microsporans, representing 7 genera, are presently
known to invade fish (Lom and co-authors, 1980). Some of these can cause mass
mortalities comparable to those produced by Ichthyophonus. Although Hofer (1893) is
generally believed to have been studying a fungus, and although Plehn and Mulsow (1911)
state that the ‘cysts’ described by the former author and later figured in his book on fish
diseases (Hofer, 1904) are essentially like those produced by Ichthyophonus hoferi, the
remote possibility exists that Hofer actually dealt with a microsporan infestation. It should
be recalled that Hofer (1893) found what he believed to be ‘gregarine spores’ in trout
lesions. Did he mistake the uninucleate plasmodia hatching from Ichthyophonus ‘resting
spores’ for protozoan spores, or did he see true microsporan spores? The question cannot
be answered with certainty. At least the very small size of the ‘spores’, reported by Hofer
(1893) to be ‘an der Grenze der Sichtbarkeit’ is somewhat suggestive of a microsporan
infestation. Microsporans of the genus Pleistophora have been reported from salmonids
(Putz and co-authors, 1965; Putz and McLaughlin, 1970; Sprague, 1977b).

Reports on marine fish-invading fungi other than Ichthyophonus are scarce. Mycotic
infection of plaice Pleuronectes platessa, associated with serious mortality, has been
observed in culture tanks at Port Erin (England). The disease was characterized by the
occurrence of whitish cysts on the liver, kidney and mesenteries. Studies were made from
preserved material only (Johnstone, 1906). The agent was — with some reservation —
placed with the Entomophthoraceae and believed to be related to genus Conidiobolus (a
fungus parasitic on higher plants, however). Its identity with Ichthyophonus cannot be
ruled out; at least it may be closely related to the latter. It should be recalled, in this
context, that Léger (1927, 1929a, b) assigned I. hoferi to the Entomophthorales (see
above), in which order it has remained until today (see Wolke, 1975). Johnstone (1913),
describing what appeared to be an Ichthyophonus infection in a female mackerel, stated
that the fungus in the latter was different from that observed by him (1906) in plaice; but
he may have been misled by the differing appearance of the same parasite in different
hosts. '

Apstein (1910) found a fungus in the stomach wall of 52 of 96 lumpfish Cyclopterus
fumpus from the North Sea. The organism formed thread-like filaments, 97 to 125 um
long, which developed from colonies of hyaline, unsegmented hyphae, 22 um in diameter.
When fully grown, the hyphae were capable of producing endogenous spores, which were
globose or nearly so, hyaline, aplanetic, and up to 15 pm in diameter. The agent was
named Cycloptericola marina but was not further identified. Being short of examining the
fungus on the basis of fresh material, Johnson and Sparrow (1961, p. 352) state that
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‘... there is no way of placing the species into a family category, let alone into
a specific order or class. In gross aspects, the fungus resembles an eccrinid, but
apparently no hold-fast is produced. The endogenous spore formation sug-
gests both certain of the Fungi Imperfecti and the conidial Phycomycetes; the
nonseptate hyphae of Cycloptericola marina seem phycomycetous.”

There are several reports on the occurrence of Deuteromycetes (Fungi Imperfecti) or
of agents believed to belong to this group, in fish. Although these organisms may not be
regarded as typical fish pathogens, there is increasing evidence of their involvement in fish
diseases, mainly in freshwater. Neish and Hughes (1980) have assembled a list of reported
cases. The authors believe that records of infections by imperfect fungi will continue to
increase in the future. Deuteromycete infections are usually fatal and, at present, there is
no practical way to predict, prevent or treat them. Fortunately, reported incidences of
infection are usually low (Neish and Hughes, 1980).

The Fungi Imperfecti are — artificially — grouped into Blastomycetes (including
ascomycetous and basidiomycetous yeasts), Hyphomycetes (an assemblage of diverse
mycelial forms) and Coelomycetes (not represented in marine fish).

The occurrence of yeasts, including forms potentially pathogenic for humans, in sea
water and on the body surface of clinically healthy marine animals is not uncommon (see
Vols I and II). Bruce and Morris (1973) isolated yeasts of the genera Candida, Cryptococ-
cus, Debaryomyces, Rhodotorula, Torulopsis and Trichosporon from the skin of marine
teleosts taken off the Scottish coast. However, true yeast infections of fish are virtually
unknown (Neish and Hughes, 1980).

A hyphomycete, believed to be a member of the Dematiaceae and related to genus
Cladosporium, has been found to be associated with epithelial hyperplasia in the gills of a
single individual of Gadus morhua from the North Sea. Externally, septate hyphae, up to
8 um in width and 140 pm in Iength; as well as brownish conidia measuring 8 to 24 X 81to
10 um, were seen (Fig. 1-12; Reichenbach-Klinke, 1955b, 1956b). The agent was not
studied further. Johnson and Sparrow (1961, p. 84) comment that

“Other than the unqualified statement by Reichenbach-Klinke [= 1956b]
that the fungus is a parasite, there is no substantiating evidence that the
organism is a primary invader of living tissue.”

Fig. 1-12: Hyphae and chlamydospores of unidentified fungus from gill lesions in Gadus morhua.
(After Reichenbach-Klinke, 1956b.)
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There are several other reports on the occurrence of hyphomycetes in fish tumours
and granulomas but, as emphasized by Neish and Hughes (1980), it is often uncertain
whether these lesions are caused by the fungus or whether the fungus is taking advantage
of the situation. .

Otte (1964) isolated a hyphomycete, tentatively identified as a species of Pullularia
(or as being very close to that genus) from a stingray Dasyatis pastinaca that had died of
unknown causes in an aquarium. The infection appeared to be confined to the liver, which
contained necrotic foci consisting of cellular debris, fat deposits and septate hyphae. Pure
isolates of the agent, intraperitoneally injected into carp, provoked a lethal infection in
these fish. Histologically, the lesions observed in the carp were similar to those in the
stingray. The fungus could be reisolated in pure culture from the experimentally infected
carp. Unfortunately;, the agent was not further identified. Neish and Hughes (1980)
assume that it could probably be included in the genus Aurcobasidium. Pullularia is a
synonym of Aureobasidium.

Dematiacean fungi of the genus Exophiala were identified as causative agents of
systemic mycoses in channel catfish Ictalurus punctatus in freshwater (Fijan, 1969;
McGinnis and Ajello, 1974) and similar conditions in hatchery-reared cut-throat trout
Salmo clarki (Carmichael, 1966). More recently, Richards and co-authors (1978)
described an outbreak of an E. salmonis infection in Atlantic salmon Sa/mo salar
maintained in sea-cages at a marine fish farm in Scotland. During the entire course of the
outbreak only 1 cage, originally stocked with 1,000 salmon about 55 g in average weight,
was affected; similarly stocked cages, anchored only a few feet away, remained unaffected.

Infected Salmo salar exhibited marked abdominal swelling caused by kidney enlarge-
ment. Greyish-white nodules, up to 3.5 cm in diameter, were present on affected kidneys.
In many fish, considerable quantities of straw-coloured fluid had accumulated underneath
the kidney capsule, displacing the capsule and swimbladder ventrally. In some cases,
necrotic lesions were seen extending deeply into the adjacent dorsal musculature. Lesions
of variable extent also occurred in the heart, liver, spleen and pancreas. The essential
reaction to the presence of fungal material was the formation of granulomas, although
there was no apparent correlation between the extent of the lesions and the amount of
fungus present. Fungal hyphae were usually seen at the centre of the granulomas.

The route of Exophiala salmonis entry into the fish remained obscure. Verdun (1903)
suggested that ascending fungal infections in carp might occur via the ureters. Richards and
co-authors (1978) suspected that, in the case studied by them, infection probably occurred
through the food, since focal areas of fungal contamination have been found in bags of
food from the same supplier. Approximately 10 % of the fish in the affected cage
succumbed to the E. salmonis infection.

Blazer and Wolke (1979) isolated a fungus from a cod Gadus morhua that had died in
a public aquarium, displaying gross lesions reminiscent of Mycobacterium infection. The
dark green to black fungus growing in culture on Lowenstein-Jensen media at 25 °C was
tentatively identified as an Exophiala species and subsequently found to be E. pisciphilus.
The organism was also found to occur naturally in aquarium-held Xanthichthys ringens,
Hippocampus hudsonius, Amphiprion sebae and Stenotomus versicolor, and was experi-
mentally transmitted to Tautogolabrus adspersus, Fundulus heterociitus and Pseudo-
pleuronectes americanus.

Two fish, Xanthichthys ringens and Hippocampus hudsonius, had external dermal
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masses attributable to the fungus. These were 3.0 and 0.5 mm in diameter and non-
ulcerated. Stenotomus versicolor, Gadus morhua and Tautogolabrus adspersus had inter-
nal gross lesions. Raised (1-5 mm), round, yellow to white areas were present on the liver,
kidneys, myocardium, swimbladder and spleen of the naturally infected S. versicolor and
G. morhua, and hepatic lesions were seen in the experimentally infected T. adspersus.
Histological examination revealed inflammatory reactions, which were either acute (non-
proliferative) or chronic (proliferative). In G. morhua, the latter were characterized by
focal granulomas resembling mycobacteriosis (Blazer and Wolke, 1979). Thus far,
Exophiala infections have not been reported from feral fish.

Fungi may also affect the hard structures of marine animals including fish. One such
infection, initially diagnosed as ‘caries’, appeared as tiny, chalky-white spots on the surface
of teeth of a stingray Raja clavata from the North Sea. Microscopic inspection of a thin cut
of a diseased tooth revealed the presence of a dense network of channels bored by a
presumed fungus with the “Habitus eines Actinomyces’ (Peyer, 1926). Roux (1887) had
proposed the name Mycelites ossifragus for similar structures observed in fossilized
remains of various vertebrates. Today considered a heterogenous assemblage of micro-
organisms encompassing fungi and algae (Peyer, 1945), ‘Mycelites ossifragus’ has also
been believed to be responsible for abnormally heavy dental attrition in wolffish
Anarhichas fupus from the North Sea. The lesions were studied post mortem. Although no
living remains of the agent were found, it was believed to be a fungus (Schmidt, 1954,
1955). As shown by Kerebel and co-authors (1979), only the external dental material of
A. lupus is affected, the agent apparently penetrating the substrate by means of localized
enzymatic dissolution of the tooth substance in its immediate vicinity. Therefore, the
condition is different from the more diffuse bacterial decalcification typical of dental
caries.

Oomycetes of the order Saprolegniales, which pose considerable problems in freshwa-
ter (for review and literature consult Neish and Hughes, 1980), are not known from
genuine marine fish. Reports on the survival of saprolegniaceous fungi in brackish water
are still controversial (Dick, 1968; Stuart and Fuller, 1968a, b). There are, apparently,
several members of this group, which definitely tolerate at least lower salinities. Thus,
Stuart and Fuller (1968a) were able to cultivate Saprolegnia parasitica, a serious pathogen
of freshwater fish, in sea-water base media (however, ‘S. parasitica’ may, in fact, encom-
pass a complex of species, as shown by Willoughby, 1978; for details consult Seymour,
1970, who published a monograph of the genus Saprolegnia). Te Strake (1959) demon-
strated that members of the Saprolegniaceae can grow and sporulate in slightly brackish
water, provided that temperature and nutritional levels are suitable. The author concluded
that salinity, per se, does not inhibit planont production, as presupposed.

Aleem and co-authors (1953) described an infection of Atherina rigueti from Etang
de Salses (French Mediterranean coast) by a saprolegniaceous fungus similar to or
identical with Isoachlya parasitica. The mean salinity in that lagoon is 14.6 %. S. Since,
however, these euryhaline fish may also enter estuaries and even freshwater, the infection
may have been acquired in these habitats. In fact, it is not uncommon for parasites and
diseases of freshwater origin, including fungi, to be carried downstream with the anadro-
mous host to the estuary and the sea where survival is often limited (Sindermann, 1966).
Saprolegnia infections, acquired by Pacific salmon in freshwater, disappeared when the
fish were transferred to sea water (Earp and co-authors, 1953). Chlupaty (1962), on the
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other hand, reported Saprolegnia as a stress parasite in aquarium-held coral fish, particu-
larly pomacanthids. White patches of mycelial growth developed rapidly — sometimes
_ within a few hours — on the body surface of freshly shipped fish, but gradually
disappeared upon lowering of the water temperature.

Similar external symptoms of fungus invasion have been seen in individuals of Alosa
pseudoharengus and Osmerus mordax, as they entered the sea after spawning (Sinder-
mann, 1966). Stuart and Fuller (1968a) observed saprolegniasis in returning Sa/mo salar
caught in estuarine. waters, and Roberts and co-authors (1969, 1970, 1971a, 1973)
reported secondary Saprolegnia .Sp. invasion of lesions associated with tagging and
ulcerative dermal necrosis in anadromous S. safar from Scottish waters. Although sap-
rolegniasis is usually considered to.be secondary to bacterial or viral diseases (Wolke,
1975; Richards, 1978) or the consequence of physical damage to the body surface of the
fish, such as tagging, there is a small body of evidence to suggest that, under certain
conditions, Saprolegnia spp. may act as primary pathogens (Richards and Pickering, 1978;
Willoughby, 1978; for discussion see Neish and Hughes, 1980).

As with other microbial fish maladies, prevention and treatment of fungal fish diseases
and epizootics in the open ocean is virtually impossible. There is an urgent need for more
detailed studies of the biology of Ichthyophonus, the most destructive marine fungus
known. Epizootics caused by this pathogen have recurred in the western North Atlantic
Ocean in a periodic fashion, with 14 to 25 years between peaks, since 1898 (Sindermann,
1963). If we were capable of predicting future outbreaks of the disease, measures could be
taken to avoid excessive economic losses.

The fact that pelagic, plankton-feeding fish such as Clupea harengus and Scomber
scombrus appear to be particularly susceptible to Ichthyophonus and have undergone
recurrent mass mortalities, may point toward copepods as a possible primary infection
source. From their mode of feeding, these curstaceans can function as ideal ‘spore
collectors’, supplying their predators with the high spore doses required to establish patent
Ichthyophonus infections. While laboratory trials using copepods in the transmission of the
fungus have thus far remained equivocal, this does not necessarily mean that such an
infection route could not exist in nature.

Routine inspection of pelagic copepods for fungal stages, including cultivation of
copepod-squash preparations on artificial media, could possibly help to predict oncoming
epizootics among plankton-feeding fish. With developing patency of infections and result-
ing fish mortalities, drastic periodic overfishing in localized areas of high disease preva-
lence could then assist in thinning out an affected herring population to a level at which
transmission of the agent is markedly slowed down and dissemination to other areas
inhibited or at least reduced.

In coastal areas, spread of Ichthyophonus infections to host species other than herring
could, at least to some extent, be prevented by application of appropriate sanitary
measures. As has been shown by Fish (1934), 60 % of a local population of Pseudo-
pleuronectes americanus acquired Ichthyophonus infections by feeding on diseased her-
ring carcasses dumped overboard by fishermen. In other areas, fungus prevalence in winter
flounders was negligible.

Ichthyophonus has been introduced into fresh and sea-water fish cultures in which raw
marine clupeoid fish, salmon viscera, infected trout viscera and infected marine forage fish
were used as part of the diet (Sindermann, 1970b). McVicar and MacKenzie (1977)
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empbhasize the risk inflicted upon farmed fish to acquire Ichthyophonus infections from
contaminated feed containing diseased fish flesh. They point out (p. 172) that
“on some fishing grounds haddock are commonly infected, and since the flesh
is one of the main sites of infection, a large proportion of infected fish are
rejected and can appear in the reclaimed material available to fish farmers.”

They suspect that incorporation of such untreated industrial or waste fish in the diet of
cultivated stock was responsible for an outbreak of Ichthyophonus disease in plaice grown
in an onshore aquaculture system at Hunterston, Scotland. Like previous workers, they
(McVicar and MacKenzie, 1972) had shown that the fungus can be transmitted orally from
one species of fish to another.

At present no therapy of ichthyophoniasis is availabie (McVicar, 1977; Neish and
Hughes, 1980). Once established in a closed-water system, the fungus is difficult or
impossible to eradicate. In freshwater-culture systems, it has been found that fish are
sometimes enabled to wall off and kill the pathogen if the pH of the water is decreased and
the temperature raised (Reichenbach-Klinke and Elkan, 1965). Fish exhibiting the
slightest external signs of the fungus should be segregated or destroyed without delay and
immediately on diagnosis (McVicar and MacKenzie, 1977; Richards, 1977a). When
Ichthyophonus was identified in a residual plaice stock in an onshore aquaculture system at
Hunterston, Scotland, McVicar and MacKenzie (1977) immediately advised the slaughter
of all suspect stocks. The disease has not reappeared in the unit.

Various fungicidal drugs have been tested in the treatment of Ichthyophonus infec-
tions in freshwater-fish culture. Partial success has been obtained with phenoxetol and
para-chloro-phenoxetol, but only in the early stages of the disease. Addition of 10 to 20 ml
of a 1 %-stock solution (V/V) of phenoxetol per litre aquarium water has been recom-
mended. Simultaneously, the fish are fed on pelleted food soaked in the stock solution. If
para-chloro-phenoxetol is used, a 1 %e-stock solution is prepared, of which 50 ml i~}
aquarium water is used, evenly distributed over 1 to 2 days. The water has to be changed
after treatment (Reichenbach-Kiinke and Elkan, 1965; van Duijn, 1967).

Saprolegniasis is more easily controlled. Fungi of this group respond to various
conventional treatments, for example, potassium permanganate {1 g in 100 ] of water for
90 min), salt baths (10 to 30 g NaClin 1 lof waterfor20 min), coppersulphate(1to5 gin10 |
of water for 10 to 30 min), and silver proteinate (collargol 0.1 mg1~1!,20 min) (Reichenbach-
Kiinke and Elkan, 1965). Treatment with solutions of zinc-free malachite green has also been
used successfully in controlling saprolegniasis (Martin, 1968; Carbery, 1969; Dunne, 1970;
Roberts and co-authors, 1973; Atsushi, 1974; Richards, 1977b; and others).

Control of Saprolegnia on eggs of Salmo gairdneri has been achieved by the applica-
tion of ozone (Benoit and Matlin, 1966). The inhibition of various disease agents including
Saprolegnia thuretii by ultraviolet radiation has been tested in vitro by Vlasenko (1969);
and Martin (1968) conducted in vitro studies on the susceptibility of 8 fish-pathogenic
members of the Sparolegniaceae to varying concentrations of malachite green and acri-
flavine. Similar chemicals and methods may be, or have been shown to be, effective in
maintenance and farming of estuarine and marine fish species. Neish and Hughes (1980)
and Srivastava (1980) have recently reviewed the present status of knowledge of fish
mycoses and their control. Most of the information at hand concerns freshwater forms.
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DISEASES CAUSED BY PROTISTANS

JIRf Lom

Protistans are the simplest eucaryotic organisms, mostly unicellular, standing at the
beginning of evolutionary lines which lead to multicellular organisms — animals, plants
and fungi. This chapter focuses on protistans formerly classified as members of the now
obsolete phylum Protozoa. Other protistan groups such as fungal or algal organisms are
dealt with in the preceding sections. Fish are hosts to a bewildering variety of these simple,
mostly single-celled ‘protozoan’ organisms which are also agents of the most common
parasitic diseases causing troubles in fish cultures. Until the present, protozoans of
freshwater fishes were far better known than those of marine fishes. Parasites of freshwater
fishes are more conspicuous, especially in pond and river fisheries. They are more
accessible to control measures, and their study was prompted a long time ago by the need
to control frequent epizootics in pond fisheries.

Until recently, the supposedly formidable supplies of the marine environment fos-
tered the belief that the study of marine fish parasites including protozoans was of little
more than academic interest. Protozoan parasites of marine fish — of which there are
about 820 species known to date — were studied for the attractivity they presented as
zoological objects or as models for studies of host-parasite relationships. Most of the
interest in these organisms was rather one-sided, concerning taxonomy and morphology.
With the advent of marine pisciculture this attitude is gradually changing. That protozoans
have attracted less attention than helminth and crustacean parasites of marine fish hosts is
due to greater technical difficulties in the study of these microscopical and fragile
organisms. The monograph of Shulman (1984), though limited by its regional scope, offers
comprehensive characteristics for identification. For more specialized techniques we refer
to Bulla and Cheng (1976; microsporidans), Lom (1969; myxosporeans) and Lom and
Laird (1969; trichodinid ciliates).

A good general protozoological background has been provided by Grell (1973), in the
series edited by Kreier (1977-1978), and by Sleigh (1973). Useful data on marine fish
protozoans can be found in a book of reviews edited by Snieszko (1970) and in the
monograph by Sindermann (1970a). Relevant sources of taxonomic information are the
monographs of Sprague (1977b; Microsporida), of Kudo (1920} of Shulman (1966;
Myxosporea), of Pellérdy (1974; coccidia) and of Corliss (1979; ciliates); the annotated
list of fish coccidia by Dykova and Lom (1983) and the review of fish infecting trypano-
somes and trypanoplasms by Lom (1979).

Protozoans as Parasites of Fishes and Agents of Fish Diseases

After about 80 yr of constituting the single phylum *protozoans’, this is no longer a
formal taxon but a vernacular term. ‘Protozoans’ have been divided into 7 new phyla
according to the new classification proposed by Levine and co-authors (1980). Members of
5 protozoan phyla parasitize in fishes: Sarcomastigophora, Apicomplexa, Microspora,
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Myxozoa, and Ciliates. New, even more dramatic changes in high-level taxonomy may
appear in the near future (Corliss, 1981); however, in this chapter the classification of
Levine and co-authors (1980) will be adhered to.

One of the phyla, the Sarcomastigophora, includes autotrophic phytoflagellates. Thus,
the diversity of protozoan structures and their physiological and biochemical regimes is
enormous. It ranges from small amoebas, several microns in size and of simple structure, to
flagellates or ciliates with cells up to several millimeters in size and full of intricate,
specialized organelies. The types of nutrition range from holophytic to holozoic. The
principal evolutionary line in the protozoan phyla has been specialization of cell organelles
e.g. for feeding, locornotion and reproduction. Parasitic forms evolved through adaptation
to their hosts, including biochemical specialization and formation of new organelles, thus
coping with the parasitic way of life. Principal features of defined groups will be mentioned
in the appropriate subsections.

Nutrition and Proliferation in Protozoans

Some protozoan species, ectocommensals rather than parasites (e.g., the dinoflagel-
late Crepidoodinium; see section ‘Protophytans’) are mixotrophs, combining their algal-
type autotrophy with the need to derive some of their essential nutrients from the host.
However, all ‘true’ parasites are typical heterotrophs deriving all their nutrition from their
hosts. Feeding may be osmotrophic, through the cell membrane (e.g., microsporans),
pinocytotic (many groups, especially myxosporea) or phagotrophic. Particulate material
may be phagocytized (amoebae) or ingested through the cytostome (e.g., apicomplexa)
which may sometimes be equipped with very complex skeletal and ciliary organelles
(flagellates, ciliates).

Most protozoans divide by binary fission. After a period of cytoplasmic growth,
mitotic division of the nuclei and duplication of some cell organelles is followed by
cleavage of the cytoplasm. The cleavage line may run along the longitudinal axis of the cell
(flagellates), or transversally (ciliates). The process results in 2 equal daughter individuals
which grow up to the original size. Rapid sequence of divisions without growth produces a
large number of small infective individuals (e.g., Amyloodinium [see section ‘Protophy-
tans’, Cryptocaryon). Budding, a process by which primitive ‘larval’ individuals are cleaved
off the surviving mother cell, is not found in protozoans infecting marine fishes. Merogony
is a special case encountered in microsporans and apicomplexans: the nuclei of a grown cell
(meront) divide (up to tens or hundreds) without cell cleavage, whereupon the cell divides
into a corresponding number of small cells (merozoites), often leaving a cytoplasmic
residuum behind. In endodyogony, found in some coccidia, 2 daughter cells arise within 1
mother cell, whose remnants are discarded as the new cells emerge.

Life Cycles and Transmission

The term ‘life cycle’ refers to a repeated sequence of physiological and morphological
changes in protozoans, continually perpetuated under appropriate conditions. Parasitic
forms must produce large numbers of individuals to insure the continuous existence of the
species.

The simplest life cycle comprises an alteration of trophic or growth phase (cell stage
called trophozoite) and cell division. Sexual process, if existing, may occur at irregular
intervals. Unfavourable periods may be overcome in the encysted state, when a dormant
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protozoan, retracted to a spherical shape to occupy the least volume is shieided by a
secreted envelope. This is the cycle of free-living and of most ectoparasitic and digestive-
tract infecting protozoans. Transmission is direct, from one host to another. A new fish
host 1s either actively searched for — by free swimming trophozoites or special migratory
stages (in sessiline paritrichs) — or is reached passively. The host ingests either
trophozoites of intestinal parasites that are able to survive a period of time in water or
cystic stages serving for species dispersal. There are minimal structural transformations of
the trophozoite vs. a cystic stage (amoebace), or of an attached trophozoite vs. a migratory
free-swimming stage (Ichthyobodo, sessiline peritrichs).

In some ectoparasites, the growth phase on the host lasts for a long period of time,
resulting in a huge cell volume of the trophozoite called here ‘trophont’. It is followed by a
rapid series of divisions outside the host producing large numbers of small migratory
stages; and there is a marked shape transformation in the 2 stages.

In their search for new hosts, migratory stages of ectoparasites depend on many
chances such as fish-population density or water currents. They are guided by chemical
stimuli, some by positive phototaxy, keeping them afloat in the water column.

In parasites of tissues and cells, the life cycle is more complex. Blood flagellates are
diheteroxenous. They need an invertebrate (leech) to complete the life cycle, and transmit
their final, metacyclic infective stages to another fish host. They divide by binary fission.
There is a slight degree of structural change in the vertebrate host as the infection
develops; and a marked transformation of stages in the leech vector. Sexuality is not
known. Microsporans and myxosporeans undergo a period of vegetative growth —
expressed as proliferation of trophic stages or growth of a large trophozoite — followed by
spore formation. Spores contain an infective germ together with structures important for
hatching, all encased by a solid shell. Primitive sexual processes during sporogenesis and
soon after spore hatching are difficult to study and require further investigation. Transmis-
sion occurs through ingestion of spores discharged from the host’s body. Structural
differences between trophic and spore stages are enormous.

Apicomplexans have the most complex life cycle involving a regular sequence of
asexual trophic phase, sexual phase (formation and copulation of gametes) and spore
formation, all comprising essential structural changes. Transmission may be direct, by
spore ingestion (most coccidians) or indirect, involving an intermediate host. Some
coccidia (e.g., Calyptospora funduli) need an invertebrate host to ‘ripen’, in order to
become infective for the fish host which ingests the invertebrate with the sporozoites
sojourning in its body. Haemogregarines need a leech vector in which they complete their
sexual process and produce numerous infective stages which the leech transmits to a new
fish host. In fish piroplasms, also transmitted by a leech vector, the sexual phase is not
definitely known.

As a rule, spores discharged into ambient water remain viable for a long period of
time. Some cell or tissue parasites produce spores within organs — such as spleen, cartilage
or muscles — from which they cannot reach the external environment. Spores can be
released from such sites only after death and decomposition of the host’s body; or when
the host is devoured by a predator, they may pass through its digestive tract to the outside.
In several coccidian and microsporan species, autoinfection — mature spores hatch while
still in the host’s body and initiate a new infection — has been assumed by certain authors
to explain some extremely heavy cases of infection.
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Relation to Host and Pathogenicity

According to their relation to the host, protozoans affecting marine fishes can be
assigned to 4 categories. The first includes free-living ciliates which can attack only injured
or stressed fish, mainly fry. These facultative ectoparasites can seriously damage or even
kill their hosts.

The 3 other categories comprise obligatory commensals or parasites. The second
group consists of ecto- or endocommensals which do not produce evidence of pathogenic-
ity. Ectocommensal ciliates or flagellates such as Scyphidia or Crepidoodinium and
intestinal amoebae and flagellates (Cryptobia) belong to this group.

The third category includes protozoans which are just on the borderline between
commensalism and parasitism, and may be taken for potential pathogens. Trichodinids on
the surface of fishes may develop heavy infections only under certain conditions (stressed
or debilitated fish), and then start feeding on disintegrated host cells and injure the host’s
epidermis. Similarly, intestinal flagellates of the genus Hexamita can become pathogens if
the natural resistance of the host was lowered.

The fourth and largest group includes a wide variety of ‘true’ parasites depending
completely on nutrients derived from their hosts. Their pathogenicity may, however, differ
significantly. Some of them (many myxosporean species, especially those from urinary and
gall bladders; some trypanosomes) are well adapted ancient parasites; and, except for
depriving them of some nutrients, practically cause no harm to their hosts. In others, the
pathogenicity depends largely on the outcome of the dynamic interaction of the parasite’s
virulence and the host’s defence mechanisms. Some parasites, notably tissue invaders
(microsporans, coccidians) easily establish an infection. Others, like Amyloodinium or
Cryptocaryon, may cause a detectable infection only under conditions debilitating the host,
e.g., in a fish farm or an aquarium.

Pathogenicity of protozoan parasites can be assessed primarily by clinical signs and
morphologically detectable changes or lesions, microscopical or histological. In fishes
infected with parasites and showing distress or disease, one has to evaluate carefully which
is the primary pathogen, especially in ectoparasitoses. Findings of even massively occurring
surface protozoans (e.g., trichodinids) can sometimes be misleading and conceal the
primary bacterial, viral, or environmental agent responsible for the debilitated condition of
the host, allowing secondarily for proliferation of the protozoon. Extensive lesions of
parasite origin or drastically changed blood-image values prove the pathogenicity of the
protozoan involved.

Immune Response of Fishes to Parasites

The fish immune system includes primarily humoral and cellular reactions (Volume I:
Kinne, 1980b, pp. 47-55). Data is extremely scarce on fish immunity to protozoans. Most
knowledge of fish humoral immunity, understandably, has been obtained from studies with
viral, bacterial and protein antigens. At variance with warm-blooded vertebrates, antibody
formation in fishes is temperature dependent. Below a certain level, specific for a given fish
species, the antigen provokes no antibody production. There are many more differences,
including the globulin fractions involved in antibody production (both 3 and y globulins) or
classes of immunoglobulins (IgM only in marine fishes) (Ellis, 1982). The immune system
functions basically in the same way as in homoiotherms, e.g., specific antibodies may
circulate in the blood for up to 1 yr and antibodies can be found not only in the serum but
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also in the gut mucus. Premunition or superinfection immunity has been demonstrated
among other infections also in those caused by Calyptospora funduli (Solangi and
Overstreet, 1980). Still, fishes are considered to have a level of antibody formation lower
than mammals, and hence may have a low degree of protection which is not sufficient
under less favourable conditions, or stress. Therefore, they must have efficient compensa-
tory mechanisms which insure their survival, such as substances involved in resistance to
infections and in surface and intestinal mucus. This is especially necessary in aquatic
environments which are permanent sources of infective stages of ectoparasites and other
potential disease agents.

In healthy fishes, the soft, mucus-covered body surface acts as an effective barrier with
non-specific protective ability to repel infective agents or to keep their number below a
detectable level. In fishes with slightly lowered resistance, the surface can be settled only
by obligatory symphorionts, ectocommensals or ectoparasites but is still refractory to all
other potential protistan or microbial invaders teeming in the surrounding water. Only in
fishes heavily stressed or injured does the protection break down. They then become
subject to heavy parasitization. In extreme cases, stressed hosts may even be susceptible to
invasions by various free-living protistans which can become facultative parasites.

Principal steps of cellular response have all been demonstrated in protozoan infections
of fishes. Infections with blood flagellates, myxosporeans, coccidians or microsporans
induce phenomena such as phagocytosis, encapsulation with connective tissue, hypertro-
phy and hyperplasia, inflammation, granuloma formation and finally, in favourable cases,
tissue repair (Volume I: Kinne, 1980b, pp. 38-49). It is noteworthy that while still
growing, cyst-like myxosporean trophozoites or myxosporean xenomas do not elicit any
host cell response in the tissue. It is only the grown ‘cyst’ containing mature spores that sets
up the inflammation and triggers the sequence of events leading eventually to the
elimination of parasites from the tissue (Dykova and Lom, 1978, 1979, 1980). Low levels
of antigenicity in myxosporeans is also indicated by the evidence that some species
(Myxosoma cerebralis; and Myxobolus exiguus infections in mullets; Siau, 1980) probably
mimic the antigens of their host.

Since natural, non-specific resistance depends on the condition of the fish host (which
in turn depends on appropriate environmental conditions), and given that the immune
response is closely related to ambient temperature, marked deterioration of environmental
factors may upset the host-parasite balance and result in a dramatic decline in the host’s
defense capacities. New infections may then be established or chronic ones may flare up.

Ecology of Protozoan Infections of Fishes

Temperature is an all-pervading factor in protozoan infections of fish. It not only -
controls the immune response but also inhibits or enhances parasite proliferation; and itis
one of the principal factors in the ecology and epizootiology of fish protozooses. The
infection of Glugea stephani, with different species of Haemogregarina and Cryptocaryon
irritans can only be realized above a certain temperature threshold. Temperature is also
the primary factor in seasonal prevalence and intensity of infections in many protozoan
agents. Kabata (1963a), for example, observed minimal infection of herring with Eimeria
sardinae and Goussia clupearum in summer, while the heaviest infections occurred in
winter.

In addition to temperature, there are other important abiotic factors that determine
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the degree of parasitization of marine fishes: water currents, dissolved oxygen concentra-
tion, illumination, water depth and salinity. According to Polyansky (1958), decreased
salinity in some areas is followed by a decline in the occurrence of some parasites of marine
fishes, e.g., myxosporeans.

Also biotic factors influence the relationship between fish hosts and protozoan agents.
The more varied the diet, the more parasites can affect the fish. Fishes living in littoral
zones with abundant plant life are generally infected with a greater variety of parasites
than pelagic fishes. The formation of large schools favours the transmission of many
parasites. Extensive fish migrations can also increase the rate of parasitization. Also
crowding increases the opportunity for infections. Petrushevsky and Shulman (1958)
reported that in three-spined sticklebacks in isolated tide-pools, a large concentration of
spores of Glugea anomala resulted in heavy infections and mass mortalities. During
massive infections by nematodes, endoparasitic protozoans may be greatly reduced in
number or be even absent. The presence of large numbers of parasites of one species in a
given fish usually excludes the presence of large numbers of other species of parasite in
that fish. On the contrary, simultaneous invasion of fish gills by monogeneans and
trichodinids may exert a synergistic effect upon the population of the latter (Noble, 1963).
Because the transmission of their propagative stages is direct and rapid, and because most
species require no vector, protozoans are the first to invade young fishes, unless the
juveniles live in schools separated from adults.

Distribution

Protozoan species specific for one host may be restricted to a part of its range or
spread over the whole area of distributjon of their host which may be enormous consider-
ing that tunas, for example, migrate over thousand of miles. Within their particular range
of distribution, the protozoan parasite may be quite unevenly distributed due to various
abiotic and biotic factors including isolation of host stocks. Therefore, its presence may be
used as a convenient parasite tag serving for identification of various fish stocks.

There are indications that some protozoan infections are more abundant in cold
waters. Khan (1983) states that the prevalence of blood parasites in marine fish in the
Northwest Atlantic Ocean increases northwards from tropical waters; and that benthic,
coldwater fish are more heavily infected than pelagic or warmwater fish.

Many species seem to exhibit a Jow degree of host specificity, and some are claimed to
be cosmopolitan. Haemogregarina bigemina has been reported from over 60 host species
from the North and South Atlantic, South Pacific, Mediterranean and Red Seas. H. mugili
was described from the Brazilian coast and the South Pacific Ocean. Myxidium incurvatum
allegedly infects more than 20 hosts belonging to different orders from various geographic
areas. Whether this is really true or whether the taxonomic species differentiation is not on
the appropriate level so that several slightly different species are lumped into one
(especially in some Myxidium and Haemogregarina species) is not certain. This casts some
doubts on zoogeographic speculations concerning protozoan parasites of fish. Polyansky
(1958) made a zoogeographical analysis of parasites including protozoans infecting marine
fishes in the seas around the USSR. He distinguished certain myxosporean and trichodinid
species as arctic, arctic-boreal, boreo-mediterranean and amphiboreal elements.

In trichodinids, where a definite identification is possible, many species have been
found on a variety of hosts in various geographic regions; e.g., Trichodina jadranica in the
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Adriatic, Carribean and Baltic Seas and in the Pacific Ocean; T. raabei in the North and
South Pacific Ocean, White and Black Seas; and T. ovonucleata in the Black Sea and the
Pacific Ocean.

Agents: Flagellata

Flagellates — members of the subphylum Mastigophora Diesing, 1866, phylum
Sarcomastigophora Honigberg and Balamuth, 1963 — comprise a vast assemblage of most
varying protozoan forms. It is difficult to offer any all-encompassing definition other than a
brief diagnosis: trophozoites with 1 or more locomotory flagella divide by longitudinal
(symmetrogenic) binary fission. Fishes are infected by representatives of 5 orders.

Marine fishes are hosts to ectozoic dinoflagellates of 2 genera, Crepidoodinium Lom
and Lawler, 1981, and Amyloodinium Brown and Hovasse, 1946. The first is represented
by C. cyprinodontum (Lawler, 1967) Lom and Lawler, 1981, probably an innocuous
ectocommensal. The representative of the second genus, A. ocellatum (Brown, 1931)
Brown and Hovasse, 1946 is known as a serious pathogen of marine fishes held in captivity
(e.g., Paperna, 1980b). There are probably several Amyloodinium species. For further
details, consult the Section ‘Agents: Protophytans’; Fig. 1-4.

All other flagellate parasites of fishes belong to the heterotroph zooflagellates, class
Zoomastigophorea Calkins, 1909. Members of the order Kinetoplastida Honigberg, 1963
have 1 or 2 unequal flagella and are characterized by a single large tube-like mitochon-
drium which widens at one point to accommodate a large extranuclear DNA-nucleoid.
This part of the mitochondrium is called the kinetoplast. The order Retortamonadida
Grassé, 1952 comprises parasitic species with 2 to 4 flagella, one of which is associated
with a conspicuous ventral cytostomal area. The order Trichomonadida Kirby, 1947
includes exclusively parasitic species, typically with 4 to 6 flagella, one of which is recurrent
and may adhere to the cell to form an undulating membrane. There is 1 nucleus and a
supporting rod (axostyle) running the length of the body. The order Diplomonadida
Wenyon, 1926 unites parasitic flagellates with 2 sets of all cell organelles — 2 nuclei, 2 sets
of 4 flagella and skeletal structures — all arranged in a bilaterally symmetrical way,
making the impression of 2 flagellates merged into one entity.

In marine fish, flagellates occupy various niches in the host’s body. They live on the
body surface as harmless ectocommensals or as pathogenic ectoparasites. Two genera
infect the blood system; their pathogenic potential has only recently been disclosed. A few
species live as harmless endocommensals in the lumen of the digestive tract. A single
species infects the ovaries (See the Section ‘Agents: Protophytans’).

Diseases of the Body Surface

There are 2 kinetoplastid flagellates whose occurrence in salt water has not been
known until quite recently. Species of the genus Cryptobia Leidy, 1846 have been known
from the intestine of marine fish and as ectocommensals from freshwater fish. They have 1
anterior and 1 long, recurrent flagellum with which they can adhere to the substrate, and
an elhpsoidal kinetoplast. Although often accused of being the primary cause of diseased
conditions in freshwater fish (C. branchialis Nie in Chen. 1956) (Fig. 1-13a, b), they are
ectocommensals which feed on surface débris, bacteria and suspended particles which they
ingest by their anteriorly located cytostome. It appears now that Cryptobia can tolerate a
wide range of salinities and can live on marine fish. There are 2 reports on the occurrence
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Fig. 1-13: (a) 1: Cryptobia branchialis, epibiont on gills of numerous species of freshwater fish and on

some marine fish as well; contractile vacuole next to elongated kinetoplast; posterior end of cell filled

with ingesta; scale 10 um. 2: Hexamita salmonis from intestine of salmonids, probably identical with

parasites recorded in many marine coastal fish; 2 nuclei, 2 sets of basal bodies, 6 anterior and 2

posterior flagella; scale 10 um. 3 and 4: Ichryobodo necator; 3 — free swimming stage; 4 — attached

stage with cytostomeal tube plunged into the epithelial cell in the fish; scale 10 um. (b) Cryptobia
dahlii; scale 10 um. (Original.)

of Cryptobia sp. (see Burreson and Sypek, 1981) on the gills of 6 species of fish from
Chesapeake Bay, including the summer flounder Paralichthys dentatus which was heavily
infested. The salinities ranged from 10.9 to 21.5 %..

Costiasis is a dreaded ectoparasitosis of freshwater fish, caused by Ichtyobodo necator
{(Henneguy, 1883) Pinto, 1928 (formerly Costia necatrix) (Fig. 1-13, 3 and 4). Ichtyobodo
has two posteriorly directed, unequal flagella. When swimming, it is kidney-shaped; but
when attached to the host, it assumes a pyriform shape with its cytostome being plunged
into the host’s epithelial cells. It is unique in having a multiple kinetoplast. It inflicts severe
damage upon skin and gill epithelium resulting in mortalities especially in fish fry.
Recently, it has been recorded infesting salmonids in saltwater (Wootten and Needham,
1978). Costiasis can be a significant disease in seawater salmonid culture (Ellis and
Wootten, 1978). Heavily infested salmon smolts (Saimo salar) from sea-cages suffered
from acute hyperplasia and fusion of secondary lamellae. There were mortalities at
salinities ranging from 23 to 33 %o.. The mortality rate can be as high as 40 % (Poppe and
Histein, 1982). It was assumed that costiasis was contracted in freshwater prior to transfer
into saltwater tanks. Disease control requires that smolts are uninfected on transfer.
Formalin baths (1 : 4000, 20 min) have also proved useful.

The first case of Ichtyobodo infections in an exclusively marine host was recorded by
Bullock and Robertson (1982) who found it in wild populations of juvenile plaice
Pleuronectes platessa off Scotland. The prevalence was up to 30 % with some plaice being
heavily infected. Curiously enough, Ichtyobodo thriving in seawater seems to contradict
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control measures for freshwater costiasis using sodium chloride solutions, unless the
flagellate in question is a physiologically or taxonomically different entity.

The dinoflagellate Crepidoodinium cyprinodontum (Lawler, 1967) Lom and Lawler,
1981 is a symphoriont rather than a parasite. The grass-green trophonts measure more
than 600 um in length. They attach by means of a sole-like holdfast organelle with short
projections firmly adhering to — but not injuring — the cell membrane of the host’s
epithelial cells. It was found on the gills of several species of cyprinodontid fish (genera
Fundulus, Cyprinodon, Lucania) in the estuarine environment on the coast of Virginia,
USA. A fully developed chloroplast system within their cells and ample starch production
suggest that this species is merely a specialized symphoriont, or an ectocommensal
provided that it absorbs soluble nutrients diffusing through the gill surface (Lom and
Lawler, 1973).

Amyloodinium ocellatum (Brown, 1931) Brown and Hovasse, 1946 is a weli-known
pest of marine fishes in captivity causing fatal epizootics under aquarium conditions. For
further details consult the Section ‘Agents: Protophytans’.

Flagellate Infections of Blood

Species of the kinetoplastid genus Trypanosoma Gruby, 1841 infect marine hagfishes
(Agnatha), elasmobranchs and teleosts. Thus far, almost 50 species have been described.
Many species were described under the earlier widely accepted assumption of strict host
specificity of trypanosome species. This, however, is now in doubt. Trypanosomes have a
slender, sinuous body. The single flagellum emerges from the flagellar pocket at the
posterior end, and then — together with a pellicular fold — forms an undulating
membrane extending to the anterior end. The anterior end of the flagellum is free. A single
kinetoplast at the flagellum’s basal body appears as a minute disc or lens. The largest
trypanosomes yet recorded are those from skates: T. gargantua Laird, 1951 measures up
to 130 and 131 um (Fig. 1-14).

Fig. 1-14: Marine fish trypanosomes. 1, 2 and 3: young, intermediate and adult forms of Try-

panosoma gargantua (after Laird, 1951); 4: T. heptatreti Laird, 1951 (after Laird, 1951); 5: T.

cephalocanthi Ranque, 1973 (after Ranque, 1973); 6: T. coelorhynchi Laird, 1951 (after Laird,
1951); 7: T. rajae Laveran and Mesnil, 1902 (after Laird and Bullock, 1968); scale 20 um.
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The best known among species infecting marine fish, Trypanosoma murmanensis
Nikitin, 1927 (Khan, 1976, 1978a) was originally described from cod Gadus morhua. It
was later found to infect a total of 13 species of gadid, pleuronectiform, perciform and
anguiliform fishes; and to have a geographically wide distribution ranging from the Barents
Sea to the coast of Canada. Both in its wide host spectrum and geographic range, it is not
unique among its kins. The same applies, for example, to T. rajae Laveran and Mesnil,
1902 from skates. T. murmanensis is transmitted by the leech Johanssonia sp. In its
digestive tract it undergoes morphological transformation (Fig. 1-15). It involves a

Fig. 1-15: Trypanosoma murmanensis. 1 to 14: developmental stages in the leech vector Johanssonia
sp. 1: Amastigote (non-flagellated stage; nucleus and small dark kinetoplast visible) rounded up from
a recently ingested trypomastigote; 2: amastigote about to divide; 3: daughter amastigotes;
4: spheromastigote with only a short free flagellum; 5: dividing spheromastigote; 6: epimastigote
stages; 7: slender epimastigote; 8: long, slender epimastigote; 9 and 10: infective trypomastigotes
(metatrypanosomes). 11 to 14: trypomastigote stages in blood of Gadus morhua: trypanosomes grow
bigger and stouter. 11: 10 days post infection; 14: 55 days p.i.; scale 10 um. (After Khan, 1976.)

sequence of round flagellumless amastigotes originating from trypomastigotes ingested
with the blood meal, sphaeromastigotes with only a very short flagellum, slender epimasti-
gote stages and, finally, long trypomastigotes. Amastigote and sphaeromastigote stages
reproduce massively to provide an ample amount of metacyclic trypomastigotes — which
are injected during the next feeding from the proboscis into a new fish host. The leech can
harbour infective flagellates as long as 749 days after the initial blood meal. In the
bloodstream of the new host, trypanosomes grow in size and change from a slender to a
wide, stubby shape reaching a maximum of up to 84 um by day 60 post infection. This
polymorphism is common among trypanosomes from marine fish (see T. gargantua — Fig.
1-14). It involves as a rule, small, intermediate and large forms. The presence of the first
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indicates a fresh infection, while large forms are those of chronic trypanosomiasis. The
highest prevalence of T. murmanensis, 57 %, is in cod measuring 56 to 70 cm. However, in
these chronic cases there may be as few as 3 trypanosomes 5 ml™! of blood. The smallest
fish infected measured 26 cm, with an infection rate of 25 % and a parasitaemia up to
5 X 10° trypanosomes ml~1.

The prevalence of Trypanosoma murmanensis in different stocks in the Newfound-
Jand area varies from 4 to 94 %. These differences are significant enough to be used as
parasite tags, supporting conclusions that there are at least 6 different fish stocks in that
area.

Until quite recently, both freshwater and marine fish trypanosomes were not assumed
to exercise any effect upon their fish host. In freshwater trypanosomes, such harmlessness
has already been challenged (Lom, 1979; Dykova and Lom, 1979). Now there is also some
evidence of pathogenicitiy in marine species. The effect of Trypanosoma murmanensis
infections has been examined in adult sculpins Myoxocephalus octodecemspinosus (Khan,
Barrett and Campbell, 1980). The infection results in a long lasting decrease in hematocrit,
hemoglobin and plasma protein levels and a temporary increase of lymphocytic cells. In
plaice Pleuronectes platessa infected with T. platessae Lebailly, 1904 elevated levels of -
globulins were detected in the sera. This can be interpreted as part of the immune
response. Most probably, the extremely low parasitaemia in chronic infections of marine
fish with trypanosomes — when only a few, non-dividing flagellates can be detected in
peripheral blood — are due to acquired host immunity. The pathogenicity of trypano-
somes in fry and fingerlings of marine fish has not been investigated. These are the age
classes in which the parasites — similar to the situation in freshwater fishes (Lom, 1979)
— may have the greatest effect.

The prevalence of trypanosomes may fluctuate throughout the year. Trypanosoma
platessae has a distinct maximum in March and a minimum in June-July (Cottrell, 1977b).
This can be explained by differences in the activity of the temperature-dependent immune
system. The March peak may also be linked with an increased contact of plaice with
leeches on their spawning grounds in winter.

Trypanosoma cotti Brumpt and Lebailly, 1904 infects sea scorpions Enophrys bubalis.
It is transmitted by the leech Calliobdella punctata in which only the amastigote stages
divide. Most other trypanosomes of marine fish were described without any data on their
biology.

Trypanoplasmosis, an infection in the marine environment much less common than
trypanosomiasis, is caused by species of the kinetoplastid genus Trypanoplasma Laveran
and Mesnil, 1902. Until quite recently, trypanoplasms have been considered synonymous
with the genus Cryptobia. Trypanoplasms have a much better developed undulating
membrane along their recurrent flagellum. The essential difference is, however, that they
are diheteroxenous, i.e., they need a vector — a leech — to complete their life cycle and
that in the gut of the vector they produce a series of morphologically and physiologically
different stages (Fig. 1-16). Trypanoplasms are clearly pathogenic. Only 4 marine fish-
infecting species have been recorded to date.

Trypanoplasma bullocki (Strout, 1965) Lom, 1979 (Fig. 1-16) is known to infect 10
species of heterostomatid, perciform and cyprinodontid fishes along the North American
Atlantic coast. It is transmitted by the estuarine leech Calliobdella vivida. In this vector,
flagellates divide in crop and postcaeca. They assume a rounded shape and divide by
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Fig. 1-16: Trypanoplasma bullocki. 1 to S: stages in crop of the leech vector (Caliobdella vivida); 1 —

24 h after ingestion; 2 to 4 — proliferative stages; 5 — infective stage; 6 — flagellate in the blood of

Trinectes maculatus. Dotted structure: nucleus; dark structure: kinetoplast; scale 10 um. (After
Burreson, 1982.)

binary fission. Their final, metacyclic, infective stages are found in the proboscis and are
injected into a new host at the next feeding. Infected leeches retain flagellates through 3
subsequent feedings on uninfected fish. The development in the leech can be retarded or
accelerated by low or higher temperatures. In the fish, flagellates divide in the peripheral
blood and in internal organs. Parasiteamias range from < 300 mm~3 to > 2000 mm 3
although in lethal infections, they may be as high as 92,200 mm ™3 (Burreson and Zwerner,
1982). Peak parasitaemia is determined by temperature.

Experimental infections proved high pathogenicity of Trypanoplasma bullocki for
hogchoker Trinectes maculatus; and during winter, for summer flounder juveniles (Para-
lichthys dentatus). In the latter, hematological parameters decreased significantly. The
only pathological manifestation was an ascites, grossly distending the abdominal cavity of
all infected fish. All infected flounders died within 11 weeks of infection. In nature, over
half of the yearling flounder that spend the winter offshore may be infected, many
revealing severe pathological changes.

Trypanoplasmosis due to Trypanoplasma salmositica (Katz, 1951) Lom, 1979 is
common in Pacific anadromous salmonids. It is a disease of the freshwater phase of
salmonid life history, although the infection evidently persists in the marine phase.

Infections of the Digestive Tract

The digestive tract of fishes has an extremely poor flagellate fauna, in contrast to other
lower vertebrates, e.g., amphibians. There is no ready explanation for this fact (Alexeieff,
1910; Lavier, 1936b). The reasons why some fish species harbour intestinal protozoans
while others do not are not obvious. The differences do not seem to be due to diet, both
herbivores and carnivores being among those who have intestinal flagellates, or to
morphology of the intestine. The taxonomic position of the fish is also not important. Two
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families whose members are relatively rich in intestinal protozoans (Gadidae, Sparidae)
are not closely related.

One of the few exceptions is the Mediterranean sparid fish Box boops which harbours
3 flagellate and 1 opalinid species. The trichomonadid flagellate with 3 anterior and 1
recurrent flagellum, Protrichomonas légeri (Alexeieff, 1910) Alexeieff, 1911 (Fig. 1-17),
is a harmless endocommensal in the stomach — feeding, among other things, on a fellow
endo-commensal, the kinetoplastid flagellate Cryptobia intestinalis Léger, 1905.

Fig. 1-17: Protrichomonas legeri from stomach of Box boops; digestive vacuole contains an ingested
specimen of Cryptobia intestinalis; scale 5 pym. (Modified from Brugerolle, 1980.)

Fig. 1-18: Monocercomonas molae from intestine of Mola mola; 3 anteriorly directed flagella; 1
recurrent flagellum; conspicuous axostyle, supporting rod running the length of the cell; scale 10 um.
(Redrawn from Noble and Noble, 1966.)

Five more Cryptobia species have been found in the stomach of marine fish, e.g., C.
dahlii (Fig. 13b) (Mobius, 1888) Alexeieff, 1912 has invariably been found in all
specimens of lumpfish Cyclopterus ilumpus in the Northern Atlantic Ocean. Deep-sea
fishes in the Eastern Pacific Ocean also have stomach cryptobiids, e.g., Coryphaenoides
acrolepis harbours C. coryphaenoideana Noble, 1968. Transmission of the parasites is
probably accomplished by direct transfer from the stomach of the host through the mouth
into the water swallowed by another fish (Noble, 1968).

The trichomonadid genus, Monocercomonas Grassi, 1879 inhabits the hindgut of
several species of marine fish. They too are endocommensals in nature. M. molae Noble
and Noble, 1966 lives in the sunfish Mola mola in California coastal waters (Fig. 1-18).
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Chilomastix mediterranaeus Lavier, 1936 is an endocommensal retortamonadid
flagellate living in the intestine of Phycis mediterranaeus.

Several species of fish in the Mediterranean Sea were found by Lavier (1936b) to
harbour flagellates of the genus Hexamita Dujardin, 1838 in their intestine. The exact
identity of these flagellates is not clear. Some of them — H. bovis Lavier (1936b) from
Box boops, H. motellae Lavier (1936b) from Gaidropsarus mediterraneus and H. copelani
Lavier (1936b) from Gadus copelanus — resemble the species H. salmonis (Moore, 1923)
Kulda and Lom, 1964 (Fig. 1-13) to an extent that they might be conspecific (Kulda and
Nohynkova, 1978). H. salmonis causes heavy epizootics in freshwater cultures of sal-
monids. If it is capable of infecting various fish species in the marine environment, it might
cause problems in mariculture.

Intestinal flagellates are endocommensals without any pathogenic effect on their host.

Agents: Amoebic and Opalinid Forms

Thus far, marine fishes have been known to harbour only amoebae belonging to the
genus Entamoeba Casagrandi and Barbagallo, 1895 (order Amoebida Ehrenberg, 1830,
class Lobosea Carpenter, 1961, subphylum Sarcodina Schmarda, 1871, phylum Sarcomas-
tigophora Honigberg and Balamuth, 1963). Amoebida are naked, very simple protozoans
without any skeleton or fixed cell shape and uninucleate, without a flagellated stage. They
move by pseudopodia or locomotive protoplasmic flow. Mostly free-living, they comprise
several parasitic genera such as Entamoeba. While some Entamoeba-species from mam-
mals or reptiles are pathogenic, the species known from marine fish are obviously harmless
commensals in the digestive tract, ingesting particles of intestinal contents.

Entamoeba gadi Bullock, 1966 inhabits the rectum of pollock Pollachius virens from
the Atlantic Ocean. [t is up to 24 pm large and is a cannibalistic cystophage, devouring its
own cysts (Fig. 1-19, 2 to 5). E. molae Noble and Noble, 1966 inhabits the hindgut of
sunfish Mola mola in the Pacific Ocean.

Opalines (subphylum Opalinata Corliss and Balamuth, 1963, phylum Sarcomas-
tigophora Honigberg and Balamuth, 1963) are neither ciliates nor flagellates. They
resemble the former in having a uniformly ciliated, relatively large body. Like the latter,
they have nuclei of one type, syngamy as sexual process, divide by longitudinal binary
fission, lack any cytostome and have osmotrophic or pinocytotic food uptake. They are all
endocommensals in the posterior portion of the digestive tracts of amphibians with the
exception of very few species infecting other lower vertebrates. Marine fishes harbour 2
species. As endocommensals, they are not detrimental to the health of their hosts., e.g,,
Gadus capelanus from the Mediterranean Sea is a host to Protopalina dubosqui Lavier,
1936a (Fig. 1-19, 1).

Agents: Apicomplexa

The phylum Apicomplexa Levine, 1970 (formerly Sporozoa or Telosporea) comprises
parasitic protozoans equipped in one or most of their life cycle stages with an apical
complex — a complex structure consisting of a conoid, polar ring, and other organelles
designed for better penetration into the host cell. As a rule, they live intracellularly and
have a fixed sequence of proliferative, sexual and sporogonic stages. Infective stages are
vermicular sporozoites, formed within spores and/or cocysts. The life cycle of many of
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Fig. 1-19: 1: Protopalina dubosqui from Gadus capelanus; cell with 2 nuclei covered with spiral rows

of cilia; scale SO um (after Lavier, 1936a); 2 to 5: Entamoeba gadi from rectum of Pollachius virens;

2 — trophozoite with food vacuoles; 3 — uninucleate and, 4 — binucleate cyst with chromatoidal

bodies; 5 — large trophozoite with 2 ingested cysts both having a glycogen vacuole; scale 10 um.
(After Bullock, 1966.)

them requires 2 hosts. They are generally immobile although some stages exhibit gliding or
flexing movement. Their feeding is by osmotrophy, pinocytosis and/or through a cytos-
tome. The phylum includes an immense variety of forms.

In marine as well as freshwater fish live representatives of 2 subclasses: Coccidia
Leuckart, 1879 and Piroplasmia Levine, 1961. Coccidia of marine fish comprise 2 groups:
haemogregarines and coccidians.

Coccidioses

Fish infecting coccidians belong to the families Eimeriidae Poche, 1913 and Cryptos-
poridiidae Léger, 1911, suborder Eimeriina Léger, 1911. Their life cycle involves as a rule
only the fish host, comprising 3 separate phases: (i) massive reproduction (merogony); (ii)
formation of structurally different gametes: flagellated microgametes and oocyte-like
macrogametes and their copulation (gamogony); (iii) development of the zygote into
oocysts with sporocysts and sporozoites (sporogony). Cryptosporidia differ from eimeriids
mainly in living epicellularly, within a hypertrophied microvillus of the intestinal epithelial
cell (to which they are attached by a special attachment knob); and in forming non-
flagellated microgametes. Thus far, only a single species is known from the marine fish,
Cryptosporidium nasoris Hoover and co-authors, 1981.

Eimeriid coccidia are common parasites in marine fish — more than 50 species have
been encountered. They belong to 5 genera: Eimeria Schneider, 1875 with sporocysts
equipped with a Stieda body plugging a polar aperture for sporozoite hatching (Fig. 1-
20, 1) and with a completely intracellular life cycle; Epreimeria Dykova and Lom, 1981
with sporocysts Eimeria-like but with epicellular schizogony and gamogony; Goussia
Labbé, 1896 with the sporocyst wall consisting of 2 valves separating in the moment of



DISEASES CAUSED BY PROTISTANS 129

1 3 q

Fig. 1-20: Fish infecting coccidia. Four types of sporocysts. 1: Genus Eimeria (S Stieda body, SS sub-

Stieda body): 2: genus Goussia (SL suture line of the 2 shell valves); 3: genus Crystallospora; 4:

genus Calyptospora (F fissure to be opened for sporozoite release. After Duszynski and co-authors,
1979, modified.)

hatching along a meridian line (Fig. 1-20, 2); the monospecific, enigmatic Crystallospora
Labbé, 1896 with a crystal-shaped sporocyst wall opening along an equatorial line (Fig.
1-20, 3); and Calyptospora Overstreet, Hawkins and Fournie, 1984 with sporocysts
covered by a thin veil supported by surface projections or sporopodia and with an apical
opening with an incomplete suture (Fig. 1-20, 4). All have oocysts with 4 sporocysts, each
with 2 sporozoites. Unlike species from warm-blooded vertebrates, the oocyst wall of fish
coccidia is an extremely thin, delicate membrane. As a rule, sporogony is completed
already 1n tissues of the host. Oocysts are shed sporulated, often within ‘yellow bodies’
which are remnants of host cells destroyed by the parasite. Finally, although mostly
localized in the digestive tract, extraintestinal sites of infection are quite common. The
infection route is peroral. Transmission is direct by oocysts or sporocysts but there are
claims that some species have an invertebrate as an intermediate, probably paratenic, host
(Landau and co-authors, 1975 in Eimeria sp. with stages in a mysid crustacean; Solangi
and Overstreet, 1980 in Calyptospora with stages in grass shrimp Palaemonetes pargio;
MacKenzie, 1978 in a species similar to Goussia clupearum with stages supposedly in an
euphausiid crustacean).

Coccidia of marine fish are much more common than could be expected from records.
Detailed scrutiny would probably reveal them in most if not all of the coastal fish.

Intestinal coccidioses

The degree of pathogenicity in species infecting the digestive tract seems to be rather
low; at least there have been no reports of severe lesions or disease symptoms in infected
fish. Eimeria variabilis (Thélohan, 1893); Reichenow, 1921 (Fig. 1-21) infects pyloric
caeca and rectum of Cottus bubalis in the North Sea. E. jvanae Lom and Dykova, 1981
(Fig. 1-22, 2) infects pyloric caeca of the comber Serranus cabrilia in the Mediterranean
Sea. Sporulated oocysts are discharged within the yellow bodies. Goussia lucida (Labbé,
1893) Labbé, 1896 infects the posterior part of the intestine of dogfish Scyliorhinus
canicula in the Mediterranean Sea. Macrogametocytes develop within the nuclei of
epithelial cells (Fig. 1-23, b) which are thus destroyed. Eimeria (= Goussia?) squali
Fitzgerald, 1975 inhabits the spiral valve of dogfish shark Squalus acanthias along the
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Fig. 1-21: Eimeria variabilis. Developmental stages in pyloric caeca of Cottus bubalis. 1: merozoites;
2: microgametocyte; 3: macrogamete; 4: zygote starting sporulation series; 5, 6 and 7: sporulation
resulting in formation of the oocyst with four sporocysts; scale 20 um. {After Davies, 1978.)

Pacific coast of the northern USA. It has an ornamentally pitted oocyst wall (Fig. 1-22, 3)
and sporulates outside the host. Epieimeria isabellac Lom and Dykova, 1981 infects
conger eel Conger conger in the Mediterranean Sea. It has, similar to E. anguiliae (Léger
and Hollande, 1922), an epicellular development (Fig. 1-24, e to g) except for sporogony
which is intracellular. Cryptosporidium nasoris developing epicellularly, differs from other
marine fish eimeriids infecting the intestine by being obviously pathogenic. An infected
tropical marine fish, Naso lituratus, was affected by intermittent anorexia, regurgitation of
food and digestion disturbances, resulting in severe emaciation (Hoover and co-authors,
1981). Crystallospora crystalloides (Thélohan, 1893) Labbé, 1896 is a harmless parasite in
the intestine of the rockling Gaidropsarus mediterraneus in the Mediterranean Sea.

In Eimeria brevoortiana Hardcastle, 1944 infecting the menhaden Brevoortia tyran-
nus in the Atlantic Ocean, merogony and gamogony take place in the epithelium of pyloric
caecae, but oocysts are found only in the testes, i.e., only in males. Hardcastle (1944)
suggests that the zygote migrates actively into the testicle where the sporogony is
completed. The degree of damage to the testicle was not assessed. Final proof that coccidia
from gut and testes really constitute a single species has yet to be presented. Oocysts are
discharged with the milt during spawning.

Extraintestinal coccidioses

In fish, coccidia living extraintestinally are much more common than in higher
vertebrates and sites of infection may vary greatly. As a rule, these species are more
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Fig. 1-22: 1, 2: Eimenia ivanae from intestine of Serranus cabrilla. 1: thin-walled, compressed oocyst

with 4 sporocysts inside a ‘yellow body’; (original.) 2: sporocyst; 3: oocyst of Eimeria squali from

Squalus acanthias has pitted surface and a voluminous residual body; scale 10 um (after Fitzgerald,

1975); 4: oocyst of Eimeria sardinae from Clupea harengus; scale 20 pum (after Moller and Anders,

1983); S5: oocyst of Goussia clupearum from clupeoid fishes; scale 20 pm. (After Moller and Anders,
1983.)

pathogenic than intestinal coccidia and infections sometimes may be fatal. Several species
of clupeoid fishes, almost all European clupeoids (Clupea sprattus, C. harengus and
Sardina pilchardus in particular), are infected by Eimeria sardinae (Thélohan, 1890)
Reichenow, 1921 (Fig. 1-22, 4) localized in the epithelial lining of seminiferous tubules in
the testis. Heavy infections cause serious lesions with large areas of the tissue suppressed
by the parasite, indicating high pathogenicity and an adverse effect on reproduction.
Extreme cases may result in sterility of the host due to parasitic castration (Pinto, 1956). In
view of the common occurrence of this parasite, it could have an unfavourable effect on the
reproduction of an affected population. E. sardinae is common along most of the
European coast and in western and eastern parts of the Atlantic Ocean. According to
Dogiel (1940) it is a stenohaline parasite absent in seas of low salinity such as the eastern
part of the Baltic Sea or the Black Sea. Its rare occurrence in the White Sea may be due to
low temperature. In the Far East, clupeoids are infected by very similar species: E. nishin
Fujita, 1934 and E. etrumei Dogiel, 1948.

Oocysts of Eimeria sardinae were often found in human faeces and erroneously
described by Dobell (1919) as a species specific to man: E. oxyspora.

Goussia clupearum (Thélohan, 1894) Labbé, 1896 (Fig. 1-22, 5) infects the liver of
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Fig. 1-23: (a) Eimeria sp. from the liver of Micromesistius poutassou; oocyst encapsulated as a result

of host-tissue reaction; haematoxylin-eosin; scale 30 um. (b) Zygote of Goussia lucida developing

within the nucleus of an epithelial cell in the intestine of Scyliorhinus canicula; scale 10 pm. (3, b —

original). (c) Haemogregarina sachai merozoites in white blood cells of Rhombus maximus; phase

contrast, fresh mount; scale 20 um (after McVicar, 1978). (d) Zygote of Eimeria nucleocola;

developing within the nucleus of an epithelial cell in the intestine of Myoxocephalus scorpius (after
Lom and Dykova, 1981); haematoxylin-eosin; scale 10 um.

many clupeoid fish (e.g., Clupea harengus, C. sprattus, Sardina pilchardus, Alosa sardina).
Although infections used to be heavy, it is not known as a serious pathogen. An Eimeria
sp. was found by MacKenzie (1978) in the liver (Fig. 1-23, a) of all adult poutassou
Micromesistius poutassou caught in the Atlantic Ocean, northeast of Scotland. It would be
identical with G. clupearum, were it not for the larger oocysts. Curiously, females were
infected more heavily than males and were in poorer health, possibly — but without
definite evidence — due to the infection. Some of the infected fish had heavy liver lesions,
possibly a manifestation of coccidiosis. The infection commences as the fish mature and is
cummulative with host age. MacKenzie (1978) suggests that there may be a reservoir host
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— a poutassou’s prey — in the parasite’s life cycle to concentrate the infective stages
which would explain the high level of infection. Similarly heavy infections of Goussia gadi
were explained by Fiebiger (1913) by autoinfection.

A perfect model for experimental work is the species Calyptospora funduli, common
along the southern Atlantic US coast and in the Gulf of Mexico where it parasitizes in all
adult specimens examined of the estuarine killifish Fundulus grandis and in some other
species of the genus (Duszynski and co-authors, 1979; Solangi and Overstreet, 1980). It is
a well described species, and its life cycle can be easily perpetuated in the laboratory. The
fact that an infection can be achieved only by feeding shrimp from an infected area, never
by direct ingestion of sporulated oocysts, led Solangi and Overstreet (1980) to postulate
that shrimp are intermediate hosts. C. funduli infects liver and pancreas and rarely also
other organs. Infection provokes an inflammatory cell reaction. Later the infected foci are
encapsulated along with the appearance of lipofuscin. Ultimately, up to 85 % of liver and
pancreas are replaced by mature oocysts. In the Jate seventies, infections reached panzoo-
tic proportions in F. grandis. Because of its pathogenicity, the parasite can have a
detrimental effect on the host population. C. funduli was susceptible to treatment with
Monensin which, injected or administered perorally, reduced the infection dramatically to
50-70% of that in controls. Premunition probably exists, too. Fish with sporulated oocysts
in their organs did not exhibit further development upon reinfection.

Another pathogenic coccidian, Goussia cruciata (Thélohan, 1892) Labbé, 1896, often
causes macroscopically visible lesions in the liver of Caranx trachurus along the western
coasts of France.

In Goussia gadi (Fiebiger, 1913) Grassé, 1953 — encountered in the gadids cod
Gadus morhua, haddock Melanogrammus aeglefinus, and pollock Pollachius virens — the
whole development takes place in the wall of the swimbladder. Mature oocysts fall into the
swimbladder lumen where they accumulate in large masses to form — together with lytic
debris, fibrous, cellular and lipoid material — a creamy or waxy substance until the
bladder is completely filled. Findings of empty sporocyst shells and free sporozoites in such
swimbladder contents are interpreted in favour of autoinfection. Fiebiger (1913) found G.
gadi in up to 5% of cod in a Hamburg (FRG) fish market. Odense and Logan (1976)
reported G. gadi from up to 58% of haddock on Nova Scotia fishing banks; but, curiously,
not from the other 2 fish hosts listed above. There is also a record from Baltic cod G.
morhua callarius (Shulman, 1962). Heavy infection renders the swimbladder functionless.
This impairs buoyancy regulation, swimming and spawning behaviour. Fiebiger (1913)
assumed that infected cod might die during the spawning migration when coping with
increased physical stress. Odense and Logan (1976) conclude their study by claiming that
the infection is fatal.

A similar species, Goussia caseosa Lom and Dykova, 1981 (Fig. 1-24, a—d), infects
the roughhead grenadier Macrourus berglax. Its swimbladder becomes filled with a pasty
yellow substance full of oocysts which may also be found in different stages of development
in the gas gland. Oocysts may also occur in the blood stream, intestinal submucosa,
muscular layer, and other organs. Such infections suggest a pathogenic effect.

Eimeria southwelli Halawani, 1930, infecting the intestinal spiral valve of the elas-
mobranch Aetobatis narinari, was found by Halawani (1930) intracellularly in fish
embryos. Its possible way of entrance is not known.

Fish coccidia have an enormous potential for becoming pests in fish mariculture farms.
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Further studies on their occurrence, host specificity, transmission and pathogenicity are

very desirable. ) ) . .
Haemogregarinoses in Marine Fishes

Haemogregarines, the most common blood parasites of marine fishes, belong to the
family Adelaidae Léger, 1911, subclass Coccidia. Their life cycle involves proliferative
stages (merogony) in cells of the circulatory system of a vertebrate host, and gamogony
and sporogony stages in a blood sucking invertebrate vector. Gamogony is characterized
by the association of 2 gametocytes which mature together into 1 female macrogamete and
4 non-flagellated male microgametes, of which 1 copulates with the macrogamete. The
zygote produces anywhere from several to many free sporozoites within a thin oocyst
envelope. Since the first discovery in 1901 of a haemogregarine by Laveran and Mesnil in
Solea solea — Haemogregarina simondi — more than 80 species of Haemogregarina
Danilewski, 1885 have been described from red and white blood cells of marine teleosts
and elasmobranchs. Contrary to the earlier reported absence of any indication of
pathogenicity, it now appears that at least some species of haemogregarines may be serious
pathogens.

Our still incomplete knowledge of the life cycle of fish haemogregarines is based on
observations of spontaneous infections (Laird, 1953; Davies, 1982: Haemogregarina
bigemina Laveran and Mesnil, 1901: many teleosts, Fig. 1-25; Khan, 1972b: H. delager,
Robertson, 1906: skates, Fig. 1-26; Kirmse, 1978, 1979: H. sachai; Kirmse, 1978: H.
simondi from flatfish, Fig. 1-27). In the vertebrate host, oval crescentic or vermicular
schizogony stages develop as a rule in white blood cells (lymphocytes, monocytes,
neutrophils) producing through binary fission or true merogony 2 to 8 merozoites per host
cell (in H. sachai occasionally up to 36). After schizogony cycles, merozoites — mostly
vermicular — escape from white blood cells and enter erythroblasts and erythrocytes.
There they divide by binary fission or merogony into 2 (H. bigemina), 4 (H. quadrigemina
Brumpt and Lebailly, 1904 from Callionymus lyra), 8 (H. simondi), or 16 (H. polypartita
Neumann, 1909 from Gobius paganellus) merozoites having the form of stubby or
elongated vermicules. Later, these stages differentiate into micro- and macrogametocytes
which may then be found freely in the blood plasma. These are species of the ‘bigemina’
group (Laird, 1952). In other species, intraerythrocytic stages do not divide but transform
directly into gametocytes.

Transmission by invertebrates to new hosts was not directly observed in fish haemog-
regarines, but findings of developmental stages — i.e., gametes, zygotes, oocysts and
sporozoites in leeches (Hemibdella soleae) or crustaceans (isopod Gnathia maxillaris or
copepods of the genus Lernaeocera) — indicate that these animals act as vectors. The fish
is most probably infected during the next feeding of the leech or by eating the isopods
which harbour mature sporozoites in their intestine.

Fig. 1-24: a—-d: Goussia caseosa from Macrourus berglax, fresh mounts. (a) maturing oocyst with
delicate wall and fine inner membranes; scale 10 um; (b) sporocyst with sporozoites; their anterior
end has a wrinkled surface; scale 10 um; (¢) opened sporocysts with separated shell valves; scale
10 um; (d) sporocysts in the viscous mass of cell debris in swimbladder contents; scale 10 um; e—g:
Epieimeria isabellae on epithelial surface in the intestine of Conger conger; (e) developing mi-
crogametocyte; scale 10 pm; (f) developing micro- and macrogametocyte; scale 10 um; (g) mi-
crogametocyte with mature microgametes close to a macrogamete; arrow: a released microgamete;
scale 10 pm. (Original.)
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Fig. 1-25: Haemogregarina bigemina. 1: Small merozoite, free in the blood plasma; 2 to 5: intra-

leucocytic stages, starting with a dividing merozoite (2) and resulting in § merozoites; 6 and 7: intra-

erythroblastic trophozoite dividing into 2 gametocytes; 8: 2 grown gametocytes within an erythrob-
last; scale 10 um. (After Laird, 1953.)

Fig. 1-26: Haemogregarina delagei. Intraerythrocytic development in Raja radiata. 1: Trophozoite; 2
to 4: merogony; 5: erythrocyte with 7 merozoites about to separate; 6: gametocyte; scale 4 um.
(After Khan, 1972b.)

Haemogregarines producing many, but not more than 100, sporozoites per oocyst
were separated by Lainson (1981) in the genus Cyrilia. Khan (1978b) describing C.
uncinata infection in eelpouts Lycodes vahlii found several cycles of intraerythrocytic
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Fig. 1-27: Haemogregarina simondi. Erythrocyte of Solea solea with 8 merozoites; scale 10 um.
(After Kirmse, 1979.)

merogony (up to 30 small merozoites per erythrocyte). Gamogony takes place in the
digestive tract of the leech Johanssonia sp., with the formation of 2 to 4 microgametes
while oocysts develop intracellularly within intestinal epithelium.

Some haemogregarines are not host-specific and are of almost cosmopolitan distribu-
tion. Haemogregarina bigemina, for example, known from European and North American
coasts, South Africa and the South Pacific Ocean, is claimed to invade more than 60 host
species. The distinction between haemogregarine species, however, is not always easy or
safe.

Invaded blood corpuscles are hypertrophied, have a distorted shape, a displaced and
disfigured nucleus, and may ultimately disintegrate. Most of the infections are very slight
and may be chronic (e.g., 16 parasites per 1000 erythrocytes in C. uncinata) likewise the
damage may be negligible. Laird (1953) observed in young specimens of Ericentrus rubrus
— not in older fish — a very high prevalence (80%) with 85% of lymphocytes and
monocytes infected with Haemogregarina bigemina. The resulting damage to young fish
may be quite considerable, as may be the case in other haemogregarine infections.

In mariculture, haemogregarine infections may result in severe disease. Ferguson and
Roberts (1975) described 3 yr old cultured turbots Scophthalmus maximus in Scotland
with lethal myeloid leucosis due to Haemogregarina sachai (Fig. 1-23, ¢). Ten percent of
the stock examined were affected. Clinical signs were subcutaneous or ulcerated nodules.
On the body surface, severely affected fish had space-occupying internal lesions up to 4 cm
in size, ascites due to abdominal lesions and exophthalmos associated with retro-bulbar
lesions. Lesions were yellow to creamy white with small ones being firm and large ones soft
with liquefied centers. They consisted of parasites containing macrophages within a fibrous
capsule, at varying stages of degeneration resulting in liquefactive necrosis in the centre of
the lesion. Blood of affected fish showed an increase in immature leucocytes. Up to 75% of
immature monocytes were parasitized.
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Piroplasms in Marine Fishes

Members of the subclass Piroplasmia Levine, 1961 differ from all other apicomple-
xans in having a simplified apical complex without conoid, and in the lack of oocysts and
spores in their life cycle. Typically, they are minute, often highly pathogenic, parasites of
blood corpuscles or fixed cells of the circulatory system of higher vertebrates. They are
transmitted by ticks in which they undergo sexual reproduction.

Marine fish harbour 3 genera with — as far as known — $ species. They are very
unsufficiently explored, and data on their pathogenicity is lacking. The best known genus is
Haemohormidium Henry, 1910 thanks to the description of the life cycle of H. beckeri So,
1972 by Khan (1980) (Fig. 1-28). This species infects 4 species of perciform fish along the

Fig. 1-28: Haemohormidium beckeri. 1 to 5: Proliferation of intra-erythrocytic stages from the blood

of Lycodes lavalei; 1 — binucleate stage; 2 and 3 — nuclei in division; 4 — multi-nucleate schizont;

5 — schizont with 6 nuclei; 6 — intracellular stages from the gut of the leech Johanssonia arctica,
suggestive of multiple fission; scale 10 um. (After Khan, 1980.)

coast of Labrador and divides by binary fission and merogony in erythrocytes. Fish from
other orders are resistant to infection. No gametocytes could be identified. The leeches
Platybdella obrti and Johanssonia arctica are vectors. Developmental stages were disco-
vered in their gut and proboscis. These infect new hosts at the next feeding of the leech.
Infections reached the Jevel of 60 parasites 1000~ ! erythrocytes. Such a high parasitaecmia
elicits a leucocytic response consisting mainly of monocytes which phagocytize the
merozoites.

Haematractidium scombri Henry, 1913 is a uninucleate parasite with a centrally
located nucleus found in erythrocytes of the mackerel Scomber scombrus in the Irish Sea
and on the US Atlantic coast (Fig. 1-29). H. scombri infects up to 45% of the mackerels
examined. Up to 5% of erythrocytes may be infected (MacLean, 1980). The life cycle is
unknown. The parasite may increase the fragility of the erythrocytes or perhaps lyse them.

The genus Babesioma Jakowska and Nigrelli, 1956, sometimes claimed to be synony-
mous with Haemohormidium (see discussion in Becker, 1970), is a parasite of erythrocytes
characterized by forming up to 4 merozoites from cruciform or rosette-shaped schizonts.
B. rubrimarensis Saunders, 1960 was found in the blood of 6 host species of the genera
Lethrinus, Cephalopolis, Scarus and Mugil in the Red Sea (Fig. 1-30).

Agents: Microspora

Members of the phylum Microspora Balbiani, 1882 are strictly intracellular parasites
of most animal groups including fish. Their spores, refractile in the fresh state and mostly
ovoid, have a thick wall (without any opening) composed of a chitin-protein complex.



DISEASES CAUSED BY PROTISTANS 139

Fig. 1-29: Haematractidium scombri next to distorted nucleus in lysed erythrocytes of Scomber
scombrus; scale 10 pm. (After MacLean, 1980.)

Fig. 1-30: Babesiosoma rubrimarensis. Stages in erythrocytes of Scarus harid. 1: Trophozoite; 2:
binucleate schizont; 3 to 4: merozoites arranged as a cross or (4) free in the erythrocyte; 5 and 6:
supposed micro- and macrogametocytes; scale 10 um. (After Saunders, 1960.)

They contain an infective germ, the sporoplasm and a special extrusion organelle for spore
hatching — a hollow, coiled polar tube capable of extremely rapid eversion through the
apex of the spore. A large posterior vacuole in the spore and a laminar organelle
(polaroplast) together supply the force for extrusion and for driving the sporoplasm
through the entire length of the polar tube. This occurs after the spore has been ingested by
a specific host. The sporoplasm is then literally injected into the host cell. There it migrates
to the final site of infection and starts the proliferative phase by merogony (or binary
fission) producing an enormous number of cells (meronts). The final product of merogony
is a sporont which initiates sporogony.

In some genera, several to many spores develop within a common membrane or
sachet and then stick together in this sporophorous vesicle or pansporoblast. Microspora
live within the host-cell cytoplasm. The way in which the trophozoites spread into other
organs or body areas is not quite understood. Probably young meronts are capable of
migration (active or passive?) and some authors have suggested autoinfection. Some
species stimulate the infected cell to an enormous, hypertrophic growth, finding inside it a
favourable milieu for growth. The parasite forms, together with the infected cell, a
functional and structural unit, a xenoparasitic complex or xenoma (Fig. 1-31). Xenomas
appear as whitish ‘cysts’ up to several mm in size. Ultimately they are transformed into an
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Fig. 1-31: Glugea anomala. Diagrammatic representation of a part of the xenoma. A: Layer of
apposed connective tissue cells, product of host response; B: refractile xenoma wall; C: cell
membrane of xenoma, D: peripheral layer of xenoma with increased pinocytotic activity; E: host-ceit
cytoplasm; F, G, and H: division of uninucleate stages and larger meronts of Glugea; I: host-cell
nuclei; J: rounded meront; K to P: sporont starting sporogony within sporophorous vesicles and
producing spores (Q): R: sporophorous vesicle wall breaks down later and spores (T) accumulate in
the central space (S) of the xenoma. Arrow: initial stage of the formation of the sporophorous veside
wall; (Original.)
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envelope filled with a huge number of mature spores. By producing the xenomas, the host
possibly checks any further spread of the parasite in its organs.

Classification is based on the structure of spores, developmental cycle and type of
sporogony. Fishes are infected by representatives of the order Microsporida Balbiani,
1882. Sixty species allotted to 11 genera are known from marine fishes, including the
collective group Microsporidium Balbiani, 1884 comprising unsufficiently described
species or those with unclear affinities. Data on host specificity are missing in many
species, so that differentiation of species with spores of similar shape and structure is rather
tricky. These parasites can produce in their hosts most spectacular lesions and some are
highly pathogenic.

Microsporidoses Due to Species Producing Xenoparasitic Complexes (‘Cysts’)

Species of the genus Glugea Thélohan, 1891 infect macrophages and other cells of
mesenchyme origin. Infected cells settle mostly 1n connective tissues or in various body
organs where they undergo considerable hypertrophy forming large xenomas. Merogony
proceeds at the periphery of the xenoma. Masses of mature spores, at first in groups of 8 or
more in delicate sporophorous vesicles, ultimately accumulate in the centre. Heavy
invasions have disastrous consequences to the host.

A model for the study of host-parasite relation in Microsporidia is Glugea anomala
(Moniez, 1887) Gurley, 1893 (Weissenberg, 1922b, 1968; Dykovd and Lom, 1979;
Canning et al., 1982). It infects subcutaneous tissue, body wall, intestine and other organs
in sticklebacks Gasterosteus aculeatus and Pungitius pungitius both in fresh and estuarine
waters (Fig. 1-32, a, d, e, f). Glugea gasterostei Voronin, 1974 from Gasterosteus
aculeatus and Glugea weisenbergi Sprague and Vernick, 1968 from North American
Apeltes quadracus are probably synonymous with G. anomala. Cyst-like xenomas cause
serious dysfunctions of internal organs, deformation of the body and, finally, even mass
mortality (Petrushevsky and Shulman, 1958).

Glugea hertwigi Weisenberg, 1911, similar to G. anomala both in structure and high
salinity tolerance, is an agent of epizootic infections. It attacks the intestine and all other
body organs in European and American smelts Osmerus eperfanus and O. mordax and
some other euryhaline salmonids. The prevalence of infection in a smelt population may be
90% (Nepszy and co-authors 1978) or even almost 100% (Weissenberg, 1913: Island of
Riigen, Baltic Sea). In severe infections, the body cavity is packed with cyst-like xenomas,
up to 250 per fish and (exceptionally) up to 9 mm in diameter, seriously impairing the
viability of the host. The intestinal lumen may be completely occluded by the xenomas
sticking together in a large compact mass. Intestinal tissue may disintegrate resulting in a
general septicaemia or intoxication. Infection of gonads may cause parasitic castration if
blocking of the gonadal pore renders discharge of eggs or sperm impossible (Fig. 1-33, a).
Resulting mass mortalities are thus due to the combined effect of mechanical and
pathophysiological causes. In Canada, annual losses may be as high as several tens of
millions of fishes.

Infections due to Glugea stephani (Hagenmtller, 1899) Woodcock, 1904 occur in 11
species of flatfish in the Mediterranean, Black, White, Baltic and Northern Seas, and in the
Atlantic and Pacific Oceans; however, G. stephani depends on warmer waters. Tempera-
tures of about 11 °C or lower inhibit its development (Olson, 1976). Site of infection is the
intestine which, in heavy infections, becomes massively pervaded by up to 0.5 mm large
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Fig. 1-32: (a) Stickleback Gasterosteus aculeatus infected with Glugea anomala; large subcutaneous
xenomas protrude above the body surface; scale 2 cm; (after Moller and Anders, 1982.) (b) Fresh
spores of Glugea berglax from intestinal wall of Macrourus berglax; scale 5 um. (c) Intestine of
flounder pushed out from anal opening; tissue heavily pervaded by xenomas due to Glugea stephani;
scale 5 mm; (after Moller and Anders, 1982). (d) Fresh spores of Glugea anomala from stickleback;
scale Sum. (e) G. anomala spores as seen in scanning electron microscope; scale 2 um. (f) G.
anomala spore with incompletely extruded, still coiled polar tube: scale 1 pm; (original.)
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Fig. 1-33: (a) Osmerus eperlanus mordax seriously infected with Glugea hertwigi. Cyst-like masses of
xenomas at rectum show through body wall; scale 1 ¢cm; (photo courtesy of Dr. C. Delisle.). (b) Loma
branchialis xenoma within secondary gill lamella of Melanogrammus aeglefinus; haematoxylin-eosin;
scale 200 um. (c) Spores of Spraguea lophii from Lophius americanus are dimorphic: small, curved
ones and large, oval ones (bottom, centre): fresh mount; scale S um: (b, ¢—Original.). (d) L.
americanus infected with L. Jophii, dissected to show neural ganglia (arrows) full of cyst-like
agglomerations of large xenomas; scale 10 cm; (photo courtesy of Dr. S. Jakowska.)
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xenomas and their aggregates (Fig. 1-32, ¢). The gut appears largely covered by layers of
cysts, chalk-white in appearance and with rigid and thickened walls. Ovaries, liver and
mesenteries may also be affected. Intestinal failure finally results in death. Prevalence in a
given wild population may vary from 1.2% (in Pseudopleuronectes americanus; Stunkard
and Lux, 1965) to 60% (in Pleuronectes flesus; Hagenmiiller, 1899). Juveniles are
particularly susceptible to infection and those heavily infected may not survive their first
year. Survivors which appear healthy have a mean carrying rate of infection of about 3.5 to
8.8% (see also Takvorian and Cali, 1981). In grown plaice, the level of infection falls in
time, indicating effective host reaction (McVicar, 1975a; Dykova and Lom, 1981). In
experimentally infected juvenile plaice, mortalities set in within 2 months of spore
administration (McVicar, 1975a).

Enormously large xenomas, up to 13 mm in diameter, are produced in sand smelts
Atherina boyeri in brackish lagoons along the French Mediterranean coast, infected with
Glugea atherinae Berrebi, 1978. The infection rate is up to 21%. The agent affects mainly
the intestine which becomes partially obstructed. Large xenomas cause pressure atrophy of
affected organs, thus impairing the viability of the host. There is an indication that the fish
become infected in their first year. Infected specimens probably succumb to the disease
and the surviving population contracts the infection once again the following year.

Pressure atrophy of intestinal and ovarial tissue is the result of infection with Glugea
capverdensis Lom, Gaevskaya and Dykovd, 1980 in lantern fish Myctophum punctatum,
due to a great number of up to 2 mm large xenomas. In many other Glugea species
producing small xenomas, the pathogenic effect on the host is not noticeable, e.g., in G.
berglax Lom and Laird, 1976 infecting the intestine of roughhead grenadier Macrourus
berglax (Fig. 1-32, b).

Conspicuous infections with xenomas similar to those of Glugea-type are caused by
microsporidans assigned to separate genera, due to differences in the structure of the
xenoma or sporophorous vesicle. Loma branchialis (Nemeczek, 1911) Morrison and
Sprague, 1981 with only 1 or 2 spores per sporophorous vesicle is frequently found on the
gills of various gadid hosts (e.g., Gadus morhua, Melanogrammus aeglefinus) of boreo-
arctic distribution (Fig. 1-33, b). Xenomas about 1 mm in size may cause moderate
pathological changes in the infected gill lamellae. However, Kabata (1959) did not observe
any harmful effects in fishes with heavily infected gills. Tetramicra brevifilum Matthews
and Matthews, 1980 produces 4 spores from 1 sporont. It forms small interlocking
xenomas which give rise to several-mm-large cystic formations in skeletal muscles of
turbots Scophthalmus maximus along British coasts. Heavy infections can lead to the
inactivation of a substantial proportion of the body musculature and impairment of
swimming. This parasite is a potential threat to turbot farming.

Infections with 3 other genera bring about the origin of xenomas of quite different
nature. Spraguea (= syn. Nosema) lophii (Doflein, 1898) Sprague, 1977b infects ganglion
cells chiefly in the cerebro-spinal region of angler fish, Lophius piscatorius, L. americanus
and L. gastrophysus in the Mediterranean Sea, the North Sea and the Atlantic Ocean. Itis
a very common parasite with prevalences ranging from 32 to 100%. [n large, market-sized
fishes off the Icelandic coast, the prevalence was 46.5% (Priebe, 1971b). The parasite
invades a part of the ganglion cell near the point of its exit or the axon itself, producing a
xenoma without a special envelope where numerous xenomas coalesce to form macro-
scopic, grape-like tumours characteristic of this species (Fig. 1-33, d). The xenoma has an
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inner core with slender, curved spores and a peripheral layer with larger oval spores (Figs.
25 cand 27 a). S. Jophii has evidently (Loubegs and co-authors, 1979) dimorphic spores. In
spite of the serious eftects on the central nervous system, the parasite seems to €xert no
harm to its host.

Most conspicuous masses of spores are found in fishes infected with Ichthyosporidium
giganteum (Thélohan, 1895) Swarczewsky, 1914. Corkwings Crenilabrus melops and
spots Leiostomus xanthurus show enormous abdominal swellings (Fig. 1-34, a) due 10 a
parasite mass consisting of numerous, up to 4 mm large, xenomas. These feature a peculiar
cytoplasmic envelope originating in a very complicated way in hyperplastic connective
tissue and producing large quantities of spores. Microsporidium cotti (Chatton and
Courier, 1923) comb. n. produces lesions in the testes of sculpins Cottus bubalis, including
a xenoma with brush-border up to 0.7 mm in size.

Microsporidoses Due to Other Microsporidans

These are chiefly due to species of the genus Pleistophorain which a large, multinucle-
ate sporont (sporogonial plasmodium) segments into irregular numbers (> 16) of spores
within a thick-walled sporophorous vesicle. Spores of different size (micro- and macros-
pores) may be produced simultaneously. The parasite infiltrates the tissue diffusely.
Infected myocytes are not delimited from healthy tissues except for connective tissue
capsules in advanced and terminal stages of infection. In marine fishes chiefly skeletal
muscles are infected.

In ocean pouts Macrozoarces americanus, Pleistophora macrozoarcidis Nigrelli,
1946b induces large tumour-like masses measuring up to 8 cm or more in diameter
(Nigrelli, 1946b). Wherever the parasite penetrates, complete hyalinization and destruc-
tion of the muscle results, with eventually only granular débris and spores remaining (Fig.
1-34, b). Occasionally, the host lays down an extensive protective layer of fibrous
connective tissue. Ulcerative condition was not observed. Autoinfection may be possible
(Nigrelli, 1946b) and the infective germs may set up new centres of merogony in other
body regions. This may be a new spreading parasite. The prevalence also seems to increase
with fish age class.

A closely related species — Pleistophora ehrenbaumi Reichenow, 1929 — infects
wolf-fish Anarhichas lupus in the North Sea. Similar to the preceding species, it forms
large unsightly tumour-like swellings, the size of a man’s fist. The muscle tissue is reduced
to débris pervaded by the host’s phagocytes which ingest the spores. Claussen (1936)
found the same parasite in A. minor, where it formed similarly large tumours, and tried to
explain such heavy proliferation by autoinfection. P. duodecimae Lom, Gaievskaya and
Dykova, 1981 infects, considerably enlarges and inflicts heavy damage to muscle fibres in
rat-tails Coryphaenoides nasutus in the Atlantic Ocean (Fig. 1-35, b).

In Japanese mariculture farms, a microsporidian provisionally named Microsporidium
seriolae Egusa, 1982 (possibly a Pleistophora) has caused serious outbreaks of ‘Beko’
disease among juveniles of the yellowtail Seriola quinqueradiata. The microsporan formed
fibrous-membrane bounded masses in the trunk muscles. Serious destructions of muscula-
ture with resultant ulceration may be caused by Pleistophora gadi Polyansky, 1955 in cod
Gadus morhua. It may be considered highly pathogenic to cod fingerlings. Massive
infections may be fatal (Polyansky, 1955a). Heavy muscular invasion of Theragra chalco-
gramma in the Sea of Japan have been recorded repeatedly since Akhmerov (1951). They
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Fig. 1-34: (a) Spot Leiostomus xanthurus with ventral bulge due to tumour-like parasitic masses

induced by infection with Ichthyosporidium giganteum; length of fish 11 cm; (photo: Dr. F. J.

Schwartz.). (b) Pleistophora macrozoarcidis infection of muscle fibers of Macrozoarces americanus:

sarcoplasm completely replaced by parasite; some fibres surrounded by connective tissue envelope;
haematoxylin-eosin; scale 500 um. (Original.)
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Fig. 1-35: (a) Spraguea lophii xenomas in spinal ganglion of Lophius piscatorius seen within clear

halos (fixation artifacts); xenomas have dark periphery (= oval spores) and less dark core (curved

slender spores); haematoxylin and eosin; scale 1 mm. (b) Pleistophora duodecimae from muscles of

Coryphaenoides nasutus; walls of sporophorous vesicles encase typically a large number of spores;

arrow: sporogonial plasmodia cleaved into sporoblasts (double arrow); scale 20 pm. (a, b —

originals.) (¢) ‘Cysts’ of Pleistophora sp. in muscles of Micromesistius poutassou; scale 3 mm; (after
Moller and Anders, 1982.)

are due to a hitherto undescribed Pleistophora species. Fin muscles of Drepanopsetta
hippoglossoides and of other flatfish from the North Sea often have nodules up to 2.5 by
10 mm in size, containing spores of P. hippoglossoideos Bosanquet, 1910.

An unidentified Pleistophora species was found to produce macroscopic intramuscu-
lar cysts in the body wall overlying the viscera in larval and postlarval herring Clupea
harengus harengus. The parasite occurred in up to 3% of the samples taken in coastal
waters of the Gulf of Maine (Sindermann, 1961c). A similar species is illustrated in Fig.
1-35, c.

Musculature of cottid fish and blennies may reveal whitish streaks 10 by 3 mm
consisting of white threads, i.e., muscle fibres infected with Pleistophora typicalis Gurley,
1893 and with the closely related P. littoralis Canning and Nicholas, 1980. Passing mostly
unnoticed, these infections seem to be quite common and may be deleterious to the host.

In addition to muscle infecting species, there are ‘xenoma-less’ microsporidans
infecting other body organs. Thelohania baueri Voronin, 1974, a species of a genus in
which each sporophorous vesicle contains 8 mature spores, affects ovaries of 3- and 9-
spined sticklebacks. The cytoplasmic contents of the ovum may be completely replaced by
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the microsporidan. Microsporidium ovoideum (Thélohan, 1895) Sprague, 1977 — a
parasite in the liver of Cepola rubescens and Gaidropsarus mediterranaeus — was
recognized by Raabe (1936) as a serious pathogen in Muljus barbatus. The liver was full of
haemorrhages and of white cysts about 1 mm in size. M. ovoideum seems to be a frequent
parasite with low host specificity. It was recorded from Scotland, and in Merluccius gayi
and M. hubbsi on the coasts of Peru and Patagonia.

Agents: Myxosporea

Myxosporea Biitschli, 1881 — a subphylum of the phylum Myxozoa Grassé, 1970 —
constitute a vast assemblage of about 1100 species belonging to 42 genera and except for a
few species living in reptiles, amphibians and invertebrates, they all infect fish. By being
multicellular for almost all of their life cycles, with structural and functional differentiation
of their cells, they clearly exceed the unicellular level of most protozoan phyla. Two other
distinctive features are the presence of polar capsules in their spores and endogenous cell
cleavage in both trophozoite and sporogony stages. Myxosporea are usually immobile
intercellular parasites of which only a few have intracellular stages in their life cycles in
addition to 4 genera living intracellularly within myocytes of skeletal muscles.

Spores contain 1 to 6 polar capsules, 1 binucleate or 2 uninucleate amoeboid cell-
infective germs or sporoplasms, within a shell composed of 2 to 6 valves which adhere
together along suture lines. The valves may have a smooth or ridged surface and bear
various projections or be coated with a mucous envelope keeping them afloat within the
water column. Polar capsules contain a coiled polar filament capable of rapid extrusion
driven by pre-buiilt pressure. The polar filament everts inside out. When everted, it is
sticky, thus probably fixing hatching spores to the host’s intestinal surface.

In the digestive tract of a suitable fish host, polar filaments are extruded, shell valves
separate, the released sporoplasm penetrates the intestinal epithelium and — probably via
blood or lymph vessels — reaches the final site of infection in tissues or in organ cavities.
The sexual process of autogamy takes place after hatching by fusion of the 2 nuclei of
sporoplasm or of the 2 sporoplasms. Development at the final site of infection may be
preceeded by little known proliferative processes in tissues or bloodstream.

The sporoplasm with nuclei fused into 1 synkaryon is the only uninucleate cell stage in
the life cycle. This trophozoite may start proliferation in 2 ways. Some species produce
large numbers of small stages with 2 or slightly more nuclei which divide to produce many
parasites before sporogony begins. In other species the nucleus divides to produce a large
plasmodium (up to several mm in size) inside which many generative cells arise by internal
cleavage. Trophozoites are of variable shape, have osmotroph, pinocytotic or, rarely,
phagotroph nutrition. Some exhibit a certain degree of amoeboid movement.

In small uninucleate or binucleate trophozoites, internal cleavage produces
sporogonic cells which aggregate to produce one or more sporoblasts. In large plasmodia,
generative cells associate pairwise, one enveloping the other to produce sporoblasts.

In the mature sporoblast, there are 1 to 2 capsulogenic cells transforming into polar
capsules, 2 to 6 cells transforming into shell valves (according to various genera) and 1 or 2
cells giving rise to sporoplasms.

Trophozoites living in cavities of the gall bladder or urinary tract may float in the
lumen or attach to the epithelium and may obstruct passages, e.g., of the bile. Trophozoites
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in the tissue, if small may be dispersed among the tissue cells in a state of ‘diffuse
infiltration’. Large trophozoites, enveloped by connective tissue cells, may form cyst-like
structures. Light infections are apparently harmless with most of the species. Some
myxosporeans, however, are known as serious pathogens or agents deteriorating the
quality of fish meat.

The present taxonomy of the subphylum is rather artificial. It is based solely on spore
structure (Figs. 1-36, 1-37, 1-38, 1-39). There are 2 orders: the large order Bivalvulida
Shulman, 1959 featuring spore walls with 2 valves, and the small order Multivalvulida
Shulman, 1959 having spores with 3 to 6 valves (Kudo, 1920; Shulman, 1966; Sprague,
1982; Lom and Noble, 1984).

Marine fishes are hosts to myxosporeans belonging to 29 genera of which 17 occur
solely in marine fish.

Myxosporeoses of Organ Cavities

In marine fishes, the gall-bladder and the urinary tract (i.e., urinary bladder, ureters
and even renal tubuli) are common sites of myxosporean infections, and representatives of
a total of 19 myxosporean genera are found in these organs. According to Shulman (1966),
the gall-bladder of marine fishes is the site where the most primitive myxosporeans
originally settled and from where they passed in the course of evolution, into other body
organs and other hosts. Infections of the gall-bladder and urinary bladder seem more or
less permanent, but exact long-term studies of infected fish have not been performed thus
far. Trophozoites continue their vegetative reproduction while mature spores are released
to the outside via the intestinal tract. During the reproductive cycle, trophozoites become
temporarily attached to or, rarely, may even develop within the gall-bladder and urinary
bladder epithelium although surprisingly little damage and host reaction develop. This may
be interpreted as a result of a long history of mutual adaptation between parasite and host.
For example, one of the common gali-bladder parasites, Myxidium incurvatum Thélohan,
1892, is assumed to invade almost 30 hosts belonging to different orders (Noble, 1941;
Laird, 1953; Shulman and Shtein, 1962) from pelagic and littoral zones in various
geographic areas but only sometimes causes obstruction of bile ducts by a mass of parasites
(Doflein and Reichenow, 1953).

Only in some cases, or upon massive infection, may pathologic manifestations in the
gall-bladder be apparent. There are no records of marked lesions in the urinary bladder.
Noble (1957) noted changes in the bile. The contents of the gall-bladders of several fish
species infected with myxosporeans of the genera Ceratomyxa, Leptotheca and Myxidium
(Fig. 1-36, ¢, e, h) may be of a white, cheese-like consistency. In fishes from New Zealand,
Meglitsch (1960) observed several degrees of gall-bladder damage caused by various
species of Ceratomyxa ranging from altered appearance of the bile to swelling, hyperaemia
and irritation of the bladder or inflammation of bile ducts. A heavy infection with
Mpyxidium sphaericum Thélohan, 1892 in the gall-bladder of Meriangus merlangus from
the North Sea (Kabata, 1967) can usually be recognized with the naked eye. The enlarged
bladder is pale and has hyperplastic, hard and non-contractile walls. Leptotheca infirmus
Auerbach, 1910, invading Mola mola in Atlantic Ocean and North Sea, may induce partial
degeneration of the gall-bladder due to disintegration of epithelial cells. Gall-bladder
infection with some myxosporean species (e.g., of the genus Ceratomyxa) may also result
in the epithelium being coated with a thick layer of amorphous substance in which the



Fig. 1-36: Micrographs of fresh spores show morphological diversity in myxosporean genera infecting
marine fishes. In all cases scale is 10 um. (a) Auerbachia pulchra Lom, Noble & Laird, 1975 from
gallbladder of Macrourus berglax. (b) Myxobolus aeglefini from gill cartilage of Cyclopterus lumpus.
(c) Ceratomyxa drepanopsettae Awerinzew, 1908 from gallbladder of Rheinhardtius hippoglos-
soides. (d) Myxoproteus sp. from urinary bladder of R. hippoglossoides. (¢) Leptotheca macrospora
Auerbach, 1909 from urinary bladder of Sebastes marinus. (f) Zschokkella sp. from urinary bladder
of Gadus morhua. (g) Sinuolinea sp. {from urinary bladder of Myoxocephalus scorpius. (h) Myxidium
gadi Georgevitch, 1916 from gallbladder of Melanogrammus aeglefini. (i) Sphaeromyxa balbianii
from Triglops murrai. (Original.)
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Fig. 1-37: Variety of spore shapes in myxosporean genera infecting marine fish. 1 and 2: Kudoa
Junata Lom & Dykova, 1983 from skeletal muscles of Arnoglossus spp.; apical and side views. 3 and
4: Hexacapsula neothunni from muscles of Neothunnus macropterus; (after Arai and Matsumoto,
1953). S: Henneguya ocellata Iversen & Yokel, 1963 from the intestine of Sciaenops oceliatus; (after
Iversen and Yokel, 1963). 6: Palliatus mirabilis Shulman, Kovaleva & Dubina, 1979 from urinary
bladder of Xenodermichthys socialis; (after Shulman and co-authors, 1979). 7 and 8: Parvicapsula
unicornis Kabata, 1962 from urinary bladder of Callionymus lyra; side and frontal view. 9 and 10:
Pentacapsula shulmani from muscles of Nemipterus japonicus; (after Naidenova and Zaika, 1970).
11: Myxoproteus mexicanus Yoshino & Noble, 1973 from kidneys of Coelorhynchus scaphopsis;
(after Yoshino and Noble, 1973). 12: Unicapsula seriolae Lester, 1982 from muscles of Seriola
lalandr, (after Lester, 1982, modified). 13: Chloromyxum cf. leydigi Mingazzini, 1897 from gallblad-
der of Raja clavata. 14: Sphaerospora renalis Bond, 1938 from kidneys of Fundulus heteroclitus;
(after Bond, 1938). Scale in all cases 10 pm, except for 12 where it equals 3 um.
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Fig. 1-38: Variety of myxosporean spore shapes (continued). 1 and 2: Alatospora samaroidea
Shulman, Kovaleva & Dubina, 1979 from gallbladder of Chlorophthalmus atlanticus; (after Shulman
and co-authors, 1979). 3: Coccomyxa morovi Léger & Hesse, 1917 from gallbladder of Sardina
pilchardus. 4 and 5: Trilospora californica Noble, 1939 from gallbladder of Typhlogobius californien-
sis; apical and side view; (after Noble, 1939). 6: Myxobilatus gasterostei (Parisi, 1912) Davis, 1944
from renal tubules of Gasterosteus aculeatus; (Original.} 7: Davisia ophiodonj Zaika, 1966 from
urinary bladder of Ophiodon rochei; (after Zaika, 1966). 8 and 9: Ortholinea orientalis Shulman &
Shulman-Albova, 1953 from urinary bladder of clupeoid fish; (after Shulman and Shulman-Albova,
1953). Scale in all cases 10 um.

parasites reside. The final outcome of such myxosporean affections of the gall-bladder is its
partial, or even complete functional elimination.

Species of some genera, e.g., Sphaerospora and Parvicapsula (Fig. 1-37, 7, 8, 14),
which live in the urinary tract may proceed to the renal tubuli. We have no data on their
role in the kidneys of marine fish, but in freshwater hosts members of both genera were
found to exert considerable pathogenicity in kidney tissues.

Sometimes, gall-bladder infections may also affect the surrounding tissue. As reported
by Shulman and Shulman-Albova (1953), Myxidium oviformis Parisi, 1912 — seemingly a
harmless gall-bladder parasite of many species of marine fishes — may cause serious liver
damage in Salmo salar which is not its typical host. This latter fact may account for the
seriousness of the infection. In addition to gall-bladder inflammation, the liver tissue is full
of liquefied necrotic foci, the host being badly emaciated. Migration into freshwater did
not free the salmon from this infection.

Mpyxosporeoses of Tissues

Histozoic myxosporeoses, as a rule, produce much more serious effects, sometimes
inflicting upon their hosts lethal injuries or rendering their flesh unpalatable for humans.
Even with these parasites there is at most only a very small host reaction during the initial
stages of parasite growth in the host tissue. Only after the fully grown trophozoite (‘cyst’)
has produced a mass of spores the tissue reaction sets in, and an inflammatory response
develops.
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Fig. 1-39: (a) Kudoa clupeidae. *Cysts™ in flesh of herring; photo courtesy of Dr. C. Sindermann;

length of fish 11 cm. (b) Kudoa kabatai Shulman & Kovaleva, 1979; formalin-fixed spores from

muscles of Zeugopterus punctatus; scale 10 pum. (¢) K. clupeidae; formalin-fixed spores from

Thunnus thunnus; scale 10 um. (d) Myxidium gadi; fresh trophozoites from gallbladder of Melano-

grammus aeglefinus,; scale 10 um; (b to d — Original.) (e) Xiphias gladius; opened trunk; whole body

musculature liquefied by action of Kudoa musculoliquefaciens; photo courtesy Dr. Matsumoto; size
of fish about 1.5 m.
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Most important pathogens are species of the order Multivalvulida which have radially
symmetrical spores with more than 2 (3 to 6) shell valves and polar capsules. There are 3
valves but only 1 capsule (2 others are reduced during spore development; the spore is
asymmetrical) in Unicapsula Davis, 1924 (Fig. 1-37, 12); 4 shell valves and capsules in
Kudoa Meglitsch, 1947 (Fig. 1-37, 1 and 2); S valves and capsules in Pentacapsula
Naidenova and Zaika, 1970 (Fig. 1-37, 9 and 10); and 6 in Hexacapsula Arai and
Matsumoto, 1953 (Fig. 1-37, 3 and 4). As a rule, these parasites infect myocytes and have
a fully intracellular propagative cycle. The infected muscle fibre becomes greatly enlarged.
Its sarcoplasm is gradually replaced by the parasite until it is transformed into an oval, but
mostly spindle-shaped pseudocyst — a cyst-like formation ultimately filled with mature
spores which may be encapsulated by the host’s connective tissue layer. Only rarely are
interfibrillar connective tissue or other sites infected.

Muscle fibres of halibut Hippoglossus stenolepsis from the Pacific Ocean are invaded
by Unicapsula muscularis Davis, 1924. Whitish-opaque enlarged muscie bundles filled
with spores resemble small worms and hence the name of the disease, ‘wormy halibut’.
Most multivalvulids belong to the genus Kudoa comprising about 31 species which infect
marine fishes, in addition to many still unidentified species encountered in various fish
hosts. Commercially important clupeoid fishes (Clupea harengus, Alosa aestivalis, A.
pseudoharengus, Brevoortia tyrannus) from the Atlantic coast of North America are
commonly infected by Kudoa clupeidae (Hahn, 1917) Meglitsch, 1947. Sindermann
(1970a) found that as many as 75 % of the 1 yr old Atlantic herring were parasitized, while
adults were uninfected. While Linton (1901) speculated that the diseased fishes were less
viable and more subject to predation, Sindermann suggests that the infection may pass
away after mature spores are released from opened cysts. The observations by Sindermann
and Rosenfield (1954) on ‘ulcer disease’ in Atlantic herring confirm this suggestion. The
musculature of first-year-group fishes revealed spindie-shaped white cysts up to 5 mm
large (Fig. 1-39, a and e). Older fishes had pus pockets which finally opened to the outside
by sloughing off the overlying epidermis and by the formation of ulcers. Ulcers reach up to
1 cm in diameter, have well-defined margins and often ooze white to yellow necrotic
material. Up to 5% of a herring population may be ulcer-marked. In agreement with the
assumnption that this kuodasis is a disease of young fish only, Kovaleva and co-authors
(1979) suppose that K. clupeidae is pathogenic for young A. pseudoharengus but not for
adult fish, in which they never found any ulcerations.

Hakes Merluccius hubbsi in the Patagonian- and Falkland shelfs are commonly
infected with Kudoa rosenbuschi (Gelormini, 1944) Meglitsch, 1947 and the prevalence
may reach up to 52%. No ulceration was observed (Kovaleva and co-authors, 1979).
North Pacific hakes Mer/uccius productus are hosts to K. paniformis Kabata and Whitaker,
1981. In the course of host-tissue reaction, which ultimately achieves complete destruction
of the parasites within pseudocysts, melanin granules are deposited around the infected
fibers. This is a feature unusual in other kudoases.

At variance with Kudoa clupeidae, the species K. alliaria Shulman et Kovaljova, 1979
infects older-age classes of its hosts while it is absent in young ones. In 1970-1975 it was
commonly found in blue whiting Micromesistius australis, Notothemia ramzay, N. conica
and Macruronus magellanicus in the region of the Falkland-Patagonian shelf. Blue whiting
was infected in up to 100% with up to 56 infection foci per fish. Grabda (1978) reported
probably the same species from Atlantic blue whiting from up to 90% of specimens
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examined in 1977. Pseudocysts reached the size of 20 X 5 mm. The most widely distri-
buted species of the genus is K. nova Naidenova, 1975 covering such a wide host range and
geographic area, that one wonders if it is really a single Kudoa species. It infects 20 host
species of various orders, including gobiid fish, as well as some commercially important
species such as tunas, in various areas of the Atlantic Ocean, Mediterranean, Black and
Azov Seas. According to Naidenova (1974), K. nova infection is supposed to be the cause
of death of gobiid males exhausted when protecting their newly hatched offspring on the
spawning grounds in the Black and Azov Seas. Pagellus acarne in the Central Atlantic
Ocean is infected in up to 65%. K. kabati Shulman and Kovaleva, 1979 produces cysts up
to 2 mm in size in muscles of Zeugopterus punctatus.

Not all Kudoa species infect muscles. Paperna (1982) reported on an unidentified
species infecting up to 85% of renal glomeruli of hatchery bred Sparus auratus on the
French Mediterranean coast. In the same host from the Gulf of Acaba, he found
mesenteries and peritoneum infected with another Kudoa species. An exceptional site of
infection characterizes K. pericardialis Nakajima and Egusa, 1978 infecting yellowtails
Seriola quinqueradiata cultured in Japanese marine fish farms. As the name implies, very
numerous trophozoites up to 27 X 1.2 mm in size float free in the pericardial cavity or are
attached to proliferating connective tissue of epicardial or pericardial origin.

Pentacapsula schulmani Naidenova and Zaika, 1970 (Fig. 1-37, 9 and 10) form 2 mm
large cysts in muscles of Nemipterus japonicus from the Indian Ocean. There is evidence
that more species of this genus await to be discovered in marine fish.

There are several muiti-valvulid myxosporeans which provoke dramatic changes in
the flesh of heavily infected fish. They are said to have tiny trophozoites pervading the
muscular tissue in a poorly documented way designed as ‘diffuse infiltration’. Some others
produce pseudocysts similar to those known in the above-mentioned species. In live fish,
the effects of the parasites are restricted. The muscles appear either mottled by numerous
parasite ‘cysts’ or, when touched, appear less elastic than usual. After capture (i.e., death
of the fish) within up to 24 h, the flesh rapidly softens and may even turn into a thick,
viscous mass or into a thin ‘milky’, jelly-like substance without any odour. The liquefaction
Is most striking when heavily infected fish are frozen while still appearing normal. When
defrosted, the flesh is already jellified. According to existing evidence, myxosporeans are
the cause of these changes. Bacterial lysis has not been proven. According to Willis (1949)
the powerful proteolytic enzymes released by the parasites are continuously removed by
the bloodstream in live hosts — or the enzymes may be localized strictly within the
pseudocysts (Patashnik and co-authors, 1982) — and thus have only a localized effect
within the affected muscle fibre. After death, however, they accumulate and/or diffuse
outwards and cause the autolysis of host flesh, proceeding from infected to non-infected
areas. There is only 1 record of Kudoa-induced liquefaction of the musculature in living
fish, i.e., by Kudoa sp. in Atherestes evermani from the Bering Sea (Krasin, 1976).

The name Kudoa histolytica (Pérard, 1928) Meglitsch, 1947 is suggestive of the effect
this parasite has on muscles of the Atlantic and Mediterranean Scomber scombrus. Also
well known is the ‘milky barracouta’, a disease of Thyrsites atun, caused by K. thyrsitis
(Gilchrist, 1924) Meglitsch, 1947 which produces a milky appearance of the flesh. Infected
fish were caught on the South African and Australian coasts. According to Willis (1949)
the agent was found in up to 7% of fish in the latter region. The same parasite was reported
to bring about a similar milky condition in Merluccius capensis in South African waters
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(Fletcher and co-authors, 1951). In M. productus along the Canadian Pacific coast, K.
thyrsitis is probably responsible for the rapid softening of the flesh after capture (Kabata
and Whitaker, 1981). K. thyrsitis, as described from M. productus and Thyrsites atun
forms pseudocysts within the muscle fibres as any of the ‘non-jellifying’ Kudoa species. K.
thyrsites was also reported from Zeus faber from waters off South Africa. Seventy-five %
of the fish population were infected with 25% being infected heavily enough to render the
fish unsuitable for filleting.

There are other remarkable accounts of muscular liquefaction. Kudoa musculoli-
quefaciens Matsumoto and Arai, 1954 induces it in specimens of Xiphias gladius of about
100 kg in weight (Fig. 1-39). There is a ‘diffuse infiltration’ throughout the muscular fibres
and the outcome of heavy infections may be lethal. The same Japanese authors (1954)
observed jellification in Labeolabrax japonicus caused by K. cruciformum Matsumoto and
Arai, 1954. The flesh was perforated by numerous cavities, 5 X 10 mm in size, containing
a jellified substance full of spores. The flying fish Cypsilurus ago and the dorado
Coryphaena hippurus from the Japanese Sea are attacked by another jellifying species of
Kudoa (Dr. Matsumoto, pers. comm.). There are 2 more unidentified ‘histolytic’ species of
Kudoa. The first is responsible for the ‘mushy’ halibut (softening of the musculature of
Hippoglossus stenolepis; Thompson, 1916) and the second for the ‘milkiness’ of Parophrys
vetulus from the Canadian Pacific coast (Margolis, 1953; Patashnik and Groninger, 1964).

The action of Hexacapsula neothunni Arai and Matsumoto, 1953 on fish muscles is
quite similar to that of ‘jellifying’ Kudoa. It infects Neothunnus macropterus and,
pervading the muscles by diffuse infiltration, it turns large parts of muscles into cavities
filled with a creamy substance suggestive of nasal mucus and full of parasites.

Marine fish are subject to infections with a number of myxosporean species belonging
to genera known also from freshwater fish. Sphaerospora platessae Woodcock, 1904 — a
member of a genus characterized by spherical spores with 2 polar capsules opposing the
level of the shell-valve suture line — invades the head cartilage in Pleuronectes platessa.
The genus Myxobolus Biitschli, 1882 which has spores with 2 polar capsules set in the level
of the suture line, is represented by many species. A common species is M. aeglefini
Auerbach, 1908 which erodes the head and gill cartilage of many hosts, e.g., Melanogram-
mus aeglefinus (Fig. 1-36, b), Pleuronectes platessa, Merluccius merluccius, Gadus cal-
larias and Merlangius merlangus. Myxoboius exiguus Thélohan, 1895 — known as a rather
harmless parasite of a number of freshwater fish — also infects marine and estuarine
species of the genus Mugil along the Atlantic and Mediterranean coasts of France. It
causes heavy lesions of the epidermis and gills in S species of the genus Mugil on the
Tunisian coast (Siau, 1978). Petrushevsky and Shulman (1958) reported extremely heavy
epizootics in M. auratus and M. cephalusin the Black and Azov Seas. The latter host was
washed ashore dead in quantities up to 600 kg km ™. Gill filaments packed with cysts were
completely dysfunctional. Death occurred as a consequence of asphyxia and bleeding from
injured gills.

Members of the genus Henneguya Thélohan, 1892 — differing from Myxobolus in
having 2 caudal projections on the spore — also cause lesions in marine fish. H. ocellata
Iversen and Yokel, 1963 (Fig. 1-37, 5) can inflict heavy damage upon Sciaenops ocellatain
Florida waters. The pseudocysts may cover completely the pyloric caeca and beginning of
the intestine. H. Jagodon Hall and Iversen, 1967 forms pseudocysts in tissues surrounding
the eyes, often forming conspicuous external bulges (Fig. 1-40, a). There are many more
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Fig. 1-40: (a) Henneguya lagodon. ‘Cysts’ on head of Lagodon rhomboides; scale 5 mm. (b) Kudoa
crumena Iversen & van Meter, 1967. ‘Cysts’ in musculature of Scomberomorus maculatus; scale
4 mm. (Photo: J. W. Stephens, courtesy of Dr. Iversen.)

findings of this and other myxosporean genera as pathogens in marine fish — mostly
isolated observations of rather sporadic infections. Future research will prove to what
extent they can play a role in natural populations or, possibly, in aquacuiture.

Agents: Ciliata

The phylum Ciliophora Doflein, 1901 comprises relatively large Protozoa, up to
several mm in size, with simple cilia or compound cihiary organelles used for locomotion
and food acquisition, present at least at some stage of their life cycle. They are usually
mobile although in adult state some are sessile and/or lack ciliature. Infraciliature is always
present as a complex meshwork of fibrillar systems associated with ciliary basal bodies,
extending beneath the pellicle. The pellicle is composed of 3 membranes, 2 of which
delimit a system of subpellicular alveoli. Ciliates have 2 types of nuclei, diploid generative
micronuclei and enormously polyploid vegetative macronuclei. As a rule, ciliates divide by
transversal binary fission, but exceptionally by budding or multiple fission. A typical sexual
process is the conjugation of 2 individuals involving the exchange of haploid pronuclei. As
a rule, particulate material is ingested by means of a very complex buccal apparatus. A
contractile vacuole, active in osmoregulation, is usually present.

There are more than 7600 species known to date. Their classification is based
primarily on the structure of the oral apparatus, its ciliary organelles and their mor-
phogenesis. Because ciliates possess a large number of easily discernible characteristics,
their present classification is the most complex among all protozoan phyla; and is still in a
state of change. Most of the ciliates are free-living although some are commensals,
symphorionts or true parasites. Most of their groups are subject to far-reaching mor-
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phological adaptations to their particular mode of life: connected with a sedentary mode of
life, changes in body polarity, secondary loss of ciliature or of oral apparatus, or
complicated life cycles of some parasitic forms involving even diheteroxeny.

In marine fish, mostly ectozoic or ectoparasitic ciliate species are known. According to
their relation to the host, they belong to several categories. Symphorionts (or epibionts)
take advantage of their hosts chiefly as a mobile support keeping them within a constant
water flow bringing organic particles, e.g., bacteria, on which they feed. Ectocommensals
feed on water-born particles as well as on debris on the host’s surface. Some may turn into
dangerous ectoparasites on a stressed fish with impaired natural resistance. The rest are
facultative and obligatory ectoparasites.

Ciliates as Symphorionts and Ectocommensals

Ciliates of this category all belong to the subclass Peritrichia Stein, 1859 comprising
ciliates in which somatic ciliature is, in the adult, reduced completely or to 1 or 3
locomotory ciliary wreaths. Buccal ciliature consists of a double ciliary spiral, encircling the
oral surface, which drives food particles into the buccal infudibulum. Peritrichs need a
living or non-living substrate. They are either permanently attached to it by a special
holdfast organelle at the aboral body end, the scopula (suborder Sessilina), or they glide
over the surface being only temporarily attached by a sucker-like adhesive disc surrounded
by 2 or 3 locomotory ciliary girdles (Mobilina).

Symphoriontic sessiline peritrichs of marine fish attach themselves to their hosts
directly by means of scopula without any secreted stalks. The desmosome-like junction of
scopular surface with cell membrane of the host epithelial cells (Lom, 1973) does not harm
the surface tissue. They feed on dispersed particles and are never abundant on a non-
stressed host. Even if present in great numbers they can never be regarded as primary
pathogens.

The genus Scyphidia Dujardin, 1841 comprises ciliates with a stout conical body, and
a coiled nbbon-like macronucleus. S. arctica Zhukov, 1964 epifaunates Liparis gibbus in
the Bering Sea and is found also on cottid fish off the Pacific and Atlantic coasts of North
America (Fig. 1-41,a). S. adunconucleata MacKenzie, 1969 lives on cultured plaice
Pleuronectes platessa in Scottish waters. Several more species were recorded as sym-
phorionts on the gills of various species of marine fish. Ambiphrya miri Raabe, 1952, of a
genus displaying an equatorial trochal band of cilia, is found on Nerophis ophidion in the
Baitic Sea (Fig. 1-42, 1).

Members of the genus Calliperia Laird, 1953 attach in different ways. They bear 2
long processes at the scopular end which join to form an attachment ring fastened around a
piece of secondary gill filament. C. brevipes Laird, 1959 lives on the edge of gill filaments
of Raja erinacea in Newfoundland waters (Fig. 1-42, 2). Clausophrya oblida Naidenova
and Zaika, 1969 is a symphoriont with a similar way of attachment, living on Proterorhinus
marmoratus in the Black Sea.

Ectocommensal ciliates are represented by mobiline peritrichs mostly referred to as
trichodinids. Species of the genus Trichodina Ehrenberg, 1931 are the most frequently
encountered ciliates on the surface of marine fish. A total of almost 70 such species have
been described to date. In contrast to the situation in freshwater fishes, species of
Trichodinelia Sramek-Husek, 1953 (of which only 4 species were recorded on marine
fish), Paratrichodina Lom, 1963 (2 species on marine fish — Fig. 1-41, f) and Trichodina



Fig. 1-41: (a) Scyphidia arctica; live specimen from gills of Myoxocephalus octodecemspinosus; scale

10 um. (b) Trichodina lepsii Lom, 1962; silver impregnated (Klein’s dry silver method) adhesive disc

from gills of Mugil auratus; scale 10 um. (c) T. puytoraci Lom, 1962; impregnated adhesive disc from

Mugil saliens; scale 10 pm. (d) Longitudinal section through gill filament of a fish moderately invaded

by Trichodina; scale 100 um. (e) T. oviducti; impregnated adhesive disc from Raja clavata; scale

10 um. (f) Paratrichodina globonuclea Lom, 1963; impregnated adhesive disc from gills of Ophidion
barbatus (X 2000). (Original.)
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Fig. 1-42: 1: Ambiphrya miri from gills of Nerophis ophidion; scale 20 um; (after Raabe, 1952). 2:

Calliperia brevipes attached to a piece of gill tissue of Raja erinacea by means of their ring-like caudal

processes; scale 20 um; (after Laird, 1959). 3: Miamiensis avidus from sea horses; scale 15 um; (after
Thompson and Moewus-Kobb, 1964; modified.)

live all mainly on the gills (Fig. 1-41, b, ¢, d). In non-stressed hosts trichodinids occur in
small numbers or seem to be completely absent. On a weakened host — and this can be
easily proven by keeping a freshly caught fish in a small aquarium — their reproduction
can attain massive proportions and they irritate the gills by attaching themselves to
epithelial cells. Sharp borders of the adhesive disc may ultimately damage the epithelium
and the trichodinids then feed on particles from disintegrated epithelial cells. At this stage
the trichodinids become true and harmful ectoparasites, causing extensive damage to the
gill epithelium and large skin lesions which may result in mortalities. The first known case
of marine fish trichodiniasis was reported by Padnos and Nigrelli (1942). Gill epithelium of
Sphaeroides testudineus was completely destroyed, thus causing death of the host.
Trichodiniasis is presently one of the major problems in flatfish mariculture (e.g., Pearse,
1972, McVicar, 1978). In aquaria with marine ornamental fish, however, serious out-
breaks of trichodiniasis are not common although fatal infections were recorded by Nigrelli
(1940, 1943). Lawler (1977b) observed fatal infection of juvenile pinfish Lagodon
rhomboides with Trichodinella lawleri Lom and Haldar, 1977.

Most marine fish will harbour at one time or another a trichodinid population on their
gills with the intensity of infection varying in relation to ecological conditions. Lom and
Laird (1969) found the percentage of fish species infected in cold seas to be far below the
prevalence of infection in temperate zones. So far there is no evidence for a seasonal
variability of incidence which is known in freshwater species. Trichodinids are transmitted
directly, being able to survive for a certain time in the free water. As yet, it is not known
whether some marine fish trichodinids can live alternatively on invertebrate hosts as is the
case in freshwater species. Some euryhaline trichodinids (e.g., Trichodina domergueifrom
sticklebacks) tolerate great differences in salinity.
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Widely distributed, Trichodina rectuncinata Raabe, 1958 is known from more than 15
host species in the Adriatic, Black and Caribbean Seas. Another widely distributed species
is T. jarmilae Lom and Laird, 1969, recorded from about 20 host species in the Pacific and
Atlantic Oceans. Mugils in the Black Sea are commonly parasitized by T. puytoraci Lom,
1962 (Fig. 1-41, c).

A morphologically and biologically different group of trichodinids invades the uro-
genital tract of elasmobranchs. They are large, with a great number of skeletal elements
(denticles) of the adhesive disc. Endozoic trichodinids are pathogens rather than endocom-
mensal. Trichodina oviducti Polyansky, 1955 infects 5 species of the skate genus Raja in
the Atlantic Ocean (Fig. 1-41, e). The ciliates are present in urinary sinuses, rectal giand
and rectum, in the seminal groove of males, and in the oviducts and copulatory sac of
females. A yellowish-mucoid exsudate was invariably associated with heavy infections.
The ciliates also sloughed and fed on the epithelium of the copulatory sac. They are most
likely transmitted from one host to the other during copulation (Khan, 1972a).

Ciliates Causing Diseases of Body Surface

Facultative parasites

Heavily stressed or injured fish may become susceptible to invasion by various free-
living ciliates which can colonize their body surface as facultative parasites. This is well-
known in freshwater fish debilitated and weakened after an unfavourable winter period
(e.g., various hymenostome ciliates, several species of the genus Tetrahymena or sessiline
peritrichs, e.g., Vorticella). In marine fish, such cases mostly pass unnoticed except in
mariculture or aquaria. Purdom and Howard (1971) recorded 3 species of ciliates —
Helicostoma buddenbrooki Kahl, 1931, Uronema sp. and Euplotes sp. — attacking young
Zoarces viviparus, and 0-group sole and plaice. The ciliates are attracted to skin abrasions
— natural or due to fin-biting — expanding them into large lesions and thus causing lethal
injuries. Other ciliates can penetrate deep into the fish body. Miamiensis avidus Thompson
and Moewus, 1964 is a scuticociliatid ciliate (Fig. 1-42, 3) isolated from sea horses
Hippocampus atlanticus from Florida waters (Moewus-Kobb, 1965). It thrives well in fish-
tissue cultures and prefers the lower osmolalities inside the fish to the higher ambient
salinity levels. It may thus tend to become an obligatory parasite. Another closely related
facultative parasite, Uronema marinum Dujardin, 1941, caused enzootics and mortalities
in the New York Aquarium (Cheung and co-authors, 1980) affecting 9 species of marine
fish from 4 families. The ciliates were found in musculature and on the skin. In sea horses
they also pervaded kidney, urinary bladder, neural canal, blood vessels and gills. They are
highly destructive to host tissues, ingesting blood cells and tissue debris. No inflammatory
response was observed.

Obligatory parasites

Two genera of serious ciliate pathogens belong to the class Kinetophragminophorea
de Puytorac et al. 1974, order Cyrtophorida Fauré-Fremiet, 1956, i.e., Chilodoneila
Strand, 1928 and Brooklynella .om and Nigrelli, 1970. Both have a dorsoventrally
flattened body, with ciliary rows only on the ventral side. The cytostome is reinforced by
supporting skeletal rods (nematodesmata) and equipped with 3 short ciliary rows (kineto-
fragments). Chilodonella cyprini (Moroff, 1902) Strand, 1928 is a notorious pathogen of
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freshwater fish, infecting most species almost indiscriminately. It can also live in estuarine
and brackish environments, e.g., in the eastern Baltic Sea (Calenius, 1980). Brooklynella
hostilis Lom and Nigrelli, 1970 is the marine counterpart of Chilodonella and a parasite
typically found in aquaria, but not in wild fish (Fig. 1-43, a, b). It differs in having a greater
number (up to 36) of ventral ciliary rows and a ventral organelle secreting viscous material.
In marine aquaria, B. hostilis attacks various hosts from different orders. The infection
seems to be limited to the gills, the symptoms being indications of respiratory difficulties.
The lesions range from mild inflammatory reaction to epithelial desquamation of second-
ary gill lamellae, accompanied by infiltration of macrophages and resulting in fusion of
lamellae. Severe lesions are primarily responsible for the death of the host.

d

Fig. 1-43: (a) Brooklynella hostilis. Stained with haematoxylin; next to oval macronucleus are several

minute micronuclei; arched structure: secretory attachment organelle; scale 20 um. (b) B. hostilis; a

group of ciliates in a fresh mount; phase contrast; scale 1080 um. (a, b — original). (¢) Cryptocaryon

irritans; large trophozoites, burrowing under epithelium of gill filaments of Siganus fuscenscens; scale

1 mm. (After Sikama, 1938). (d) Cryptocaryoniasis (white spot disease) on skin of Labeolabrax
japonicus; (after Sikama, 1938.)
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Cryptocaryoniasis, white spot disease of marine fishes, ts caused by Cryptocaryon
irritans Brown, 1951. This is the marine counterpart of Ichthyophthirius, the causal
organism of the ‘ich’ disease of freshwater fishes, known in old China since the Sung
Dynasty (964-1126 A.D.). A member of the class Oligohymenophora de Puytorac et al.,
1974, order Hymenostomatida Delage and Hérouard, 1896, it has a densely ciliated body,
an alternately quadri-partite or ribbon-shaped macronucleus, and a complex buccal
apparatus including 3 membranelles and 1 paroral membrane. Its life cycle (Fig. 1-44)

Fig. 1-44: Cryptocaryon irritans. Diagrammatic representation of life cycle stages. 1: Fully grown

trophozoite; 2: encysted stage (tomont) with ribbon-like macronucleus and numerous small dark

micronuclei; 3: unequal division; 4: cyst full of small tomites; 5: released infective stage, theront, with
4 small macronuclei. (After Brown, 1963; redrawn and modified; not to scale.)

includes the trophont stage, living in the skin of the fish. After reaching considerable
dimensions (up to about 500 um), it detaches from the tissue and encysts on a substrate
(tomont stage) producing, by a series of binary fissions, up to 200 or more tomites. The
latter emerge from the cyst and swim about (theront stage) in search of another susceptible
host. If successful, the cycle starts all over again.

Cryptocaryon is probably at home in warmer seas, as indicated by the optimal
temperature range (25 to 30°C) for encystment and tomite production (Cheung and co-
authors, 1979). Once introduced into marine aquaria, it affects practically all marine
teleosts kept at 20 to 26°C. Elasmobranchs, however, are resistant. Under natural
conditions, Cryptocaryon is very rarely encountered. Laird (1956) examined 36 wild fish
species in Fiji and found this ciliate on only 1 species, Epimephelus messa.

Cryptocaryoniasis has become a problem in public marine aquaria, where it often
reaches enzootic proportions. In Japan, 44 of 53 species of fishes in marine aquaria were
attacked (Sikama, 1938). Nigrelli and Ruggieri (1966) reported mortalities in 27 species of
marine fish, and similar reports exist on aquarium epizootics from different parts of the
world. Outbreaks of cryptocaryoniasis are evidently due to crowding and other factors
reducing host resistance in aquaria. Infected fish are restless, exhibit respiratory distress
and may occasionally scratch on the hard substrates. The surface of infected fish reveals
numerous macroscopic whitish pustules or minute greyish vesicles which are the nests of
trophonts burrowing under the epidermis. They feed on the host’s cells, undermine the
epithelium and cause heavy irritation resulting at first in excessive mucus production and
epithelial hyperplasia followed by inflammation and haemorrhages. In the gills (Fig.
1-43, ¢), the ciliates eventually completely destroy the secondary lamellae and cause their
dysfunction. On the skin (Fig. 1-43, d), considerable lesions result in the destruction of
large epidermis areas which can be seen falling off the host in string-like masses. The
trophonts may also invade the eyes, eventually causing blindness. Heavy infections
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invariably result in death of the host while secondary infections tend to complicate the
situation.

Effective disease treatment (Nigrelli and Ruggieri, 1966) is a combination of copper
sulfate and citric acid solutions (0.15 to 0.2 ppm) together with sufficient amounts of
methylene blue to produce a clean blue colour. Since Cryptocaryon is sensitive to changes
in salinity, osmotic schocks can be used to kill tomites and to get rid of trophonts. Either
lowered salinities (below 16 %0) or hypersalinity (45 %o) can be used for treatment,
depending on salinity tolerances of the host {Cheung and co-authors, 1979; Huff and
Burns, 1981). The latter authors recommend hypersalinity combined with the use of
quinine-HCI or chloroquine and minimal handling of the fish.

Protozoan Diseases in Cultured Marine Fish

Diseases in Mariculture

Parasite-caused diseases of cultured marine fish are still poorly documented and less
well known than those of cultivated freshwater fish. While parasite diseases of marine pet
fish have been studied for a longer time than diseases in mariculture, our present
knowledge is mainly limited to ectoparasites. In both mariculture and pet-fish culture, the
infection-enhancing and disease-provoking factors are essentially identical: crowding and
environmental stress which seem to be much more pronounced than in freshwater cultures.

Crowding due to high population densities is common to all culture systems (e.g.,
Kinne, 1976b, 1977). Often, in combination with weeds, pollution and contamination
from uneaten food, it may result in lowering host resistance, easier spread of ectoparasites
and increased chance of contracting a parasitosis by high densities of infectious stages (e.g.,
spores). Parasitic disease agents are easily introduced — e.g., via stocking of already
infected fish collected at sea, contact with wild fish and/or with contaminated water. In net
cages the ample food supplied for cultivated fish may attract wild fish from far away and
thus increase the risk of infection. An analysis of environmental factors involved in the
parasite build-up in mariculture was presented by McVicar and MacKenzie (1977).
Temperature is a very important environmental factor (Kinne, 1970). Warmer waters
generally tend to support parasitic diseases. Thus, Glugea stephani requires temperatures
for development above those in Scottish coastal waters; therefore, it can thrive in plaice
cultured in Scotland in heated water (but not outside the tanks) after being introduced
from southern, warmer waters. Salinity controls especially the ectoparasites. Stenohaline
parasites can be eliminated by exposing fish to salinities acceptable to the host but not to
the parasite.

In intensive cultures, such as cage cultures, the variety of parasite species as compared
with wild populations may be reduced, but the number of certain species may increase
greatly producing considerable harm and even mortalities (e.g., Williams and Phelps,
1976). In cultivated striped mullet the increase in numbers of certain parasites is more
pronounced in mono-species cultures than in polycultures. Culture conditions tend to
increase parasite densities and thus create favourabie environments for disease agents.

The high prevalence of protozoan parasites in mariculture does not necessarily induce
a pathologic condition in the host. Infected fish may appear heaithy, but protozoans
constitute a potential threat should the host-parasite balance continue to prevail against
the host. Parasites may also contribute to the death of the fish by worsening the already
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debilitated condition of the host. Anderson and co-authors (1976) noticed such a role of
Myxidium sp. in plaice with diet-induced hepatorenal syndrome (For details on agent-host
interactions consult Volume I: Kinne, 1980b.)

Ectoparasites of the genera Amyloodinium, Cryptocaryon and Brooklynella are
notorious pests not only in aquaria, but also in mariculture, especially in warmer regions
such as the Red Sea (Paperna and Laurencin, 1979). Species of the genus Trichodina,
ectocommensals turning ectoparasites on fish with lowered resistance, may provoke
mortalities in fingerlings of hosts of the genera Sparus, Mugil and Liza in warm-water
cultures such as in the Gulf of Akaba (Paperna, 1977), in estuarine fishes in brackish
waters (Ghittino, 1974) or even in plaice cultivated in more northern regions of the Irish
Sea (Pearse, 1972; McVicar and MacKenzie, 1977). Sesstline peritrichs of the genera
Scyphidia and Apiosoma, although possibly present in large numbers (Ghittino, 1974;
MacKenzie and co-authors, 1976) are harmless ectocommensals. Heavy infections with
some other ectoparasites were also recorded. In mullets from the Red Sea, the flagellate
Bodomonas sp. was reported (Paperna and Overstreet, 1981) and Dicentrarchus labrax
was infected with flagellates tentatively identified as Colponemasp. (Paperna and Lauren-
cin, 1979). The histophagous ciliate Helicostoma buddenbrooki caused mortalities in
small, post-metamorphosis soles in Scottish maricultures (Purdom and Howard, 1971). In
Chinese maricultures of garrupa Epinephelus akara, a chlamydodontid ciliate described as
Petalosoma epinephelus and possibly identical with Brooklynella, caused mortalities with
symptoms of skin speckle disease (Huang Qiyau and co-authors, 1981).

Intestinal infections have rarely been noted in mariculture. Hexamita sp. was recorded
intra-epithelially in muliets (Paperna and Overstreet, 1981) while Entamoeba sp. and
Balantidium sp. in the intestinal lumen of several species of the genus Sigarus (Paperna,
1977).

Frequent infections are those by myxosporeans. Kudoasis of skeletal muscles due to
Kudoa amaniensis is a common disease of yellowtails cultivated in Japanese coastal waters
(Nakajima and Egusa, 1978). Sources of infection are allegedly coral fishes sparsely
infected with the same species. Myxosporeans, reminiscent of Hexacapsula neothunni,
caused mortalities in cultured sea bass in Japan by infecting their brain (Yasunaga and co-
authors, 1981). High infection rates with Sphaerospora irregularis (up to 90 %) were
noticed in plaice in Scottish waters (MacKenzie and co-authors, 1976). These and other
myxosporeans — e.g., Henneguya sp. in pompano or Kudoa cerebralis in striped bass
(Sindermann, 1974) or species of Myxobolus, Henneguyain mullets and Sigarus (Paperna,
1977) — have a pathogenic potential although they have not been reported to be directly
involved in mortalities. Microsporidans known to produce damage in flatfish maricultures
are Glugea stephani and Microsporidium (syn. Nosema) ovoideum in plaice intestine
(McVicar and MacKenzie, 1977). ‘Beko’ disease of cultured yellowtail juveniles (Seriola
quinqueradiata) in Japan is caused by Microsporidium seriolae invading trunk muscles of
the fish.

A haemogregarina, ill-noted for its pathogenicity, is Haemogregarina sachar from
Scottish plaice (Ferguson and Roberts, 1976). Paperna (1979) observed a similar species
as agent of nodular disease of Sparus auratus and Sigarus luridus cultured in the Red Sea.

No remedies other than prevention have been proposed for diseases due to
endoparasitic protozoans in mariculture. It pays to stock cultures with parasite-free,
hatchery-reared fry, to use non-contaminated water, to feed parasite-free food and, of
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course, to prevent contact with wild fish. Various baths and dips which have been
developed to control ectoparasites in aquaria may also be applied in mariculture tanks. In
plaice cultures, a formalin bath (1 :20000 parts of seawater for 24 h) was successful
against Helicostoma (Purdom and Howard, 1971). Fresh-water dips or sprays were found
to be more effective for control of trichodinids and other ectoparasites than formalin
solutions, since the tolerance limits of host and parasite to the latter may not differ greatly.

Diseases in Marine Aquaria

Agents of protozoan diseases of fishes in marine aquaria have all been scrutinized in
preceding paragraphs. Ectoparasites are the most widespread and hazardous parasites.
Nigrelli (1940, 1943) published reports on causes of diseases and death of fishes in the
New York Aquarium, one of the largest establishments of its kind. He found thatin 1939,
Amyloodinium alone was responsible for 32.6 % of all mortalities and, curiously enough,
Trichodina sp. for 10.3 % while in 1940 and 1941, these 2 agents caused only 4 % and
16 % mortalities, respectively. Interestingly, at that time Nigrelli did not record Brookly-
nella or Cryptocaryon. The latter established itself later as one of the principal pathogens
in marine aquaria (see also section ‘Protophytans’).

Studies of marine fish in captivity, first in aquaria and more recently in mariculture,
have frequently lead to detections of protozoan parasites previously unknown in nature
(e.g., species of Amyloodinium, Cryptocaryon and Brooklynella, and many Trichodina
species). In the future, such studies will continue to be indispensable for advancements in
the understanding of protozoan and parasitic diseases of fish, life histories of their agents,
their epizootiology, ecological relations and, most important, their possible cure.

Economic Impact of Protozoan Fish Diseases

An estimate of financial losses due to protozoan infections of marine fish — in wild
populations or in mariculture — is thus far not available. Existing evidence justifies the
assumption, however, that the losses may sometimes reach quite considerable levels.
Direct effects of diseases may be reflected in the reduction of numbers of commercial fish
available to the fishery and in rejection of unsightly or unpalatable fish by consumers.
Indirect effects are weight loss in diseased individuals, growth retardation and limitation of
reproductive capacity. These background effects may concern the majority of the fish
population affected and thus, in the final analysis, may be more important than mortalities.
For example, infections with Eimeria sp., a major agent contributing to loss of condition in
blue whiting in the Atlantic Ocean north and west off Scotland, belong to this category.

Easiest to detect are losses caused by protozoans producing macroscopically visible
changes on the fish body such as ‘cysts’ in flesh or bowels, tumour-like swellings and the
like. Other diseases — e.g., infections of the body surface and blood infections — are less
conspicuous and as yet we have few reports on their intereference with fishery.

The group of pathogens responsible for direct losses is perhaps lead by Glugea
hertwigi infecting smelts. In 1972, Nepszy and Dechtiar reported that dead smelts were
washed ashore along a 120 km stretch representing 70 tons of dead fish. Such kills may
result in the complete loss of a stock of smelts, an important prey supporting the growth of
commercial fish. The microsporidan G. stephani has caused estimated losses among first-
year flounders (Pseudopleuronectes americanus) of up 1o 40 to 50%. It may be a limiting
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factor in the growth of natural populations of plaice and flounder, and a potential hazard
for farms as well. Damage to Atherina boyeri, an important commercial fish in southern
France, caused by G. atherinae may also be a matter of concern. The flagellate Trypano-
plasma bullocki can seriously affect year-class strength of summer flounder Paralichthys
dentatus, especially when they spend the winter in such areas as the Chesapeake Bay
(USA). Infections with the coccidian Calyptospora funduii can reach panzootic propor-
tions in the Gulf killifish Fundulus grandis, serving as an important forage for mammals,
birds and fishes and widely used at present as commercially propagated bait. Such infection
may have a detrimental effect on the killifish population and may reduce its economic
potential.

There are diseases due to myxosporeans and microsporidans for which data on actual
mortalities are not available, but whose economic importance can still be felt. Heavy
lesions of affected fish cause their rejection by dealers or consumers. A great part of
filleted Merluccius hubbsi prepared by the Argentinian fishery for sale in USA had to be
discarded due to infection with Kudoa rosenbuschi. Blue whiting Micromesistius poutas-
sou netted by the Soviet fishery fleet in the region of the Patagonian and Falkland shelves
may be largely unsuitable for marketing due to up to 100% prevalence of heavy infections
with K. alliaria (Kovaleva and co-authors, 1979). Development of the Pacific hake fishery
has been hampered by rapid softening of the flesh occurring soon after capture of the fish
(Kabata and Whitaker, 1981) due to Kudoa-infection. Considerable damage is due to
infections with other species, e.g., K. nova in Thynnus obesus and Trachurus trachurus.
Damage caused by other multivalvulids has already been mentioned in the preceding
paragraphs.

Pleistophora ehrenbaumi, a microsporidan, causes destruction of body muscles of
catfish Anarhichas lupus, producing large, unsightly tumour-like swellings. Mann (1954)
mentioned that 10% of a large catch of catfish landed at Hamburg in 1952 had to be
discarded as unpalatable. A high rate of infection (30%) of ocean pouts Macrozoarces
americanus with P. macrozoarcidis is an obstacle to successful marketing of ocean pout as
food fish in the USA (Sheehy and co-authors, 1974).

All these examples are drawn from ocean or sea fisheries. Some of the economically
important diseases in mariculture have already been listed in the preceding paragraphs.
The losses in mariculture are not less serious, but are easier to assess and, what is
important, also to prevent in the future.

Diseases Caused by Protistans: Conclusions

The agents of protistan diseases of marine fishes have been studied for a long time as
objects of zoological research. Keeping marine fish in captivity proved an important
pathogenic potential of parasitic protozoans — first in marine aquaria and later in
commercial mariculture. A good example is supplied by haemogregarines. Once a group of
rather obscure parasites of blood cells, they are now known to include species (Haemo-
gregarina sachai) of an enormous pathogenic potential. Thus, under the impact of recent
studies, protozoans emerged as one of the foremost groups of pathogens of marine fish.
They can cause diseases in mariculture and may play an important role in marine
biocenoses as one of the limiting factors for population growth of their hosts.

In natural environments, serious lesions are caused by tissue infecting protozoans.
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Fish under stress in captivity develop heavy infections with ectoparasites of which marine
aquaria supply a good example. Fish in commercial mariculture may suffer from both
external and internal affections. Infections caused by ectoparasitic protozoans are espe-
cially dangerous due to rapid flare, no need for intermediate hosts, and almost no host
specificity of their agents. Infections of the intestinal lumen tend to be unimportant
(flagellates, amoebae). Future studies must show whether or not groups such as intestine-
infecting coccidia, very common but not known yet to cause serious diseases, have a
pathogenic potential.

Research on protozoan diseases of marine fish is still in its infancy and case reports
prevail. In the future, investigations should concentrate on the study of agent transmission,
host specificity, pathogenicity and ecological dependencies of the agents, and on host
resistance. This is a prerequisite for assessing the exact ecological role of these diseases in
the marine environment and — supplemented by improvements in control measures — for
coping with them successfully in mariculture.
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DISEASES CAUSED BY PROTOPHYTANS (ALGAE)

G. LAUCKNER

With the exception of parasitic dinoflagellates, Protophyta (algae) are not known as
significant fish-invading disease agents. There are a few scattered reports on associations
of plants — mainly blue-green (Cyanophyceae) and green (Chlorophyta) algae — with
fish. The majority of these cases, which range from epizoism (phoresis) to parasitism in
nature, are from freshwater hosts, with only a few records from marine teleosts and
elasmobranchs. Edwards (1978) has reviewed the literature on algal-fish associations.

The fish-pathogenic micro-algae — parasitic dinoflagetlates — have been accommo-
dated in phylum Sarcomastigophora, subphylum Mastigophora, class Phytomastigophorea,
order Dinoflagellida by Levine and co-authors (1980) in their ‘Newly Revised Classifica-
tion of the Protozoa’. Lom (1981) presented a synopsis of fish-invading dinoflagellates.
Representatives of 3 genera — Amyloodinium, Crepidoodinium and Ichthyodinium —
are known to affect marine fish.

Amyloodinium ocellatum, a blastudinid peridinean first described as Oodinium
ocellatum by Brown (1931), is a parasite of temperate- and warm-water marine fish
causing ‘velvet disease’. Its parasitic trophont stage is a spherical to oval, non-pigmented,
unicellular sac-like organism containing scattered starch granules, conspicuous digestive
vacuoles with particulate food, and a large nucleus. The trophont possesses a characteristic
red stigma located near the base; hence the specific name ‘ocellatum’. A flattened
attachment disc, radiating into numerous filiform projections (rhizoids) and provided with
a stomopode (Fig. 1-45, 1), attaches the parasite to the host-epithelial cell. Upon growing

Fig. 1-45: Amyloodinium ocellatum. 1: Trophont; 2: dinospore. AD attachment disc, DV digestive
vacuole, F flagellum, N nucleus, R rhizoids, S stigma, SG starch granules, St stomopode. (After
Nigrelli, 1936.)
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to a size of some 150 um (maximum 350 pm), the organism withdraws its penetrating
processes, develops a cellulose cyst wall, and drops off the host to transform into an
encapsulated, non-parasitic dividing stage (palmella stage, tomont). Cellular division
{without tomont growth) continues until the 128-cell stage. The cells then divide once
more and develop into 256 yellowish-green pigmented dinospores, about 11.6 te 15.4 um
long and 10.4 to 14.5 um wide. Each of these ‘swarmers’ can attach to a fish, develop
into a trophont, and repeat the cycle. The free-swimming dinospores (Fig.
1-45, 2) display the characteristic red stigma in the hypocone; they constitute the stage
that allows proper classification of the parasite, the sac-like trophont exhibiting little if any
morphological resemblance to the Dinoflagellida. Details of the life cycle of A. ocellatum
have been worked out by Brown (1934), Nigrelli (1936) and Brown and Hovasse (1946).
The ultrastructure, particularly of the holdfast organ, has been studied by Lom and Lawler
(1971, 1973).

Amyloodinium ocellatum invades primarily the gills, in heavy infestations also the
skin of the fish, its rhizoids causing damage to the affected epithelial cells. Overt disease
signs include gill hyperplasia, inflammation, haemorrhages and, eventually, gill necrosis.
Infested gills are pale, not deep red as in healthy fish. Bacteria and fungi may appear as
secondary invaders of prominent epithelial lesions. Heavy A. ocellatum infestations are
usually terminal. Death is believed to result from acute anoxia and suffocation (Brown,
1934; van Duijn, 1967; Lawler, 1977b). Penetration of A. ocellatum beneath the
epithelial layer, as claimed for fish-invading freshwater ‘Oodinium’ species, has not been
observed (Lom, 1970).

Lom and Lawler (1971, 1973) studied the ultrastructure of the mode of attachment in
2 species of parasitic dinoflagellates isolated from the gills of 3 species of cyprinodontid
fish collected in estuarine waters around Gloucester Point, Virginia. One of the flagellates
had grass-green trophonts and was identified as Crepidoodinium cyprinodontum (Fig.
1-46, 1), previously described by Lawler (1967) as Oodinium cyprinodontum; the other
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Fig. 1-46: Crepidoodinium cyprinodontum. 1: Trophont; 2: holdfast. (After Lom and Lawler, 1973.)

one was non-pigmented and found to be a species of Amyloodinium, later (Lawler, 1980)
considered to be A. ocellatum. The cytoplasm of C. cyprinodontum contains numerous
typical dinoflagellate chloroplasts and abundant starch granules but shows no traces of
ingested host material. The trophont merely adheres to the gill filament by a flattened part
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of the cell, which ramifies into major and minor branches that bear finger-like rhizoids, the
tips of which are attached to the surface of the host cell, but without pentrating it, in a way
resembling a simple type of cell-to-cell junction of epithelial cells (Fig. 1-46, 2). There is
no stomopode.

Amyloodinium ocellatum, in contrast, completely lacks chloroplasts. The filiform
rhizoids of its flattened attachment disc (Fig. 1-47) are firmly anchored in the gill-
epithelial cells, but there is no evidence that they are directly involved in the feeding

Fig. 1-47: Amyloodinium sp. Schematic reconstruction of basal portion of attached trophont. AP

attachment plate, F flagellum, FV food vacuoles, H host cell, L fibrillar ledge, N nucleus, PC pusular

canal, PH phagoplasm, R rhizoid, ST stomopode tube,VF velum-like pellicular folds. (After Lom and
Lawler, 1973.)

process. However, due to their tension inflicted upon the host-cell walls, the gill-epithelial
cells are heavily damaged, elongated, separated from each other, and fragmented. The
parasite feeds on the contents of the host’s cell. Ingestion of host material appears to be
aided by the mobile, tentacle-like stomopode, which protrudes from the attachment disc.
This organelle might produce exoenzymes or lytic bodies and/or bring host-cell material to
a presumed phagocytic region, a slit-like opening at the attached end of the trophont (Fig.
1-47). Digestive vacuoles, up to 10 pm in diameter and containing lumps of host cyto-
plasm, are present in the trophont’s cytoplasm (Lom and Lawler, 1971, 1973).

There can be no doubt that both dinoflagellates differ fundamentally with respect to
their mode of attachment and energy uptake. The photosynthesizing Crepidoodinium
cyprinodontum exhibits ample starch production and appears to be an autotrophic
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symphoriont rather than a parasite, although it might utilize some unknown soluble
substance derived from the fish or excreted through the gills. The heterotrophic Amyl/-
oodinium ocellatum, in its turn, is clearly a true ectoparasite. Its pathogenicity may be due
to its destructive effect on the host-epithelial cell in which the rhizoids are embedded (Lom
and Lawler, 1971, 1973). However, Paperna (1980b), who made a detailed histopatholog-
ical study of A. ocellatum infestation in Sparus aurata, observed that — apart from the
immediate damage caused to the parasitized cell — there are widespread pathological
changes throughout the gill epithelium. Hyperplasia, followed by oedematous changes
(‘spongiosis’), as well as extensive cellular degeneration and necrosis, were believed to be
more detrimental than the focal damage induced by the parasite. Although definitely not
penetrating host-epithelial cells, C. cyprinodontum may cause gill hyperplasia and nec-
rosis. However, in contrast to A. ocellatum, this dinoflagellate has not yet been found to
cause deaths in aquarium fish (Lawler, 1980).

Oodiniasis, as the disease is termed, is transmitted directly from fish to fish via the
motile dinospores, which closely resemble free-living dinoflagellates (Fig. 1-45, 2). Spore
development and liberation of the invasive stages into the environment takes 1 to 3 days,
depending on water temperature, fouling, and other factors. Amyloodinium oceflatum
dinospores retain their infestivity for at least 15 days after release. Growth of the
developing trophonts is rapid. Due to the large number of invasive particles produced —
256 dinospores per mature tomont — there can be a very rapid build-up of dinoflagellates
in closed systems. It is not uncommon to find more than 200 trophonts per gill filament
(Fig. 1-48). In heavy infestations trophonts may also occur on the skin, fins, eyes,
pseudobranchs, membranes of the branchial cavity and around the teeth, as well as in the
lateral line pits, nasal passages, oesophagus and intestine (Lawler, 1977b, 1980). The skin
of such badly affected fish may assume an abnormal tinge, thus justifying the designation
of the condition as ‘velvet disease’. Death of fish may occur in as little as 12 h after
introduction of previously healthy individuals into tanks containing numerous dinospores
(Lawler, 1977b; Overstreet, 1978).

Onset of an Amyloodinium ocellatum infestation can be recognized by a change in the
behaviour of affected fish. Croakers, for instance, gasp and congregate near the water
surface with heads up; hogchokers and clingfish, when heavily infested, can no longer stay
attached to the tank walls; sea robins and blennies, which are usually demersal, swim
almost constantly at the surface and attempt to jump out of the water. A summary of most
of the disease signs, as reported by various authors, has been presented by Lawler (1977b,
1980).

The symptoms of Amyloodinium ocellatum infestation, which may vary from species
to species, include (i) rapid gasping for air, irregular opercular beat, mouth opened; (ii)
congregation near water surface; or at bottom of container, upside down and gasping; (iii)
rapid swimming to surface, then sinking back to bottom; (iv) squirting water or ‘coughing’
in order to backflush gills (anoxia); (v) spastic movements or sluggishness; (vi) little or no
interest in food; (vii) scratching against objects in tank; (viii) appearance of tiny white
spots on fins and skin, visible in heavy infestations with the unaided eye.

Brown (1934) believed Amyloodinium ocellatum to be a dinoflagellate indigenous to
fish from warm latitudes, particularly from Bermuda and the West Indies. Nigrelli (1936),
on the other hand, showed it to occur abundantly on fish from Sandy Hook Bay, New
York. The parasite was isolated from members of the Carangidae, Pomatomidae,
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Fig. 1-48: Amyloodinium ocellatum. (a) Trophonts attached to gill filaments of Sparus aurata. Fresh
preparation, immersed in Lugol, X 100. (b) Trophonts attached to caudal fin of postlarval S. aurata.
Unstained, X 450. (After Paperna, 1980b.)

Sparidae, Sciaenidae, Tetraodontidae, Diodontidae and Triglidae. Infestations were mild
in all fish with the exception of the northern puffer, Sphaeroides maculatus, and the spiny
boxfish, Chilomycterus schoepfi.

Lawler (1979, 1980) found 16 of 43 fish species — representing 11 families — from
Mississippi Sound to carry natural Amyloodinium ocellatum infestations. With a few
exceptions, parasite numbers per host (on the gills) were moderate to low. Under
experimental conditions, however, 71 of 79 fish species (representing 39 families and
including 1 elasmobranch, the stingray Dasyatis sabina), exposed to A. ocellatum dino-
spores, were susceptible, and eventually succumbed, to the dinoflagellate. Further fish
hosts of A. ocellatum have been listed by Brown (1934), Nigrelli (1936, 1940), Brown and
Hovasse (1946), Kingsford (1975); and others (for references consult Lawler, 1980).
Curiously, Crepidoodinium cyprinodonturmn appears to be restricted to cyprinodont fish,



174 1. DISEASES OF FISHES

from which it has been reported by Lawler (1967, 1968a, b) and Williams (1972a). No C.
cyprinodontum were found on 160 specimens of 37 other families of fish examined by
Lawler (1968b).

From the above host records it appears, that Amyloodinium ocellatum is virtually
non-specific in host selection (Brown, 1934; Sindermann, 1970a, b). Lawler (1980),
however, demonstrated experimentally that some Mississippi Sound fish species may not
be susceptible to this dinoflagellate, and others may become less susceptible with increas-
ing size (age resistance?). Individuals of 9 species (including Anguilla rostrata, Opsanus
beta, Menidia beryllina and several Cyprinodontidae) survived massive exposure to A.
ocellatum dinospores for extended periods of time, although numerous other fish intro-
duced into the same tanks succumbed to the parasite. The survivors were believed to have
some resistance to A. ocellatum — a view supported by observations of Paperna
(1980a, b; see below). Brown (1934) also noted that some fish species appear to be more
susceptible to the agent than others. Lawler (1977b) observed a correlation between
apparent resistance to A. ocellatum and the hosts’ tolerance to low oxygen levels, which
suggests that in most cases the primary cause of death may be anoxia and asphyxiation.

Tomonts of Amyloodinium ocellatum, sometimes found in the fish intestine, had
apparently been swallowed after dislodging from the gills (Lawler, 1977b). It appears
reasonable to assume that these stages are normally passed to the exterior without
affecting the fish; whether they remain viable after intestinal passage and can cause
reinfestation, is not known. Cheung and co-authors (1981) reported on the unusual
occurrence of A. ocellatum in internal tissues of several heavily parasitized pork fish
Anisotremus virginicus from the New York Aquarium. Internal trophonts were not
detected in fresh preparations but were readily seen in H& E-stained sections. The
organism exhibited the characteristic staining reaction of a pre-cystic trophont. No division
stages were seen in the tissues examined. The parasites were present in the pharyngeal
submucosa, muscle and connective tissue, and also in the haematopoietic tissue of the head
kidney, Stannius corpuscle and mesentery adjacent to the liver but not in the liver proper,
the spleen, posterior kidney, urinary bladder, intestine, brain or heart. No observable host-
cellular changes were associated with the presence of the internal trophonts; this was
believed to indicate host-parasite compatibility. The varied sizes of the trophonts (17 X
17 um to 78 X 86 um) may suggest that the parasites entered the host tissue at different
times. The mechanism by which the presumed dinoflagellates reached these unusual sites
has not been determined.

Unfortunately, Cheung and co-authors (1981) did not specifically report the presence
of the red stigma typical of Amyloodinium ocellatum in these internal trophonts, but this
may be due to the fact that only sectioned material has been examined, in which the section
level may have missed the level of that organelle. The authors’ observation, which may
require confirmation, is somewhat reminiscent of a similarly unparalleled case of internal
infestation of a white shrimp Penaeus setiferus by (heterotrophic!) diatoms Amphora
coffaeformis, as reported by Overstreet and Safford (1980).

While apparently displaying low to moderate virulence in the sea, Amyloodinium
ocellatum has been found to cause mortalities of epizootic proportions in aquarium-held
fish. ‘Coral fish’ were particularly susceptible to infestation with this dinofiagellate
(Chlupaty, 1962; Paccaud, 1962). In the New York Aquarium, A. ocellatum was shown o
be responsible (together with ciliates Trichodina and monogeneans Epibdella) for more
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than 60% of the deaths of marine fish that had occurred in 1939 and for 26 % of the losses
in 1940 (Nigrelli, 1940, 1943). A. ocellatum-caused mortalities of similar magnitude have
been observed in the Aquarium of the Zoological Society of London (Brown, 1934) and in
a Singapore aquarium (Laird, 1956). In ‘Danmarks Akvarium’, Charlottenlund
(Denmark), A. ocellatum has been the only organism which “really caused trouble”, until
a suitable treatment of the disease was developed (Hejgaard, 1962). This treatment
involved the addition of a dilute copper sulphate solution to the aquarium water, giving a
concentration of approximately 0.5 mg ionic Cu l~!. Higher doses, as recommended by
previous authors, are not tolerated by sensitive fish, such as Pomacanthus spp. (Dempster,
1955, Chlupaty, 1962). Other chemicals tested at ‘Danmarks Akvarium’ gave negative
results, but even with copper sulphate, A. ocellatum could not be eradicated completely,
although losses were minimized (Hojgaard, 1962).

In addition to favourable temperature, crowding of susceptibles in aquaria with
recirculating water is evidently a factor contributing to the onset of Amyloodinium
ocellatum epizootics, which usually spread rapidly. The observation that fish in the field
are generally but lightly infested and presumably do not succumb to the parasite has led to
the belief that A. ocellatum attacks primarily stressed or weakened hosts. However, in
view of the fact that, in closed systems, death of fish that were healthy and vigorous prior to
introduction into dinospore-rich tanks may occur within 12 h, rather suggests that the
sequence of events is reversed: Overwhelming of the host with dinospores is the cause of
the rapid debilitation, not the consequence — at least, as far as previously healthy fish are
concerned, and with excessively high dinospore concentrations. In infestations developing
more slowly, Paperna (1980b) observed that even among fish in heavily contaminated
tanks A. ocellatum was distributed in an overdispersed pattern; this suggests host differ-
ences in susceptibility. In some tanks, ‘hyperinfestation’ (in the sense of excessively high
parasite numbers) was restricted to a few, sometimes retarded or deformed, fish.

Although dinoflagellates are known to produce exotoxins (see below), the possible
involvement of such substances in Amyloodinium ocellatumkills has, with the exception of
a brief mention by Paperna (1980b), never been taken into consideration. Such toxins
could easily and readily be absorbed by the host, since the parasite inhabits the type of
epithelium of the fish body with the highest permeability for organic molecules — the gill.

Initially recognized as a disease of aquarium fish, oodiniasis i1s increasingly becoming a
problem in modern mariculture (Ghittino, 1977; Lawler, 1977b, 1980). Paperna
(19804, b) and Paperna and co-authors (1980) consider Amyloodinium ocellatum to be
the most serious pathogen of cultivated marine warm-water fish. In an Israelian maricul-
ture facility at Eilat, Red Sea, the agent first appeared in 1977, and since has caused severe
outbreaks of mortalities among fry, fingerlings, brood stock and larvae in the hatchery. All
fish species cultivated proved to be highly susceptible to infestation. Greatest losses caused
by A. ocellatum in Eilat occurred among Sparus aurata larvae. In 1979, about 50% of the
entire stock of 50 to 80-day-old individuals were killed. Eventually, however, reinfesta-
tions could be prevented and the agent be eliminated from the tanks. This eventual
suppression of A. ocellatum was believed to be suggestive of the development of a sort of
resistance to infestation in the fish (Paperna, 1980a, b).

Thus far, oodiniasis has been diagnosed in cultivated stock of gilt-head sea bream
Sparus aurata, sea bass Dicentrarchus labrax and mullets Mugil spp. in Israel, Italy,
Yugoslavia and France (Paperna and Baudin Laurencin, 1979; Paperna, 1980a,b; Paperna
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and co-authors, 1980), as well as in pompano Trachinotus carolinus, striped bass Morone
saxatilis and other Gulf of Mexico fish (Lawler, 1977b; Overstreet, 1978a).

In 1976, the Gulf Coast Research Laboratory (USA) lost about 300,000 juveniie (37
to 38-day-old) Morone saxatilis, held in a recirculating system, to Amyloodinium ocel-
latum infestation. This was 75 to 80% of the stock on hand. Apparently, the initial
infestation had been established by dinospores contained in the water pumped from the
outside (a small craft harbour) prior to stocking. Remarkably, the salinity of the water in
which the disease developed was as low as 2%0 S (Mcllwain, 1976). Further outbreaks of
oodiniasis in several Gulf Coast mariculture facilities have, thus far, involved Trachinotus
carolinus (Carangidae), Morone saxatilis (Percichthyidae), Sciaenops oceilata (Sci-
aenidae), Lutjanus campechanus (Lutjanidae), Mugil cephalus (Mugilidae) and Aluterus
schoepfi (Balistidae). The latter 2 were being held for toxicity tests (Lawler, 1980).

Treatment of oodiniasis in closed-circuit mariculture systems is essentially the same as
that employed in public aquaria. Therefore, experience in handling the disease on a large
scale can be gained by aquarium experimentation. However, due to the larger bodies of
water and the greater complexity of such systems, technical problems and costs may
increase by an order of magnitude. Preventive measures minimizing the risk of introducing
the pathogen into healthy stocks should include adequate water pretreatment by ozone or
ultraviolet radiation (for review see Kinne, 1976b). Lawler (1977b) reports that UV light
kills Amyloodinium ocellatum dinospores in 1.5 mm of water in small dishes within 4 min.
In view of the limited survival time of the free-swimming dinospores, simple ‘aging’ or
purification by continuous-flow centrifugation of the incoming water should suffice. New
fish arrivals should be quarantined for at least 20 days, as should fish after successful
treatment prior to retransfer to uncontaminated or disinfected (!) tanks. Since dinospores
still enclosed in tomont cysts can seemingly survive passage through the fish intestine
without apparent loss of viability — and in view of the fact that a single surviving
dinospore can reestablish new epizootics, disinfective measures must be conducted with
meticulous care.

It has been an unpieasant experience that, once introduced into a mariculture system,
Amyloodinium ocellatum is difficult to eradicate, particularly because its life cycle consists
of intermittent phases of an actively feeding stage (trophont), and an encapsulated, non-
parasitic dividing stage (tomont), which eventually yields the free-swimming dinospores.
The encapsulated tomont is resistant to most conventional parasiticides. Dinospore
differentiation within the tomont was not inhibited by incubation at 100 ppm formalin and
4 ppm copper sulphate, and was only temporarily suppressed by exposure to 200 ppm
formalin for 24 h. Division was resumed upon retransfer to pure sea water. Similarly,
trophonts of A. ocellatum were found to tolerate formalin concentrations of up to
100 ppm and short-term exposure (up to 9 h) to 200 ppm formalin and 4 ppm CuSO,
(Paperna, 1980a,b; Paperna and Gonzélez, 1980; Paperna and co-authors, 1980).

Therefore, oodiniasis is very difficult to treat. Amyloodinium ocellatum can live and
reproduce in salinities ranging from about 2.8 to 70%0 S and tolerates temperatures
between 15 and 30°C (Lawler, 1977b; Overstreet, 1978a; Paperna, 1980a,b; Paperna and
co-authors, 1980). Below 10 °C dinospore production is suppressed, and the temperature
for optimal growth of the organism appears to be slightly above 25°C (Brown, 1934).
Copper sulphate, the cure recommended by most workers, may be more effective in its
complex (citrated) form. Fish to be treated should be exposed to 0.15 ppm Cu for 1 day
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and to 0.3 ppm Cu for a further 5 days. Since copper is highly toxic to fish, invertebrates
and algae as well, infested fish should be removed from their original containers and
treated separately. Due to the hardiness of A. ocellatum and because of the generally
weakened condition of fish before the disease is observed, treatments that remove the
parasites often kill the fish. Therefore, as well as in view of the general toxicity of copper
ions, freshwater baths of 2 to 5 min may be more suitable (Dempster, 1972; Kingsford,
1975; Lawler, 1977b; Overstreet, 1978a).

Whether all records of ‘Oodinium’ (= Amyloodinium) ocellatum from marine fish
are actually referable to that species, remains to be established; they may well include
other, specifically undescribed or unrecognized members of the genus. Thus, a dinofiagel-
late found attached to the gills of inshore lizardfish Synodus foetens from Buttonwood
Canal, South Florida, differed morphologically from A. ocel/latum in being larger and
lacking the red stigma. It also differed from Crepidoodinium cyprinodontum (Overstreet,
1968). Paperna and Zwerner (1976) detected an ‘Oodinium sp.” in low abundance in
striped bass Morone saxatilis and Fundulus sp. from mesohaline waters of lower
Chesapeake Bay. Lom and Lawler (1971, 1973) reported Amyloodinium sp. from
cyprinodont hosts collected off Gloucester Point, Virginia, subsequently, although with
some reservation, ascribed to ocellaturn by Lawler (1980). An unidentified, green-
pigmented dinoflagellate, devoid of a holdfast and stomopode, and found adhering to the
gill and skin mucus of a single Bagre marinus individual from Mississippi Sound, is
probably a free-living form (Lawler, 1980). The latter author lists a number of fish species
on which dinoflagellates other than A. ocellatum have been found. Ultrastructural
examination might be necessary to distinguish and characterize the above dinoflagellates
specifically.

Another blastudinid dinoflagellate, Ichthyodinium chabelardi, has been identified as a
parasite of ova and freshly hatched larvae of sardines Sardina pilchardus and other teleosts
in the Mediterranean Sea. Young trophonts, spherical in shape, uninucleate and less than
8 um in diameter, are the earliest stage of the parasite observed in low numbers (1 to 3) in
the yolk mass of the host egg or in the yolk sac of the larva. The trophonts grow rapidly.
Karyokinesis without plasmotomy produces giant multinucleate plasmodia or ‘primary
schizonts’, which may attain a size of 100 to 120 um. Eventually, the ‘primary schizonts’
cleave into elongated ‘secondary schizonts’. These, in their turn, differentiate into sub-
spherical units, 15 to 20 pm in diameter, which resemble the young trophonts observable
at the early stage of infestation. At this stage (Fig. 1-49) the young fish die, and the
parasite, released from the disintegrating host, undergoes 1 or 2 further divisions in the
open water. The resultant free-swimming dinospores survive several days in culture, but
their further fate remains uncertain. It was found impossible to obtain experimental
infestations, either by exposing sardine eggs to spores or by direct inoculation of dinos-
pores into the yolk mass (Hollande and Cachon, 1952, 1953). As far as the reviewer has
been able to determine, there are no further records of I. chabelardi infestation in the
literature. It appears that this dinoflagellate does not cause large-scale mortalities among
fish eggs or larvae.

Although not invading fish directly, several free-living dinoflagellates are known to be
detrimental. ‘Red tides’, produced by blooms of non-parasitic dinoflagellates, may cause
large-scale mortalities of fish and other sea life, particularly in temperate and subtropical
waters. The impact of Gymnodinium breve, the causative agent of ‘Florida red tides’, on
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Fig. 1-49: Ichthyodinium chabelardi. ‘Primary schizont’ in process of differentiation into ‘secondary’
schizonts’. (After Hollande and Cachon, 1953.)

marine communities is particularly well documented. Ichthyotoxins have been shown to be
present in these and other dinoflagellates (Brongersma-Sanders, 1957; Reish, 1963,
Swingle, 1968; Ray, 1971; Loosanoff, 1973; Quick and Henderson, 1974, 1975; Blogos-
lawski and co-authors, 1975; Narahashi and co-authors, 1975; Schantz, 1975; Smith,
1975; Steidinger, 1975a,b; White, 1977, 1981; Munro, 1978; Tiffany and Heyl, 1978;
Brown and co-authors, 1979; Hall and co-authors, 1981; Nishitani and Wakeman, 1981;
and others; see also Vol. [, p. 312 and Vol. II, pp. 615 to 616).

Non-parasitic red-tide dinoflagellates may, in their turn, be killed by parasitic
dinoflagellates of the genus Amoebophrya (see Vol. 1, Chapter 3). Wakeman and Nishi-
tani (1981) suggested that the rapid response of Gonyaulax (Protogonyaulax) catenella, a
red-tide organism from the Northeast Pacific, to A. ceratii may indicate that the latter
could serve as a biological control agent for paralytic shellfish poisoning.

In addition to dinoflagellates, algal members of the Cyanophyceae, Chlorophyta,
Phaeophyta and Rhodophyta are known to associate, in some way or another, with fish.
Most of these associations, the larger proportion of which occurs in freshwater, are
fortuitous or dubious in nature (for literature review see Edwards, 1978).

A peculiar algal infestation has been reported from sevengill sharks Notorhynchus
maculatus. Eight individuals, caught in San Francisco Bay, were maintained in the
Steinhart Aquarium, San Francisco (USA), for several weeks, when first disease signs
became apparent in 2 of the sharks. Lesions, initially observed on the flanks of the fish,
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consisted of numerous pinpoint white, slightly raised foci on the skin, and spread quickly to
involve the entire body surface. Many of the lesions enlarged to several mm in diameter,
and within a few weeks all sevengill sharks became similarly affected. During this time they
became anorexic, lethargic and eventually died. Curiously, other species of elasmobranchs
— leopard shark Triakis semifasciata, horned shark Heterodontus francisci and brown
smoothhound Mustelus henlei — maintained in the same 21,000 | holding pool, did not
contract any infestation.

At autopsy, gross lesions were found to be limited to the skin. Smears taken from
these lesions revealed numerous green spheres, 4 to 6 um in diameter. Since the organisms
contained chloroplasts, they were tentatively identified as algae. Tissue destruction was
limited to the epithelium and did not involve the underlying dermis or the denticles. The
epithelium was eroded; heterophils, erythrocytes, macrophages and epithelial cells could
be identified in the resulting cellular debris. Algal cells were thick-walled and unicellular,
and often occurred in pairs and occasionally in tetrads. It remained uncertain, however,
whether these organisms belong to the Cyanophyceae or to the Chiorophyta. If they were
members of the former, then they were most likely Anacystis aeruginosa (Blasiola and
Turnier, 1979).

Cyanophyceae, usually classified as ‘blue-green algae’, should be grouped with the
Bacteria in light of their typically prokaryotic structure (Davis and co-authors, 1973).

Burrowing organisms, variously ascribed to the Fungi or to the Algae, are known to
invade animal-hard structures, such as molluscan shelis (see Vols I and II) or the teeth of
marine teleosts and elasmobranchs (see Section ‘Agents: Fungi’). Peyer (1945) concluded
that at least some of the numerous reports on the occurrence of the dubious ‘fungus’
Myecelites ossifragus in the skeletal parts of fish may include algae. Arsuffi (1939) reported
on the presence of ‘protozoan parasites’ in minute tunnels excavated in the teeth of
Tetraodon maculatus, which Schmidt (1954, 1955) believed to be algae.

Epizoic growths, involving 5 members of the Cyanophyceae, 2 of the Chlorophyta, 2
of the Phaeophyta and 3 of the Rhodophyta, have been reported from the beaks of 15
species of live parrotfish (Scaridae) from the Indopacific Ocean. A porcupine fish, Diodon
hystrix, was also found to carry algae. No host-specific relation existed between the plants
and the fish. It was concluded that the exposed beaks of the scarids merely seem to provide
another type of substratum, i.e., a ‘moving reef” on which the algae could grow. There was
a positive correlation between fish length and the size of the algal thalli. Fouling of this
special type is not uncommon for parrotfish. Thus, Micronesian fishermen often express
the size of the fish caught in terms of the length of the algae growing on the beak (Tsuda
and co-authors, 1972).

Although not invading fish directly, algae of various groups producing blooms or
fouling of aquarium or pond water may cause fish kills resulting from gill clogging or
exotoxin production. ‘Blue greens’, including species of Microcystis, are known for their
capability of exotoxin production. The halophilic chrysomonadine phytoflagellate Prym-
nesium parvum has been blamed for large-scale fish losses in aquaculture facilities in Israel
and elsewhere. Blooms may develop over 3 to 5 days. Affected fish die without gross
pathological signs, presumably because of osmotic imbalance resulting from increased gill
permeability induced by P. parvum exotoxins (Sarig, 1971; Munro, 1978; Richards, 1978).

Acknowledgements. | am grateful to M. S6hl who assisted in library work and to H. Lauckner who
typed the manuscript.



180 1. DISEASES OF FISHES

DISEASES CAUSED BY METAZOANS: CNIDARIANS

G. LAUCKNER

Among the Cnidaria, athecate hydroids are known to associate with a wide variety of
marine invertebrates including Porifera, Cnidaria, Annelida, Mollusca, Crustacea and
Urochordata (for reviews consult Hand, 1957; Rees, 1967; Lauckner, 1980a, b, ¢, 1983).
The overwhelming majority of these symbioses represent cases of facultative or obligate
commensalism or epiphoresis.

At first sight, associations between Cnidaria and fish might be expected to be
fortuitous. However, although a rare phenomenon, such associations represent natural
relations. Hydroids living on the body surface of fish have been reported from various
parts of the World Ocean. The nature of these symbioses ranges from obligate commensal-
1sm to true parasitism.

The first and oldest-known account is a note by Cornish (1868), who found a colony
of Sertularia operculata to be firmly attached to the second dorsal of a ‘picked dogfish’
(Squalus acanthias). Newman (1873) observed an abundant growth of ‘parasitic’ hydroids,
believed to represent Serialia lendigera, on the head, neck and anterior body part of an
aquarium-held sea horse Hippocampus ramulosus.

Alcock (1892) described the association of an Indian deep-water scorpaenid rock
perch, named Minous inermis, with a hydractiniid gymnoblastic hydroid initially believed
to be a species of Podocoryne, but subsequently assigned to the genus Stylactisas S. minoi.
As pointed out by Heath (1910), M. inermis Alcock is a junior synonym of M. monodacty-
lus Block and Schneider. Stechow (1908, 1909, 1913), who studied the hydroid in more
detail, placed it in the genus Podocoryne, but later (Stechow, 1921) changed its name into
Podocorella minoi.

As already noted by Alcock (1892), the hydroid resembles Podocoryne in general
appearance (Fig. 1-50). The hydrorhiza (Hr) is composed of delicate filamentous stolons,
some 30 pm in thickness and coated with a very thin and soft membrane. It branches out
profusely, but does not form an extensive network. There are 2 kinds of polyps —
gastrozooids (Ga) and blastostyles (Bl). The gastrozooids are about 3.5 mm in height when
contracted and carry 30 to 40 tentacles when fully developed. Young polyps may be only
1 mm in height and support less than 10 tentacles. The characteristic blastostyles are only
0.5 mm in height, have no mouth opening and the tentacles are degenerated or may be
lacking. The gonophores (Go) are attached to the tip of the thicker portion of the
blastostyle columns and vary in number {(up to 4) and in size. Small filamentous, slightly
twisted structures arising directly from the stolons probably represent nematozooids (N)
(Komai, 1932).

Podocorella minoi appears to be a constant and obligate associate of Minous mono-
dactylus throughout its distributional range. Alcock (1892) found the fleshy polyps on 9 of
12 M. monodactylus trawled from 80 to 130 m of water at several stations along the Indian
coast; but on none of the invertebrates or on any of the numerous other fish species
present in the same hauls and sharing the habitat with M. monodactylus, including the
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Fig. 1-50: Podocorella minoi. 1: Dense overgrowth on body surface of Minous monodactylus; 2:
enlarged portion of young colony. Bf blastostyle, Ga gastrozooid, Go gonophore, Hr hydrorhiza, N
nematozooid. (After Komai, 1932.)
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closely related M. coccineus. Alcock concluded that P. minoiis specific to M. monodacty-
fus. Similarly, Franz and Stechow (1908), Stechow (1909) and Komai (1932), who made
their collections in Japanese waters, found P. minoi exclusively on this scorpaenid.

According to Alcock (1892), Minous inermis (= M. monodactylus) differs from other
species of the genus in having a thinner skin and a more feebly developed spinal armature
of the head. With respect to this unusual external morphology and to the nature of the
hydroid-fish association (which he clearly recognized as commensalistic), he concluded
(p. 214):

*It appears more than probable that this lack of defensive armature stands in
some sort of direct relation with the presence of the polyps, for the latter
would disguise the fish from its enemies no less than from its prey.”
Similarly, Hickson (1906, p. 268) concluded “that there is a mutual advantage in the
association.”

Another gymnoblastic hydroid, Perigonimus pugetensis (Fig. 1-51), was found to
associate with Pacific Hypsagonus (Myoxocephalus?) quadricornis. Of 37 individuals
dredged at 70 m of water in Puget Sound, Washington (USA), 10 were coated with
hydroids of this species. In every specimen, the cnidarians were more abundant on the
ventral body surface, especially in the axilla, and a luxuriant growth was usually found on
the pectoral and ventral fins (Fig. 1-51, 1). There was no indication of a parasitic nature of
the association, abundant food (entomostracans and undefinable organic material) in the
gastric cavity of the hydranths showed the feeding processes to be those of free-living
hydroids (Heath, 1910). Pointing out that several other species of Perigonimus are known
to live attached to the tests of ascidians, crustaceans and molluscs, Gudger (1928) regarded
the P. pugetensis — H. quadricornis association as probably more or less accidental. Host-
epiphoront contact may be controlled by ecological factors, as none of the H. quadricornis
dredged in the open ocean off the Washington coast and in the Bering Sea carried any
hydroid (Heath, 1910).

Komai (1932) described Stylactis piscicola, a similarly structurally unmodified hy-
dractiniid hydroid, from Erosa erosa living in shallow waters off Seto, Japan. The hydroid
is an athecate of a rather primitive type (Fig. 1-52). The hydrorhiza (Hr) is made up of a
stolon, which is some 0.1 mm in thickness, rather regularly reticulate, and coated with a
thin and soft membrane. The gastrozooid (Ga) is very slender, and large ones may attain a
length of 10 mm when fully extended. The tentacles, 15 to 25 in number, are very delicate.
The blastostyle (Bl) does not differ much from the gastrozooid, except for being smaller
and provided with fewer (usually 5 to 8) tentacles. There are 1 to 3 gonophores, about
0.4 mm in diameter, on each blastostyle, which are sporosacs of the eumedusoid type with
the bell cavity filled with large eggs. No nematozooids were seen (Komai, 1932).

The polyps of Stylactis piscicola were particularly numerous on the dorsal body
surface of the host. Some were found on the throat and belly, as well as on the basal parts
of the dorsal and pectoral fins. Only the head and the pelvic and caudal fins were devoid of
hydroids (Fig. 1-52, 1). The relation was diagnosed as being clearly commensalistic
(Komai, 1932).

Podocoryne bella, a further unmodified hydractiniid hydroid, has its habitat on the
body surface of pigfish Congiopodus leucopaecilus from Otago Harbour, New Zealand,
together with a large array of other fouling organisms. According to Hand (1961, p. 91),
“the animal life present [on the fish] reminds one of the surface of almost any alga-covered



DISEASES CAUSED BY METAZOANS: CNIDARIANS 183

Fig. 1-51: Perigonimus pugetensis. 1: Hydroids growing on Hypsagonus quadricornis; 2: enlarged
portion of colony. (After Heath, 1910.)

rock or piling along the shore”’. P. bella, however, was found on no other substrate than the
pigfish.

It should be noted that the fish partners of the associations described — Minous,
Hypsagonus and Erosa — are all scorpaenid rockfish. Congiopodus was at one time also
considered to be a scorpaenid, but more recently has been classified as a member of the
closely related family Congiopidaec (Hand, 1961). As representatives of the Hydrac-
tiniidae, the above athecate hydroids are predisposed for a commensalistic or even
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Fig. 1-52: Stylactis piscicola. 1: Colony growing on skin of Erosa erosa; 2: structure of colony. BI
blastostyle, Ga gastrozooid, Go gonophore, Hr hydrorhiza, Sp spine. (After Komai, 1932.)

mutualistic way of life. Various species of Hydractinia, Hydrichthella, Stylactis, Stylactella
and Podocoryne enter into symbiotic associations with many different hosts in varying
degrees of intimacy (Hand, 1957, 1961). Slow-moving, bottom-feeding fish, such as
scorpaenids, provide an ideal substrate for these hydroids. On the other hand, dense
upgrowths of colonial cnidarians afford excellent camouflage to their carriers. In addition,
the toxins produced by the hydroids’ cnidocysts may, at least to some extent, repel
predators.
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In contrast to the above-described athecates, members of the genus Hydrichthys are
truly parasitic on fish. Fewkes (1887) observed a reddish patch, at first mistaken for a
fungoid growth (Fig. 1-53, 1), on the body surface of a small carangid, Seriola zonata,
captured off Newport, Narragansett Bay (Rhode Island, USA). Closer examination
revealed the growth to be a colony of strongly modified hydroids. The fish was kept alive in
an aquarium, and medusae were raised from the attached hydrozoans. When young, the
medusae had 2 tentacles, but when fully developed, they had 4, and closely resembled
those of the genus Sarsia (Fig. 1-53, 3).

Subsequently, the hydroid on the fish was studied in more detail, found to be a
strongly modified athecate, and named Hydrichthys mirus (Fewkes, 1888a, b). In this
species, 2 kinds of polyps arise from the hydrorhiza — ‘gonosomes’ (= blastostyles) and
‘filiform bodies’. Both are devoid of tentacles, but the latter possess a terminal mouth. The
author did not study the hydroid — fish interface microscopically and hence (Fewkes,
1888a, p. 225), was unable “to determine how much nourishment the hydroid Hydrichthys
draws from the fish upon which it lives through the network of tubes from which the
gonosomes and filiform bodies arise”. Although the infested Seriola appeared to be well
and healthy and lived for considerable time without exhibiting any inconvenience from the
attached parasite, the muscles under the ‘basal plate’ of the colony appeared somewhat
wasted.

Warren (1916) made a histological study of Hydrichthys boycei, a hydroid found to
invade at least 3 different littoral fish, namely Ambassis natalensis, an unidentified species
of Mugil, and an unidentified glyphidodontid, all obtained from Durban Bay, South
Alfrica. The colonies of H. boycei, which may attach to various parts of the fish body,
appear as reddish clusters of individuals, some 12 mm? in area and 2.5 mm in height. They
consist of a plate-like hydrorhiza bearing elongated hydranths and branching gonostyles.
The basal plate is capable of budding medusae directly withouth the intervention of any
obvious gonostyle. It is composed of a network of branching or intercommunicating tubes,
irregularly lobed and firmly attached to the surface of a fin or the body of the fish (Fig. 1-
54).

The basal plate grows from the free edge and gradually extends over the surface of the
fish. An outer layer of ectodermal cells, moderate in depth, continues around the free edge
of the plate into the inner layer of ectoderm, which is in contact with the fish skin and
consists of columnar cells of great depth with very large nuclei and granular cytoplasm.
These cells are capable of ‘eating away’ the fish epidermis at the growing edge of the plate
(Fig. 1-54). Also, this inner layer extends into haustorium-like projections, which can
penetrate deeply into the dermis and may reach the muscular tissue. The inner ends of
these elongated columnar cells send branching protoplasmic processes between the host
cells, which in this way are absorbed.

The hydranths of Hydrichthys boycei are characterized by the entire absence of
tentacles. Usually, the mouth opening is completely closed. Curiously, the hydranths are
capable of bending down to the surface of the fish and forcing their mouth, which is then
widely opened and reflexed, into the injured host tissues, thereby tapping the blood vessels
(Fig. 1-54, 2). Host blood is sucked into the gastrovascular cavity in considerable quantity.
In one case, a large mass of connective tissue was seen to be engulfed similarly. Fish-blood
cells may be found in the coelenteron of any part of the hydroid. Their sometimes
shrivelled and disintegrated appearance indicates that they are readily digested. Food in
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Fig. 1-53: Hydrichthys mirus. 1: Colony attached to Seriola zonata (arrow),
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Fig. 1-54: Hydrichthys boycei. 1: Colony growing on caudal fin of Mugil sp.; 2: vertical section of

hydroid-fish interface; note haustorium-like outgrowths (Ha) of basal plate penetrating host epider-

mis and hydranth (Hs) sucking blood; 3: young 2-tentacled medusa. Bp basal plate (hydrorhiza), Dc

dead host-connective tissue, Ep host epidermis, Fs scale of fish, Go gonostyle, H hydranth, Ha

haustorium-like outgrowth of basal plate, Hb host-blood cells, Hm hydranth bearing medusae buds,
Hs hydranth sucking blood, Mb medusae buds. (After Warren, 1916.)
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the form of captured prey was never seen in the gastrovascular cavity. It was concluded
that the main, if not the entire, food supply was derived from the fish host (Warren, 1916).

A hydroid colony, resembling “‘a small white body something like a cotton piece
(about 5 mm in extent)”’, was recovered from a larval Chaetodon sp. collected from a tide
pool near the Seto Marine Biological Laboratory, Japan. It was found to be similar to
Hydrichthys mirus and named H. pacificus; but was neither described adequately, nor was
its relation to its fish host studied in any detail (Miyashita, 1941).

Several further species of Hydrichthys are known from mesopelagic myctophids and a
gonostomatid. Colonies of Hydrichthys cyclothonis have been found on mesopelagic
gonostomatids Cyclothone signata. The hydroids (Fig. 1-55) were invariably attached to
1 or 2 of the fins, which when infested had a frayed appearance or were even entirely
degenerate. As in the other Hydrichthys species, the hydranths of H. cyclothonis lack
tentacles, and their basal ectoderm is transformed into *“‘un véritable épithelium digestif”
(Damas, 1934). There remains no doubt that H. cyclothonis is a true parasite. Damas
(1934) found it on about 1% of some 2,000 C. signata, captured in 300 to 2,100 m of

Fig. 1-55: Cyclothone signata. 1: Individual carrying 2 Hydrichthys cyclothonis colonies on right

ventral and pectoral fins (arrows); 2: enlarged view of H. cyclothonis colony on ventral fin. Note

almost complete destruction of fin at site of attachment. LO luminescent organ. (After Damas,
1934))
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water at several stations in the eastern Central Atlantic Ocean. Over 2,000 individuals of
Cyclothone, including C. signata, taken by McCormick and co-authors (1967) off the
Oregon coast in the Pacific Ocean, yielded not a single epizoic hydroid.

Hydrichthys pietschi (Fig. 1-56) is an ectoparasite of myctophids Ceratias holboelli,
collected at 95 m of water off Oahu, Hawaii. Its basal plate was found to penetrate the

Fig. 1-56: Hydrichthys pietschi. 1: Hydroid colony (H) attached to skin of host, Ceratias holboelli,

near eye (E); 2: enlarged view of colony; 3: section of uninfested host skin; 4: section through part of

basal plate of H. pietschi and host skin. Note intensive host-tissue response. B basal plate, EP

pigmented epidermis, I inner ectoderm, O outer ectoderm, P polyp, S spine-like scale, T host-tissue
response. (After Martin, 1975.)

host’s pigmented epidermis and some of the underlying tissues, to cause skin erosions; and
to provoke a definite host-tissue response manifesting itself by a massing of cells beneath
the inner ectoderm (Martin, 1975).

During a survey of more than 30,000 specimens of mesopelagic fish, collected off
Oregon and representing 40 different species, 1 species of hydroid was found to invade
3 species of lanternfish (Myctophidae) and parasitic copepods on 2 of these (Fig. 1-57,
McCormick and co-authors, 1967). The hydroids were closest to Hydrichthys boycei, but
had no haustoria-like projections and did not appear to feed directly on host tissue, as
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Fig. 1-57: Tarletonbeania crenularis. Individual carrying colony of Hydrichthys sp. X 3.5. (After
McCormick and co-authors, 1967.)

reported for the latter species. Hydrichthys sp. was found on 12 of 2,772 Tarletonbeania
crenularis, on 13 of 4,105 Diaphus theta and on 1 of 12,446 Stenobrachius leucopsarus.
Additional 6 hydroids occurred on Cardiodectes medusacus, a copepod living parasitically
on the isthmus of the fish, with its anterior end embedded in the bulbus arteriosus.

On the myctophids, most of the Hydrichthys sp. colonies were located in the head
region (gills, opercula, isthmus). Damage to the fish skin at the site of attachment was
found to be slight. Infested copepods were sometimes deformed and showed erosion of the
carapace, but the body wall was never penetrated (McCormick and co-authors, 1967).

In view of the strong modification of its hydroid, the occurrence of a species of
Hydrichthys on fish-parasitic copepods and its manner of feeding appear enigmatic.
Jungersen (1911a, b) described Ichthyocodium sarcotretis from a copepod, Sarcotretes
scopeli, which in turn parasitized mesopelagic myctophids Scopelus glacialis (Fig. 1-58, 1).
The ‘hyperparasitic’ hydroids were invariably found on the copepod parasites, but never
on the fish host proper. The author was unable to offer any suggestion as to the mode of
feeding of I. sarcotretss.

Jones (1966), who found hydroids (probably Ichthyocodium sarcotretis) attached to
copepods Sphyrion lumpi parasitic on North Atlantic redfish Sebastes mentella (Fig. 1-
58, 2), observed masses of cells, indistinguishable from S. mentella blood cells, in the
coelenteron of some of the gastrozooids, which suggested food uptake in the manner
described by Warren (1916) for Hydrichthys boycei. Referring to the Scopelus glacialis —
Sarcotretes scopeli — Ichthyocodium sarcotretis association and to the close proximity of
the polyps to the fish tissues, which had been damaged by the parasitic copepods, as
described by Jungersen (1913a, b), Kramp (1921, p. 15) concluded:

“I can see no other possibility, therefore, but that the hydroid must feed on
the epidermis of the fish.”

It appears that the hydroids use the parasitic copepods merely as substrate for
attachment, but depend on the fish for nourishment, gaining easy access to the deeper
tissues and blood vessels of their true host via the wounds inflicted by the crustaceans.

Damas (1934) and McCormick and co-authors (1967), who noted close similarities
between Hydrichthys and Ichthyocodium, doubted the justification of the maintenance of
Ichthyocodium as a distinct genus. Their view is supported by the observation that
Hydrichthys sp. (boycei?) occurs both on myctophids and on their copepod parasites (see
above). Probably all fish-parasitic and copepod-associated hydroids thus far described
have to be included in the genus Hydrichthys. To these may have to be added Nudiclava



DISEASES CAUSED BY METAZOANS: CNIDARIANS 191

Fig. 1-58: Hydrichthys (Ichthyocodium) sarcotretis ‘hyperparasitic’ on fish-invading copepods.

1: Colony growing on Sarcotretes scopeli (arrow) infesting Scopelus glacialis; 2: colony growing on

Sphyrion lumpi removed from host, Sebastes mentella. H head, N neck, O ovisacs, P posterior

processes, T trunk of copepod; C colony of H. sarcotretis. (1 after Jungersen, 1911a; 2 after Jones,
1966.)

monocanthi, a hydroid parasitic on Monocanthus tomentosus in the Andaman Sea (Fig. 1-
59; Lloyd, 1907).

In conclusion, fish-parasitic cnidarians are of rare occurrence and have little adverse
effect on populations. Hydrichthys spp. appear to attack mainly young host individuals or
small-sized fish species. Thus, Fewkes (1888a) reported H. mirus from “‘a small fish of the
genus Seriola”; Nudiclava (Hydrichthys?) monocanthi was obtained from an 18-mm long
Monocanthus tomentosus (Lloyd, 1907); Warren (1916) described H. boycei from “a
small fish . .. about % inch in length”; H. cyclothonis was recovered from a 3-cm long
Cyclothone signata (Damas, 1934); and Miyashita (1941) reported H. pacificus from a
larval Chaetodon sp. 3 ¢cm in length. Myctophids and gonostomatids — favourite hosts for
hydrichthyids — are all small fish. It appears that the epidermis of these young or small
hosts is more easily penetrated by the cnidarians than the more rigid skin of larger fish.
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Fig. 1-59: Nudiclava (Hydrichthys?) monocanthi. 1: Colony (arrow) attached to skin of host,
Monocanthus tomentosus, 2: dorsal aspect, with colony fully expanded; 3: enlarged view of colony.
Bp basal plate, Go gonophore, Hy hydranth. (After Lloyd, 1907.)
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DISEASES CAUSED BY METAZOANS: HELMINTHS

K. ROHDE

Helminths in General

Present State of Research on Marine Helminths

The historical development of the study of fish parasites including the helminths
shows that there always has been a strong emphasis on freshwater forms. The first books
on fish diseases, 1.e., those by Hofer (1904) and Plehn (1924), make only passing reference
to a few marine species. In the third edition of the classical textbook by Schaperclaus
(1954) only a few marine parasites are discussed. Emphasis on freshwater forms and our
meagre knowledge of marine helminths are also shown by the following reviews and
textbooks: Fujita (1937, 1943); Liaiman (1949, 1957); Altara (1953); Reichenbach-
Klinke and Elkan (1965), Reichenbach-Klinke (1966, 1969); Amlacher (1970); Reichen-
bach-Klinke and Landolt (1973); Carvalho-Varela (1975); Bauer and co-authors (1977);
Needham and Wootten (1978); Schiperclaus and co-authors (1979). The brief historical
outline of fish parasitology in the USSR by Bauer (1973) reveals the same situation. Most
of the helminth species of importance to fisheries in British Columbia (Canada) listed by
Bell and Margolis (1976), are acquired in freshwater. At a symposium held in 1962
(European Symposium on Diseases of Fish and Inspection of Marine and Fresh Water
Products, Torino) Christensen and co-authors (1963) and various other papers on the state
of research in Western Germany, Denmark, Finland, France, Italy, Poland, Sweden,
Switzerland and USSR, barely mention diseases of marine fishes. Oppenheimer (1953)
and Oppenheimer and Kesteven (1953) emphasized the poor knowledge of marine
parasites, Khalil and Young (1969) drew attention to the neglect of marine parasites
compared with other branches of aquatic biology, and Paling (1968) characterized our
knowledge of fish diseases as being ‘equivalent to the state of human medicine in about the
17th century’. How little is known about the ways in which helminths affect marine fishes,
is shown by reviews of fish biology. For example, Gibson (1969) reviewed the biology and
behaviour of littoral fish. Less than 1 of the 44 pages deals with predators and parasites,
and no information on any specific effect is given. Thomson (1966) wrote a 35-page review
of the grey muliet. Little more than 1 page deals with parasites and mortalities. Apart from
references to numbers and kinds of parasite species, only 1 brief paragraph deals with
damage and mortalities due to infection, but none of the examples refers to a helminth
species.

Grabda and Grabda (1959), in a review of parasitological problems in Polish fisheries,
pointed out how little is known on the pathogenicity of fish parasites; less than 3 pages in
Robert’s and Bullock’s (1976) review of pathological effects on the skin of fishes deal with
parasites, and only a few marine helminths are mentioned (see also Kinkelin and co-
authors, 1970).

Most experimental studies on helminths deal with non-marine forms. To mention only
2 examples, almost all studies on host and site-finding behaviour of larval and adult
helminths until 1970 were done with non-marine forms (review by Ulmer, 1971); the
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review on feeding of helminths by Markov (1946) refers only briefly to some marine
forms. Read’s (1968) review of the same subject does not mention marine species at all,
that of Arme (1976), only a few.

The following recent reviews contain information on helminths of marine fishes:
Sindermann (1966); Euzeby (1975), Gaevskaya and Kovaleva (1975b); Overstreet
(1978a); Grabda (1981); Moller and Anders (1983). A very brief account of helminths of
marine fish was given by Oppenheimer (1962). Ginetzinskaya (1958) reviewed the life
cycles of fish helminths, including a list of parasites from USSR marine and freshwater
habitats with their intermediate and final hosts. Moller’s (1979) review of fish diseases in
the Northeast Atlantic Ocean includes some references to parasites, but non-parasitic
diseases are mainly discussed. Historical reviews on marine fish parasitology in the USSR,
eastern Baltic Sea, the seas of the Far East and the Aral Sea were given by Polyansky and
Bychowsky (1959), Shulman (1959), Zhukov and Strelkov (1959), and Osmanov (1959)
respectively. McGregor (1963) listed the publications on fish parasites and diseases from
300 B. C. to A. D. 1923. In some cases, only 1 or 2 works of a more prolific researcher are
cited. The progress reports by Snieszko (1972, 1973) contain some information on marine
helminths. The following bibliographies contain some references on marine helminths:
Williams (1967, review and bibliography on helminth diseases of fish, but largely of
freshwater fish), Sindermann (1970¢, more than 5,000 references on diseases and parasites
of marine fish and shellfish); Margolis (1970a, parasites of fishes in Canada from 1879 to
1969); Moller (1975a, 496 references on diseases and parasites of marine fishes from the
North and Baltic Seas, 1927 to 1975); Natarajan and James (1977, 531 references on
parasites and diseases of marine and freshwater fish of India); M&ller (1980, fungi and
zooparasites in Northeast Atlantic since 1900). Millemann (1970) provided keys to
helminths of fishes, including explanations of terms. Important check-lists of marine
parasites including helminths have been provided by Loftin (1960, Northwest Florida);
Margolis (1970a, Canada); Hewitt and Hine (1972, New Zealand); Love and Moser
(1976, California); Lawler (1978, South Carolina); Margolis and Arthur (1979, synopsis
of fish parasites of Canada); Moles (1982, Alaska). Some recent surveys of fish parasites
were reviewed by Chubb (1981).

Relative Importance of Marine Helminths and Helminth Groups

The following surveys give some indication of the relative species numbers in the
various groups of parasites of marine fishes.

According to data from Polyansky (1957), fishes in the Barents Sea harboured the
following numbers of parasite species: Zoomastigophora, 2; Myxozoa, 21; Microspora, 3;
Apicompiexa (sporozoans), 1; Ciliophora, 5; Monogenea, 21; Trematoda, 43; Cestoda,
24; Nematoda, 16; Acanthocephala, 4; Hirudinea, 3; Copepoda, 20; Isopoda, 1 (total
164). Paperna (1975) compiled species numbers of the various groups infecting muliet in 4
geographical regions (Table 1-14).

The checklist of Hewitt and Hine (1972) of parasites of mostly marine fishes of New
Zealand shows that the following species numbers had been recorded until about 1970:
Protozoa, 70; Monogenea, 37; Trematoda, 83; Cestoda, 38; Nematoda, 59; Acan-
thocephala, 4; Hirudinea, 6; Copepoda, 53; Isopoda, 2; Branchiura, 1 (total 353). Arthur
and Arai (1980b) surveyed Pacific herring Clupea harengus pallasi in North American
waters from 1975 to 1977 and performed complete necropsies on 175 juvenile and 594
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Table 1-14
Mullet parasitofauna in 4 geographical regions. Figures indicate numbers of species (After Paperna,
1975)
Parasites Eastern Mediter- Northern Black Sea* Gulf of
ranean Sea Red Sea Mexico**
Gill Protozoa 1 1 1 2
Myxozoa 1 3 2 1
Monogenea 4 4 2 5
Digenea, adults S 7 4 5
Metacercariae 12 1 2 2
Nematoda 4 - 1 1
Cestoda, larvae 2 - 1 -
Acanthocephala 1 1 1 1
Copepoda 4 1 1 1
Isopoda - 2 - -
Hirudinea - - - 1
Total 34 20 15 19
* Reshetnikova (1955); ** various sources

adult fish from various localities. They recorded the following species numbers: Protozoa,
6; Monogenea, 2; Trematoda, 9; Cestoda, 3; Nematoda, 6; Acanthocephala, 4; Copepoda,
2. Dollfus’s (1953) monograph on parasites of cod Gadus morhua lists the following
species numbers: Protozoa, 10; Monogenea, 2; Trematoda, 16; Cestoda, 9; Nematoda, 10
or 11; Acanthocephala, 7; Hirudinea, 3; Copepoda, 6; Isopoda, 7; Amphipoda, 1 (total 71
or 72).

The relative importance of the various parasite groups is also indicated by the data on
prevalence of infection of marine and estuarine fish in India given by Tripathi (1965). Of
1453 fish examined, 1115 (76.7 %) had parasitic infections. Prevalence of infection was as
follows: Monogenea, 39.4 %; Trematoda, 37.7 %; Cestoda, 18.2 %; Nematoda, 29.9 %;
Acanthocephala, 13.4 %; Hirudinea, 0.9 %; Copepoda, 30.4 %; Isopoda, 7.7 %. Protozoa
were not included in the survey.

All the data show that helminths represent the largest group of parasites of marine
fishes.

Taxonomy of Helminths

Much confusion has arisen in some groups of helminths because of insufficient
taxonomic data. Three major points to be considered in taxonomic studies of helminths
are: (i) morphological changes with increases in size, particularly those due to allometric
(relative) growth of various organs and body parts; (ii} host-induced morphological
changes; (iii) site-induced morphological changes.

Early studies on allometric growth of parasitic nematodes have been presented by
Inglis (1954, a very brief account of Toxascaris leonina) and Rohde (1961), on trematodes
by Thomas (1965) and Rohde (1966). Subsequently, several authors have studied allomet-
ric changes in marine helminths. Scott (1969b) discussed such changes in the trematode
Lecithophyllum botryophorum, and Fischthal (1978a, b) and Fischthal and co-authors
{1980) in a large number of marine trematodes. It has become clear that most if not all
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species of trematodes and nematodes undergo allometric growth. In species that grow
chiefly 3-dimensionally, the allometric formula y = bx?, first developed by Huxley (see for
instance Rohde, 1961), can be applied, where y = size of organ or body part; x = body
length; b = fraction of the body size that the body part or organ represents; o = allometric
exponent. In species that grow chiefly in 1 or 2 dimensions, like most nematodes, the
formula becomes a linear one, y = a + bx, where a = constant. Many species descriptions
which are based mainly on differences in relative organ sizes and body dimensions, are
invalid. As suggested by Rohde (1966), in species descriptions measurements should be
given individually (or at least separately for different size groups), in order to avoid false
establishment of new species. Means and ranges of measurements are insufficient in all
those species which are not of a very narrow size range.

With regard to the second point, host-induced variability, several studies have shown
that trematodes at least may be strongly affected by their hosts, leading to morphological
variability and incorrect description of several species. For example, Szuks (1975), in order
to assess the variability in the trematode Podocotyle atomon, examined 989 specimens of
24 fish species. He found 301 trematodes in 8 of the species and analysed them
statistically. Furthermore, 5025 specimens of 18 crustacean species and 1429 specimens of
the snail Littorina saxatilis were examined for larval stages. On the basis of the material,
Szuks considered the species P. reflexa and P. olssoni as invalid, and P. syngnathi as
doubtful (see also Shulman-Albova, 1952; but see Gibson and Bray, 1982, who believe
that more than 1 species is involved). Fischthal and co-authors (1980) compared allo-
metric growth of the trematode Metadena globosa from 3 fish species and found some
significant differences between worms from different hosts.

However, it must be kept in mind that the demonstration of differences between
populations in different naturally infected host species does not necessarily imply that the
differences are non-genetic and host-induced, even if a wide overlap between the popula-
tions exists. Only cross-infection experiments, and ideally cross-breeding experiments
between parasite populations from different hosts, can show definitely whether such
differences are inherited or not. Even if 2 helminth populations in 2 host species are
identical, it is possible that we are dealing with 2 sibling species, whose existence can be
ruled out only by cross-infection and cross-breeding experiments. Unfortunately, such
experiments with helminths are technically difficult. Ulmer and Rohde (1981) have
summarized recent developments in taxonomic studies of helminths. Chaetotaxy,
biochemical and serological methods, computer and statistical methods are useful tools in
taxonomy, and

“it becomes increasingly apparent that ultimately the biological-species con-
cept as used in most animal groups must also be applied to parasites reproduc-
ing by cross-fertilization. Although this may involve considerable technical
difficulty, results eventually will prove to be far more meaningful to helmin-
thologists (p. 159)".
In particular, host-induced and other morphological variability must be considered in
taxonomic studies of helminths.

In the meantime, it seems wise to follow Yamaguti’s (1970) advice (p. 243)
“when we are at a loss to decide whether 2 species are identical or not, we
should be able to avoid the risk of misidentification . . ., if we regard them
provisionally as distinct until we are better informed concerning the bionomi-
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cal aspects of the host-parasite relationship in the 2 species. Synonymizing will

often do more harm than splitting”.
With regard to the third point, site-induced variability, few studies have been made.
Fischthal and co-authors (1982) found significant differences in the allometric growth of
testes and ovary of Bucephalus gorgon from 2 different sites, the pyloric caeca and the
small intestine, in Seriola dumerili from near Jaffa, Israel. The same considerations made
above for host-induced variability, are valid.

Zoogeography of Marine Heiminths

There is a number of thorough surveys of the helminth faunas of marine fishes in
various seas (e.g., Dogiel and Bychowsky, 1938: Caspian Sea; Shulman and Shulman-
Albova, 1953: White Sea; Polyansky, 1955: Barents Sea; Zhukov, 1963: Bering Sea;
Osmanov; 1976: Aral Sea; Parukhin, 1976: commercial fish of Southern Ocean; Campbell
and co-authors, 1980: Northwestern Atlantic deep water). Extensive surveys are needed
for other seas, particularly for tropical waters in the Atlantic and Indo-Pacific Oceans.

Rohde (1982) reviewed the zoogeography of marine helminths. Data for most groups
are insufficient, but the following trends are clear:

(i) Species numbers of helminths are greater in the Indo-Pacific than in the Atlantic
Ocean (shown for Monogenea, Trematoda, and Nematoda); (ii) endemicity is greater in
the Indo-Pacific than in the Atlantic Ocean (shown for Monogenea and Trematoda); (iii)
species numbers of helminths increase towards the equator (shown for trematode genera
and monogenean species; in Monogenea there appears to be a relatively greater increase
of species numbers towards the equator than of their host species; species numbers of
Hirudinea decrease in warm waters, Epshtein, 1970); (iv) frequencies (prevalence) of
infection increase toward the equator (shown for Monogenea); (v) intensities of infection
with Monogenea vary greatly at all latitudes and no latitudinal differences are apparent;
(vi) host ranges of Monogenea are more or less the same at all latitudes (with a possible
small increase at low latitudes), host ranges of Trematoda are narrower at low latitudes;
host specificity both of Monogenea and Trematoda does not significantly change with
latitude (p. 200); (vii) niche width of helminths, as indicated by host specificity, numbers of
microhabitats occupied and food, apparently does not change with latitude (shown for
ectoparasites of marine fishes).

Rohde’s (1982) review also shows that there are distinct seasonal fluctuations in some
helminth infections of marine fishes (Monogenea) in cold-temperate waters, but studies
are not sufficient for warm waters. With regard to differences between shallow and deep
water, the data of various authors (e.g., Collard, 1970; Noble and Collard, 1970; Campbell
and co-authors, 1980; Campbell, 1983) indicate that midwater fishes have far fewer
species and numbers of parasites than inshore and open ocean surface fishes. There are
very few adult helminths. The parasite fauna becomes poorer with depth until the
benthopelagic zone is reached. Bottom-dwelling fishes have more species and greater
numbers of parasites than midwater species. However, more studies are needed and it is
possible that distinct vertical gradients only exist where surface waters are warm, as
indicated by the findings of Campbell and co-authors (1980) whose large survey off the
New York Bight demonstrated a relatively great diversity except at the greatest depth (see
also Campbell, 1983). According to Noble and Collard (1970), macroscopic observations
indicate that animal parasites of deep water marine fishes are rarely pathogenic, and with
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regard to nematodes, “the intensity of the host-parasite relationship is probably not great
since there was no observable evidence of parasite-host competition for energy (for growth
of the worms, etc.)” ... (p. 63). They did not observe damage by cestodes to their hosts,
nor were the parasites ever found in various stages of destruction by the hosts. However,
more studies are needed to verify these statements.

Parukhin (1975), on the basis of the examination of 6500 fish specimens belonging to
200 species in 100 families concluded that marine fishes in the northern hemisphere
generally have a richer fauna of parasitic nematodes than in the southern hemisphere. In
view of the very rich fauna of Monogenea found on the Great Barrier Reef (Rohde,
1976b, 1977a, 1978a, 1980b) and of helminths elsewhere in the southern Pacific Ocean
(e.g., Rohde and co-authors, 1980; Byrnes, 1980; Hooper, 1980; Roubal, 1981; Roubal
and co-authors, 1983), this conclusion cannot be accepted as a generalization for all
helminths, although it may well apply to open-ocean fishes.

In summary, surface waters of tropical seas, and particularly of the warm Indo-Pacific
Ocean, have the greatest number of helminth species and hence of possible disease agents.
However, species numbers alone do not necessarily determine the variety of diseases.
Other factors — like intensity of and resistance to infection — may be important, and so
far differences in infection intensities have not been demonstrated between cold and warm
seas and between the Indo-Pacific and Atlantic Oceans. Nevertheless, there are more
types of the better known helminth diseases of man and domestic animals in the tropics,
and by analogy one should not be surprised if warm seas harbour not only more kinds of
helminths but also of helminth diseases.

With regard to individual species of fish, it seems that a fish which has been in a
geographical area for a long time, carries a greater number of possible disease agents than
one which has recently arrived. Although the data are scanty, some indication of this is the
observation of Holloway and Spence (1980) that Rhigophila dearborni has a smaller
number of helminth species and of species specific to it than Trematomus centronotus.
Both species live in the same geographical area, McMurdo Sound in Antarctica, but
whereas the first species is an immigrant to the Southern Hemisphere the second is not.
The first species has 7 species of adult and 3 of larval helminths, the second has 10 species
of adult and 4 of larval helminths.

Fish which migrate, retain many of their parasites for long periods. Such parasites can
be used as indicators of the geographical origin of fish populations. For example, Margolis
(1963, 1965) discussed in detail parasites as indicators of the geographical origin of
sockeye salmon Oncorhynchus nerka and other salmon (further examples in Rohde,
1982).

Ecology of Marine Helminths

General ecological aspects of parasitism were discussed by Kennedy (1975), and by
various authors in Taylor and Muller (1970) and Kennedy (1976). Rohde (1982, 1984)
reviewed the ecology of marine parasites, and Overstreet (1982) briefly discussed abiotic
factors affecting marine parasites.

Helminths of marine fishes exhibit a number of ecological characteristics, some of
which are also shown by other parasites. Important characteristics are aggregated distribu-
tion, and specificity for hosts, micro-habitats (sites), age and sex of hosts, and for
macrohabitats. Many species also were shown to undergo seasonal fluctuations (see
above).
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Marine helminths often have an aggregated (= contagious = overdispersed) distribu-
tion within the host population, i.e., many host individuals are uninfected whereas a few
are more heavily infected than expected if the distribution was random. For example, most
helminth species in the whiting Melangius merlangus showed an aggregated distribution
(Shotter, 1976). The distributions conformed ‘more or less’ to a negative binomial
distribution. A well documented example of an aggregated distribution of a helminth
species in its host corresponding to a negative binomial distribution is that of the
metacercaria of Stephanostomum baccatum in juvenile plaice (MacKenzie and Liversidge,
1975) (Table 1-15).

Table 1-15

Stephanostomum baccatum. Observed frequency distribution of metacercariae in juvenile plaice
from Firemore Bay, with negative binomial fitted to data (After MacKenzie and Liversidge, 1975)

Number Observed number Fitted negative binomial
of parasites of plaice distribution

0 136 125.9
- 5 164 154.9
6— 10 50 60.1
11- 15 35 33.2
16— 20 12 20.2
21- 25 16 12.8
26— 30 3 8.4
31- 35 6 4.6
36— 40 1

41- 45 2

46— 50 1

51- 55 1

56— 60 2

61- 65 1

66— 70 1

71- 75 0111 13.0
76— 80 0

81- 85 0

86— 90 0

91- 95 0

96-100 1

101-145 0

146-150 1

x? = 11.386; P > 0.05

Rohde (1982) gave a recent discussion of host specificity in marine parasites (see also
Shulman, 1958). He distinguished host range and host specificity.
“Host range is the number of host species found to be infected by a certain
parasite species irrespective of how heavily and frequently the various host
species are infected. Host specificity takes intensity and/or frequency of
infection into account (p. 108).”
This is done by using host specificity indices proposed by Rohde (1980c). The host
specificity index based on parasite density (= number of parasite individuals found in each
host species/number of host individuals examined) is defined as
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where S; = host specificity of the ith parasite species; *ij = number of parasite individuals
of ith species in jth host species; "j = number of host individuals of jth species examined;

hij = rank of host species j based on density of infection % (species with greatest density
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number of parasite species in the community. Using Equation 1, an index based on
frequencies (prevalence) of infection can be defined (*ij = number of host individuals of
jth species infected with parasite species i; "j = number of host individuals of jth species
examined; "j = rank of host species based on frequency of infection). For epidemiological
studies, it may be important to consider not only densities and frequencies of infection, but
the population densities of the various host species as well. This can be done by introducing
the factor g; (= relative density of host species j in percent) into the formula, which now
reads
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The formula can further be modified by introducing a factor which describes the egg or
larval output of the parasite species in different host species.

Numerical values of the indices vary between 0 and 1. The closer to 1, the higher the
degree of host specificity.

Using these indices, Rohde (1980c) has shown that host ranges of trematodes increase
from low to high latitudes, but host specificity is similar at all latitudes and very great,
because even though some trematodes infect a wide range of hosts, they usually infect 1 or
a few host species more heavily. Host ranges and host specificities of Monogenea are
similarly great at all Jatitudes (see also p. 197). The discussion in Rohde (1982) shows that
restriction of marine helminths to certain host species is universal, but it is greatest among
the Monogenea.

Restriction of helminths to certain sites is also universal, although the degree of site
specificity varies among the various helminth groups and species (Rohde, 1982). Examples
are shown in Fig. 1-60. Frequently, microhabitat preferences of larvae are less marked
than those of adults (Table 1-16). Microhabitats of helminths often are not static, they
sometimes vary with the age of the host. They also may be different for young and old
parasites (e.g., Rohde, 1980a), or change seasonally (e.g., Scott, 1981: Echinorhynchus
gadi in Melanogrammus aeglefinus), and they may also be affected by other parasite
species. According to Shotter (1976), the acanthocephalan Echinorhynchus gadi is more
restricted to the posterior intestine in the presence of the nematode Hysterothylacium
clavatum, and conversely, H. clavatum is more restricted to the anterior intestine when
E. gadi is present (Table 1-17). However, more often than not there appears to be no
interaction between parasite species (examples in Rohde, 1982).
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Fig. 1-60: Distribution of ectoparasites on the surface and in the mouth cavity of 122 Scomber

scombrus at Helgoland, North Sea. O Caligus pelamydis in mouth cavity and on gills; m C. pelamydis

in external fold of mouth; e cysts; O Kuhnia scombri (1 circle = approx. 5 individuals); a Kuhniasp.
P = pleurobranch; 1-4 = gill numbers 1-4. (After Rohde, 1982.)

In several cases, positive associations between helminth species were observed, i. e,
1 species occurred more commonly when a host specimen was also infected with another
species (references in Rohde, 1982). However, usually there is neither a significant
association nor antagonism between parasites. An example can be found in MacKenzie’s
(1970) study of the monogenean Gyrodactylus unicopula on young plaice Pleuronectes
platessa on the northwest corner of Scotland. The 3 common parasite species on the host
are the monogenean and 2 species of ciliates. Statistical analysis showed that there was
neither a positive nor a negative association.

A well documented example of age dependence of a helminth infection is that of
larval Anisakis (simplex?) in Clupea harengus pallasi (Bishop and Margolis, 1955). In
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Table 1-16
Stephanostornum baccatum, metacercariae. Distribution in tissues of 1965 year-class of plaice from
Firemore Bay after experimental infection (After MacKenzie and Liversidge, 1975)

Site of infection Number of Percentage of
melacercariae total number

Subcutaneous tissues of lower side

Operculum 43 22
Myotomes 542 27.6
Pterygiophoral muscles 841 42.8
Subcutaneous tissues of upper side
Operculum 1 <0.1
Myotomes 91 4.6
Pterygiophoral muscles 303 15.4
Fin membranes
Dorsal 49 2.5
Ventral 41 2.1
Pelvic 1 <0.1
Tail 10 0.5
Gill muscles 9 0.5
Pericardium 1 <0.1
Liver and mesentery 33 1.7
Table 1-17

Distribution and relationship of the nematode Hysterothylacium clavatum and acanthocephalan
Echinorhynchus gadi in 219 whiting. Number of fish with both parasites = 60; number with H.
clavatum = 147; number with E. gadi = 12. (After Shotter, 1976)

Number %o Number % Total
in anterior in posterior
intestine intestine
H. clavatum in the absence 667 74.4 229 25.6 896
of E. gadi
H. clavatum in the presence 246 87.2 36 12.8 282
of E. gadi
Total 913 265 1178
E. gadi in the absence 10 27.8 26 72.2 36
of H.clavatum
E. gadi in the presence 31 11.0 251 89.0 282
of H.clavatum
Total 41 277 318

1950/1951 and 1951/1952, there was a significant increase of the mean level of infection
with age, 1-yr fish (fish in their first year of life) being uninfected. Grabda (1976) found a
similar increase in frequency of infection with larval Anisakis and Contracaecum in Baltic
cod (for other examples see Rae, 1958, 1963; Arthur and co-authors, 1982) (Figs 1-61
and 1-62). But not all species show an increase in infection with age. For example, Scott
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Fig. 1-61: Relation between infection intensity with Contracaecum sp. larvae and length of
Chaenocephalus aceratus (males and females off the South Shetland Isiands, S. G. = South Georgia).
Abscissa: length in cm; ordinate: numbers of parasites per fish. (After Siegel, 1980.)
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Fig. 1-62: Relation between infection rate with Contracaecum sp. and length of Chaenocephalus
aceratus off South Shetland and South Orkney Islands (eyefitted). (After Siegel, 1980.)



204 1. DISEASES OF FISHES

(1969a) found that the digenean Hemiurus levinseni in 581 Argentina silus from the
Northwestern Atlantic Ocean had a high intensity and prevalence in young fish, both
parameters decreasing with age (Figs 1-63 and 1-64). Lecithophylium botryophorum, on
the other hand, infected more host individuals and occurred in greater intensities in larger
fish. A third species of trematode, Derogenes varicus, was intermediate. Scott attributed
the transition from heavy infection with Hemiurus to heavy infection with Lecithophyllum
to migration of the fish with a corresponding change in diet. Young argentines apparently
feed heavily on planktonic copepods in shallower water at the edge of the continental shelf,
whereas fish approaching maturity move into deeper water and eat a higher proportion of
other near-bottom organisms which are second hosts to Lecithophyflum. Infection with the
trematodes Derogenes varicus and Hemiurus communis, the plerocercoid of Grillotia
erinaceus, and the nematode Hysterothylacium clavatum in Odontogadus merlangus
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Fi. 1-63: Percentage incidence of Lecithophyllum botryophorum, Derogenes varicus, and Hemiurus
levinseni in different length groups of Argentina silus. Combined data from several samples. (After
Scott, 1969a.)
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Fig. 1-64: Average numbers of Lecithophyllum botryophorum (solid line) and Hemiurus levinseni
(broken line) in different length groups of Argentina silus. Numbers: northerly latitude in degrees
and minutes at which the different samples of fish were taken. (After Scott, 1969a.)

increased with age, whereas infection with the trematodes Lecithaster gibbosus,
Stephanostomum pristis and Podocotyle atomon decreased with age. Infection with the
monogenean Diclidophora merlangi remained more or less the same (Shotter, 1973b).

Commonly there also is an increase in species numbers of parasites with the age of the
host. For example, Rawson (1976) demonstrated an increase in the number of monoge-
nean species on Class 0 and 1 Mugil cephalus at Sapelo Island, Georgia, USA (maximum
5 species).

Differences of infection between the 2 sexes of a host species are not common.
According to Arthur and co-authors (1982), male walleye pollock Theragra chalco-
gramma, in British Columbia, Canada, were more heavily infected with the third stage
larvae of Anisakis simplex and plerocercoids of Nybelinia surmenicola than females of
similar lengths, although prevalence (frequency) of infection did not differ significantly.
The other 2 helminth species examined, larval anisakids, infected both sexes equally. Of
11 species of parasites in Pacific herring Clupea harengus pallasi in coastal waters of
British Columbia, only 1 protozoan parasite, but none of the 7 helminth species infected
one sex more than the other (Arthur and Arai, 1980a).

Seasonal fluctuations have been shown for many fish helminths in cold temperate
seas. For example, Moller (1974) found that most endoparasitic species of flounder
Platichthys flesus, in the Bay of Kiel, Federal Republic of Germany, showed distinct
seasonal fluctuations, and according to Moller (1975c¢), all intestinal parasites including
9 helminth species of Gadus morhua in the same area also exhibited seasonal fluctuations
(see also p. 216).
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Many if not all species of helminths have, to a greater or lesser degree, preferences for
certain macrohabitats (for recent review see Rohde, 1982). For example, the acan-
thocephalan Echinorhynchus gadi and the digeneans Podocotyle atomon and Cryptocotyle
lingua (metacercariae) were significantly less common in young whiting Merlangius
merlangus from an offshore than an inshore location off the Isle of Man (Shotter, 1973a).
Frequency of infection with larvae of Anisakis (probably A. simplex) in British Columbia
herring (Clupea harengus paflasi) in 1950-51 and 1951-52 was 80 to 90 % in the Strait of
Georgia and 90 to 100 % in Hecate Strait, on the west coast of Vancouver Island and in
the mainland coastal area of Queen Charlotte Sound, respectively. Intensity of infection
varied more distinctly in different localities {Bishop and Margolis, 1955). Careful investi-
gations by Reshetnikova (1955) in the Black Sea and by Paperna (1975) in the eastern
Mediterranean Sea showed that the parasite fauna of mullet changes throughout the life of
the fish, corresponding to changes in habitat and feeding preferences. Fish smaller than 30
mm in coastal and estuarine w