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G LL DI SEASES OF FI SH

. 1 NTRODUCTI ON

The gill diseases of fish under confined; i.e., farm ponds or raceways,
and free-living conditions are very conplex and, in many cases, not well
under st ood from epi dem ol ogi cal and etiol ogi cal standpoints. This group of
di seases, in the opinion of many, is one of the major production-limting
factors in farned fishes (Klontz, 1973, 1974; Snieszko, 1974). Subcli nica
epi sodes are often quite difficult to detect due to their insidious onset.
Cinical episodes are frequently dramatic in terns of the nortality invol ved,
whi ch has a rapid onset and often an exponential daily increase.

One of the major cost-incurring factors in this group of diseases is the
chenot her apeuti c regi mens, which could best be described as "categorical."
That is, fish with the clinical signs of rapid, shallow respiratory novenents,

grossly enlarged gill tissues, and inconplete opercular closure are "treated"
wi th one of the many nedi canments added to the pond water. The results have
ranged from"rewarding" to "well, we guessed wong." the latter cases could

have been prevented, perhaps, by elucidating the nature of the problemprior
to treatnment

The purpose of this presentation is to provide information about the
broad nature of gill diseases in fish. 1t is not intended as a review of each
and every described gill disease. Such can be obtained fromthe texts witten
or edited by Plehn (1924), Halver (1972), Davis (1956), Sindermann (1969),

Hoar and Randall (1984), Mawdesl ey-Thomas (1972), Reichenbach-Klinke and El kan
(1965), Snieszko and Axelrod (1971), Snieszko (1970), Roberts (1978), Ribelin
and M gaki (1975) and Ellis (1985).

1. NATURE OF G LL DI SEASES OF FI SH

The known causal factors in gill diseases of confined and free-1living
fishes are nyriad. For exenplification, these factors can be grouped into
those which are (1) infectious or are (2) noninfectious, with each group being
further subdivided into those factors which are primary and those which are
secondary.

The primary causal factors are those which have a direct effect on the
respiratory tissues and/or processes. Included in this group are the
nonsystem c nyxobacteria, eubacteria and fungi, the external protozoans and
nmonogenetic trenmatodes, the water-borne chem cal and physical agents, and the
genetic and nutritional factors.

The secondary causal factors are those which affect the respiratory
ti ssues and processes indirectly. Included in this group are the systenic
bacterial and viral pathogens, the system c protozoans and digenetic
tremat odes, the environnmental chem cal and physical stressors and certain
met astati c neoplastic processes. These factors, in nbst cases, exert their
pat hogeni ¢ capabilities throughout the body with the gill invol venent being
just a part of the somatic process.



The maj or factors predisposing fish to subclinical and/or clinical
epi sodes of gill diseases are (1) the stress response; (2) age; (3)
environnental conditions favoring the proliferation of infectious agents;
i.e., nyxobacteria, eubacteria, protozoa and fungi. The three factors are
virtually always involved in clinical episodes.

The stress response, particularly to chronic stressors such as high
popul ati on densities, has been shown to create pathol ogi cal changes in the
gill tissues which are conducive to the involvenment of secondary infectious
and/ or noninfectious factors.

The susceptibility to noninfectious and infectious respiratory disease-
i nduci ng factors decreases with age. The highest incidence of respiratory
di seases occurs in the sac fry stage during which the nost comon mal ady is
sestonosi s with subsequent nyxobacterial and protozoal involvenents. This
condition is typified by the accunul ation of particulate materials and funga
el ements on the buccal aspect of the gill rakers. Death is usually by
suffocation. Because of its nature, sestonosis is virtually untreatable.
Strict cleanliness is the only sure nethod of prophyl axis.

The bacterial gill diseases are quite conmon in popul ations of fishes
fromthe fingerling stage through the md-juvenile stage. This group of
mal adies is nost frequently a sequel to a noninfectious process, environnenta

gill disease (EG). The EG syndrone is considered to be, first, stress-
nmedi at ed and, second, environnmentally-nmediated. By itself; i.e.,
unconpl i cated by pathogens or noninfectious factors, it is nore a debilitating
process than it is lethal. This aspect is, perhaps, what makes it such an

econom cal ly significant di sease process. There is no specific recomended
treatment reginen |largely because the causal factors are often quite obscure,
if evident at all.

[11. PATHOLOG CAL CHANGES | N RESPI RATORY DI SEASES OF FI SH

A Noni nfecti ous causal factors: The gross and m croscopic
pat hol ogi cal changes in gill tissues, especially the |lanellae, are
dose: response dependent. The inflammtory process ensuring fromthe initial
exposure begins with lanmellar epithelial hypertrophy in which there is focal -
to-generalized i nvol venent of the squanmpbus epithelial cells. If the irritant
exposure is short-lived, the hypertrophic condition subsides within a few
days, usually without notice.

If the irritant exposure continues, the hypertrophic condition is
"joined" by lanellar epithelial-capillary endothelial separation (ECS). In
this lesion the squanmous epithelium becones separated fromthe underlying
capill ary endotheliumand the resultant space is filled with a serous exudate.
At this point in the process, especially if there is generalized invol vernent,
the fish could be exhibiting clinical respiratory disease, particularly during
or inmrediately foll owi ng physical handling. This condition can be readily
seen in wet mounts of gill tissues followi ng a 1-hour exposure to certain
wat er - adm ni st ered chenot her apeut ants such as formalin.

In the subacute inflanmmatory process,the lanellar hypertrophy is
repl aced with epithelial hyperplasia of, first, the lanella epithelium and
then the filamental epithelium The hyperplastic response can be term nal
i.e., involving only the distal portions of the lanmellae, or it can involve
the entire lanmellae. 1In the case of nutritional gill disease (NG) the



hyper pl astic response typically begins at the interlanellar filanmental space
and progresses distal to - but not beyond - the lanellar tips. This
condition, over a period of 1-2 weeks, gradually worsens to becone
interlanellar hyperplastic occlusion, in which the interlanellar spaces are
conpletely obliterated. At this point the fish is often visibly distressed.
Gl tissues frequently protrude fromthe opercular cavity and there is

i nconpl ete closure of the opercula. Gossly, the excised gill is quite
characteristic with filanmental separation due to the increased nmucus
producti on and the entrapped aquatic particul ates. Many fish pathol ogi sts
regard this stage in the process as the point where secondary invol venent by
bacterial and protozoan pat hogens occurs. |n contrast, many reports of
nmyxobacterial gills disease include the conclusion that the myxobacterium was
the exciting agent in this condition

Wth proper chenotherapy and nanagenent practices the foregoing
responses can be healed. The repair process in the nore severe cases requires
2-3 weeks, provided there are no further insults to the physiol ogi ca
respiratory process.

In recent years there has been considerable interest in a pathol ogica
process called "gill necrosis" (G\). The syndronme occurs predom nately in
farmrai sed carp and is thought to be the result of chronic exposure to
"aut oi ntoxi cati on by amoni a under the influence of pH'; however, by nost it
is considered to be an idiopathic (unknown )process.

Anot her idiopathic process affecting the gill |amellae both anatom cally
and physiologically is intralanellar engorgement. This condition has been
reported as lanellar telangiectasis and as |anellar aneurysm The lesion is
quite characteristic and involves only isolated |anellae. The process
apparently begins with a | enellum beconm ng engorged with blood to severa
times its usual size. At this point the lesion is quite susceptible to being
physically ruptured. Wthout rupture there is, within a few days, thronbus
formation foll owed by typical clot organization, fibrosis and resorption
Under optinmum environnmental conditions, the entire process fromonset to
conpl ete resorption can require 30-50 days.

B. Infectious causal factors: The pathol ogi cal changes associ at ed
with direct and indirect infectious causal factors are often quite confusing
for the diagnostician. In the directly associ ated causal factors the pathogen
usual |y occupied an opportunistic role. That is, it "set up housekeepi ng" on
gill tissues already affected by sone noderately |ong-standing noni nfectious
process.

Fol | owi ng the establishnent of the host-parasite relationship a series
of degenerative changes ensure within a matter of days. Anong the
degenerati ve changes are (1) henorrhage; (2) necrosis; and (3) death due to
anoxia or to critical |loss of osnoregulatory function. This series of changes
is most conmonly seen in the bacterial gill disease (BG) conplex in which
bot h ubi qui t ous aquatic myxobacteria and eubacteria are invol ved.

The changes associated with the parasitic protozoa and nonogenetic
tremat odes are frequently less dramatic unless there are other noninfectious

environnental factors operating. |In the case of chronic Trichodina infection
during the winter nmonths there is often a characteristic host response to the
organi sm "hi bernating" on the gill lanellae and/or filaments.

In system c bacterial diseases such as furuncul osis, enteric rednouth



di sease, vibriosis, bacterial henorrhagic septicem a and edwardsiellosis there
is often secondary, nonspecific involvenent of the respiratory tissues. The
main lesion in these cases is frank henorrhage and necrosis with secondary
fungal invol venent.

Nonspeci fic necrotic changes in the gill tissues are often attributable
to secondary involvement with Saprol egnia, a ubiquitous aquatic phyconycete.
On the other hand, in the case of European gill rot or fungal gill rot, the

causati ve organi snms, Branchi onyces sanquinis and B. demigrans are

i ntravascul arly invasive, which causes an infarctive necrosis of gil

| anel lae. The term nal |esion has been termed "gangrenous branchitis," for
which there is no therapeutic reginen.

One of the nore infrequently observed, but nonethel ess puzzling, |esions
is the granuloma. This | esion appears sporadically and may be a benign
neopl asm or of bacterial (Renibacterium sal noni narum or Mycobacterium sp. .)
origin. Simlar |esions are protozoan sporocysts; e.g., Plistophora salnonis
or devel oping netacercaria; e.g., Sanqguinicola klamathensis. Wen these
organi sns energe fromthe |lanellae there can be a transient blood-loss anem a
whi ch under certain circunstance can reduce the resistance of the host to
secondary bacterial infections.

I'V. PREVENTI ON AND CONTRCL OF RESPI RATORY DI SEASES OF FI SH

There are several approaches to preventing and controlling respiratory
di sease epi sodes in confined fish populations. The first is avoidance of the
condi ti ons which are conducive to the occurrence of subclinical and clinica
epi sodes. This is best acconplished by (1) maintaining the fish within the

environnental "no-effect” limts with respect to settleable and suspended
sol i ds, ammoni a-nitrogen, dissolved oxygen and popul ati on density (Klontz eta
I, 1985a) and by (2) routine exam nation of gill wet nounts, production data

and feed conversion rati os.

The "no-effect” limts of environnental factors have been established
for sone species of sal nonids under certain, albeit limted, conditions. The
best suggestion is for the individual aquaculturist to establish the unique
limts for his/her facility. To acconplish this one nust establish a protoco
for measuring the environnmental paranmeters and their effects on fish growth
and gill tissues. This process should begin with sac fry and conti nue
t hr oughout the production cycle. One caveat is that the process is time-
consum ng and often frustrating, but always rewarding in the long term

During the process of establishing the specific "no-effect” Iimts of
envi ronnent al parameters, wet nounts of gill tissues nmust be exam ned on a
regul ar basis. Fish should be taken fromthe "healthy" and the "unheal t hy" or
"sickly" portions of the populations. The fish are prepared for exam nation

by killing themwith a sharp blow to the dorsum of the head and exangui nati on
by severing either the causal peduncle or the spinal cord i mediately
posterior to the base of the skill. An entire gill arch is renoved and pl aced
into 10% neutral buffered formalin for no I onger than 1-2 mnutes. It is

either examned in toto (small fish only) or a few of the filanments are
renoved with scissors, nounted in pH 7.2 phosphate-buffered normal saline and
exam ned using the 10X and 100X objectives. Paraffin-inbedded sections of the
lanel l ae and filaments nay be prepared but there are very tine-consum ng and
expensi ve and not any nore illustrative than are wet nmount preparation, which
can be done on site very rapidly.



If and when a clinical episode of respiratory di sease occurs, then an
accurate diagnosis nmust be made prior to initiating any therapeutic reginen.
The sequence of changes occurring in the gill tissues is the best indicator of
the nature of the causal factors involved. Lesions such as hypertrophy, ECS
and occl usive hyperplasia all suggest basic physiol ogi cal upsets which may be
refl ected by alterations in other systens. The presence of bacteria and the

so-called gill parasites often is a reflection of an underlying environnenta
probl em nost common of which is "poor housekeeping.” At this juncture, it
m ght be apropos to present an oft-quoted saying by Frederick Fish, a fish
pat hol ogi st of the 1930's, to wit: "In fish culture, cleanliness is not next
to godliness - it supersedes it." (Fish, 1939).

Once the problemis defined; i.e., the major causal factors identified,

the next step is to "re-balance" the system This is best acconplished by,
first, withholding feed for 3-4 days, if the fish are of sufficient size to
permt this. This will (1) reduce the oxygen demand of the fish; (2) reduce
t he amoni a-nitrogen generation by the fish and (3) reduce the fecal and
uneaten solids in the system Second, adm nister sufficient salt (as

granul ated NaCl) to the systemto obtain a 1-2%solution. This will (1)
reduce the bl ood anmoni a-nitrogen levels; (2) stinulate nmucus secretion; and
(3) have an astringent effect on the gill tissues. Third, reduce the

popul ation density to approxi mately one-half the oxygen-rel ated carrying
capacity of the system This should be acconplished wi thout unduly stressing
the fish.

If, in addition to the environmental factors being corrected, there are
i nfectious agents involved, the follow ng treatnent regi men has been
effective. First, select a candi date chenot herapeutant which can be
adm ni stered by water exposure. Second, conduct a bioassay using at |east two
and preferably three |l evels of the candi date chenot herapeutant adm nistered in
the fashion to be used for the affected population. The fish to be tested for
efficacy and tol erance to the chenot herapeutant should be obtained fromthe
clinically affected and "healthy" portions of the affected population. At the
end of the bioassay period - usually an hour for pond conditions, the treated
fish should be examned for efficacy. |If the target organisns were killed or
renoved fromthe gills, the treatnent was effective - and safe, if the test
fish survived. These fish should remain under separate conditions for 12-18
hours follow ng the bioassay to detect any del ayed effect.

V. SUMVARY

As was inplied at the outset of this presentation, respiratory di seases
of fish in aquaculture systens have been dealt with in a sonewhat haphazard
fashion. Many aquaculturists regard them as a nui sance and apply all manners
of medi canents to prevent their occurrence. This approach, although sound in
some respects, has had its shortcom ngs; nanely, the problemwas identified
but inadequately defined. As a result, the factors - intrinsic and extrinsic
- invol ved have not been corrected. For sone strange reason the term
"di sease" in the vocabulary of the majority of fish farmers and, to sone
extent, the practicing fish pathologists, denotes only those conditions
i nvol ving a m crobial pathogen. The noninfectious elenents of a clinica
epi sode are virtually ignored, thus being left to exert their respective
i nfl uences another day. To illustrate this point, all one must do is to
exam ne the textbooks of fish diseases and see that the causative agents of
i nfectious di seases are described in what could best be defined as "l oving
terns.” This quite understandable since the authors are, for the nost part,



wel | - known and highly respected m crobiol ogists. Perhaps a case should be
made to increase our understanding of the epidem ol ogi cal facets of disease
epi sodes. This aspect of mnedicine has a proven track record in human and
veterinary nedicine.
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