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Preface

This fourth edition of Bacterial Fish Pathogens is the successor to the original version,
first published by Ellis Horwood Limited in 1987, and was planned to fill the need for
an up-to-date comprehensive text on the biological aspects of the bacterial taxa which
cause disease in fish. The impetus to prepare a fourth edition stemmed initially from
discussion with Chinese colleagues when it became apparent that the book was
particularly well used and cited (>1,600 citations in China since 1999). Since publish-
ing the third edition, there has been a slowing down in the number of new fish
pathogens. However, there has been a steady increase in the number of publications
about some aspects of bacterial fish pathogens, including the application of molecular
techniques to diagnosis and pathogenicity studies. Consequently, we considered that
it is timely to consider the new information in a new edition. The task was made
immeasurably easier by the ready availability of electronic journals, which could be
accessed from the office. Weeks of waiting for inter-library loans did not feature
during the research phase of the project. Our strategy was to include information on
new pathogens and new developments on well-established pathogens, such as Aero-
monas salmonicida and Vibrio anguillarum. Because of the deluge of new information,
we have needed to be selective, and in particular, we have once again condensed details
of the pathology of the diseases, because there are excellent texts already available that
cover detailed aspects of the pathological conditions. Nevertheless, this fourth edition
will hopefully meet the needs of the readership. As with all the preceding editions, it is
emphasised that most of the information still appertains to diseases of farmed, rather
than wild, fish.

The scope of the book covers all of the bacterial taxa that have at one time or
another been reported as fish pathogens. Of course, it is realised that some taxa are
merely secondary invaders of already damaged tissues, whereas others comprise
serious, primary pathogens. Shortcomings in the literature or gaps in the overall
understanding of the subject have been highlighted.
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In preparing the text, we have sought both advice and material from colleagues.
We are especially grateful to the following for the supply of photographs:

Dr. J.W. Brunt
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Dr. G. Dear
Dr. T. Itano
Dr. V. Jencic
Dr. D.-H. Kim
Dr. A. Newaj-Fyzul
Dr. N. Pieters
Professor M. Sakai
Professor X.-H. Zhang
B. and D. A. Austin
Edinburgh, 2007
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Introduction

Representatives of many bacterial taxa have, at one time or another, been associated
with fish disecases. However, not all of these bacteria constitute primary pathogens.
Many should be categorised as opportunistic pathogens, which colonise and cause
disease in already damaged hosts. Here, the initial weakening process may involve
pollution or a natural physiological state (e.g. during the reproductive phase) in the
life cycle of the fish. There remains doubt about whether some bacteria should be
considered as fish pathogens. In such cases, the supportive evidence is weak or non-
existent. Possibly, such organisms constitute contaminants or even innocent sapro-
phytes. However, it is readily apparent that there is great confusion about the precise
meaning of disease. A definition, from the medical literature, states that:

... a disease is the sum of the abnormal phenomena displayed by a group of
living organisms in association with a specified common characteristic or set of
characteristics by which they differ from the norm of their species in such a way as
to place them at a biological disadvantage ...”

(Campbell et al., 1979)

This definition is certainly complex, and the average reader may be excused for being
only a little wiser about its actual meaning. Dictionary definitions of disease are
more concise, and include “an unhealthy condition” and ““infection with a pathogen
[=something that causes a disease]”. One conclusion is that disease is a complex
phenomenon, leading to some form of measurable damage to the host. Yet, it is
anticipated that there might be profound differences between scientists about just
what constitutes a disease. Fortunately, infection by micro-organisms is one aspect of
disease that finds ready acceptance within the general category of disease.

For his detailed treatise on diseases of marine animals, Kinne (1980) considered
that disease may be caused by:
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genetic disorders;
physical injury;
nutritional imbalance;
pathogens;

pollution.

This list of possible causes illustrates the complexity of disease. An initial conclusion
is that disease may result from biological (= biotic) factors, such as pathogens, and
abiotic causes, e.g. the emotive issue of pollution. Disease may also be categorised in
terms of epizootiology (Kinne, 1980), namely as:

e Sporadic diseases, which occur sporadically in comparatively small numbers of a
fish population.

e  Epizootics, which are large-scale outbreaks of communicable disease occurring
temporarily in limited geographical areas.

e Panzootics, which are large-scale outbreaks of communicable disease occurring
over large geographical areas.

e FEnzootics, which are diseases persisting or re-occurring as low-level outbreaks in
certain areas.

The study of fish diseases has concentrated on problems in fish farms (= aquaculture),
where outbreaks cither begin suddenly, progress rapidly often with high mortalities,
and disappear with equal rapidity (= acute disease) or develop more slowly with less
severity, but persist for greater periods (= chronic disease).

This text will deal with the diseases caused by bacteria. However, it is relevant to
emphasise that disease is not necessarily caused by single bacterial taxa. Instead, there
may well be synergistic interactions between two or more taxa. This possibility is
often ignored by scientists. Then, there are the situations in which infectious diseases
are suspected but not proven. An example includes red mark syndrome/disease (also
known as winter strawberry disease) of rainbow trout in the U.K. where the causal
agent is suspected—but not proven—to be bacterial of which Fla. psychrophilum or
Aer. hydrophila are suspected to be the possible aetiological agent.

Disease is usually the outcome of an interaction between the host (=fish), the
disease-causing situation (= pathogen) and external stressor(s) (= unsuitable changes
in the environment; poor hygiene; stress). Before the occurrence of clinical signs of
disease, there may be demonstrable damage to/weakening of the host. Yet all too
often, the isolation of bacteria from an obviously diseased fish is taken as evidence of
infection. Koch’s Postulates may be conveniently forgotten.

So, what are the bacterial fish pathogens? A comprehensive list of all the bacteria,
which have been considered to represent fish pathogens, has been included in Table
1.1 (see p. 4). Some genera, ¢.g. Vibrio, include many species that are acknowledged to
be pathogens of freshwater and/or marine fish species. Taxa (highlighted by quota-
tion marks), namely “Catenabacterium’™, ““H. piscium’ and “Myxobacterium™ are of
doubtful taxonomic validity. Others, such as Pr. rettgeri and Sta. epidermidis, are of
questionable significance in fish pathology insofar as their recovery from diseased
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animals has been sporadic. A heretical view would be that enteric bacteria (e.g.,
Providencia), comprise contaminants from water or from the gastro-intestinal tract
of aquatic or terrestrial animals. Many of the bacterial pathogens are members of the
normal microflora of water and/or fish. Others have been associated only
with clinically diseased or covertly infected (asymptomatic) fish. Examples of these
“obligate” pathogens include Aer. salmonicida and Ren. salmoninarum, the causal
agents of furunculosis and bacterial kidney disease (BKD), respectively. In later
chapters, it will be questioned whether or not bacteria should be considered as
obligate pathogens of fish, at all. It is a personal view that the inability to isolate
an organism from the aquatic environment may well reflect inadequate recovery
procedures. Could the organism be dormant/damaged/senescent in the aquatic eco-
system; a concept which has been put forward for other water-borne organisms
(Stevenson, 1978)?

It is undesirable that any commercially important species should suffer the prob-
lems of disease. Unfortunately, the actiology of bacterial diseases in the wild is often
improperly understood. Moreover, it seems that little if anything may be done to aid
wild fish stocks, except, perhaps, by controlling pollution of the rivers and seas,
assuming that when environmental quality deteriorates this influences disease cycles.
In contrast, much effort has been devoted to controlling diseases of farmed fish.

Conclusion

e The list of fish pathogens has extended substantially since 1980. Current interest
focuses on the vibrios, CLBs, mycobacteria and streptococci—lactococci.

e A question mark hangs over the significance of some organisms to fish pathol-
ogy—are they truly pathogens or chance contaminants?

e There has been considerable improvement in the taxonomy of some groups
(e.g., vibrios).

e There has been a shift from emphasis on culture-dependent to culture-indepen-
dent techniques.

e Molecular methods have become commonplace in laboratories involved in the
study of fish diseases.
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