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ABSTRACT

The myxosporean parasites of roach (R. rutilus L) were studied in
three different water bodies, two in Britain and one iIn Northern

Greece.

Two Myxobolus species (M. pseudodispar Gorbunova, 1936 and M.
ellipsoides Thelohan, 1892) and two Myxidium species (M. rhodeil Leger,

1905 and M. pfeifferi Auerbach, 1902) were found.

M. pseudodispar and M. ellipsoides were found in the Kkidneys and
spleen, whereas M. ellipsoides was found in the kidneys, spleen,

gill, gill arch and cartilage.

M. rhodeir was found i1n the kidneys, liver, spleen and muscle, whereas

M. pfeifferi was found exclusively in the gall bladder and bile ducts.

The seasonality of the +two Myxobolus and two Myxidintn species
was i1nvestigated iIn the present study, and showed that in each of the
different habitats all the parasites had at least one peak 1In
prevalence in Springtime. In addition to this, the two myxobolid
species fTound 1iIn the Greek lake as well as Myxidium rhodei 1i1n all
three locations, showanother peak during the Winter months (December
to February). Myxidium pfeifferi showed only one peak in Spring (April
to May) in all three lakes.

The two Myxobolus species studied iIn the present project were
considered well adapted kidney parasites provoking no host response to
this tissue. In contrast, M. pseudodispar 1In the muscles and M.

ellipsoides in the gills were found to be very pathogenic.

The spore morphology and variability study of these two species showed
i :pseudodispar has a distinct variability in the spore
dimensions between the organs of fish, although M. ellipsoides showed

only slight differences.
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From the study of the two Myxldlum species, evidence was produced

that M. rl”eil 1is synonymous with M. pfeifferi. This evidence was

produced from the morphological 1Investigation and the experimental

infections carried out iIn two fish hosts and was supported by the

seasonal data.

Through three different experimental infections iIn carp and roach, the

life cycle of M, rhodei and its development in the hosts was proposed.

No i1ntermediate hosts could be detected in the life cycle of the

parasite and the Exposure Method was considered the most effective,

and the Intraperitoneal Injection Method the second most successful

one.

Two cycles of development of M. rhodeir infection were detected 1in

roach. The Tfirst, occurring iIn the bile ducts, had a fast process
resulting In the production of mature and maturing spores. The second
started with the i1nfection of glomeruli and had a slow progress with

the final production of cysts containing mature spores.

Lesions due to degenerating trophozoites were also detected in the

interstitial tissue of the kidney, where they were usually calcified,
and in the heart. Large mature cysts were also found In the muscles
of the fish. In the liver, disturbance of the metabolism of the body

was assumed from the extent of the lesions iIn heavy infections with M.

rhodei.

Hie pathogenicity of the parasite was thought to be serious i1In both

renal tissue and liver/bile ducts. In the kidneys, the pathology
concerned both the glomeruli and Interstitial tissue. The pathology

was assessed for the first time in terms of area of lesions and volume

of affected tissues, as well as 1iIn relation to the environmental

conditions of the habitats.

Other concurrent 1i1nfections and conditions i1n fish with M, rhodei

were considered to enhance the pathology of M. rhodei in the hosts.
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Small, round cyst In the renal tissue of carp
containing three to five dlsporous pansporoblasts of

M. rhodel

Cyst close to melanomacrophage centre containing a
trophozoite of M. rhodel

Cyst In the renal Interstitial tissue of roach showing
contents of undefined origin

Cyst containing a dlsporous M. rhodel pansporoblast
Dermocvstldlum spp. Infection In carp kidneys
Dermocvstldlum spp. Infection In liver
Denaocvstldlum spp. Infection In digestive tract
Higher magnification of Figure 104 shoving one

parasite cell

Granulomas of undefined origin In the heart
musculature

M. pfelfferl pansporoblasts In the lumen of bile
ducts

Granulomas, transparent cells Infiltrating the capillary
tuft of the glomeruli of roach

M. rhodel pcuisporoblasts In kidney smears

Developmental stages of Myxldlum rhodel in liver of
roach

Early parasitical stages (pansporoblasts) of M* rhodei
In the interstitial tissue of roach

Trophozoites of M. rhodel i1n glomeruli of roach*®

Trophozoite of M* rhodei In glcunerull of roach

Cyst containing amorphous material surrounded by
a thin layer of connective tissue In the renal
tissue of roach






CBAPTEE 1
CR1IIRBAL UmomiCTIO11I

In Greece, both aquaculture and the Tfishing Industry are major
conponents of the economy. The conmonest and most established
aquaculture is generally considered to be the farming of the
freshwater species rainbow trout (Salmo gedrdnerl Richardson), carp
(Cvprinus carplo L) and eel (Anguilla anguilla L) = Of these species
trout (Salmo galrdneri and the recently introduced (“ho salmon
(©Oncorhynchus klsutch \Xp are the most Intensively farmed species
comprising at least 90Z of the freshwater aquaculture Industry In
Greece. The Industry has developed and expanded since 1980 and now

operates on a commercial basis.

For reasons of economy, an important part of the diet of cultured
salménida, carps, and even eels to a lesser degree. Is raw trash fish.
Small marine and freshwater fish of low commercial value are routinely
given as a part, but even sometimes as the only source of food to the
cultured fish. 1In Greece, trash fish are very cheap as labour costs
are extremely low compared to those of (Antral and Northern European
countries. Unfortunately, these trash fish are fed completely
unprocessed, since fish farmers are keen to minimize food costs and

commonly refuse or Ignore any advice given by specialists.

The most common constituents of the trash fish diet are the following
species: Bleak (Mburnus alburnus L), Crucian carp((“rasslus
carassiusbH)” Roach (Rutllus rutilus L); among which, the roach is the
most commonly used fish. The sources of these fish are three lakes In

Northern Greece and the Lake Agios Vasslllos, where this study was



carried out, la one of the Boat iImportant fiaheriea for aaall

cyprinlda, carp (Cyprlnua carpio) and perch (Perea fluvlatilla L).

Lake Agloa Vaaailioa la a nedluB-aize (aurface area: 4Xffl ), ahallov
lake located 25Cb NE of Theaaalonlkl, Northern Greece. The water
temperature rangea between 6~7*C In winter and 22-24*C In the aumoer.
The fish fauna la dominated by cyprinlda (carp and roach), perch, eela

and bleak.

An ecological aurvey of thla lake was carried out In 1984 (KUlkldia,
Kamarlanoa, Fotia, Kouaourla, Karamanlls and Ouzounls, 1984 ) In order
to i1nvestigate the poasibility of the Installation of a station for
fish breeding and an experimental Tfishery. According to the results
of the survey, the lake 1Is undergoing eutrophication. The water
quality has severely deteriorated due to pollution from pesticides and
d(»nestlc waste. This has become a cause of concern, since It might
create future problems in the fishing and fish production of the lake.
Natural reproduction of carp In the lake under the present conditions

was considered to be not possible by the authors.

Over the past 9 years, a special Interest has been aroused 1iIn the
pathological conditions deriving from the feeding of raw fish to
cultured fish because a variety of pathological and fungal infections
have been experienced iIn the cultured freshwater fish, e.qg,
ichthyobodo spp-, Ichthyophthlrius spp-, Capillaria spp-,
Acanthocephala spp. i1nfections (Stamatopoulo s, 1984), DIlplostomum

infections (Kalfa and SlInis, 1985), Ichthyophonus and Saprolegnia spp.



Infections (Staoatopoulos, 1984) and Llgula Inteatlnalla infections

(Chimonas, 1977; Athanassopoulou, 1983).

Amongst the parasite fauna, protozoa”™ectoparasites are commonly found
in wild populations but the published data consists of records of
incidence without reference to their host relationships. In general,
the pathology of these parasites in roach i1s not very well understood
and i1nformation on their prevalence in Greek fish i1s very limited

(Athanassopoulou, 1985).

Despite the c(Mnparatively larger number of studies that have been
carried out on the endoparasltic fauna of cultured fish, far too
little of this iInformation 1s available on Greek fish. The only
relevant Information remains the study of the disease In roach which
was carried out during the period £984—85 (Athanassopoulou, 1985).
According to these results the infections concerned mainly
myxospor-A‘ean and coccidlan species. Eimeria spp. infections were
detected commonly 1in Greek roach populations in the Lake A Vassilios

and kidneys were the nkK>st commonly affected organs (Athanassopoulou,

1985; Athanassopoulou and Vlemmas, 1986).

The myxosporean Infections of roach were studied In the Lakes Agios
Vassilios and Vistonis, both 1in Northern Greece, with particular

to the kidney conditions and pathology (Athanassopoulou,
1985). In the same study, the description and differential
identification of lesions fTound iIn the renal tissue were also

assessed. In particular, Myxidium rhodel Leger, 1905 infections were



considered to be very Inportant because of their high prevalence and
pathogenicity. In the light of these preliminary studies and because
of the general lack of knowledge of this parasite species a
comparative study on 1i1ts pathogenicity 1in roach from different
habitats was considered to be necessary. Thus, Tfish from different
British locations were examined. Three main sites were selected as
sampling sites for the present study. Loch Fad on the Isle of Bute iIn
the Vest of Scotland, Loch Maben in Dumfries, and a small lake 1in
Yorkshire, because of the high Incidence of M/rhodei in the fish from
these locations and because the three environments were well separated

from each other geographically.

The parasite in fTish populations from British habitats have been much
better investigated than those iIn the Greek water bodies. Most of the
studies, however, concern mainly helminth data in different Tfish
species 1iIncluding roach. Kennedy, 1i1n his checklist of British and
Irish freshwater fish parasites, gives an indication of the extent of
these studies 1In Britain up to 1-974. The amount of information on
myxosporean Infections 1i1n roach is still very scarce (McGulgan and

Sommerville, 1985).

Loch Fad 1i1s a freshwater loch situated 2.4Km SW of the town of
Rothesay, Isle of Bute. It has a total surface area of about 72ha and
a maximum depth of 12m. A total of 75 Kames-type rearing cages for
the culture of rainbow trout are usually positioned at the north of
the loch. Furthermore, eels are also stocked for a period of six

months and wild Tfish (salménida, roach and perch) comprise the



permanent fish fauna of this habitat. Although 14 species of
macroinvertebrates exist, the benthos iIs dominated by six
oligochaetes, chlroncmilds and gastropod molluscs. The environmental
and rater quality aspects of this loch are relatively well studied iIn
consecutive years (Beveridge, 1981; Stewart, 1983, 1985, 1986, 1987;
Philips, Struthers and MIdley, 1989). All these researchers have
described the 1loch aa a typical eutrophlc Ilowland Scottish type.
Ammonia, nitrate and concentrations of various phosphorous compounds
were considered high by Philips at al. (1989) and Indicative of a very
eutrophlc rater %diere significant summer algal groi/th i1s possible.
Unsatisfactory levels of oxygen at this time of the year may also

OoCccur.

The parasites of the cultured wild fish in the Loch were studied by
McGulgan and Sommerville 1i1n 1985. However, the only myxosporean
species recorded in this study was Myxidium giardi Cepede 1906 in the
gills of eels. No data i1s available for Loch Maben but the Loch is a

small private rater body used mainly for recreational activities.

No information 1is available on the source of the fish from Yorkshire
or details of the type of aquatic habitat. The only source of
information on the likely type of habitat may be derived from a survey
carried out by the Yorkshire Water Authority (1974). The survey was
carried out in reference to a possible programme for intensive roach
prop agation. The Authority required basic biological information on
roach living under pond conditions in the northern part of England.

The lake where the" survey was carried out is Sandall Park Boating



Lake, near Doncaster, a mail lake of approximately one hectare with
an average depth of 2m* The water analysis and the analysis of
invertebrate fauna showed that the lake i1s a typical eutrophic lake

with some unusual features* Although there was an abundant plant
growth, there was not a marked planktonic bloom and thus planktonic
Crustacea never became particularly abundant; their population ims

restricted to one species only (Yorkshire River Authority, 1974).

The class Myxosporea 1is a ubiquitous group of parasites of cold
blooded vertebrates, and many have been described from freshwater
hosts. These have been listed by Bendele and Klontz (1975), and the
Myxosporea were comprehensively reviewed by Mitchell (1977).
Virtually all tissues and organs may be infected, but most of the

myxosporean show some tissue specificity (Mitchell, 1977).

The taxonooilc scheme of the protozoa was developed around the turn of
the century, and has been updated continually since then (lrvine,
Corliss, Cox, Deroux, Grain, Honigberg, Leedale, Loebllch, Lom, Lynn,
Merinfeld, )fage, PolJdansky, Sprague, Vavra and Wallace, 1980), and
thus the exact position of the class Myxosporea has been under

question for some time.

Members of the class Myxosporea have a life cycle that is, 1In part,
essentially amoeboid, hence their original association with the
protozoa (Mitchell, 1977), but several workers have produced evidence
to show that they have strong affinities with members of other phyla,

largely because much of their life cycle shows true multicellularity



and bacauaa some aiiiillaritiaa between polar inorphologlcal capsule and
coelenterate nematocyst formation of the phylum Cnidarla exist (offif
1969* 1973; Lom and De Puytorac, 1965). A separate phylum, Myxozoa,
containing these organisms was created iIn a revision of the taxonomy
of the group (Levine et al., 1980). The classification of the class
Myxosporea was then further updated by Lom and Noble (198A) to give

the present taxonomic position:

Sub-Kingdom Protozoa
Phylum Myxozoa Crasse™, 1960
Class Hyxosporea Butschli, 1881

The characteristics of the phylum as described by Lom and Noble
(1984) are that all members are microscopic parasitic organians which
are pluricellular, and have morphologically and functionally
specialized cells. Other major characteristics are those of cells
being enveloped within other cells, and multicellular spores
containing polar capsules (cnldocysts). These polar capsules contain
colled polar filaments whose function is probably that of attachment.
There are one to many amoeboid sporoplasms (germinal elements) within

the spore, and two to seven valves form the spore wall.

The class requirements (Lom and Noble, 1984) are that a pluricellular
trophozoite should be the main site of proliferation. These
trophozoites contain their own vegetative nucleus and generative cells
which produce multicellular spores. They range from uninucleate
pseudoplasmodla producing®™ one spore to macroscopic plasmodia producing

many. The spores contain one or two sporoplasms, one to seven polar

.



capsules and two to seven valves. These parasites can be hlstosolc»
inter- or Intracellulare or coelozoic i1n porkilothermie vertebrates. ;€

Those presented in the present study are Included in the following:

Suborder Pletjaporine Kudo, 1919 emend.

Polar capsules (generally two, sometimes one) at the apex of the

spore lie solely i1n the sutural plane of a bilaterally symmetrical
spore. As a rule, hlstozoic parasites of freshwater Tfishes,

producing large polysporous trophozoites.

Family Ifyxobolldae Thelohan, 1892 - Spores flattened parallel to
the straight sutural line; the suture forms an elevated ridge and
may be drawn out 1into long projections. One of the two polar
capsules may be smaller; 1i1n two general, 1t has disappeaured
c(xapletely. Most species have an "i1odlInophilic vacuole*®*. Form as
a rule large hlstozoic trophozoites ('cysts™) with numerous

spores, mostly iIn freshwater fishes.

Genus Nyxobolus Butschll, 1882 - Spores ellipsoid ovoid or rounded
in valvular view, and biconvex 1iIn sutural view. Shell valves
smooth. Two, mostly pyriform polar capsules: exceptionally, one 1is
ostensively missing, in which case the remaining one is not
situated axially. Posteriorly, the sutural ridge may extend into a
crescentic ledge. Blnucleate sporoplasm, often with an
"lodinophillc vaculole”™. Trophozoites as a rule large, polysporous
with pansporoblast formation; histozoic 1iIn freshwater fishes,

some In marine fishes, rarely iIn amphibians.

Family Myxldlldae Thelohan, 1892. Spores spindle shaped, sigmoid
or crescentic, sometimes almost semicircular i1n valvular view,
ellipsoidal, have two (in Coccomyxa one 1is eliminated) polar
capsules located in the opposite ends with terminal or slightly
lateral capsular foramina; the Jlongitudinal sutural [line 1Is
straight, curved or sigmoid. Mostly coelozoic, rarely hlstozoic

parasites in marine and freshwater fishes.



Genus Hjxldlisi Butschll, 1882. Spores as a rule fusiform,
straight or slightly crescentic or sigmoid, with more or less
pointed ends; shell valves smooth or with ridges; sutural line
bisecting the spore. Tvo mostly pyriform capsules are situated
one at each end of the spore, capsular foramina lie in the sutural
plane, at or near the end of the spore and open mostly in opposite
directions. One binucleate sporplasm i1s located as a rule between
the capsules. Typically coelozoic, small or large trophozoites,
monosporous, disporous and polysporous, the latter with
pansporoblast formation, also histozolc; intracellular stages are

kno«m. In marine and freshwater Tfishes, rarely in amphibians or

reptiles.

The aim of this project was to study the biology of M. rhodei and the
pathology which the parasite has on the hosts. For this purpose, the

biology, life cycle and pathology were studied in the first instance

in naturally infected fish.

The occurrence of myxosporean infections in different habitats had
previously been established through examination of fish from different
sources, 1In both Greece and Britain, during the period 1981-1986.
Therefore, during the project period, the prevalence and seasonality
of the Mvxidlum and Mvxobolus species concerned, were investigated iIn
order to establish the time of the year when natural peaks of
infections occur and to compare these between species of two different
genera, 1.e. Myxobolus and Myxidium. Information on seasonality of
the specific Myxobolus species found in the project is limited and in
the case of M. rhodei and M. pfeifferi. non-existent. As a
consequence 1t was not known whether Myxobolus and/or Myxidium spp.

infections show constant seasonal patterns in their life cycle. Thus,

<



thrM different and well separated» both geographically and

clinatlcally, habitats were selected as sampling sites.

Another important purpose of the project was to assess the morphology
of the two Myxobolus and two Myxidlum species studied here and to
Investigate 1i1n detail any variability occurring between the same
species in relation to the age and size of the hosts» and/or the
location of the parasites in the hosts. As information on these
particular aspects 1i1s also limited» great difficulty was encountered
in the comparison of results from different authors. Furthermore»
previous lack of a generally agreed taxoncxny of this group of
parasites made the 1i1dentification of some species and the subsequent
comparison of results even more difficult. For example» the affinity
of M. rhodeir with other Myxldium species was not certain and was never
properly 1investigated. In response to this question» the possibility

rhoder and Myxidium pfeifferi being synonymous was also

examined.

Although the previous aspects were examined in depth, the main nature

study» however» was an assessment of the pathological
conditions derived from myxosporean species 1iIn Greek and British
roach. The pathology of myxosporean species was studied using light
and electron microscopy. As M. rhodei was found to be an 1mportant
parasite iIn roach from previous studies (Athanassopoulou, 1985)» and
only limited information was available on its pathology» particular

attention was given to its pathogenicity in kidney and other tissues.



Since M. rhodel produces nuaerous large cysts in the Kkidneys, the
amount of kidney tissue occupied by the cysts was considered to be
important and thus, a new method based on i1mage analysis was used to
measure the amount of kidney tissue affected. There are a number of
image analysis applications in biology requiring the mapping and
measurement of two dimensional distributions of cells or particles.
Examples are the distribution of colonies in cell culture, particles
in freeze-fractured cell membranes, gels and suspensions. In this
case, i1t was used on kidney histological sections to measure the area
and volume of the parasitic lesions, as well as the area and volume
occupied by normal Tfunctional glomeruli, 1In order to assess and

compare the extent of damage caused by M. rhodei on the renal tissue

of roach.

The method represents a simple 1image analysis system based on a
microcomputer and digitiser tablet which counts and traces cells or

other structures and measures different parameters.

The Ilife cycle and the pathology of M. rhodei was also studied
experimentally in order to confirm the findings of the investigations
in the naturally infected fish and to gather further iInformation on

the life cycle in p€urtlcular.

Most of the 1i1nformation on experimental infections 1In Myxosporea
relates to Myxobolus cerebralls and data on similar Infections of
Myxidium spp. was unavailable. Therefore "the Tfirst step wis to

<istablish the best method for transmission of M. rhodei infections. In
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pursuing this, difficulties were encountered In assessing the sanpling
periods since most of the data was extracted from Myxobolus spp.
experimental Infections, carried out by other authors whose results

were considered to be most encouraging.

After the assessment of the best method, other aspects of the M.
rhodel life cycle were studied, such as the existence or non-axlstence
of Intermediate hosts, as such Intermediate hosts have recently been
suggested by some authors for M. cerebralls. Modifications of the
best method were used and two species of fish host (carp and roach)
were used. The examination of samples comprised both examination of

fresh material and histological s€K:tlons.

Throughout the period of the experimental Infections It became obvious
that lesions observed In fresh preparations could rarely be detected
in the histological sections. Subsequently an effort was made to
overcome this problem by *cutting a. large number of serial sections.
This was not always successful. A separate experiment was, therefore,
set up almost Identical to the fTirst, during which samples were
examined only histologically, and 1i1n detail, in an attempt to

eliminate the possibility of any tissue waste.

Another problem encountered during the experimental period was in the
acquisition of myxosporean-free fish as this 1s a major factor 1in
ensuring the validity of the experimental results. Consequently, only
"Mtlficially reared fish were used 1In the experiments iIn this study

and all possible precautions were taken to avoid exposing the fish to






CHAPTER 2
GENERAL MATERIALS AND MEIHODS

2.1 FISH SAMPLES AND MAINTENANCE

82 roach were collected iIn January 1986 from the Lake Agios Vassilios
using gill nets for different Tfish sizes. The fish were then
transported alive to the laboratory of the Department of Ichthyology
and Fish Pathology, University of Thessaloniki, Greece, in plastic
bags containing water of the lake. The Tfish were kept temporarily in
small plastic tanks with aeration prior to the post-mortem

examination.

A total of 428 roach and 36 perch were caught from the Lake Agios
Vassilios throughout the period September 1986 - September 1987. These
fish were caught and handled iIn the same way as above and examined at
the Laboratory of Ichthyology and Fish Pathology. The samples were

removed throughout the year as follows:

Autumn (September-November 1986 = 45 fish)
Winter (December-February 1986/87 = 185 fish)
Spring (March-April 1987 = 52 fish)

Summer (June-September 1987 = 36 fish).

18 roach from Loch Haben, Scotland, were caught by gill nets, packed
in 1ce iInside 1isothermic boxes and transported dead to the Institute
of Aquaculture, University of Stirling, where they underwent prompt

full post-mortem examination.



Another 273 roach and 20 perch collected from Loch Fad using gill nets
between January 1987-December 1987, were handled and examined iIn the

same way at the Institute of Aquaculture.

62 roach (R. rutilus) and 22 carp (C. carpio) held over iIn ponds in
Yorkshire were sent to the Institute of Aquaculture i1n a small volume
of water in plastic bags filled with oxygen (February and April 1987
samples). As soon as they arrived at the Institute, the fish were
placed 1In a plastic tank (80x70x35cm) Tfilled up with dechlorinated
water. The tank was kept outdoors and was intensively aerated.

Samples of these fTish were removed and examined within 30 days.

30 roach and 5 carp from the same location (July sample) were sent 1in
the same way to the Institute of Aquaculture, held iIn one plastic tank
(80 X 70 X 35 cm) fTilled up with charcoal filtered water and
constantly aerated. The water temperature was 10°C at the time of the
examination and the fish were kept with minimal feeding until January

1987 when they were examined as the rest of the fish.

Another 59 roach from Yorkshire were sent on 15 November 1987 to the
Institute of Aquaculture. These fish were put iIn plastic tanks fTilled
up with water. The tanks were kept at 14®C for about one month during

which period, they were examined and processed as detailed before.



Another two batches of 168 fish (110+58) were collected fr<xn Lake A.
Vasslllos, N. Greece, as described before. In Noveober and January
1988 respectively. Half of the January fish were i1mmediately
processed with a fixative for both histology and EM purposes and the
other half were kept in 10X buffered formalin for further histological

examination.

2.2 GFfFIERAL FOST-fmBf TBCHMIQDES

Each fish was given an overdose of Benzocalne (Sandoz) anaesthetic
prior to FM examination, then weighed and the Ilength recorded. Age
was estimated by examination of scale rings iIn the roach and carp and
by examination of the spinal rings in the case of rainbow trout. The
anaesthetized fTish were placed under a dissecting microscope (x20-x45)
and examined for the presence of cysts, lesions or parasites on the
skin and gills. Squash preparations pf dkin and gills were also made

and examined microscopically (xICX)-x1000).

Blood smears were taken from the heart and caudal area and stained
with two modifications of Giemsa stain (Drury and Wallington, 1980;

Kalavati and Narasimhamurti, 1983).

The abdominal wall was then cut and the heart, gastro-Intestinal
organs and kidneys removed. Squash preparations from all organs were
made which were fixed in Schaudinn®s fluid and stained with Giemsa

(Drury and Wallington, 1980).

Ah
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During the PM examination, pieces of tissues from all organs were

taken for histological processing.

2.3 PASASNOLOGICAL 1BCAMIQCES

Parasitological examination was carried out simultaneously with the
general PM examination, i1n all fish samples and the experimental fish
prior to the start of the experiment. The parasitological examination

was carried out using the method described by Athanassopoulou (1985).

The measurement of the parasites, cysts and spores was made 1n the
fresh state using a standard eye piece graticule calibrated using a
micrometer slide. At minimum of 30 parasites, spores, or cysts were
measured In each case. The various dimensions measured In each spore

are shown 1iIn Figs. 1 and 2. AIT measurements are expressed 1In

micrometres.

For better observation of myxosporean spp. spore shape euid structure,
parasitology i1odine and Methylene Blue and Trlchrome Methylene Blue
were used (Appendix I11). For the extrusion of polar filaments of the
myxosporean spp. spores, the methods described by Kalavati and

NarasImhamurti (1983) and Lom (1964) were used.

Jn
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FIGURE 2: Myxldlum spp. spore
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The existence of the mucus envelope of the spores was detected by

using the method described by Lom and Vavra (1963).

Identification of protozoa was made using Bykhovskaya-Pavloskaya,
Gusev, Dubinins, Izyumura, Smirnova, Sokolovskaya, Shteln,

Schulman and Epshteln (1964), and Schulman (1984).

2.4 PKEPARAIIOIf OF HIST «rm:CAL HATEKIAL

Small pieces of tissues were fixed 1n [10Z buffered formalin, or
Bouin®"s fixative for a minimum of 24 hours. After Tixation, the
tissues were trimmed, placed 11n a HIstokinette and processed
routinely. The tissues were “bedded 1i1n Paraplast wax and cut at
S"-bum. Routine procedures were used to stain the sections with
Haemotoxylin and Eosln, Periodic acid Schiff, Von Kossa, 2liehl-Neelson
(Drury and Wwalllngton, 1980), Glemsa and Mallory®"s Trichrome stain

(Paul Thompson, personal communication) (Appendix I11).

2.5 SPOSE CXDNCENTKATION AND ISOLATKNf TECHNIQUES

Spores were 1isolated and concentrated from both Greek and British
roach using a modification of the method commonly used for Myxosoma
cerebralis (O0"Grodnlck, 1975) and some Mvxobolus spp. (Mitchell, Krall

and Seymour, 1983; Athanassopoulou, 1985).
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Development of the Method Used

The method used was developed as follows:

10 kidneys from Greek roach were carefully scraped out and blended
together i1n approximately 10ml saline. Kidneys were macerated by hand
in a mortar with a pestle. The macerated material was then divided
into eight groups. Each group was gravity filtered through different
mesh nylon screen sizes. Groups 1 and 5 were Tiltered through mesh
size (1) 30(™, Groups 2 and 6 through mesh size (2), 15C~, Groups 3
and 7 through mesh size (3) WM, and Groups 4 and 8 through mesh size

4) 4|em.

The Ffiltrates were placed i1ndividually 1In a separation funnel
discharging into the plankton centrifuge. The flow was set at high
speed until all saline was removed. The saline from the first run was
collected and recentrifuged. The residue of the walls of the plankton
centrifuge revolving drum was scraped and the material suspended iInto

a kno%m amount of saline (6-10ml).

The material was then placed in small bottles and shaken thoroughly

until 1t was uniformly suspended (6 min).

A small amount of the above suspension was then placed under a
coversllp of the haemocytometer and the spores under 1mm squares were
counted. Four chambers were used counting a total of 64 squares.

Each sample was counted three times, and the mean value was calculated.
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The fTollowing formula was used to calculate the number of spores iIn

Iml :

No, spores Total number of spores counted x 10
ml * No of 1mm areas counted

The calculated number was then multiplied by the volume of saline iIn
which the material was suspended giving a total spore count for each
group. The outflow of each group was also collected and the number of
spores was counted three times 1In the same way. According to the

above procedure, the nylon screen of 4 (457) gave the best results.

In order to try to improve the fTiltration by inclusion of cotton fibre
into the procedure, the method was tried once more using 10 roach
kidneys from Greek fish. The kidneys, after mixing, were macerated by
hand and divided into eight groups. Groups 1>4 were gravity fTiltered
using simple mesh sizes &I(n. The groups 5-8 were also gravity
filtered using the same mesh sizes etd In addition a layer of
cottonwool. The samples were thereafter processed in the same way as

described previously.

The comparison of the different groups showed that Group 8 which was
filtered through mesh size 4 (457) and cottonwool, gave the cleanest

and the most dense suspension of spores.

{4



In order to further develop the purity and density of the spores a
modification of the method was made, using vacuum TFfiltration. 10
roach kidneys from fish were mixed up, macerated by hand and divided
into two groups. Group A was then vacuum Tfiltered through a nylon
screen mesh of 4 (4~") and a layer of cottonwool. Group B wm
gravity fTiltered through a nylon screen of mesh 4 (47"&n) and a layer
of cottonwool without vacuum TfTiltration. The suspensions of Group A

were slightly cleaner and more dense iIn spore numbers.

A further modification was also tried in an attempt to obtain the best
results of spore suspensions using an electric homogeniser with a head

size of 1.8cm.

20 roach from Yorkshire were used for this modification. The roach
kidneys were mixed up and divided into eight groups. Groups 1-4 were
homogenised electrically using a head of 1.8cm, and then vacuum
filtered through mesh sizes 1-4 respectively, and a layer of cotton

wool .

Groups 5-8 were macerated by hand euid filtered in the same way. The
best results were obtained by electric homogenisation and by
filtration through mesh size 4 (4~") plus cottonwool. The method is

schematically presented in Table 1.
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2.5.1 Staining Procedures

Spores of MYXobolus spp. and Myxldlum spp were stained with different
stains iIn both histological and fresh scunples In order to study the
morphology and the best staining results for these parasites and their

intermediate stages (cysts, trophozoites, etc.).

The spores were stained with the follo%ring methodJi described in detail
in the Appendix Il section. Glemsa, Lugol®s lodine stain, Indian Ink
method for detecting the spore®s envelope ((om, 1964), Neutral red.
Methylene Blue and its modification Polychrome Methylene Blue

(Appendix 11).

The Polychrome Methylene Blue proved to be the best and most efficient

stain for myxosporean spores and their iIntermediate stages.

2.5.2 Spore viability test

No efficient method has been developed yet for the determination of

myxosporean spore viability.

Almost all the previously described methods relied on spore structure
and morphology namely the sporoplasm, polar capsule and polar filament
morphology and Integrity. In particular, extrusion of the polar
filament has been thought to be an indicator of spore death by Bond

(1938).



The spore viability test using methylene blue stain as an indicator
has been developed for testing the viability of spores of Mvxosoma
cerebralls (Hoffman and Markiw, 1977) but according to the available
bibliography, no i1nformation exists for spores of other Myxosporea
species. In the present study both the methylene blue method and the
morphology of the spore*s structure were selected to assess the spore
viability of Mvxobolus pseudodispar and Mvxobolus ellipsoldes from the

roach samples.

Staining was accomplished by adding 0.5Z aqueous methylene blue
solution to 3”71 of spore concentrate, processed as previously
described, on a microscope slide, so that the final concentration
would be 0.08X. A micropipette (5-40"1) was used to deliver the above

amounts of stain and spore aliquots.

2.6 HFHOTOGKARHI - OSAMINGS
Microscopic photographs were taken with an Olympus BH-2 research
microscope TfTitted with a photomlcrographic camera (C.35AD) using

direct light and interference contrast techniques.

Drawings were made using a drawing tube on an SH Lux Compound

microscope, Leltz Wetzlar, Germany. Free hand drawings were also

made .

/\'I
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CHAPTER 3
MVEmcmow nrro seasokality, prevalence amp nrmBITT Of
WhOSPORBA son. IHFECnQIlS IM ROAH

3.1 imooiichoN

Seasonal changes In nature are clearly reflected i1n organic life. It
Is therefore natural to expect that parasites, even endoparasltes,
although they have no direct ties with the external environment,

shoiild not remain Indifferent to annual cycles of climatic change.

It 1s also apparent that cyclical changes i1n the susceptibility
between various groups of hosts and symbiotes exist and this may be
altered by different factors. Although there is considerable data on
annual rhythms of parasites of mammals (Hawking, 1975) there is little
information on the seasonal occurrence of fish parasites. The seasonal
changes i1n the 1iIncidence of some species have been reported in the
literature (Dogiel, 1964). Chubb (1977, 1979, 1980, 1982),
recognising the fact that treatment and elimination of many helminths
in fish farming conditions %rllIl be effective only 1f related to the
knowledge of the seasonal biology of the species, produced a review of
the seasonal occurrence of helminths in freshwater fish. According to
this research, many parasite species when in their fish host, exhibit
seasonal cycles and such cycles have been reported iIn monogeneans,
digeneans, acanthocephalons, copepods and leeches iIn freshwater and
marine fish (Chubb, 1977, 1979, 1980, 1982). Igbal (1984) described a
seasonal migration and reproduction in the blood fluke Sanguinicola

inermis Plehn which occurred in the carp even iIn an aquarium where



environmental parameters were constant throughout the year,
demonstrating endogenous rhythms relating to external factors In
the natural environment. Seasonal cycles almost certainly also occur
In Protozoans, although these have not been studied In such detail,
and 1In regions other than the sub-~ctic a™d temperate latitudes

(Kennedy, 1977).

In general, the factors known to 1nduce changes 1In the parasite
population®s development may be grouped iInto three major categories

according to Schad (1977):

(&) External environmental factors;
) Host factors which determine the host"s suitability as an
environment for further development, and

(€)) Parasite-related factors either genetic or density-dependent.

Other authors (Chubb, 1977) describe the factors as abiotic and

biotic.

Bauer (1959) also discussed these factors and amongst the abiotic
factors 1i1ncluded the amount of light entering the water, the depth,
pH, oxygen content, salinity and temperature of the water. The biotic
factors Included the host feeding habits, the density of Tfish

populations, reproductive behaviour, growth rates and migratory

patterns.

Kennedy (1977) studied the density-dependent and independent factors
affecting the parasite populations in Tfish. Density-independent

factors such as the temperature and feeding patterns are known to be



associated with cyclic manifestations of susceptibility 1n animals
(Reid, 1970). In fish, according to Kennedy (1977) only
density-independent factors have been shown to affect parasite
populations. Of these, the most widespread and Important appear to be

the water temperature and the fish behaviour, both dietary and social.

The density-dependent factors (such as the host Immune response) 1is
considered by Kennedy (1977) to be less important. Mammals and birds
are capable of mounting effective 1Immune responses against their
parasites. Among different fish species iInvestigated, most have been
shown capable of producing circulating antibodies mainly belonging to
the IGM group (Houghton, 1987). Therefore, fish seem to be incapable
of producing skin sensitizing antibodies or systemic anaphylactic
shock. However, although fish are not able to mount complete iImmune
responses involving antibodies against their parasites, some species
are able to produce responses involving mucous changes that are
effective against some ectoparasites (Graves, Evans and Dawe, 1985),
including the protozoan parasite Ichthyophthirius multifiliis
(Houghton, 1987). These responses may be general and short-term or
I

specific and Qlong-term but 11n both cases confer resistance to

reinfection.

In the studies of fTish 1mmunology i1t has been known from an early
stage that antibody response is dependent upon the temperature of the
environment. At low temperatures (8712*() the response is slow or not
detected, but at higher temperatures it occurs more rapidly (Avtalion,

1969; Rijkers, Frederix-Wolters and Muiswinkel, 1980). Such a



variation In activity of antibody production» reflecting changes 1in
water teoperature, has been used by Chubb (1977) to explain seasonal

variations iIn the incidence of parasites .

Other factors described by Kennedy (1977) as density-dependent
factors, such as 1inter- and intra-specific competition 1in parasite
populations as well as other specific mechanisms, have also been

reported In fish but these refer mainly to helminths (Kennedy, 1977).

Seasonal epizootics and outbreaks of different myxosporean infections
have often been reported in the literature according to the review by
Mitchell (1977). These seasonal cycles are thought to have an
influence on the transmlsslbllity and rate of development 1in the
hosts. The |literature reveals little information, however, about
species other than these which affect commercially iImportant hosts.
There 1s even less data aveillable concerning myxosporeans TfTrom
sub-tropical countries like Greece. Reports from such countries exist
mainly  from Spanish reservoirs and other freshwater habitats
(Gonzales-Lanza and Alvarez-Pellltero, 1985; Alvarez-Pellitero,

Gonzales-Lanza and Perelra-Bueno, 1983).

As iIn the case of other fish parasites, a variety of factors may be
responsible for the seasonal fluctiiations of the myxosporean
infections. Aquatic conditions which provide concentrations of hosts
and iInfective stages promote massive development of the parasites and
Increase frequency and Intensity of epizootics. It 1s thought,

however, that myxosporean disease most often results from cumulative

- i

m M"i



hyperInfectlon (McCraren, Landolt, Hoffman and Meyer, 1975).

Seasonal cycles of myxosporean infections have also been related to
the environmental temperature, and strict temperature requirements of
some species may determine the 1iIntermittent occurrence of disease

(Schafer, 1968).

Lom (1970) suggested that seasonal cycles In some myxosporean species
may be strongly 1influenced by host antibody response. During cold
periods when antibody titres are low, massive infections may develop.
On the other hand, tolerance levels of hosts for environmental stress,
such as oxygen depletion, are vreduced by gill 1infections of

Myxospora a (Mitchell, 1977).

Incidence of iInfection with Ceratomvxa shasta has been directly
related to the distance covered by the fish during migration 1in
freshwater and there are iIndications- that natural, specific foci for
myxosporean Infections do exist and these may be sharply delineated as
with C\. shasta. It 1s also possible that genetic strains of hosts are
being cultured in hatcheries for this parasite (Schafer, 1968). The
incidence of infections with Myxospore a is extremely variable and 1in

many hosts 100% infection is not uncommon.

Several species appear more frequently or exclusively iIn mature hosts
and i1t is thought that older fish usually carry greater total numbers
of spores than juvenile specimens. On the other hand, very young

hosts in general are often most susceptible to disease and major



epizootics i1Bost frequently occur in hatcheries in Juvenile fish. It 1is
also suspected that significant disease may result as previously

unexposed host species become infected (Mitchell, 1977).

This part of the study iIs an extensive assessment of the prevalence,
seasonality and intensity of the myxosporean Infections in roach in
both Greek and British environmental conditions which represent
typical temperate and sub-tropical climates. It also examines the
above parameters in relation to the different biological
characteristics of the fish populations, namely the age, sex and
length, talcing into consideration also the environmental conditions of
the habitats during the period January 1986-January 1988 when this

research project was carried out.

3.2 MAEKIALS A\VD NEIHODG6

The study covers the period January 1986 to January 1988. During this
period, the Lake A Vassilios was sampled in January 1986 and again 1in
January 1988. Samples were taken more regularly, 1i1.e. one per month,

during the period September 1986 to September 1987.

British.roach samples were taken from Loch Fad (Scotland) during the
period January 1987-December 1987 and from Yorkshire, N England,

during the period February 1987 to December 1987.



A total of 486 Greek and 442 British Tfish were examined. The Tfish

were categorised according to their length and age as follows:

o _ _ Standard Age (years)
Origin of Fish Nos. Fish Length (cm) (scale reading)

Lake Agios Small 105 1612—;2 .
Vassilios Large 381 -9-

(Greece)

Loch Fad Small 116 10-15 .
(Scotland) Large 157 19.5-26

Loch Maben Small 0 12.5-15.5 .
(Scotland) Large 18 16-23

Yorkshire Small 68 0

(N England) Large 83 18.5-32.5 2 -3

It should be noted that no samples were available for Uke A Vassilios

during the months of May and June since TfTishing i1n the lake was

prohibited due to the reproductive activity of the Tfish.

Ungth refers to standard length and i1s expressed In centimetres. The

fish were aged using scales and/or opercular phones. The Tfish

measured In a Tfresh state. All measurements were taken between

verticals 1n accordance with standard methods (Lagler.® Bardach and

Miller, 1962).
Statistical Analysis

In order to determine the influence of age and length of fish on the

infections with Myxosporea spp, the Chi square (X t/st) was used.



Host, sex iInfluence was also studied using the Chi square test (2x2

table) for the prevalence.

The 1intensity of the infections was seml-<iuantltatlvely evaluated and
thus not subjected to statistical analysis. Since i1t was impossible
to count all the spores, the intensity was graded according to the
number of spores per viewing fTield and categorised as different levels

of Infection. These are as follows t

Intensit

Level Y Nyxobolus sdad. Magnfcn. N. rhodel Nagnfcn.
Level 1 (ILD) 5-10 spores/Tleld 250x 1-3 cysts/fTleld 100x
Level 2 (IL2) 10-50 - o 3.5 . It
Level 3 (IL3) 50-100 " t 5-8 f
Level 4 (1L4) >100 " ft 8 . " fit

The Mean Intensity was calculated by summing the index for the Intensity
level (ID and dividing by the number of Infected fish.

Environmental Parameters

The description of the environmental conditions of the habitats was
outwlth the scope of this study. Thus, the iInformation was taken from
previous studies where possible. In the case of Lake A. Vassilios
data from the biological and water parameters are presented 1iIn the

Appendix | (Tables 1-8).

Loch Fad (Scotland); The water quality data of the different workers

are given in Tables 9 and 10 of Appendix |I.



No data i1s available for Loch Maben, Scotland. No data was available
for some of the fish from Yorkshire since they were obtained from a
commercial TfTishery, other than that fish were from a local, unnamed
source but were held over iIn overwintering ponds on the farm site in

Humberside.

The results of the water analysis of Sandall Park Boating Lake 1in
Yorkshire which was considered to be a habitat similar to the
environment where the fish for this study originated, are given 1n
Table 11 of Appendix I. These data were obtained from the Yorkshire

Water Authority (1977).

3.3 SESDLIS

The most commonly-occuring myxosporeans found in the fish from all the
sampling Hlocations examined 1In the present study are presented iIn
Table 2. Two Myxobolus species, M. pseudodispar Gorbunova, 1936 and
M. ellipsoides Thelohan, 1892, and two Myxidium species, M. rhodei
Leger, 1905 and M. pfeifferi Auerbach, 1908, were found. In addition,
Sphaerospora spp was found but on a few occasions only. Data was not

collected for this species.

The sites of infection and the details of the parasitic infections

found In the fish from the different locations are shown iIn Tables 2

and 3.









3.3.1 Seeaorellty, Prevalence and Intenaltj of the Genus Myacholus

Parasite: Myxobolas pseododispar Gorbunova. 1936

In all fish examined, the parasite was found In the kidneys, spleen
and muscles. In the kidneys and spleen only, free spores forming
small groups were found concentrated In the melanomacrophage centres.
In a few cases, scattered spores were also found 1In the renal
parenchyma. In the muscles, the spores were found In cysts, well

demarcated by connective tissue (Table 3).

The seasonality of the parasite was studied only In the Lake A.
Vasslllos (Greece) and In the Yorkshire (N England) environments,
since i1n the two Scottish lochs the parasite was found only In the

March samples and In only one fish from each location, as noted 1iIn

Table 2.

Prevalence

Figure 3 shows the seasonal pattern of the prevalence of M
pseudodispar i1n Lake A. Vasslllos, Greece. The figure suggests a
greater prevalence In the warm months (March through September) but
high levels were also recorded in the colder month of Janueury. The
highest values were observed In January 1986, September 1986 and March
1987. Three different very variable values, however, were observed 1iIn

the January samples during the years 1986, 1987 and 1988 (53.66%,






6 .12X, 12.07X), suggesting a non-constant seasonal pattern for

consequent years for this parasite.

In Yorkshire, the higher prevalence of the parasite was found in April

but in the rest of the sampling periods the prevalence was 0 (Table

2).

Intensity

The Intensity of M. pseudodispar in Lake A Vasslllos and in Yorkshire
can be seen 1n Table 4. From this table 1t 1i1s apparent that the
intensity level remained Ilow (ILI) 1i1n all samples and 1i1n both
locations (1.e. 10 spores/viewing Tield) with the exception of the
January 1986 sample from Greece when the Intensity was found to be
quite high (IL3). This coincided with the very high prevalence found

for M. pseudodispar in that sample (Fig. 3).

Statistical Analysis

Tables 6 and 7 present the results of the statistical analysis
performed on the prevalence of the parasites found In this study.
Table 6 presents the results of the prevalence between the two age
categories of fish and Table 7 presents the results of prevalence in

the female and male fish.

Significant differences between the prevalence of the infection in
male and female Tfish were not found iIn either Greece or Yorkshire

(Table 7). 1In contrast, there was a significant difference between
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the prevalence i1n small and large fish in both geographic locations

(Table 6). The greater prevalence was found in the large fish.

Psrasite: Hyxoboloa allipaoides Thelohan, 1892

Free spores of this pcurasite were found forming small groups iIn the
interstitial tissue of the kidney. The spores were found encysted in

the gills, gill arch and cartilage.

As shown i1n Table 2, the parasite was found only in Greece and Loch
Fad, but the seasonality could be studied only in Lake A.Vassllios
because In Loch Fad the parasite was only detected in the kidneys of

nine leurge fish (3.332).

Prevalence

Figure 4 shows the seasonality of M.- ellipsoldes iIn Lake A, Vassllios.
As In the case of M. pseudodispar. higher levels were apparent during
a cold month 1.e. January 1986, and during the warmer periods, March
1987, July 1987 and September 1986. Two very different values for the
prevalence were observed In January 1986 and 1987, as was also
observed for M. pseudodispar. The highest prevalence occurred 1iIn

September 1986 and the lowest in April 1987.

Intensity

The iIntensity i1s presented iIn Table 5 and was found to be constantly

low throughout the year (ILI).

1






 Mi

Statistical Analysis

There was no statistically significant differences between the
prevalence in female and male fish (Table 7) but the prevalence of the
parasite in small and large fish was very significant (Table €) being

much greater In large fish than in small fish.

3.3.2 Seamoomlitj, Prevalence and Intensity of the Genua MrrLdiun

Pazaaite: Mrxidiun rhodei Leeer. 1905

The parasite was found iIn the form of trophozoites 1In the renal
glomerult and i1n the form of mature spores encysted 1iIn the
interstitial tissue of the Kidneys, in the liver, spleen and
occasionally in the muscles. The most common site of iInfection was
the 1i1nterstitial tissue of the kidney where large cysts containing
mature M. rhodei spores were observed. In the British fish, the

muscle tissue was also a common site of infection for this pcuraslte.

Prevalence

The parasite was prevalent in all samples taken from Loch Fad and from

Yorkshire, as shown in Table 2.

In the Greek samples from Lake A Vassillos, the overall prevalence was

found to be 29.4% (143/486), the prevalence of the small/young fish

7






6.82X (33/7486) and i1n the large/old fiah 22.63Z (110/486). The

prevalence for each sample i1s shown in Figure 5.

December 1986 and April 1987 were the two sampling periods %rhen the
lowest values of prevalence were observed. In contrast, during the
months of July 1987, January 1987 and January 1988, the highest values
of the prevalence were found. From the seasonal pattern of this
parasite (Figure 5), three peaks could be detected; one iIn January

1987 and 1988, one in March 1987 and one in July 1987.

When the seasonal variation 1i1n prevalence 1i1n the Ilarge TfTish 1is
examined separately, 1t 1is apparent that this follows the overall
pattern of prevalence. However, only two peaks were detected in the

leurge fish, namely January 1987 and March 1987.

The prevalence remains constantly low i1n the small/young fish
throughout the year with only one distinct peak in July 1987 when the
maviimim prevalence was fTound (27.7%). In September 1986 and April
1987 the prevalence for these small fish was 0, but this might be due
to the small number of fish collected iIn these samples (3 fish, 4.5cm,
Age 0+). In January 1986 no small fish were collected in the samples
and therefore the same prevalence figure represents both the

prevalence of large fish and the overall figure.

Intensity

The i1ntensity of the parasite iIn this lake 1s presented i1In Figure 6.

From this figure i1t can be seen that the highest values were observed






52.

during the months of Febru€u:y 1987, April 1987 and November 1987. It
IS iInteresting to note that the iIntensity was not high when the higher
values for the prevalence were observed. For April, 1in particular,
the Intensity 1i1s high (IL4) whereas the overall prevalence has 1its

lowest value (Figs 5 and 6).

Lake: Loch Fad

Prevalence

In Loch Fad, the overall prevalence was found to be 33.3Z (91/273).
The prevalence i1n small/young fish was 7.32Z (20/273) and in old/large
fish 26.01% (71/273) (Table 2). Figure 7 shows the seasonal

prevalence of M. rhodeir in this loch, and Figure 8 i1ts intensity.

From Figure 7 we can see that the lowest prevalence value was observed
in March 1987 and the highest i1In December 1987. In Loch Fad two peaks
were seen 1In the prevalence of this parasite - iIn December 1987 and

Maj  1987.

The seasonal pattern of the 1large Tfish follows more or less the
pattern of the overall prevalence. Unlike Lake A. Vassillos, the
seasonal prevalence of the small fish i1s also similar to the overall
prevalence. In December 1987, however, the prevalence of small Tfish
drops from 8.59% to 6.32% 1iIn contrast to the value of the overall

prevalence for that month which rises (39.87%).
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Intenalty
Tha higher value for the intensity was observed in March and September
1987, The intensity peaks (Figure 8) do not correspond to the highest

prevalence values (Figure 7).

Lake: Yorkahire

Prevalence

In Yorkshire, the parasite was found to have a high prevalence
(34.77%) as shown in Table 2. Figure 9 presents the prevalence in the
different sampling periods. Two peaks of the infection were detected
in February 1987 and in July 1987. The prevalence of the large fish
again follows the pattern of the overall prevalence with the

prevalence of the small fish being constantly low throughout the year.

Intensity

The i1ntensity of the infection iIn the fish from Yorkshire is shown in
Figure 10. The intensity remains low in most of the samples during
the year, with the exception of the April sample when the iIntensity 1is
quite high (IL4). As iIn the case of the Greek Tfish iInfected with M.

rhodei. the intensity appears high when the prevalence is low (Figures

9 and 10).

Statistical Analysis

In all geographic locations no significant differences were observed

in the parasite prevalence between male and female TfTish. The

*l
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prevalence between large/old and soall/young fish, however, differed
significantly in all samples examined. The statistical analysis of
the prevalence of the samples from the three different locations Is

shown In Tables 6 and 7.

Parasite: Mrxldign pfelfferl Auerbach. 1902

In all fish examined the parasite was found i1In the form of mature
spores In the contents of the gall bladder and as coelozolc
trophozoites iIn the bile ducts, where both mature and Immature spores

were observed (Table 3).

The highest prevalence of the iInfection was found iIn the British fish

and In particular In the Yorkshire habitat (Table 2).

Lake: Lake A Vaaailioa

Prevalence

As shown in Figure 11, In Lake A. Vassilios, the highest values of the
prevalence were observed i1n the months September 1986, April 1987 and
January 1988. However, only a single peak was detected 1In the
prevalence pattern of N. pfelfferi In this lake, in April 1987. When
the prevalence of the large fish was examined separately, i1t was shown
that this was identical with the overall pattern until April 1987. 1In

the last three samples ((July, November 1987 and January 1988) the

bl









prevalence i1n the large fish i1s lower than the overall prevalence due
to the appearance of small 1infected fish. In general, however, the

prevalence of the large fish 1In the lake was more or less constant

throughout the year, except for the months September 1986 and March

1987 when the highest and lowest values, respectively, were observed.

The seasonality of prevalence i1n small/young fish i1s O iIn the year
1986 and between January and April 1987, but this is probably due to

the small size of the sample of the small fish caught during these

periods.

Intensity

The intensity of the parasite iIn this lake i1s shown In Figure 12. The
higher iIntensity values observed were i1n November 1986, March 1987 and
July 1987 (IL4) when the prevalence was low (Figure 11). In the rest

of the sampling periods the intensity was constantly low (ILI).

Lake: Loch Fad

Prevalence

In Loch Fad, the highest prevalence observed was In May 1987 (Figure
13) and .the Ilowest 1n January and March 1987. One peak was detected
(May 1987). The prevalence in small/young fish was O during the
months January and March 1987, constant for the rest of the samples,

with one peak 1In May 1987. In the large fish, the prevalence follows

the pattern of the overall prevalence.









Intensity

The 1i1ntensity of the parasite in this loch 1s presented iIn Figure 14.
It 1s apparent that during March and September 1987 the intensity
had 1ts highest values. 1In relation to this 1iIn March 1987 the

prevalence was quite low (Figure 13).

Lake: Yorkshire

Prevalence
Figure 15 refers to the prevalence of M. pfeifferi found i1n Yorkshire
(Juring different sampling periods. One peak can be observed i1n April

1987 in both large and small Tfish.

Intensity
The intensity i1s shown in Figure 16 “and 1t i1s clear that the highest
levels were observed 1i1n February and November 1987. Again during

these sampling periods the prevalence, as shown In Figure 15, is high.

Statistical Analysis

The results of the statistical analysis of the prevalence between
female and male fish were not proven to be significant (Table 7) 8§ ~ut
those of old and young fish were found to be very significant (Table

6) being constantly greater in older fTish.









sotiaT

A suHMrised profile of the myxosporean infection! found 1iIn each

geographic Jlocation are given 1In Figurea 17, 18, 19 and 20. The

pointa 1In the figurea represent presence of mature spores, TB

represents the presence of trophozoites in the bile ducts, and TK

represents the existence of trophozoites in the kidneys.

From Figures 17, 18, 19 and 20, it can be seen that both Myxobolus and

Mvxidium species have at least one peak in prevalence in Spring time.

In addition to this, the two myxobolid species found in the Greek lake

as well as Mvxidium rhodei in all three locations, show another peak

during the winter months (December to February). Myxldium, pfeiffert

shows only one peak in Spring (April to May) in all three habitats.

As shown by these figures, the trophozoites of M. rhodeir 1iIn the

kidneys of roach from all three Ilocations appear 1In the December

samples and last only during that period. The trophozoites of M.

pfeifferi1 appear 1i1n Spring ((April and March) also 1n all three

habitats. Mature spores of both Myxidium species appear constantly

throughout the year (Figures 18, 19 and 20).



TK = trophozoites iIn the kidney

TB * trophozoites

in

the bile duct
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FIGURE 17: Showing the seasonal variations of the two Myxobolus species found
in roach from Lake A Vassilios
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figure 18: Showing the seasonal variation of the two Myxidiua species found
in roach from Lake A Vassilios
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3.4 DISCOSSIOM

Information on the seasonality of the myxosporean species studied 1in

the present project exists only for the two myxobolid species
(Conzalez-Lanza and Alvarez-Pellitero, 1984, 1985). No seasonal data

could be found for Mvxidium rhodei and Myxidium pfeifferl.

Mvxobolus pseudodispar had a high prevalence in the British fish from
Loch Maben and Yorkshire, but the parasite was detected only in the

March sample in both British habitats. In contrast, M. pseudodispar

was Tound constantly in all samples from Greece but at a Ilower

prevalence. The intensity of the iInfection was low in all geographic
locations. However, 1iIn Lake A Vassilios the iIntensity was found at

quite a high level in one sample, in January 1986.

Mvxobolus ellipsoides had a higher prevalence iIn the Greek fish. The
parasite iIn the British habitats was present only in fish from Loch

Fad but the intensity was low throughout the year in all locations.

Both Mvxidium rhodet and M. pfeifferi i1nfections had a higher

prevalence in British fish.

In general, three main periods Winter, Spring and Summer) were

observed i1n the seasonality of the Myxosporea species studied iIn this
survey. The Winter (December/January) and the Spring (March/April)

peaks were common for all parasite species and iIn all locations. The

K
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Sumer peek wee observed in Greece for rhodei &nd the nyxobolid

infections, and in Yorkshire for M. rhodei.

Similar bimodal seasonality has been observed i1In other Myxosporea.
species. The evidence in the literature on Myxobolus spp. is, however,
contradictory. Alvarez-Pellitero et al. (1985) examined different
Mvxobolus species (including the two species found In this study) iIn a
number of Tfish hosts from Spanish reservoirs. According to their
results, M. oseudodispar showed no seasonal variation, the prevalence
being 100Z all year round. The 1intensity, however, was fTound to be
higher 1n December. The prevalence of M. ellipsoides was higher

during Summer (July) and In September.

Davies (1968) did not observe a clear seasonal pattern for Myxobolus
mue. Ileri iIn Leuciscus leuciscus and Rutilus rutilus. Mitchell (1989)
reported high infection prevalence of Myxobolus muelleri 1iIn muscles
and kidneys throughout the year but ~“he seasonal prevalence iIn gills
and subcutaneous tissue was markedly fluctuating. The prevalence of
myxobolids within the different organs was not recorded for all
species 1In this study. George, Harrison and Hadley (1977) observed an
increase of the prevalence of Mvxobolus dentium In Esox masquinongy
from June to August, and a decrease until October. On the other hand,
Mitchell (1977) reported the maximum infections of Myxobolus du.iardini

in northern squawfish during cold months.

Taking i1nto account the findings of all these researchers, however,

there does appear to be a seasonal pattern for the Myxobolus species;
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the main peak periods described are either the warmer months or the

Winter time. The main three peak periods for the seasonality of the

myxosporean species observed in the present study are therefore 1iIn

accordance with the findings of the above-mentioned workers.

These peaks i1n the seasonality pattern of the myxosporean parasites
could be related to a range of different biological and/or
environmental conditions. The two major contributing factors 1In the
present study are considered to be the spawning period and the

temperature. The spawning period- for roach in Lake A Vassilies 1is

from April to June, depending on the temperature. During this period

fishing 1is prohibited, hence there were no samples taken during

May/June 1987. The peak of the prevalence in all myxosporeans observed

in March/April in Lake A Vassilios, therefore, may be due to the

pre-spawning activity of the fish. In general, Tfish during spawning

may be more susceptible to disease since this activity may influence

the Immunological process of the hosts, as much as any other stress

factor. The hormonal state of the fish, besides, 1s considered as a

highly significant factor in fish parasite biology by Bauer (1959).

A relationship between i1nfections with parasitic helminths and

reproductive activity of fish has been reported in the literature by

R~us (1975), who observed that maturing and gravid female hosts,
Cottus gobio. showed a higher 1level of infection with the Inana ™ ft
worms Nicolla gallica. The evidence suggested that this was due to

the retention of worms already established for longer periods by these

fish than by fish 1n non-productive conditions. The author was unable.



however, to explain the precise manner 1iInwhich the reproductive

condition of C. aobio affected the parasite population.

Although there i1s no data on the precise period when spawning occurs

in Loch Fad and 1n the Yorkshire environment, it is generally believed
that roach require water temperatures of14®C and above before
reproduction can occur (Goldspink, 1978). Information Tfrom other
locations, that roach spawning season 1i1s between March and May for
Southern England habitats (Goldspink, 1978) and between June and July
for Yorkshire (Yorkshire River Authority, 1974). Thus the peak
observed during Springtime in the British fish may also be due to the
spawning activity, as 1iIn the case of Greek fish from Lake A.
Vassilios. Thus,

spawning fish may be rendered more susceptible to

infection as a result of the suppression of the Immune system.

The Sumner peak i1n the prevalence of Myxidium rhodeir seen iIn both
Yorkshire and the Greek lake, may be due to a pre-spawning
susceptibility. In Yorkshire it 1is possible that this i1s due to the
spawning time of the roach, since this period has been reported as

being the spawning season for roach i1n this area (Yorkshire River

Authority, 1974).

On the other hand, the peak during Winter may be correlated to the

Influence of the water temperture on the i1mmunological activity of
fish. Antibody production iIn Tfish 1iIs temperature-dependent (Harris,
1973) and during cold periods the titres are low and thus there is

potential for higher infections to develop. The temperature effect on
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the antibody formation was suggested by Lom (1970) to explain the
increased Infection of fish with Henneguva spp. during low

temperatures.

In Greece, the Increased prevcdence during this sample may be
attributed to the existence of an increased number of larger/older
fish 1In the catches which were more 1iInfected. The July sample
consisted mainly of fish aged more than 1, since smaller fish (O+)
could not be caught. It 1iIs interesting to note here that the seasonal
pattern of all myxosporean infections which emerged when the data from
all the fish fr<xn each lake was analyzed, was wholly attributed to the
larger/older fTish. This was still evident where the small fish were

removed from the samples.

According to the [literature Mitchell, 1977) very young hosts are
usually most susceptible to the disease but several myxosporeans
appear more frequently or exclusively in mature hosts. The latter
situation has also been observed for different Mvxobolus spp. by Lucky
(1978) and by Cone and Anderson (1977). In contrast,
Alvarez-Pellitero et al. (198S) found that M. pseudodispar did not
vary with age of the hosts. The prevalence of M. ellipsordes
Increased from 1+ age group to 2+ age group Fish but decreased i1n the
two oldest Tfish groups. This was not statistically significant,

however .

Many factors may contribute to the occurrence of higher prevalence in

older fish. In the first 1instance, older Tfish have a longer period



of exposure to the Infective stages of myxosporeans. This suggests
that the parasite Is long-lived %dthin the host euid the parasite
accunnmilates with time. Autolnfectlon may also occur, thus Tfish
exposed to the Infection at an earlier stage may become heavily

Infected later In life.

Older fish are exposed to different enviroiunental and disease
conditions and the concurrent presence of other Infectious agents may

also contribute to myxosporean Infections.

There are, also, other factors which may play an important role 1in
these infections and these may or may not be related to the age and
size of fTish. For example, the feeding habits, the nature of the diet
and possible Intermediate hosts must also be taken Into consideration

when studying the seasonal peaks of these parasitical infections.

Tubifex spp. worms have been shown by Wolf and Marklw (1984) to be
intermediate hosts for Mvxobolus cerebralis. a parasite of the
cartilage of salmonlds. There 1s some doubt as to the significance of
this with respect to other myxosporean. Nevertheless, the presence
of an Intermediate host in the life cycle of Mvxobolus or Myxidium

species i1In roach would have a major Impact on seasonal considerations.

It 1s generally known that feeding activity in roach is Increased in
temperatures between 15*-25@C (Hofer, 1979) and thus, consumption
of possible iIntermediate hosts may iIncrease during summer months, thus

explaining the peaks observed iIn summer months.

-ul



On the other hand» observation of some researchers (Yorkshire River
Authority, 197A) showed that roach feed on tubificids all year round
and benthos is a typical diet of large fish during the Spring time.
During Winter, roach consume more detritus (Yorkshire River Authority,
1974; Dimitriadou, personal ccMmnunicatlon). This might contribute to
the higher i1nfection levels observed during this period. Clearly the
role of iInvertebrate hosts is crucial 1In iInterpreting these results.
However, one might suppose that even i1If an intermediate host iIs not
involved, an invertebrate might devour spores from sediment and thus
act as a vector. If not, then it must be assumed that the fish become
infected passively during feeding on detritus. The greatest percentage
observed during Winter and the results of the experimental iInfections

carried out during this project (Chapter 6) suggest the latter route

of infection.

Another 1iInteresting aspect 1iIn the study of the seasonality of
myxosporean infections from the different locations is the fact that
at least two habitats (Lake Agios Vassillos and Loch Fad) are
eutrophic environments. Lake A. Vassllios 1i1s heavily polluted by
domestic waste, causing great concern fTor the cyprinid populations
(Kilikides ~ al., 1984). Such conditions are stressful to fish and
together or not with other disease conditions iIn the lakes which are
likely to lower the host resistance and make the fish more susceptible
to myxosporean infections. For example, tuberculosis 11n carp and

roach from this lake was observed during this period of Investigation



as well as In previous years (Athanassopoulou, 1985; Athanassopoulou,

unpubl. data).

Furthermore, parasites such as Ligula intestinalis and Diplostomum
spp- have also been reported (Athanassopoulou, 1983; Kalfa-Papaioannou
and Sinis, 1985). Of particular importance are coccidial infections
which are present in the kidneys of the roach and cause considerable

damage (Athanassopoulou, 1985; Athanassopoulou and Vlemmas, 1986).

In Loch Fad, ectoparasites, BKD, ERM (Stewart, 1985) and cestodes
(McGuigan and Sommerville, 1985) also have been reported in roach. The
loch i1s considered to be very -eutrophic by different workers
(Beveridge, 1981, Philips et al., 1989) since i1t has supported cage

culture of rainbow trout for several years and is of small size.

The seasonal occurrence of parasites is only one aspect of the biology
of the host-parasite relationship as* a whole and other general topics
of the dynanilc aspects of parasite biology population and regulation
of fish parasite population must always be kept in mind with respect
to the seasonality. Further Ilong-term investigations and research on
the life cycle of these parasites would contribute greatly to the

interpretation of the seasonal data.



CHAPTER 4

MVESTIGmOIl INTO MOKPHOLOGY OF KTIOSPOKIDA SPORES I
pgf ATTnii TD FISH SIZE. ORIGIN AND SITE OP IMFECnQ!l

4.1 DfIRaXXNTON

Identification of myxosporeans is currently based on the
morphological character of the spores together %iith the host species
and specific tissues which they 1invade. The measurements most
commonly used for the 1identification of the Myxobolus and Myxidi”
species are shown In Figure 21. Unfortunately, many descriptions of

the species are 1nadequate and limited only to the dimensions

presented iIn the Figure 21. This has resulted iIn confusions of

identification when comparing data from different authors.

The TlTimitations 1in the use of the dimensions of the spore 1iIn

myxosporean taxonomy have long been realised and some attempts have
been made to fully utilise other morphological features of this stage
(lom, 196”™; Donetz and Shulman, 1973). The disadvantages have been
compounded by the Qlarge number of studies 1In which the sole
description 1i1s based on little material from one host or site of
infection and a new species described. Little attention has been
paid to variability on spore dimensions. In some general (e.g.
Myxobolus) species have been distinguished on the basis of very small
differences iIn morphology or size which In some cases, are, perhaps

products of natural variability. Mitchell*s (1977) observation
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"Species descriptions are based mostly on spore morphology and the
validity of many species remains questionable”™ reflects a commonly

expressed view amongst current workers. For many species established
around the turn of the century, the spores were so poorly described

that the 1i1dentification by subsequent workers was quite subjective

and arbitrary. In other instances, identity of the host was the only

guideline for the identification and thus when the present criteria

for i1dentification are applied several species are quite at variance

with the original descriptions of their spores, vegetative stages and

sites of infection. The actual number of species so far encountered,

therefore, IS not quite accurate as there are doubtless many

unrecognised synonyms, many cases of distinct species under a single

name and many cases with species described without specific names

(Lom and Arthur, 1989).

It is evident that there i1s a need for accurate and uniform criteria
for proper description of myxosporean species. In response to the

renewed iInterest of this group, Lom and Arthur (1989) established

guidelines for the preparation of species descriptions. Recent

publications, therefore, give more information also on other stages

of the life cycle of these parasites.

Several authors have drawn attention to the variability in spore

dimensions which so often makes determination of species even more

difficult. However, detailed studies of spore dimension variability

have been made only iIn a few cases (Hine, 1975, 1978, 198071 Mukherjee



and Haidar, 1981; Athanassopoulou and Sommerville, 1987). The spore

variability has been variously ascribed to:

a) the biochemical/physiological character of the organ/tissue

or of the outside environment.

9
b) the suitability of the site for sporogony, and

c) the suitability of the host (Hine, 1979).
Kalavati and Narasimhamurti (1983) suggested that various Tactors

such as the host species, host size, site of iInfection and the cyst

size affect the spore size and shape. His observations showed that

the physiochemical factors of the environment do play a role iIn

influencing the morphology of the myxosporean spore of Myxosoma

microsDora when this parasite 1s found 1in the gills of Mugil

cephalus.

Moser (1977) observed that i1nternal factors such as the confines of

the space control the size of the myxosporean spores whereas external

factors, such as the host environment select their shape.

Species of Mvxidium have also been distinguished on the basis of
spore shape and size (Hine, 1975; Hoshina, 1952; Meglitsch, 1937) and

striation number or lack of striations on the valve surfaces (Fujita,

1927; Hine, 1975). Early studies placed emphasis on cyst size and

shape and site of sporogony (Fujita, 1929; Hoshina, 1952; Ishii,

1915".
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Hifie (1978) showed that Mvxidium zealandicum may infect different

organs of Anguilla australis Richardson and Anguilla dieffenbachinr

Gray and that variations iIn spore size and maturity may be related to

the site of sporogony.

Spore size and shape may also vary with species of host and
individual characteristics of the host and parasite (Hine, 1979).

Therefore, cysts from different sites of infection in different hosts

might be expected to contain spores having considerable variation in
size and shape. This hypothesis has, however, been rarely tested

out (Hine, 1978).

With the growing iInterest iIn myxosporeans as important pathogens of
fish, especially in iIntensive aquaculture, along with the discoveries

of formerly wunexpected stages 1i1n their life cycle, electron

microscopical studies appeared i1n the [literature which greatly

advanced the existing knowledge of these parasites.

Even now, we do not know to what extent some Tfeatures of the

vegetative stages and the existence or absence of intermediate hosts

will affect the taxonomic criteria at the generic or suprageneric

levels. Nevertheless there 1is some iInformation now available on

special structures. For example, some spores bear sporal mechanisms

and structures serving for an improved dispersal of the species 1n

the aquatic environment. Such mechanisms include an iIncreased spore

surface or projections and mucous envelopes as seen In the Myxobolu”®

species. Only [limited i1nformation on scanning electron microscopy
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(SIM) studies of Myxldlum species 1s available and most of the
existing SIM studies concern the morphology of individual species
with no comparison of the morphological variability of the spores
within the host. The study of Hine (1980) on different Myxidium spp.
from eels i1s the only SIM information available for species of this

genus iIn TFTish.

In view of these reports and of the limited iInformation concerning
the morphology and dimensions of myxosporean parasites in roach in
general, and specifically i1n comparison to hosts from two habitats
with different Ilatitudes, a preliminary report was presented
(Athanassopoulou and Sommerville, 1987). The data concerned two
Mvxobolus species, M. ellipsordes and M. dispar and showed that M.
dispar had a marked variability in spore size and morphology, but M.

ellipsordes did not.

In the present study, morphometric data from two different
myxosporean groups, a) Mvxobolus with a wide host and site
specificity was collected, and b) Mvxidium with a narrower host/site
specificity was collected in order to compare the variability of the
spores of the same species from different organs, as well as from
hosts of different age/size and geographic location. To supplement
light microscopical data, scanning electron microscopy level studies
were also undertaken to overcome the morphometric problems and to

support them.



4.2 MATERIALS AMD METBODG6

Spores were extracted from the tissues of freshly killed roach from
a Vassilios, Greece and from roach from Yorkshire, N England, as

described in Chapter 2.

Spores were vreleased from the tissues using the parasitological

techniques described in 2*3 and 2«5»

An average of 30 spores were measured from each organ sample from
each fish by using an eye-piece graticule to measure the dimensions
shown 1n Figure 21. In the case of the Greek samples, 14 fish were

used, and 15 fish from the Yorkshire sample.

The fish were further divided iInto age/size and seasonal groups for

comparison. The younger/smaller fish being O0+-2+, 10-14cm, and the

older/latrger fish being 3+-6+, 16—18cm.

The spores were measured in the fresh state according to the method

described by Lom (1965) and stained according to the procedures

described i1n 2.5.1 and based on the guidelines given by Lom and

Arthur (1989). The morphology of the spores and other parasitical

stages was also studied and described iIn fresh preparations.

Measurements were carried out on both polar capsules. In the case of

Myxidlum spp. both polar capsule dimensions were measured for the

first 10 samples and were found to be equal. Subsequently only one

[ g



polar capsule was measured iIn each sample, the other was assumed to

to be equal.

The MYxobolus spp. data was processed by a Bull Computer using the
Factor 3b program. This 1s a modification of the Analysis of
Variance Test described by Katos (1984). For this method of
statistical analysis to be valid, fish Infected simultaneously in all
organs with either M. oseudodispar or M. ellipsoides had to be used.
Therefore, six Greek fish i1nfected with M. pseudodispar and seven

Greek fish infected with M. ellipsoides were available for analysis.

Since only five British fish infected simultaneously in all organs
were available, for the analysis of the morphometric data from the
two different habitats, five fish from each geographic location were

used for each parasite species.

The processing of the data of the present study was partly done 1in
Greece (Department of Statistics, School of Veterinary Medicine) and
partly in Scotland (Institute of Aquaculture, University of
Stirling). Inevitably two different statistical programs were used,
because the Factor 3b program was not available at the University of
Stirling. As a result, the analysis of the Myxidium species was

performed by using the t test and the analysis of variance using

Minitab.



Electron Microscopy

For scanning electron microscopy the spores were processed according

to the methods referred to by Glauert (1981) and Tetley, L. (pers.

comm.) at the Histopathology Unit, Department of Zoology, University

of Glasgow.
TWFInltlona

Because of the confusion that presently exists In the literature on

the terminology used by different researchers for the developmental
stages of myxosporean parasites, a clarification of the terminology

used in the present study is given below and i1s based on that used by

Lom and Dykova (1987) and Larsson (1989).

The term ’plasmodium* refers to the large multinucleated structure

developed from the spore sporoplasm. Large plasmodia are polysporic

with the formation, or not, of sporoplasts; small plasmodia often

produce two spores only.

’Pansporoblast* is the union of the pericyte and sporogenic cell

present iIn the large plasmodia. Large plasmodia are polysporic in

the formation of pansporoblasts, small plasmodia produce two spores

only. It is not known if these stages have also formed

pansporoblasts.



»Trophozoite* refers to the more advanced stage of plasmodia

containing 1Immature, maturing or mature spores.lt 1is often used

simultaneously with the term *plasmodium*.

The term »cyst* determines trophozoites which are encapsulated by

host tissue. The host reaction may be minimal or severe and the

cysts may or may not contain visible spores or structural features.

When measured the internal diameter of the cysts was taken as the

parasite size. The thickness of the cyst was measured as measurement

of host reaction

4.3 SESaUS
4.3.1 Horphologv of Hyxobolus spp. in Greek and British Roa”
4.3.1.1. Morphology of M. pseudodispar Gorbunova. 1936

Spores: elongatedly oval in shape with two unequal pyriform polar

capsules with the apices shifted to one side, so that they open to the

side of the anterior pole (Figs. 22,22A). The polar filaments form

4-5 coils 1n the large polar capsule and 3-4 i1n the small one. No

mucous envelope was observed after treatment with Indian Ink.

M. pseudodispar spores were oval or pyriform iIn shape with a smooth

surface. Spores had shrunk appearance (Fig. 23), especially i1n the

central part of the valve surface, and were thickened along the



sutural line (Figs. 23, 24). The two valves were distinctly
separated by a wide ridge (Fig. 24). The sutural line showed an
opening which 1s presumably the mouth of the discharging canal for

the polar filament (Fig. 24).

Vegetative stages: oval cysts up to 1.5” in size in the muscles of

roach (Fig. 25). No cysts werp observed iIn the renal tissue. Spores
of M. paeudodispar were found 1iIn kidneys and spleen, most often
adjacent to or 1in the melanomacrophage centres; 1i1n the

intestine,

svim™bladder and the gills.

The measurements of M. pseudodispar spores in the different organs of

roach from the two different habitats. Lake A Vassilios in Greece and

Yorkshire in England, are shown in Table 8.

The measurements of M. pseudodispar in the different organs of young

(0-2 years old) and older (more than 2+ years of age) fish are shown

in Table 9.

In order to study the .variability of the dimensions of M.
pseudodispar between the different organs of the host the Factor 3b

program was used. The factors i1nvolved were:









A e The size of the fish host (A - small fish, A2 - large fTish;
Am 2)

B m The location of the parasite In the host; - kidneys, B2

. gills, B3 - spleen, B~ - intesti”e, B" - cartilage; B - 5).

C m The dimensions of the spores (C* * length of spore, CZ2 m width
of spore, C3 - length of the large polar capsule, - width of

the large polar capsule; C = 4).

The dimensions of the other polar capsule were not processed since

these were constant in all organs (2 x 1/ m)«

The results of the statistical analysis are given below in Table 10.

TABLE 10

Variance Analysis of Factor 3b

Factors F value
1.0068

27 .06032*
1.6446

~indicates significance for PMO.05

The above Table shows that there are statistically significant
differences i1n the dimensions of the parasite spores (C) and the size

of the host (A).



Further analysis of the factors AC using the test of the Ileast

significant difference (LSD) (Katos, 1984) had shown that there are

differences in the dimensions of the spores between large and small

fish but not between the different organs of the host. However, when

comparing the parasite dimensions in the different organs within each

age category OF the fish, differences were shown only between the

organs of the large fish (Table 11).

The thickness of the spore was consistent in all cases.

Spores: regularly ellipsoidal in shape; occasionally narrowed

posteriorly. Polar capsules pyriform occupying less than the half of

the spore length, with  filaments forming 3-5 loops. Small

inter-capsular process (Fig. 26). After treatment with Indian Ink a

very thin mucous envelope of 1-1.sum is visible only In the posterior

part of the spore. The spores when seen iIn the scanning electron

microscope showed almost no shrinkage (Figs. 27. 28). Furrows along

the sutural line, openings for the polar filament, or mucous stands

on the valve surface, could not be detected.

No vegetative stages were observed iIn the organs, but the spores were

found 1iIn groups iIn the kidneys and spleen associated with the

melanomacrophage centres, 1In the intestine, the gills and cartilage.



TABLE 11

statistical analysis of the dimensions OF M pseudodlsp”

in the different organs of large fisn

m=(Test of least significant difference)

Swim
- Gills Spleen Intestine bladder
Dimensions Kidneys

Length of
spore

width of a
spore

Length of large
polar capsule

Width of large db ac
polar capsule

Within each horizontal row a different letter

indicates a
significant difference (P 0.05)

The thickness

consistent in all cases

of the spore and the small polar capsule measurements were









The dimensions of M. ellinsoides spores in the différent organs of

roach from the two different habitats are shown iIn Table 12.

The dimensions of the spores iIn the organs of young (©"™2 years old)

and older (more than 2% years of age) are shown iIn Table 13.

4.3.1.4. Comparison of M. ellinsoides dimensions between the

different organs of roach from Lake A Vassilios

Applying the Factor 3b program for the variability of the dimensions
between the organs the F values for the factors A B C were found as

follows (Table 14):

TABLE 14

Variance Analysis of Factor 3b

Factors F value
AB 0.5681971
AC 1.284267
BC 3.587441*

ABC 3.320054*

sindicates significance for P<0.05

The above significant F values mean that there are significant

differences iIn the parasite dimensions, the size of the host and in

the organs of the host.
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Further analysis of the factors B. C and A. B, C using the test of

the Ileast significant difference (LSD) has shown the following

results (Table 15). Table 15 shows that there are differences in the

dimensions of the spores between large and small fish but not between
the different organs of the host. When comparing the parasite
dimensions iIn the different organs of each age category of the fish,

there were differences between the organs but only in the large fish.

4.3.1.5 romparison of the dimensions of M. pseudodispar andjj.
Pllipsoides between the different organs of roach ™

Greece and from Britain

Using the same 3b Factor program on the spore dimensions from British
and Greek sources, and taking as factors:

A = origin of fish (A = English, A2 = Greek),
B

organs of fish (B"

kidneys, B2 » gills, B3 = spleen, B"

intestine, B” = swim-bladder or cartilage) and

C = dimensions of the spores (Cj = length of spore. c2 = width of

spore. Cj » length of polar capsule and = widl;h of polar capsule),

the F values were found to be as follows (Table 16).
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TABLE 15

statistical analysis of the dimensions ofJ.

elliESSi?
the different organs of roach

(Test of least significant difference)

Cartilage of

- _ Kidney Gills Spleen Intestine gll1~&ngul
Dimensions (M)
Small a a
Length Fish
of spore
g Large a a a a
fish
Small
Width fish
of spore
Large
fish
Small ac a
Length of fish
polar capsule
Large be be ac a
fish
Small a a a a
Width of Fish
polar capsule
Large a ac a
fish

Different letters

in the same row are significantly different (P 0.05)
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TABLE 16
Variance analysis of the dimensions of Myxobolus spp

spores from Greek and British roach (. rutllus)

FACTORS F VALUE
M.ellipsoTdes M.nseudodlspar
AB 0.5141 2.329
AC 1.787 1.2618
BC 2.6067* 3.0612*
ABC 0.9734 1.1692

¢indicates significance for P~0.05

The above Table shows that the Factor A (origin) has no effect on the

dimensions of the spores as ABC is not significant.

The significance in the factors BC shows that there are differences

in the measurements iIn the different organs of the fish as this has

already been shown i1n the analysis of the spores from the Greek fish.

4.3.2 Momhology of Kvxidium sdd- in Greek and British roach

4.3.2.1. Morphology of Mvxidium rhoder Leger, 1905

Spores: Spindle shaped with poles pointed and polar capsules equal

In size, lying at either end of the longitudinal axis of the spore.

The polar filaments form 4-5 coils iIn the polar capsules. Spores

have 21-23 longitudinal surface ridges and some spores were observed

to be narrower centrally (Figs. 29, 30).
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Scanning electron microscopy results showed that the surface of the

spores has narrow striations which overlap at the poles. The spores

are elongated with occasional infusions centrally and with pointed

apices. The striations are thicker along the sutural [line. No

mucous strands or other structures (furrows, papules, etc.) were

observed. Immature spores did not show any thickening along the

sutural line (Fig. 31).

Inmature spores were observed within disporous pansporoblasts and in

the large cysts (trophozoites) 1i1n the interstitial tissue of the

kidney. These were smaller and wider than the mature spores and had

less pointed apices. Immature spores were only observed iIn the renal

tissue (Figs. 31, 32, 33).

Cysts: Round, oval or discoid measuring from tlpa to 807" in

diameter were found in the iInterstitial tissue of the kidneys, iIn the

muscles and on a few occasions, iIn the liver parenchyma. The cysts

more often contained mature spores, but cysts containing immature M.

rhodel spores iIn different stages of development were also seen. The

cysts in the muscles and liver contained only mature spores. In some

cases, the cysts 1In the kidneys appeared to be subdivided into
smaller cysts (2-6) (Fig. 34), all containing mature Myxidium rhodei

spores.

Trophozoites: Early developmental stages of M. rhodei were observed

in Bowman®s capsules but only in. a few cases (Figs. 35, 36). The
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plasmodia were elongated with a middle fold (Fig. 37). The plasmodia

were transparent with highly vacuolated cytoplasm. When stained with

Giemsa, densly stained nuclei were also seen. Cilia were always

present along the periphery of the plasmodial body.

A.  GREEK ROACH

Early developmental stages were found only in a small number of fish,

therefore the measurements were taken i1In a Qlimited number of

parasites and are shown iIn Table 17. However, sample size would not

be satisfactory for accurate statistical analysis (Table 17).

The measurements of these stages showd that the pansporoblasts were
oval and the plasmodia elongated, transparent with a number of
vacuoles and cilia around the external surface (Figure 37). The
inunature spores were TfTound to be smaller than the mature ones from

the kidneys or from any other organ of roach (Tables 18, 19).

The dimensions of both 1mmature and mature spores did not differ 1in

the two age categories of fish (Tables 18, 19).

The measurements of mature M. rhodel spores iIn the different organs

of roach from Lake A Vassilios are shown i1n Table 19. Statistical

analysis using the analysis of variance test shokied differences
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TABLE 17

Measiirements of developmental stages of M rhodgd from
the renal tissue of roach from Lake A Vassllios (Greece)

Plasmodia (ym)

Range X SD

11

TABLE 18

Measurements of immature M. rhodeil spores in
the renal tissue of roach from Lake A Vassillos (Greece)

YOUNG FISH n»10 OLD FISH n*10
Dimensions (i)  Range Sb Range SD
Length

Width

Egrl%rthcapsule 3.4 0.48 3-4 3.58 0.51

\F;\ﬁlcﬁﬁ capsule 0.50 3.4 3.68 0.51



Measurements of mature M.

Dimensions KIDNEY
Range X
Length 9-12 9.65
Width 3-5 3.90
Polar Cansule
Length 3-4 3.66
Width 3-4 3.«5
Dimensions KIDNEY
Range X
Length 9-13 10.08*
Width 3-5 4_10*
Polar Capsule
Length 3-5 3.85
Width 3-4 3.95
Different letters

SD

0.91

0.83

0.50

0.52

SD

1.18

0.75

0.89

0.52
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TABLE 19

rhodel spores from the different organs
of roach from Lake A Vasslllos (Greece)

YOUNG FISH n-30
MUSCLE
Range X
9-10 9.46
3-5 3.67
3-4 3.60
3-4 3.33
OLD FISH n*30
MUSCLE
Range X
9-10 9.30*"”
3-5 3.58*W
3-4 3.85
3-4 3.95

SD

0.43

0.75

0.51

0.50

SD

0.40

0.74

0.52

0.52

Range

9-11

3-5

3-4

3-4

Range

3-10

3-5

3-4

LIVER

LIVER

X SD
9.50 0.74
3.66 0.81
3.50 0.52
3.40 0.51

X SD
9.20*" 0.38
3.60*" 0.73
3.50 0.52
3.95 0.52

in the same row are significantly different (P<"0.05)
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between the spore dimensions 1iIn the organs of older Tfish. Both
dimensions (length and width) were significant and the dimensions of
the spores i1n the kidneys were always bigger than in the other two
organs. No significant differences were observed in the dimensions

of spores between liver and muscles.

The measurements of the cysts formed by M. rhodei in the organs of
roach are shown in Table 20. From this table it can be seen that
there were significant differences i1n the size of cysts between the
organs in both small and large fish. Significant differences were
also found when comparing the cysts of larger and smaller fish. The
cysts in the kidneys (and especially of the larger fish) were always

larger than the ones in the muscles (Table 20).

The measurements of mature M. rhodei spores from roach of this lake
during the different seasons are presented in Table 21. No
significant differences were fTound in the spore dimensions (length
and width) between the seasons either 1n younger or older fish (Table

21A)

B. BRITISH ROACH

The measurements of Immature spores and developmental stages of M.

rhodei from the renal tissue of roach from Yorkshire are shown in

Table 22. Spores were collected from 5 older group fish.



Measurements of the cysts produced by M.
and muscles of roach from Lake A Vassilios (Greece)

Dimensions

Length*
Width*
Thickness of

connective
tissue

Dimensions

Length*
Width*
Thickness of

connective
tissue
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TABLE 20

M)

YONG FISH*
Kidney*

Range X SD
70-260.4 108.9 41.2 39
58.8-252 97.0 35.5 39
2.8-11.2 6.58 3.38 39

OLD FISH*
Kidney*

Range X SD n
300-800 455 165 32
100-300 130 54.8 33
10-15 12.56 2.02 31

rhodel

Range

62-145

51-99.6

2.8

Range

75-110

62-95

2.8

in the kidneys

79 17.5
68 114
2.8 0

Muscle*

X SD
92.3 10.3
74.7 11.2

« *

2. u

30

30

30

30

30

sdenotes statistically significant differences between the dimensions

length and width and all the organs as well as
between young and olf fish

(P~0.05)

in similar organs



Measurements of mature sp

from Lake A Vassilios (

Length 9-H 9*7 0.70
Width 3-5 3.5 0.71
Polar Capsule
Length 3-4 3.5 0.53
Width 3-4 3.4 0.516
Autumn

SD

Length 9-12 9.7 0.96

Width 3-5 3.5 0.59

Polar Capsule
length 4 4 0

Width 3 3 0
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TABLE 21

ores of M rhod” from roach ori
Greece) during the different se

(yim)
YOUNG FISH n«30
Winter Spring
Range 1 SD Range X SD
9-11 9.5 0.74 9-10 9.4 0.64
3-5 3.48 0.63 3-5 3.63 0.71
3-4 3.5 0.51 3-4 3-8 0.63
3-4 3.4 0.516 3-4 3.2 0.46
OLD FISH n«30
Winter Spring
Range X SD Range X SD
9-10 9.5 0.77 9-13 9.6 1.07
3-5 3.6 0.75 3-5 3.6 0.69
3-4 3.8 0.65 3-4 3.6 0.52
3 3 0 3 3 0

Inating

SONS

Summer
Range x 3D

9-11 9.7 0.69

3-5 3.7 0.71

3-4 3.2 0.42

Summer
Range x D

9-11 9.5

3-4 3.6
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The measurements of cysts formed by M. rhodel in the interstitial

tissue of Kkidneys and i1n the muscles of roach from Yorkshire are

shown 1n Table 23. Statistical analysis of the measurements of

length and width in the organs of fish as well as iIn the two age

groups, showed differences in the kidneys of young and older fish but

not in the muscles of young and older fish. Furthermore, differences

in the young Tfish existed between kidneys and muscles only for the

length (larger diameter) of the cysts (Table 23A). For the older

fish, both dimensions differed significantly (Table 23A).

The measurements of mature M. rhodeir spores from the kidneys, muscles

and liver of young and older fish from Yorkshire are shown iIn Table

24. The spores were collected from the organs of 10 young and 10

older fish. At

least 30 spores were measured iIn each case. Using

the analysis of variance test no significant differences on the spore
dimensions (length and width) were found between the organs of both

young and older fish (Table 24A).

4.3.2.3. Morphology of Myxidium pfeifferi Auerbach, 1908

Spores: spindle shaped with poles less pointed than M. rhodei. Polar

capsules equal 1In size lying in either end along the longitudinal

axis of the spore. The polar fTilaments form 4-5 coils in the polar

capsules. Mature spores were found only i1n the bile ducts and

gall-bladder contents. In scanning electron microscopy, M. pfeifferi

spores were similar to M. rhodei with no distinct differences (Figs.
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Statistical

112,

TABLE 23A

analysis of ths dimensions of M.
in the organs of roach from Yorkshire (N England)

Dimensions Organs T value
KIK2 6.45 (S)
KiM, 2.10 (S)
*2ll2 8-05 (S)
K1K2 9.80 (S)
0.81 (NS)
} 12
Width KAMi 1.79 (NS)
K2M2 11.27 (S

«

«

kidney of young fish
kidney of old fish
muscle of young fish
muscle of old fish

non significant values for P<0.05

statistically significant difference for P< 0.05

cysts

0.000

0.950
0.040
0.000

0.000
0.420
0.07/8
0.000



Measurements of.mature spores of M.

Length
Width

Length
Polar

Capsule Width

Dimensions

Length

Width

Pollar Length
width

113.

TABLE 24

rhodei

roach from Yorkshira (N England)

3-4 3.77 0.45

KIDNEY
Range X
9-13 9.7
3-5 3.4

3-4 3.46
3-4 3.38

3.5
3-4 3*36 0.50

OLD FISH n«10

MUSCLE
SD Range X SD
0.70 9-11 9.5 0.95
0.45 3-5 3*3 0.58
0.52 3-4 3.4 0.52
0.51 3-4 3.42 0.52

3-5
3-4 3.42
LIVER

Range

9-11 9.5
3-5 3.6
3-4 3.37
3-4 3.32

In the different tissues of

FI

0.51

SD

0.53

0.64

0.52
0.52

M



Statistical analysis of the dimensions of mature M.

DImns.

Length

Width

NS

ANOVAR TEST

YOUNG FISH n*30
F value P

1.45 (NS) 0.24
n * 90

0.11 (NS) 0.9
n a 90

.~ measurements of M.

«

ft ft
n ft
ft ft
ft ft
ft ft

non significant differences for P~0.05
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TABLE 24(A)

OLD FISH
F value

0.85 (NS)
naoo -

1.73 (NS)
n a 90

rhodel spores

ANOVAR » Analysis of variance test

n*30

0.43

0.18

the kidneys

tt

It

ft

It

Organs

k1-k2

“1*4

4 -4
4 - 4

«1-4

ft

rhodeil spores
in the different tissues of roach from Yorkshire (N England)

T TEST

T value

1.41 (NS)

1.28 (NS)
0.96 (s

1.37 (Ns)
1.01 (NS)
0.49 (s

of young fish

muscles

ft

liver

old fish
yoimg fish
old fish
young Tfish
old fish

0.16
0.21

0.34

0.18
0.32
0.63
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38, 39) 1n shape and morphology. The pattern of the striations and

the number was 1i1dentical as iIn the case of M. rhodei spores. The

sutural line was thickened i1n the mature M. pfeifferi spores but not

in the immatures (Figs. 38, 39).

Stages: Plasmodia occurred in bile ducts containing large

number of mature and i1mmature spores (Figs. 40, 41). No early

developmental stages were found in the gall-bladder.

4-3,2.4 Measurements of M. pfeifferi spores and trophozoites

A. GREEK ROACIT

The measurements of mature and i1Immature spores of M. pfeifferi from

the gall bladder and bile ducts of roach collected frwn Lake A.

Vassilios (Greece) are sho%m i1n Tables 25 and 26 respectively. The

spores were collected from 10 young and 10 older fish. Using the two

sample t-test, no significant differences were detected iIn the organs

of young and old fish (Tables 25A and 26A respectively).

B. BRITISH ROACH

The measurements of the mature and immature spores of M. pfeifferi

from the gall bladder and bile ducts of roach from Yorkshire are

shown 1n Tables 27 and 28 respectively. The spores were collected
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TABLE 25

Measurements of mature spores of M.
gall bladder of roach from Lake A Vassilios (CGreece)

Length
Width

Polar capsule
Length

Polar capsule
Width

Measurements of immature spores of M. pfelffen

YOUNG FISH n«10 OLD FISH n*10
Range X SD Range X
10-IU  10.08 10.18
4-5 4.10 4.18

4.71
3.75
30
TABLE 26

from

the bile ducts of roach from Lake A Vassilios (Greece)

Polar capsule

Length

Polar capsule

Width

3.71

3.61

30

1.32

0.58
0.46

0.44

0.47

0.51
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TABLE 25(A)

Statistical analysis of tha msasurements of mature
M. pfeifferi spores from the gall bladder of
old «id young fish from Lake A Vassilios (Greece)

Dimensions T value P
Length 44 « 0.56 (NS) 0.58
Width 4« 5 - 0-14 (V) 0.38

g~ » length of M. pfeifferi spores in young fish

H titi QjLd fish
» width "™ " 7 " n young fish
' K « « & "old fish

NS » non significant value, for P4.0.05

S * significant difference for P<0.05
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TABLE 26A

statistical analysis of the «easurements of inmature «PO"S
of M. nfeifferi from the bile ducts of young and old

fish from Lake A Vassilios (CGreece)

Dimensions T vfdue
Length LA-L2 * 1.55 (NS)
Width WA-W2 m 0.61 (NS)

length of M. ofelfferl spores In young fish
i " n n old fish

4 t
width of * a It n young fish
« k Kk " tt Q id fish

Non significant value for P-<0.05

Significant difference for P<.0.05
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TABLE 27

Measurements of mature spores of M.
the gall bladder of roach from Yorkshire (N England)

YOUNG FISH n*10 OLD FISH n*10
Range SD Bulge X
Length 10-14 10.09 10.05
Width U-5 4.00 4-00
Polar capsule 4-5 4 23 0.43 4-5 4.60
Length
Polar capsule 3.4 3 73 0.46 4-5 4_45
Width
30 30
TABLE 28
Measurements of Immature spores of M.
the bile ducts of roach from Yorkshire (N England)
YOUNG FISH n*10 OLD FISH n*10
Range X SD Range X
7.90
Length
3.90
Width
Polar capsule 3.4 3-4 3.60
Length
Polar capsule , h 3-4 3.69*
Width

30

SD

0.65

0.42

0.52

0.51

SD

1.71

0.76

0.47

0.48
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frox 10 old and 10 young fish. No significant differences were

observed in the organs of young and old fish, using the two sample

t-test (Tables 27A and 28A respectively).

A. M. pfeifferi

Statistical Analysis (using the analysis of variance test) of the

measurements of mature M. pfeifferi spores showed no differences In

both young and old fish (Table 29).

Using the same test and the two sample t-test for the analysis of the

measurements of immature

spores of M. pfeifferi. significant

differences were found iIn the width of Greek and British fish (both

young an old). The Ilength dimensions were significant only in the

old fish (Table 30).

B. M. rhodei

Statistical Analysis using the two sample t-test of the measurements

of nature M. rhodei spores 1iIn the tissues of roach from Lake A.

Vassilios (Greece) and Yorkshire (. England, showed that iIn the

young FTish, no significant differences were observed, except for the
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TABLE 27A

statistical analysis of the B A S
M. pfelfferl spores from the gell bladder or

“ old flsh”™om Yorkshire (N England)

T value
LAL 2 = 1-18 (NS) 0.2«
v “2°-

length of M. pfelfferi spores in young Tfish

n ittt " " " old fish
W. wWidth oo . S'®“*
It I « 1 tt old fish

non significant value for ?70,"05

significant difference for P”~0.05
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TABLE 28A

Statistical analysis of the measurements of im~ture
M. pfeifferi spores from the bile ducts of
y<~g and old fish from Yorkshire (N England)

T value

“r ll2 *

length of M. nfelfferl spores in young fish

t M " old fish
W width H n w n « young Tfish
" k k " . " "old fish

non Significant value for P~0.05
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TABLE 30

analysis of the measurements of iImmature

M from th. bile duct,
(15~. a VM.1110.) «Id Yorkahlr.

T value
- 0.76 (\S)
Length
g LA-LA * 211 (S)
WA-W2 * 3*58 (S)
Width

WA-WA * 2.70 (S)

length of immature H. EfSifferl spores in the

n n
1 1
W «
It It
n n w i
n M
width
» (]
It M
K « <« «
n n

* non significant values for P”0.05

« significant difference for P~0.05

«

of fi_.h from
(N England)

0.009

0.009

crg”™ ofryjn
8reek yamg

organs of young
British fish

organs of old
Greek fish

organs of old
British fish

organs of young
Greek fish

organs ofyoung
British fish

organs of old
Greek fish

agsUs OrF Oid
British fish
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muscles, but In the old fish significant differences were observed in
the liver, muscles (for the Ilength) and 11n the kidneys (for the

width) of Greek and British fish (Table 31).

When examining the measurements of the immature M. rhodel spores 1In
the kidneys of roach fr<Mi the two geographic locations, significant
differences were fTound only In the spore length dimensions iIn both

young and old fish (Table 32).

Both dimensions (length and width) of the cysts produced by M. rhodei
in the tissues of Greek TfTish were statistically different from the

cysts found in the British fish (Table 33).

4&3.3 CorarisOl of the morphology and dimensions of M. rhodei
versns N. pfeifferi spores

Statistical emalysls (two sample t—test) of the measurements of
mature M. rhodet and M. pfeifferi spores from Greece showed no
significant differences in both young and old fish (Table 34). The
same results were observed when comparing the dimensions of the

immature M. rhodei and M. pfeifferi spores (Table 34).

Analysis of the dimensions of mature M. rhodei and M. pfeifferi from
Iforkshlre, however, showed statistically significant differences

(Table 35), M. rhodei being always larger than M. pfeifferi.
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TABLE 3™

Statistical analysis of the diinsnsions of M. rhodel and M.
spores from Lake A Vasslllos (Greece)

MATURE SPORES n«30

YOUNG FISH n*20 OLD FISH n*20
Dimenalons T value P T value P
Length LA 2* 1-02 (NS) 0.99 LAML2 » 0.75 (NS) 0.67
Width g * 0.85 WjW2 = 0.45 (NS) 0.79
IMMATURE SPORES n«30

YOUNG FISH n*20 OLD FISH n*20
Dimensions T value P T value P
Length LAL2 « 1.13 (NS) 0.08 LAL2 - 1.13S (NS) 0.31
Width wAwW2 - 1.53 (NS) 0.2 WjwW2 * 0.92 (NS) 0.42

length ofmature or immature M. rhodeir spores

n " > " " M. pfelfferl spores
width " " " " M. rhodeil spores

“1

Wo L8 « W " " M~ pfeifferi spores

non significant difference for P<0.05
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TABLE 35
Statistical analysis of the dimensions of M. rhoder and M. pfeifferi
spores from Yorkshire (N England)
MATURE SPORES n*30
*YOUNG FISH n*20 OLD FISH n*20
Dimensions T value P T value P
- 0.42
Length . L™NL2 1.38 (NS) 1
4 4
n .01
Width 4 4 * 4 4 * 0.0
IMMATURE SPORES n*30
YOUNG FISH n»20 OLD FISH n«20
Dimensions T value P T value P
Length - 4.3 (5 0.01 44 -53 0.02
Width 44 * 44 * 23-00
if i
» length of mature or i1mmature M. rhodel spores
L » " " " ” " M. pfeifferi spores |3
W]. » width " " M. rhodeil spores
, H ” M. pfeifferi spores Vi
NS m non significant values for P<0.05 o
S * significant difference for P<~0.05

m1- !
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4.4 DISCUSSION

verv common MN P ruyfilysl OspsciaHy
Mvxosporea were generally very

My,OoOIus ~seudousEar and M~xIdiIUE £ho”- ~lte specifxc.ty was

X, Observed in M. ~

“nd

a In the bile ducts. M.

rhodei
occurred m the oxxe

was considered to be site
o i B « AV rarelv observed iIn other
specific to the kidney because xt was only rarely

organs (spleen, liver, etc).
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Differences 1in size and shape of myxosporean spores call into

question the fTactors or mechanisms controlling these morphometric

parameters.

Several researchers have studied the variability of the spore

morphology and dimensions In other myxosporean species. Moser (1977)

proposed that in Myxosporea

a) spore size i1s determined by factors located primarily within

the host (i.e. confines of space);
b) spore shape is determined by the presence of physiologically

and behaviourally suitable fish hosts* and

c) there i1s a constancy In spore size that is independent of

geographic location, Y%titer depth or season.

The author compared spore dimensions of histozoic and coelozoic

species and finding that coelozoic species tend to be larger, he

concluded that space i1s an Important factor. He also considered that

shape i1s critical In determining spore settlement rates in the water

column and i1s selected to maximise the time over which the host might

ingest spores. His experimental evidence, however, was not

considered convincing by other authors (Hlne. 1979).

Hine (1978) suggested that spore shape, size and maturity were

largely determined by the biochemical and/or physiological

suitability of the environment in which the parasite develops; or

more specifically, In which sporogony occurs.
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I,, the present study, the fact that the spores of M. alUpsoides were

found to be longer 1In the

internal organs (and in particular in the

kidney) and smaller 1i1n the gills may be due to the fact that

biochemical and/or physiological conditions in the gill tissue are

less suitable _for the development of this species. In addition to

this, the spores in the gills are subjected more often to external

environmental changes and this might contribute to spore size. On
the other hand, the nature and structure of the cartilage of the gill

arch does form a strict confinement of space for the trophozoites iIn

this location and thus perhaps this i1s the reason why the spores
¢

remain smaller.

However. M. nseudodispar showed variability in the internal organs

and. 1In b'"oth species, the origin of the fish made no difference to

the spore dimensions. Consequently, 1t seems unlihely from these

data that the variability 1i1n the spore dimensions of these two

species 1s due to the biochemical/physiological nature of the

immediate or outside environment £er se. as suggested by Hine (1979)

_ « TJKrMioh these factors might have an
for other myxosporean species. Thoug

influence 1In some cases, the variability 1is hore marked 1In some

myxosporean species than others, and thus might be a feature of that

particular species. §u€ﬂ a F88¥HF8 miﬂht be considered to have
survival advantage and might be due to the retention of a high degree

of genetic polymorphism maintained by some form of selection. This
trait could be

related to their ability to make use of a large

variety of host species,

mainly cyprinids. It is interesting to note
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here that M. paeudodispar 1is considered identical with M. cyprinii

Doflein 1898 by Dykova and Lom (1984), a species showing a great

variability in the shape of spores.

A better understanding of the life history of Myxobolus species would

clarify some of these differences observed.

Comparison of the mature M. rhoder spores shows that 11n both

geographic locations, the spores were smaller than those referred to

in the literature (Bykhovskaya-Pavloskaya et al., 1964; Dykova, Lom

and Gruphcheva, 1987).

Differences of the spore dimensions were observed between the

different organs of large fish only in Greece, suggesting that, at

least in the case of young fish, all three i1nfection sites within the

host are equally suitable for initial settl«oent of the infective

st;ages of M. rhodei. which gradually stimulate tissue reaction

resulting i1In the Tformation of cysts. This observation 1iIs most

probably related to the fact that the cysts produced by M. rhodei

were always larger iIn the kidney tissue and iIn older fish, especially

in the Greek hosts, where the cyst dimensions differed significantly

between the kidney and the rest of the organs. The cysts located in

the muscles were smaller and rounder than the kidney ones. In both

nmscle and liver, the layer of connective tissue surrounding the

cysts was fTound to be thin and early developmental stages of the

parasites were not observed. In contrast, in the renal tissue the

i
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host reaction varied from ZSﬁTl to xf. (Greek fish) or 2 .~ to

It.sjm (British fish).

HIne (1979) aso observed a great variation In cysts of Myxldlja

In different species of eels In which the restraints

imposed by the surrounding tissues. In this case gill Intramellar

space, were the same; and suggested that the cyst shape and position

within one host species be of taxonomic v”~ue as the site of

sporogony can determine the cyst shape.

The critical factors at the site of sporogny are thought to be

blochemlca/physlologlcal. contributing nutrients to or disposing of

the metabolic wastes of the cyst, and that avarablllty of space Is

of relatively little Importance (HIne. 1979). This may explain the

larger size of the cysts observed In the kidneys of roach 1in the

present study. In comparison to the cysts found in the muscles and

liver.

On the other hand, the size of the cysts and spores may be related to

the age of the spore and trophozoite thus, the spores and cysts of

younger fish are smaller than i1n the 2-3 vyear old Tfish.

Consequently, the age of trophozoites and cysts might be significant

if the 1iInfection 1is perennial. In relation to this, differences 1In

the temperatures fTound between the Greek and British habitats may

have a direct influence on the duration of the developmental period

of the trophozoites/spores; thus, trophozoites iIn the Greek fish may
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prolong their development even during the winter months and produce

the larger cysts and spores found.

It 1s generally believed that the renal tissue iIn fish plays a more

important role iIn host defence and immunity than in higher animals

(Roberts, 1978) and the melanomacrophage centres have a substantial

role in relation to this. Therefore, the renal tissue is apparently

more efficiently equipped to resist any infection and the host

reaction iIn this particular tissue could be anticipated.

Trophozoites, disporous pansporoblasts and i1mmature spores of M.

rhodei were also observed in this location. Trophozoites were found

in the bowman’s capsules of the glomeruli, the pansporoblasts within

the cysts, and the immature spores (which were always smaller and

wider than the mature ones) were found within the cysts and/or in

conjunction with the pansporoblasts. The cysts produced by M. rhodei

in the Kkidneys of British fish were smaller than the cysts of the

Greek fish but the host reaction was more intense and may account for

the smaller size if this could be seen to act as a constraint.

All the findings of the present study suggest that not only 1is the

renal tissue the most commonly affected organ by M. rhodei, but the

ability of this parasite to reproduce and expand in the renal

parenchyma i1s fTacilitated in the kidneys of older fish. This may be

due to different reasons. The maturation of the spores and their

ability to reproduce and infect might be age-dependent as this 1is

already suggested for the spores in the environment (Hoffman and
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Putz, 1971). Older fish might be expected to be exposed for longer

periods to the 1iInfecting stages of M. rhodei as with the other

infective agents (parasitical, microbial, viral, etc. - Chapter 5)

that may Qlower the boat defence ability. Spores then accinmaate iIn

larger numbers in older fish. Furthermore, rupture of cysts may lead

to autoinfection resulting in higher infection levels of larger fish.

It 1s also possible that released spores from ruptured cysts in other

organs (liver and muscles) go directly into the kidneys as a result

of the high vascular supply of this tissue. It is interesting to

note here that Copland (1983) reported the presence of Myxidim spp.

spores In the vessels and metastatic lesions in the organs of eels.

Spores of M. oviforme were seen within macrophages in blood and

tissue of S. »airdneri; Tollowing experimental infection with spores

of M. oviforme (pers. comm, of C. Sommerville).

The dimensions of the mature spores were not found to be different

amongst the four seasons in the case of Greek fish, suggesting that

slight and short-term external environmental conditions do not

contribute to M. rhodei spore variability. This was also suspected

from data collected during the years 1984-85 (Athanassopoulou,

unpubl. data).

The spore dimensions between the two geographic Jlocations were

different in both mature and immature spores, the Greek spores being

always wider or larger than the British spores. Also taking into

consideration that the M. rhoder cysts iIn Greek fish were much larger

~ . donfe
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than 1n British fish, i1t is feasible to assnine that the development

of the hﬂ rhodei i1nfection iIn the Greek lake i1s much more favourable

than In the Yorkshire habitat.

The most obvious reason would be the differences in the environmental

conditions, especlallj 1In the

temperature, which may i1nfluence

directly the development of the parasite. As mentioned before, the

higher temperatures usually present iIn the Greek habitat may prolong

the development of the trophozoites and cysts, thus producing more

and larger cysts and spores. The temperature may also have an effect

on the feeding activity of the fish, increasing the consumption of a

larger number of Intermediate hosts or detritus for

longer periods

(even during winter months) in Greece. As a result, a larger number

of spores may be consumed. Intermediate hosts have been suspected to

be i1mplicated 1in the 1life cycle of other myxosporeans and 1in
particular,

Mvxobolus cerebralis (Marklw and Wolf, 1963).

Other factors may also be present in the Greek environment which may

influence the host susceptibility. Infections reported

in the area
(Ueula and coccidial infections) may have a key role

in the
development and expansion of M. rhodei in the hosts (Athanassopoulou.

1981; 1985; Athanassopoulou and Vlemmas,

1986) by debilitating the
fish.

Mo trends were noted in variation In striation number and pattern as

this was demonstrated by the scanning electron microscopy study on

spores from different

organs, of the hosts and from different

A/ -
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geographic locations. It seems that striation number and pattern are

probably genetically determined and not influenced by

biochemical/physiological factors that modify shape and size, and

thus as consistent features, more reliable for taxonomic

identification. Indeed Mine (1979) has recommended that this be

developed as one of the criteria for taxonomic purposes of Myxidium

species. This 1is also endorsed by Lom and Arthur in their 1989

guidelines.

The dimensions of mature M. pfeifferi were within the range given 1iIn

the literature (Bykhovskaya et al., 1964). The mature spores of M.

ofeifferi showed no differences between older and young fish, iIn both

geographic locations.

When comparing between Greek and British fish, significant

differences were observed only iIn the spore width dimensions, the

Greek spores being wider. The dimensions of 1Inmature spores,

however, were longer iIn the. Greek fish in both age categories.

All the above findings show a strong similarity to the variations on

spore dimensions observed in the case of M. rhodei. In both species

the age of the Tfish had no effect on the spore dimensions but the

origins of the fish did; the spores from Greek Tfish being always

larger.

Furthermore, no differences were observed In the dimensions of spores

(mature and i1mmature) of M. rhodei and M. pfeifferi iIn the Greek

sisl— T
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fish. In British Tfish, however, the immature spores of M. rhodel

were generally larger than M. pfeifferi i1mmature spores.

These differences are probably due to two reasons;

a) either because the samples measured 1iIn each case probably

represented different stages of development, or

b) as the i1mmature M. pfeifferi spores were measured 1in the

trophozoites in the bile ducts, these were probably constricted to a

smaller space. The fact that no differences were observed between
the mature spores of the two Myxidium species supports the above

suggestions.

The variability of the spore dimensions between the different

geographic Hlocations may be due to several factors as discussed iIn

the case of M. rhodei. It is IiInteresting to note that differences

in the dimensions of M. rhodei spores from Greece also differed from

those quoted by Bykhovskaya et al. (1964) from USSR habitats, despite
being well within the range given for the species.
The morphology and dimensions of mature M. rhodei and M. pfeifferi

spores were fTound to be identical iIn both Greek and British samples

by both light and scanning electron microscopy observations,

including striation. It has been reported before that M. rhodei 1is

morphologically quite similar to M. pfeifferi (Dykova et al., 1987)

and that the only difference is the site of infection iIn the Tfish.

In light of this, the results of the present study are quite

significant. The 1i1dentification of M. rhodei, an histozoic species,

and M. pfTfeifferi. a coelozoic species, Tits the description of other

=2
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authors for the same species. Further evidence 1s needed, however,

either by experimental 1i1nfection or histopathological study to

demonstrate the possibility of these two species being

identical.
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CHAPTER 5

MVESTIGATIOW DUD PATHMjOGY of tnOSPOBm a=. AW) IN
PAHTTHILAB OF MTHDIOM RHODEL USING LIGHT AVMD EUCTWII MTCROSCOPY

5.1 DURODDCNON

Most of the research on Myxosporea until 1980 concerned aspects of the
biology of this parasite group, such as the life cycle, transmission

studies and sporogenesis, whilst studies on pathology were neglected.

Even today, research on the pathology and host-parasite iInteraction
of myxosporeans only reveals information on the species of major
importance, in particular, Myxobolus cerebralis and Ceratomyxa shasta
infections in salmonlds. Although there is an extensive literature
on other Myxobolus species comprising reports on incidence and records
of new species, specific references to M. pseudodispar and M.
ellipsoides 1in roach have only been made by Conzalez-Lanza and
Alvarez-Pellitero (1985) and Athanassopoulou (1985), and they did not

address the question of pathogenicity.

Infections of myxosporean genera such as Myxobolus. Henneguya. etc on
gills, are very common in freshwater fishes and result 1In the
production of many cysts which are white or yello%dsh i1n colour.
These range from microscopic to those readily visible to the naked
eye. The cysts may develop within and/or between lamellae or
filaments of gills. According to MInchew (1973), i1n the intralamellar

form, the cysts develop within blood capillaries of lamellae or gill
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filanents. Interlamellar cysts which develop among epithelial cells
between lamellae seem to be less restricted in growth potential. These
may retain a definite shape or may become large masses surrounded by a
relatively weak host tissue -capsule. Tissue reaction to the
interlamellar cysts i1s highly variable. Severe inflammation may Induce
fusion of lamellae of adjacent fTilaments. Heavy infections of either
inter or intralamellar cysts may seriously 1impair gill Tfunction.
Mvxobolus exiguus infections in the gills of mullet In the Black Sea
were reported by Shulman (1957) which caused significant losses by
general 1mpairment of the gill function and tissue damage resulting in

bleeding and asphyxia.

Many myxosporeans, but especially Henneguya and Myxobolua species,
frequently infect Integumentary tissues, and underlying muscles and
connective tissue of freshwater TfTish. Cysts may develop anywhere
on the body surface and are often prominent and visible to the naked
eye. It i1s sometimes impossible to .distinguish the primary site of
tissue 1i1nvasion for all layers of the body wall may be invaded. In
many cases there 1i1s little or no inflaimnatory response to the
trophozoites. Sometimes, small blood vessels may be included in the
capsule and some haemorrhaging may occur as the parasite grows. The
overlying epidermis i1s often thin and may appear to slough or rupture
as a result of pressure from the growth of the cysts. Spores may be
released abruptly or gradually from such sites. In cases of diffuse
infiltration, spores may be spread internally from the main site of
infection to a variety of other tissues where further development may

or may not occur (Mitchell, 1977), or they may find their way out of

INE



144.

the body into the environment, e.g. through the kidney (itolnar, 1989).

Myxobollus pfeifferi found i1n barbels (Barbus barbus L) primarily
infects the connective tissue of the body musculature and may produce

"boil” or “tuberoulcer disease” iIn these hosts (Mitchell, 1977).

There are numerous other species that cause similar, although somewhat
less conspicuous, conditions in the integument, musculature,
subcutaneous and visceral connective tissue of freshwater fish. In
other cases, superficial iInfections are characterised by a temporary
thickening of the overlying epidermis. Phagocytic cells are frequently

found 1n the connective tissue capsule of older cysts.

Several definite cases of necrosis in different organs have been
described in relation to histozoic species. OFf particular interest
IS necrosis and lysis due to enzymes (proteolysis) which have been
described by Patashnik and Groninger (1964) 1in the muscle tissue.
Such necrosis and liquefaction are characteristic of certain marine
myxosporean species, e.g. Hexacapsula nesthunni iIn tunas and several
species of Kudoa 1iIn a variety of fish species. However, similar
effects 1n freshwater fish are also known, especially in anadromous
trout and salmon. In these cases, Henneguya and Myxobolus species
are involved and 1intermuscular cysts 1iIn living hosts are often
accompanied by Jlocal tissue necrosis known as "milky pockets”. In
harvested fish, softening and liquefaction of the tissue may occur
soon after death, but most often these effects appear after several

days of cold and frozen storage. Many of these conditions have not

[~
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been 1i1nvestigated Tully and the "milkiness” described may be due
either to debris of necrosed tissue or massive numbers of spores, or
a mixture of both. Many muscle 1inhabiting myxosporeans may develop
cytozoically within muscle Tfibres WMitchell, 1970, 1977). Cross
sections show that these trophozoites replace the sarcoplasm and may
eventually fTill the space within the sarcolemma. These intrafibrillar
infections often occur with concurrent infections of intermuscular

connective tissue (Mitchell, 1977).

In contrast to histozoic myxosporeans, coelozoic species are generally
thought to be less harmful to hosts than histozoic Tforms. It 1is
possible that the gall bladder 1s the oldest site of myxosporcan
infection and Mvxldium spp are the most common parasites of this

location.

Myxidjtim Hiinteri has been described from salmonids and may be found
in the gall bladder and liver (Sanders and Fryer, 1970) but may also
concentrate within the kidney tubules and cause tubular degeneration.
Myxidium oviform e causes a proliferation and dilation of the bile
ducts of salmon due to the large numbers of trophozoites present 1in

the lumen (Valllker, 1968; Sommerville, pers. coom.).

Histozoic species of Myxidium also exist but studies on their
pathogenicity only scarcely appear iIn the literature; these studies
18&ainly deal with new host records or records of iInfection sites for
various species of Myxidium. 1In particular, Myxidium rhoder 1is

considered to be a common parasite of freshwater fish known to occur
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in 32 host species (Schulman, 1984). However, this parasite has been

reported to have only a rare occurence in carp (Dykovaand Lom, 1988).

A preliminary study of M. rhodei concerning 1its prevalence and
pathology In roach from two lakes i1n Northern Greece was made by the
present author (Athanassopoulou, 1985) but Dykova * al. (1987)
recently provided information on the pathology of M. rhodei in

Czechoslovakian and Bulgarian roach.

The tissue localization of M. rhodei had long been thought to be only
the kidneys until Schulman (1984) suggested that M. rhodei also occurs
in the liver and muscles albeit rarely. Further observations of Kerp
(1987) confirmed these two additional sites of infection of M. rhodei

in roach.

The kidney damage, according to the study of Dykova e” al. (1987),
was considered to be severe iIn heavy infections and was due to the
loss of functional glomeruli as well as to the atrophy of the tissues
surrounding i1nfected glomeruli. These results were assessed by the
authors by examination of iInfected material using light microscopy,
and was based on descriptions of the nature of the tissue damage as
seen histologically. No measure of the extent or significance to the

whole organ was made.

Much of the available i1nformation on myxosporeans within tissues,
however, results from studies aimed primarily at understanding the

structural features of sporogonie development of myxosporean

ii>
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parasites. Only two recent reports (Dykova ~ al., 1987 and Paperna,
Hartley and Cross, 1987) deal with host-parasite relations 1in
conjunction with the ultrastructure of the myxosporean parasites.
Furthermore, these authors iInclude the descriptions of the plasnodium

as well as pathogenicity of members of the genus Myxidium.

Until 1959, the knowledge of myxosporean ulstrastructure had been
quite neglected and confined to Qlight microscope studies. Grasse
(1960) published a preliminary report on Sphaeromyxa. stressing the
pleuricellular character of the myxosporean trophozoite and the
evidence that they do not form gametes, a fact which, together with

other characters, prevents Inclusion of this group among Metazoa.

Chessin, Schulman and Vinnltchenko (1961), Lom and Vavra (1963, 1964)
and Lom (1964) 1investigated the ultrastructure and morphogenesis of
the polar capsule of Myxobolus and Henneguya species and pointed out
the resemblance between the polar capsule and coelenterate nematocyst
formation, thus supporting the views of previous authors, i1.e. Grell,
(1956) and Chapman and Tilney ((1959) who had excluded myxosporeans
from the protozoan realm. These workers had proposed to treat
myxosporidea as belonging to Mesozoa rather than to the phylum
Protozoa on the basis of the phylogenetic relations between
coelenterates and myxosporeans. A substantial study by Lom and
De Puytorac  (1965) on myxosporean ultrastructure and polar capsule
development established the unity in the polar capsule development 1in
all. myxosporean orders. These authors also suggested that the

sporoblast formation, starting by union of two cells i1s a uniform

-
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process i1n both coelozoic and histozoic species; trophozoites,
however, differ greatly iIn terms of size but also iIn aspects of

morphology-

Further ultrastructural studies on myxospor ea appeared 1In the
literature thereafter, concerning new data on the fine structure of
different parasites of this group and their sporogenesis in TFish
(Desser and Paterson, 1978; Current, 1979; Lom, Dykova and Lhotakova,
1982) or invertebrates (Weidner and Overstreet, 1979). Even so, until
the early 1980s, 1t was thought that relatively few myxosporean
species were pathogenic. This however, probably reflected the lack of
knowledge of host-parasite relationships for the majority of the
spécies. As more information accumulates about the dynamics of wild
fish populations and as more TfTish become commercially significant,
detrimental effects of particularly, muscle and gill-inhibiting
myxospor ea are being more frequently recognised. Indeed, during the
period 1980-1989 much more information has become available on the
pathogenicity of many species (Lom e” al., 1982; Desser, Molnar and
Horvath, 1983; Azevedo, Lom and Corral, 1989) reflecting the renewed

interest and importance of this group of organisms.

In the present study, a specific 1iInterest iIn Myxidium rhodel
Infections was developed through the routine examination of
commercially important roach populations in Northern Greece. As the
extent of the lesions and the prevalence of the parasite iIn these
fish was found to be high, a further follow-up of these cases \&as

evidently becoming essential. Through a search of the relevant

i
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J*aturet 1t became obvious that although M* rhodei was considered
to be a cwnmon parasite of cyprinidSt 1i1ts pathology and effects on
the hosts had never been seriously assessed. This aspect of the
project was therefore iInitiated, aiming primarily to assess 1its

pathology and pathogenicity in this fish species.

During the course of this study, other aspects of the life cycle and
biology of the parasite were also examined as iInformation on such
aspects was very limited. Thus, 1t was possible to relate pathology

to environmental and biological factors.

The relationship between coelozoic and histozoic species of Myxidium
was never guestioned despite the fact that morphological i1nformation
suggested that no basic differences existed between some species,
such as Myjcidijim rhodeit histozoic 11n the Kkidney, and Myxidium
pfeifferi coelozoic in the gall bladder (Dykova ~ al., 1987). Thus,
it became more and more evident ethat interrelations with other
myxosporesuil species should be i1ncluded in the study, and as a result,
Myxobolus i1nfections and other lesions were also 1Investigated. It

was also necessary to take these 1i1nto account when considering the

impact of infection on the Kidney.

The pathology was studied primarily using light microscopy. Electron
microscopical examination was only performed when this was needed to
slucidate inconclusive cases, or iIn order to provide more information

on host—response where 1t was particularly lacking at the light level.

»



150.

Through the examination of this pathological material over a period
of time» 1t became evident that a method for assessment of the extent
of the lesions would be essential because the cysts produced by M.
rhodei were often very large and covered a considerable area of the
small sections examined microscopically. After several trials the
digital method described In 5.2.3 was found to be the most effective,
since 1t could provide results expressed In terms of area and volume.

It would appear that no such method has ever been used before to
assess pathological conditions iIn fish tissues. Consequently, this
is the Tirst time that histopathological studies on myxosporean
species have been investigated 1i1n detail and i1n relation to
information on quantitative pathology. In addition, this 1is the
first report on pathogenicity of M. pfeifferi 1In roach in general,

and in the Greek habitats i1n particular.

As roach, and to a greater extent carp, represent an iImportant
component of the Tfishing industry iIn Greece, it iIs clear that diseases
that may render the fish undesirable to consumers or even decrease
their numbers in catches, have serious economic implications for the
Greek economy. Therefore, any knowledge on pathology of such
diseases, as presented In the present study, may contribute towards a

better management control and conservation of fishing stocks.
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5.2 HAIERIALS AND NEIBODS

5.2.1 Uglit Microscopy Techniques

Tissue for examination by light microscopy was taken in the form of
two 3-5mm transverse sections from each fish kidney after dissectiont
such that one section iIncluded anterior kidney and the other posterior
kidney. In addition to these, sections of all internal organs and
muscles were also takei\. The tissues were Tixed 11n [10Z neutral
buffered formalin for 24 hours (Disbrey and Rack, 1970) and then
embedded 1n paraffin wax using a Reichert-Jung Histokinette 2000
automatic processor (Appendix XX)* The wax embedded blocks were cut
to give 5-7iaim thick sections using a Leitz, Wetzlar microtome and the
sections were Tloated onto glass slides and then stained routinely

with Haematoxylin and Eosin (Appendix XX).

Any tissue producing sections showing evidence of parasitic infection
with the Haematoxylin and Eosin stain, had further sections cut which
were stained with Glemsa, PAS and Von Kossa methods (Appendix XX)*
The Giemsa stain was used, as In the iImpression smears, In an attempt
to demonstrate the presence of myxosporean polar capsules, and the

nuclei of potential developmental stages of the parasite*

The PAS stain was used because it was thought to demonstrate

successfully the sporoplasms more clearly than the Haematoxylin and

Eosin method (Branson, 1987)*
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The Von Kossa method was used In an attempt to identify the nature of
the calcareous deposits found often in the kidneys and to demonstrate

any calcium deposits. >

Light microscopy was carried out using an Olympus SH-2 with a 35mm

camera.

5.2.2 Electroo Hicroscopy Techniques

Samples of tissue taken for transmission electron microscopy were
fixed In 2.5Z glutaraldehyde 1i1n cacodylate buffer (Bullock, 1978).
Samples from fish showing signs of myxosporean parasites under light

microscopy were then used as samples for electron microscopy.

These samples were post fixed In 1Z Osmium tetroxide and embedded 1in

Emix or Lanlx resin (Appendix 11).

Sections were cut from the resulting resin blocks of Tjm thickness
using eun LKB Paratome. These sections were stained for one minute
using Toluidlne Blue, and then examined under a Qlight microscope.
Semi“thin sections of Lemlx embedded material were also stained with
Haematoxylin and EosIn. Areas of Interest were i1dentified and related
to the blocks which were then trimmed down in order to leave a

relevant area small enough for ultrathin sectioning.

1«
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Ultrathin sections of approximately thickness were cut using an
LKB Ultratome and these sections were floated onto coated, 200 mesh
ultra high transmission, electron microscope copper grids. These
sections were stained using Uranyl acetate and lead citrate (Appendix
I). The samples were examined under a JEQL, J 100G transmission

electron microscope.

5.2.3 Method for the Quantitatiwe of the
Senal Pathology

The method used was a BBC-based image analysis system described by
Hayes and Fitzke (1987) and Hayes (1988), for other biological

applications.

Sections of the mid and posterior _kidney at specific levels were
examined iIn roach both infected and non-infected with M. rhodei. A
special effort was made to ensure that the sections were dissected
always frcxn the same part of the mid or posterior kidney. 30 fish of
each category were used and three sections. Sum thick, were cut from
each fish. The cysts or glomeruli of these sections were digitised,
according to the method referred to by Hayes (1988). The area under
study (in jur?™) was then measured using Minitab software in a BBC
microcomputer. The mean values of the measurements were calculated
snd these were compared to a marked standard area of the section.

The marked standard area was randomly selected before the digitising

4
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procedure in order to obtain accurate and statistically valid results.
The volume of the tissue and cysts was calculated from the area and

thickness of sections.

5.2.4 Water Analysis

Water Samples

The samples were collected from the Qlake 1i1n January and May 1987
using a Friedinger water sampler. Samples were taken from the surface
and bottom at each station. Stations are sho%m iIn Fig. 1 of the

Appendix I.

Samples were decanted from the sampler iInto approximately 100ml
polyethylene containers previously rinsed iIn 50% nitric acid. The
bottles were rinsed several times in distilled water and in the sample

water before being filled and returned to the shore.

pH and temperature measurements were taken at the time of the sampling

using a portable pH meter and mercury thermometer respectively.

Laboratory Analysis of Suples

1. Filtration of water for”™nutrients; The samples were fTiltered
through 0.45 mmGF/C filter, previously washed with distilled

water 1mmediately after sampling. Then the samples were stored

tl
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in the fridge and processed in the same day.

Water analysis; Water analysis was carried out using a Hach
DR-EL/2 system supplied by a spectrophotometer with

conductivity, buret and tiration stand system.

Alkalinetv; Alkalinity was measured using the titration method

(APHA Standard Methods, 1980).

Carbon dioxide; Carbon dioxide was determined using the

titration method described in APHA Standard Methods (1980).

A_. Nitrogen, ammonia levels were determined using the
nm reduction method (Hach DR-EL/2, 3 and 4 Methods

Mannual) .

Nitrite; Nitrogen, nitrite was measured using the Diazotization

Method described in the Hach DR-EL/2, 3 and 4 Methods Mannual.

Nitrate; Nitrogen, nitrate was measured using the cadmium
reduction method described In the Hach DR-EL/2, 3 and 4 Methods

Manual .

Phosphorus; Phosphorus reactive was measured using the Ascorbic

Acid Method (APHA Standard Methods, 1980).

Sulphate; Sulphate levels were determined using the

Turbidimetric Method (APHA Standard Methods, 1980).

g
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5.3 RESULTS

5 3,1 Histopatholonr of Mrxobolua ellipsordes

M.ellipsordes spores were fTound In the kidneys, gills, spleen and
cartilage of both Greek and British roach. 1In the Kkidneys, these
were fTew and scattered In the renal parenchyma and In paurtlcular In
the melanomacrophage centres. Only mature spores were observed In
the kidneys, but no evident pathology associated with M. ellipsordes
was found In the renal tissue. Mixed Infections with M. rhodel,

BMMArA rutlll and Mvxobolus pseudodlspar were also observed.

In the gill arch, the spores were In groups and were located In the
fibrous zone between the gill cartilage and the ceratobranchial
element of the branchial arch (Fig. 42). In this location both mature
spores and large trophozoites were found resulting in the formation of
large, well-demarcated cysts. The pathological effect consisted of
dislocation of the surrounding periosteum due to the size of the cysts
and stenosis of the neighbouring vessels. In severe cases, necrosis
of the cartilage occurred which was totally replaced by the
trophozoites. In some specimens, after the maturation of the spores,
these were released iIn the periosteum.

In the gill filaments, the parasites formed small, round trophozoites
initially i1in the primary lamellae between the epithelial cells. As
the development continued the size of the trophozoites enlarged and
the primary lamellae were totally degenerated and the adjacent
lamellae dislocated from the presence of the large trophozoites. A

thin layer of connective tissue surrounding the 1i1nfected primary

it
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lanellae was also seen (Fig 43) as an attempt by the host to isolate

the lesion.

The host response around the branchial mature cysts was also studied
under electron microscopy. In these sections, at the electron
microscopy level, a distinct zone bet¥%een the limit of the parasitic
cyst wall and the normal tissue was seen (Fig. 44). This zone seemed
to represent the area where most of the metabolic activity of the
parasite was taking place, such as nutrient absorption by the
parasitic cyst or where metabolic wastes are dispersed into the
surrounding zone. This area probably corresponds to the so-called

"ectoplasm”; a term used by Current (1979) and Uspenskaya (1969).

Pinocytic vesicles were often present iIn this area iIndicating a major
nutrient +function. In latest stages of development the fibres of
connective tissue could also be seen (Fig. 44). The host cells
surrouding this zone of metabolic activity then often appeared
stretched and flattened and encysted the spores which were located

centrally (Fig. 45).

Trophozoites showing earlier stages of development were also seen
under electron microscopy in the gill and gill arch, in which
underdeveloped, i1mmature spores were Tound. Inside the spores, the
sporoplasm and early signs of the polar filament were present (Fig.
A6). In more mature spores, the polar capsule contained a well formed

polar filament forming four coils (Fig. 46A).

S
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In severe cases, fusion of the primary lamellae was évident under
light microscopy, necrosis of the epithelial cells and formation
of very large cysts containing maturing and mature spores was
observed. In some cases the filaments were totally destroyed and

replaced by the massive group of free spores (Fig. 47).

In the spleen, the spores were concentrated In the melanomacrophage
centres and no host reaction was usually detected. However, In only
a few cases of the Greek roach, where there were heavy Infections
with M. ellipsordes also In the gills, the melanomacrophage centres
of the spleen were enlarged and demarcated by a thin layer of
connective tissue (Fig. 48). On these occasions Mvxldlum rhodel

infection In the kidneys was also coincident.

5.3.2 HlstopatholottY of Mrxobolus pseudodispar

Spores of M. pseudodispar were Tfound In the kidneys and muscles of
both Greek and British roach. In the Kkidneys, the spores were
scattered singly In the parenchyma but more often confined to the
melemomacrophage centres of the parenchyma. No host reaction was

observed In the renal parenchyma.

In the muscles, large trophozoites with developing spores and smaller
cysts containing mature M. pseudodispar spores were found. The

trophozoites size ranged from small to very large.

2
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Urge numbers of small multinucleated trophozoites were located
between the muscle fibres (Fig. 49) and were easily detected by H & E
stain. The muscle fibres showed longitudinal splitting and, iIn some

cases, loss of striation (Fig. 49).

Cellular infiltration into the damaged area was also observed. In
the most advanced stages granular degeneration occurred in either the
entire TfTibre or iIn a portion of 1it, resulting iIn the collapse and

disappearance of the fibres.

Urge masses of free mature spores, occupying large areas of muscle
tissue and totally replacing the fibres, were seen as the Tinal
process of the 1i1nfection (Fig. 50). On one of these occasions,
tubular bags, as these were described by Hibiya (@1982), were also
observed (Fig. 51). These bags represent fTibres with phagocytes

filling up their degenerated portions.

In older fish and especially in the British fish, the host response
to the parasite appeared milder with formation of oval, medium-sized
cysts containing maturing and mature M. pseudodispar spores. In
sections examined under  transmission electron microscopy, ho
inflammatory cells were observed i1In the i1mmediate vicinity of these
cysts. Inside the cysts spores of M. pseudodispar in different stages

of development were observed.

In the early stages of spore development, the sporoplasm contained

two large nuclei iIn the polar cell. The primordium of the polar
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capsule and external tube which gives rise to the polar fTilament,
were lying next to each other (Fig. 52). The nucleus of the valvic

cell was also well formed.

During the maturation process of the spores, the polar capsules were
found i1n different stages of the development (Fig. 53). In each
polar cell the nucleus lay behind the polar capsule (Fig. 53) In
older fish and especially i1n the British fish, the pathogenicity of
the parasite appeared milder with the formation of oval, mediumsized
cysts containing maturing and mature M. pseudodispar spores. The
cysts were well demarcated by connective tissue with the formation of
epithelioid cells in the periphery of the lesions (Fig. 54). Spores
escaping from the host demarcated area were Tfurther surrounded by

inflammatory cells.

In the British fish the small trophozoites were also surrounded by a
mild infiltration of host inflammatory cells but appeared to be easily
destroyed by the host, as evidenced by their degenerated appearance

and the presence of melanin within the inflammatory area (Fig. 55).

Both Mvxobolus spp. were stained slightly with H & E but well

demonstrated by Giemsa and Mallory Trichrome stains.
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5.3.3 HIstopathologT of MrxidIMi rhodel

%
No macroscopic findings were obvious In necropsy apart from a slight
discolouration of the middle part of the Kkidney, obvious only in
heavy i1nfections. The parasite was found iIn the form of cysts and

trophozoites.

1. Cysts

The cysts were embedded iIn the tissue of the mid and posterior kidney
only. Two types of cysts were found in the iInterstitium, the Type A

and the Type B cysts.

1. Type A;

The Type A cysts were large 1in size, oval or circular in shape,
bounded by a distinct but thin layer of connective tissue. In some
cases the Type A cysts were extremely large and subdivided Into two
or three internal masses of M. rhodei spores. This was particularly
apparent in fresh material (Fig. 34) but was seen also in histological
sections. The Type A cysts most often contained mature spores (Fig.
56). Less frequently, only amorphous material was present iIn the Type
A cysts (Fig. 57). Calcification of the lesions was observed only in
a few cases and was demonstrated by staining of the sections with Von
Kossa. In a few cases, cysts containing a few mature M. rhodei
spores, together with amorphous material, were also seen 1In

histological sections (Fig. 57A).

Itm
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In order to further determine the relationship between the mature
spores and the presence of amorphous material In the cysts» all kinds
of Type A cysts were subjected to tansmission electron microscopy.

From this examination the following features could be recognised:

(E)) In electron microscopy the wall of the Type A cysts which
contained mature spores appeared stratified and consisted of
layers of epithelioid cells joined by desmosomes (Fig. 58).
Phagocytic cells were also seen between the connective tissue
fibres surrounding the cysts, but their identity could not be

classified 1In the material examined (Fig. 58).

(9)) The cysts containing only amorphous material also showed the

Stratified wall structure (Fig. 59).

©) Cysts containing both amorphous material and spores were also
similar in morphology to the rest of the cysts described above.
In addition to the typical wall structure of the Type A cysts,
the spores found In these types of cysts (¢) were undergoing
degeneration and the polar capsules were the last structures to

degenerate.

From the above electron microscopy examination 1t was concluded,
therefore, that all the Type A cysts were related and represented a
sequence of events in the life cycle of the parasite as influenced by
the host tissue. It would appear that after maturation and the
production of mature M. rhodei spores by the trophozoite, the spores
underwent degeneration. The exclusive presence of amorphous material
il the cysts was considered, therefore, as one of the latest stages

of development of the Type A cysts.

M1
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Pathology of M. rhodei Type A Cysts in the Kidney

In histological sections, the Type A cysts were only rarely associated
with the melanomacrophage centres and did not normally exhibit serious
host response. When iIn association with melanomacrophage centres, the
Type A cysts were often seen in close contact with two or three Type B
cysts (Fig. 60). Melanin deposition around Qlarge Type A cysts
containing amorphous material was also observed in some cases (Fig.

61).

Only rarely did the renal Type A cysts stimulate a granulomatous
inflammatory reaction and where this occurred, 1t coincided with a
loss iIn stainability of the polar capsules within. The granulomas
were characterised by the present of a wide zone of epithelioid cells

but no giant cells of the foreign body type (Fig. 62).

In heavy iInfections, where the type A of cyst were very numerous and
very large, the tissue surrounding the cysts was undergoing atrophy.
Tubules 1n the close vicinity were found to be degenerated with
sloughing of endothelial cells or vacuolation of their cytoplasm

(Fig. 63).

Glomerult were often compressed and dislocated and even reduced in
size due to the present of the Type A cysts adjacent to them (Fig.
64). No other pathological changes iIn the interstitial tissue were

observed at the light microscopy level.

id
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Type A cysts containing M. rhodei spores 1in different stages of

development were also examined under electron microscopy iIn order to

study pathology 1i1n the surrounding tissue. In such examinations,

a distinct zone was always seen between the Type A cysts and the host

cells (Figs. 65A.B), similar to that observed for M. ellipsoides,

which vaa characterized by the presence of pinocytic vesicles. In

most mature cysts connective tissue Tibres were present and iIn

increased numbers (Fig. 65C).

The spores found in the centre of the renal Type A cysts always showed

the characteristic arrangements of the two polar capsules (Figs. 66,
67) and spores in different stages of development were also observed.

In the mature spores, the TfTilaments formed four colls i1n the.polar

capsules.

Pathology of M. rhodeir Type A cysts on other organs

When the intensity of the infection was high (IL.4) M. rhodei Type A

cysts were also found in the adipose tissue surrounding the external

surface of the kidney (Fig. 68).

Type A cysts were also observed in the [liver, spleen (Fig. 69) and

muscles of a few Greek fTish. Some of these cysts contained mature M.

rhodei spores and some degenerating material. In the spleen,

melanomacrophage centres contained M. rhodeil spores, demarcated by a

thin layer of connective tissue without, however, any host reaction

0
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(Fig. 70). In liver (Fig. 71) and muscles, the cysts were also
demarcated by d thin layer of connective tissue without any

significant host response.

When the Type A cysts iIn the liver tissue were examined in electron
microscopy sections, these showed a similar appearance to the Type A
cysts observed in the renal interstitial tissue. However, the
"absorption”™ zone was narrower and the activity of the cells located
in this area less marked. Only a few secretory cells were present
but Blarge numbers of connective tissue fibres were evident. The rest
of the cells between the newly formed fibres usually underwent

degeneration as this was observed i1In most sections (Figs. 72, 73).

2. Type B;

The Type B cysts were small, round emd located also 1iIn the
interstitial tissue of the kidney. They were readily distinguished
from the Type A cysts by the presence of concentric layers of host

reaction around them (Fig. 74).

These cysts only rarely contained M. rhodeil spores, but more often
they contained amorphous material which, i1n most cases, was calcified
as this was demonstrated by the Von Kossa staining of the tissue

(Fig. 75).
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In histological sections these cysts were seen to provoke a serious

host response, forming granulomas %rith the typical inflammatory cell

presence. However, no giant cell formation or new capillaries were

observed i1n any of the sections.

The Type B cysts %ere also related to melanomacrophage centres (Fig.

76) and i1n some cases, were also near blood vessels but no iIncrease

in melanomacrophage centre number or size was observed.

The Type B interstitial cysts were more often observed in young fish

and 1In particular, 1n the Greek fish. Large fish from Greece and

Britain sho%ied similar lesions and host reaction.

The histological examination of the Kkidney lesions using different

staining techniques and 1i1n particular, the Von Kossa staining,

revealed the presence of calcium iIn both Type A and Type B Kkidney

lesions (Figs. 75, 77). However, the calcification of the Type A

lesions was less often observed. Calcification of the lesions found

in organs other than the kidney was not observed.

On other occasions, however, small granulomas were found in the heart

(Fig. 78). The local inflammatory reaction around them was

characterized by a zone of epithelioid cells or macrophages. At the

periphery, Tfibroblasts and Ilymphocytes were present. These Ilesions

resembled the Type B cysts found in the interstitial tissue of the

kidney and were always associated with infection of both cyst types.

I
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but were never calcified and, therefore, did not fit readily into Type

A or B categoriea.

U Ttoplrasoitea

In the kidneys, plasmodia of M. rhodei were found only in the Bowman’s

space of the renal corpuscles. This form of M. rhoder iInfection was
limited and present only at specific times during the season and thus
were not easily observed. Consequently, early trophozites 1iIn the
glomerult were found only i1n Jlight microscopy and in semi”thin
sections where serial sections could be made. Here the trophozoites
appeared to be limited by a smooth, thin membrane. The endoplasm was
highly vacuolated and fibrillar strands were expanded from the surface

of the plasmodium and extended to both the capillary tuft and the

Bowman’s capsule (Fig. 79).

In histological sections, the infected glomeruli were enlarged and
the Bowman’s space, occupied by the plasmodium, was increased In size
(Fig. 80). The walls of the capillaries were thickened and the

capillary tuft compressed and shrunk (Fig. 81). The glomeruli

appeared to undergo gradual atrophy and this was followed by the
appearance of large cysts fTull of mature spores. The parietal layer
of the Bowman’s capsule was transformed to a thin membrane and the
whole structure giving the 1iImpression of an iInterstitial cyst. 1In

some caqgqps debris-like material was found in the enlarged Bowman’s

space (Fig. 82). The parasite was fTound either 1iIn the periphery of



169.

the Bowman’s space or within the capillary tuft where i1t resulted in

the division iInto two-three parts. In more advanced cases the tuft

was completely shrunk, the surrounding membrane absent and the

degenerating capillary tuft free without encapsulation in the

interstitial tissue.

All the above noted lesions found 1i1n the kidneys of roach were

asynchronous, different types of lesions occurring concurrently in

the same TfTish. Furthermore, mixed infections with Eimer® rutiU,

Trichodina spp. and Sohaerospora were also seen together with M.

rhodei cysts (Type A and B) in the kidneys of roach. Eimeria. rutili

was found i1n small cysts, almost always within the melanomacrophage

centres. Trichodina spp. were always found 1i1n the urinary ducts,

and Sphaerospora spp. mature spores and early developmental stages

were observed in the .renal tubules of some fish.

5.3.4 Histopatholottv of MyxldliMi pfeifferl

M. pfeifferi was fTound iIn the form of large trophozites containing

pansporoblasts and maturing spores iIn the bile ducts, and In the form

of mature spores found free i1n the bile fluid.

M. pfeifferi never coincided with the presence of M. rhod®

trophozoites i1n the Kkidneys but, 1iIn some cases, M. rhodei mature

spores in the liver and kidneys were found together with infections

of M. pfeifferi in the bile ducts. In heavy iInfections the Iliver
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around the gall bladder was found to be paler iIn colour and the gall

bladder contents were thickened and lighter in colour.

The infection ranged from mild, with only one hepatic duct per viewing

field 1infected, to massive IiInfections destroying the surrounding

hepatic cells (Fig. 83). The hepatic ducts containing large

trophozoites were very enlarged and their epithelial cells showed

signs of degeneration.

Small granulomas were also seen i1In the hepatic parenchyma next to the

infected hepatic ducts (Fig. 8A) but their origin was not clear. In a

few cases of heavy infection, i1Inflammation of the hepatic parenchyma

around the ducts was also present (Fig. 83). Newly formed blood

vessels, close to the iInfected ducts, were observed and these were

associated with the existence of granulomas around the lesions (Fig.

85). In heavy infections too, the hepatic cells close to the ducts

were seen to undergo vacuolar degeneration and even necrosis.

Despite the extensive sampling of infected material for electron

microscopy, M. nfeifferi was not found 1iIn electron microscopy

sections. Attempts to study the ultrastructure of the parasite 1n

the bile ducts as well as the host response, by means of processing

paraffin histological sections did not give satisfactory results.

§ s "
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5.3.5 OthliBr Lesions

Another type of lesions in the renal tissue ("Type C” lesions) were

also observed during the study period. These lesions were found only

in Greek fish and were characterised by deposits of variable size and

shape 1n the renal tissues. These were irregularly lobed and

resembled inorganic material (Figs. 86A, B). The lesions were evident

only microscopically and occurred in the tubules of the posterior and

middle part of the kidney. In a few cases only debris-like material

was present In the kidney tubules. When different staining techniques

were used, the lesions proved to be positive with Von Kossa staining,

indicating that calcium deposits were present. As the origin of these

lesions was not evident, a further analysis of the water chemistry was

considered essential In order to contribute to an explanation of the

deposits within the tubules. Furthermore, the relationship between the

calcified lesions was not clear particularly, since no evidence of a

parasite presence was seen iIn the "Type C" lesion. In an attempt to

examine the possibility that all types were related and to shed some

light on their relationship, an analysis of their occurrence on a

seasonal basis was also performed. This is presented iIn Fig. 87.

Records of the presence of "Type C" lesions appear only in the winter

months (January, 1986, 1987, 1988 and February 1987). As the "*Type

C" lesions were found only in Uke Agios Vassilios iIn this study, the

seasonality of the renal lesions is described only i1in this location.

>
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Lake Agios Vassilios

Type A and B Leaioaa

These lesions were TfTound constantly in all samples throughout the

year 1987 and also in the January 1986 and January 1988 samples. The

overall prevalence for both A and B lesions was 23.66X (115/486).

These fish were also infected with M. rhodeil in the kidneys.

Type C Lealona

The lesions were found only iIn the months of January (1986, 1987 and

1988) and of February 1987. The overall prevalence was 5.31 (26/486)

and 1t remained low in all samples where they were found.

5.3.6 Environaental Paranetera

The presence of the calcified lesions iIn the roach kidneys suggested

that a closer look at the water chemistry might contribute to an

explanation of the deposits within the tubules. The water samples

were taken during two sampling periods and these are shown in Tables

36 and 37. The temperature results showed that Lake A Vassilios was

well mixed at both times of sampling. The pH and alkalinity

measurements showed that the lake contained very alkaline water; the

measurements were similar at both sampling times.

The Ilevel of 1inorganic nitrogen (ammonia, nitrite and nitrate) was

within the Qlimits approved for cyprinid aquaculture. Nitrite and
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Qj[trates were low and well below any toxic thresholds (EIFAC Tech.

Paper, 198A).

Phosphate values ranged betwen 0.1-2.65 mg/PO™/1 and these are
considered high and 1indicative of a eutrophic water (Kilikidis et

al., 1984; M Philips, pers. comm.; J Tallig, pers. comm).

5.4 RESULTS OF THE QUANTITATIVE ASSESSMENT OF THE RENAL PATHOI/)6T

5.4.1 Tupft Aluilygtg Reanlts of M. rhodci cysts 1In the lddneY tissue

The results of the image analysis of kindeys infected with M. rhodei

in Greek and British fish are shown iIn Tables 38 and 39, respectively.

The results showed that the area and volume occupied by the M. rhodei
cysts iIn the posterior part of the kidneys was larger than the area
and volume of the cysts located iIn the middle part of the organ in
both Greek and British hosts (Tables 38 and 39). The posterior kindey
was more iIntensively parasitised (four cysts/area unit) than the
mid-kidney (three cysts/area unit) in both Greek and British fish. The
percentage of the area and voluine occupied by the cysts 1in the
posterior kidney was slightly higher than that in the mid kidney, iIn

both Greek and British fish (Tables 38 and 39).

The area occupied by cysts in the mid-kidney in Greek roach was found

to be 5.9 times bigger than the respective area occupied by the

Tl
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Mean area of
H. rhodel cysts
Tnm2)

Minimum area of
M. rhodel cysts
(mm2)

Maximum area of

M. rhodel cysts
(mm2)

Mean number of
M. rhodei observed
per area unit

Mean area of
tissue Infected

{0

Mean volume of
tissue infected
(mm3)

Ratio between
M. rhodel cysts and
glomeruli area

Ratio between volume

of cysts and volume
of viewing field

178.

TABLE 39

in the kidneys of British roach

Nl1d-Kldney

11.368 x 107~ (- 4.1)

6.443 x 10~

14.843 x 107~

0.25

32.10 x 10~

3.57

1:10.9

Posterior Kidney

13.442 x 10°~ (£ 3.8)

6.992 x 10"~

14.774 x 107~

0.26

35.8 x 10~

3.711

1:10

HIF
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glomerult and 6.67 times 1In the posterior kidney (Table 38). This
indicates that, apart from the Tfunctional damage to the glomeruli
which would correspond to an area of 2,69x10_3mm2 of normal glomeruli,
an additional pathology must be assumed to exist due to the
enlargement of 5.9 or 6.67 times of the glomeruli due to the infection
with M. rhodeir. Furthermore, damage to the surrounding interstitial
tissue also exists due to the pressure of the enlarged glomeruli.
This was confirmed iIn the histopathological study and can be seen in

Fig. 81.

The same comparison for the British roach, however, showed that the
cysts®™ area in the mid and posterior kidney, was 3.57 and 3.71 times
bigger, respectively, than the normal glomeruli area In the same organ
locations (Table 39). The volume of the cysts 1iIn the mid and
posterior Kkidney was found to be 48.04x10_3mm3 and 52.8x1 mm3
respectively, for the Greek fish. For theBritish Tfish this was

the

in
relation to the volume of their viewing field, then it was found that
these were 1:72 and 1:573 for the Greek fish and 1:10.9 and 1:593 for
the British fish (Tables 38-42). This means that*, for example, in the
case of the posterior Kkidney, the normal glomeruli iIn this area have

increased their volume 78 times (for the Greek fish) and 54 times (for

the British fish).

ir:ii
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5.4.2 Besttlts of Image Analvals of Nofttl GLotnili In the
Kidney Tlaaue

These results are presented in Tables 40 and 41.

The mean area and volume occupied by normal glomeruli 1in the rened
tissue 1s almost the same i1n the posterior and mid kidney of the fish

(Tables 40 and 41).

The number of glomeruli found per unit area was edways constant 1in
both locations of the Kkidney tissue as well as i1n both Greek and

British fish.

The percentage of area occupied by the normal glomeruli 1n mid and
posterior kidney was found to be 0.062 and 0.072 for Greek and British

roach, respectively (Tables 40 and 41).

The volume occupied by normal glomeruli in mid and posterior kidney of
— _ -3 3 3 3
Greek and British fish was found to be 6.6x10 mm and 6.4x10 mm and

5.9x10”mm”™ and 6.14x10"mm” respectively.

Statistical Analysis

r.
A statistical comparison of the rea/volume of kidney tissue occupied
by the M. rhoder cysts with the area/volume occupied by normal

glomerult was carried out in order to give some indication of the
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TABLE 40

Results of Image Analysis of normal glomeruli

In the kidneys of Greek roach

MId-Kldney
Mean area of
glomeruli 2.757 x 10~ (i 0.95)
(m2)
MIinimum area
of glomeruli 1.093 X 10~
(mm2)
Maximum area
of glomeruli 4.664 X 10~

(m2)
Mean number of
glomeruli observed 6

per area unit

Mean cucea of

glomeruli 0.06

%)

Mean volume of

glomeruli 6.4 X 10~
(mm3)

Ratio between volume
of glomeruli and
volume of viewing
field

1:573

Posterior Kidney

2.794 X 10"~ (F O.

1.098 X lo“~

5.338 x 10~

0.06

6.4 X 10~

1:546

99)

o






183.

impact of the parasite on the kidney iIn terms of area/volume of normal

tissue replaced by the parasite.

According to this statistical analysis of the areas occupied by the
cysts and normal glomeruli in mid and posterior kidney they showed
that these differed significantly (F-755.19, P*0 and F-789.6, P-0,
respectively). Similarly, the differences in the values of the volume
between normal glomeruli and cysts in mid and posterior kidney were

also significant (F-638, P-0 and F-695, P-0, respectively).

If
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5.5 DISCDSSIOM

The infections of roach with the two Myxobolus species studied in this
project, showed that the kidney was not the most iImportant site of
infection. No pathological changes were detected in this location and
the parasite spores seemed to be concentrated and limited to the
melanomacrophage centres and i1t might be assumed that they had beent
deposited iIn this site by macrophages from a source elsewhere iIn the
body. Spores of Mvxobolus pseudodispar i1n the melanomacrophage
centres have also been reported by other authors (Roberts, 1975;
Dykova and Lom, 1988; Dykova, 1984). In the melanomacrophage centres,

the spores are believed to be digested and completely eliminated

(Dykova and Lc»i, 1988).

The,pathology, however, in the other sites of Infection of these
parasites was quite severe, and in heavy infections was estimated to
result iIn severe functional disturb”ces of the hosts. However, the
pathology of M. ellipsordes was considered less serious than that of
M. pseudodlspar since extensive lesions were only rarely seen. In
contrast, 1in the case of M. pseudodispar, the infections of early
trophozoites iIn the muscles would be very important in young TFfish,

resulting in degeneration of a large part of the myomeres.

As roach can be a desirable species for human consumption 1in
particular areas of Greece, this infection may have some economic
importance i1n the local market. Although there 1i1s a lack of data

concerning transmission of these parasites from one fish species to
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another, i1t might be suspected that carp populations would be Infected
too since the host range of M. pseudodlspar Is wide (Bykovskaya »

a.. 1964).

IT carp populations are implicated in these Infections, the economic
losses would be more severe. Taking also iInto consideration that the
carp population in this lake has recently declined (Kilikldis ~ al.,
1984) and research has shown that natural reproduction of carp iIn the
lake 1s not possible any more because of the pollution of the
environment, it is clear that an additional Mvxobolus spp. infection

would fTurther reduce the TfTinancial losses. This i1s the TfTirst report

on the pathogenicity of these two Myxobolus spp. apparently in roach.

The study of the pathology of M. rhodei in roach populations showed
that this parasite has a more severe pathogenicity for the Tfish fish
hosts than i1t was iIndicated by other researchers (Dykova ~ fid., 1987;
Kerp, 1987). A description of the pathogenicity of this parasite has
recently been published (Dykova et al.. 1987) following histological
observations of rensd tissue. However, their study was confined to the
kidney whereas i1t has been shown here that the parasite 1i1s also

present in liver, spleen and muscle tissues.

In the present study the most common site of iInfection was the
interstitial tissue of the Kkidney, where both Type A and Type B
parasite cysts were observed. The Type A cysts appeared to originate
from Infected glomeruli after degeneration and disappearance of the

capillary tuft due to the presence of early stages of M. rhodei. The

Gl
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most likely origin of the Type B iInterstitial cysts i1s the appearance
of trophozltes which 1i1nitially locate in the Interstltlum and thus
provoke serious host reaction which results in the rapid death of the
parasite and the final formation of small granulomas. These results
are In accordance with the findings of previous authors (Dykova et
al., 1987) who demonstrated the existence of early trophozoites 1in
both glomeruli and interstitial tissue. In this study, however, early
trophozoites were observed very rarely and only in the glomeruli,
although a thorough seasonal examination of material was carried out.
This must be due to the speed of the development of early stages of M.
rhodel, especially in Lake A Vasslllos, where the most detailed study
was carried out. This has also been suggested by Dykova et

(1987). Another explanation for their rarity would be the different
factors i1nvolved 1i1n the habitat which may result i1In a slightly
different development of the life cycle of the parasite in the Greek

fish.

In this study the pathology of M. rhodei and M. pfeifferi have been
considered separately. However, it was suggested in Chapter 4 that
these two species are indistinguishable. 1In addition, In 5.3.4 i1t was
mentioned that M. pfeifferi trophozoites« never coincided with M.
rhodei trophozoites i1n the glomeruli; thus supporting the suggestion
that these two species are 1identical. The pathology, therefore, of

this single species 1s more serious for the host because i1t involves

several organs.

fi Em

i
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The presence of M. rhodeil cysts in other organs, namely spleen, liver,
muscles and heart, 1is very iInteresting. N. rhodei cysts in muscles
and liver have been reported before (Kepr, 1987) but no account of the
pathology was given. There is no other report of M. rhodei iIn spleen
or heart. The lesions 1In these organs were well demarcated with (in
the case of the heart) or without (in the other organs) host reaction.
The lesions in these organs might possibly be metastatic due to
haematological spread of spores or perhaps, generative cells from
ruptured mature M. rhodei cysts iIn the kidney. The presence of spores
in the vascular system was not dononstrated, however, in this study,
but the M. rhodei lesions in the different organs were occasionally
found close to vessels. Copland (1983) also suggested a similar
process for Myxidium giardi in eels and did observe spores in blood.
On the other hand, 1f spores require to leave the host before further
development, as for example when eu 1iIntermediate host is required
(Wolf and Marklw,1984; Markiw, 1989), then spread of the Infection
into different organs must be at a presporogenlc stage fTollowed by

asynchronous development iIn the different organs.

M, pfeifferi trophozoites were found to be quite pathogenic iIn heavy
infections and serious damage to Tfunctional [liver parenchyma may
occur. There are only a few detailed studies on the pathogen of
coelozoic Myxidium spp. in the bile ducts and gall Dbladder.
Zschokkella russelli recorded from the gall bladder of British
rocklings was found to produce proliferation, enlargement and

thickening of the hepatic ducts, lowering of the duct epithelium and

pericholangitis (Davies, 1985). Sinusoidal dilation and thickening
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around hepatic ducts was also shown by the same author in a further

study of the same parasite (Davies and Sienkowski, 1988).

Most i1nformation on coleozoic myxosporews concerns reports of
Myxidium occurrence, distribution and prevalence 1i1n different fish
species and areas. For example, Mvxidium minteri was found primarily
in the gall bladder by Sanders and Fryer (1970) but cysts containing
spores were occasionally found in the liver tissue. No pathology was

described, however.

Some other reports only include observations of a clinical nature,
1.e. an enlarged but not discoloured gall bladder was observed by
Morrison and Pratt (1973) during an infection with Sphaeromyxa but no
details of histopathology were given. In other coleozolic myxosporean
species, macroscopic changes iIn some gall bladder contents have been
reported and reviewed by Mitchell (1970). These concern mainly

abnormalities in colour (light yellowi orange or cloudy).

The only papers describing the pathology of coelozoic myxosporean
species i1s that of Dykova and Lom (1988). The authors described
necrosis in the liver of carp iIn intensive culture due to Chloromyxum

cyprini.

More recently Paperna, Hartley and Cross (1987) studied the
ultrastructure of Myxidium giardi and i1ts attachment to the epithelium
of the wurinary bladder of Anguilla mossambica. According to the

authors, this was the only paper describing the form of attachment of

1i
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coleozoic plasmodla to the host tissue up to 1987. However, 1in 1980,
Mitchell, ULstebarger and Bailey also described, although not in
detail, the method of attachment of Chloromvxum trijugum and the
related histopathology of this myxosporean parasite in centrarchid

fishes.

Most of the remaining and even more recent publications describe the
ultrastructure of trophozoites or 1investigations of their life cycles
(Azevedo, Lom and Corral, 1989; Molnar, 1989). According to the
available literature this present study appears to be the only report

on M. pfeifferi pathogenicity in roach.

The final stage of both Type A and Type B cysts was found to be the
calcification. A similar process 1i1s coimmonly found 1n advanced
lesions 1In higher mammals and has also been suggested in fish (Leger,
1931, cited by Dykova et al., 1987). However, Dykova ~ (1987)

did not observe this in their study.

Calcium deposits have, ho%rever, been reported to be associated with a
number of different conditions in Tfish; notably nephrocalcinosis was
reported to be related to high levels of free COZ2 in hatchery water by
Harrison and Richards (1979). Nutritional factors were also
implicated in this condition (Landolt, 1975). Dietary factors were
thought to be the cause of Visceral Granuloma which also involves
renal lesions containing calcium (Landolt, 1975). High Ilevels of
dietary selenium were responsible for nephrocalcinosis 1In rainbow

trout In experiments carried out by Hicks, Hilto and Ferguson (1984),



190.

Cowey, Knox, Audron, George and Pirie (1977), produced renal
calcinosis by feeding rainbow trout a magnesium-deficient diet. A
syndrome described by Blaker and Wolke (1983) included renal tubular
calcium oxalate crystals i1n cultured Amphiprion ocellaris which was
associated with deficiency of the fat soluble vitamins A and E and
:/ipid peroxidation iIn the diet. Dietary factors as well as
0

environrontal factors were thought to 1iInteract 1in the systemic

granulomatous condition which i1nvolved calcult iIn uriniferous ducts

described by Paperna, Harrison and Kissil (1980).

Infections agents are more rarely implicated in lesions containing
calcium deposits 1i1n fish. However, they were fTound unusually in T
tuberculosis of aquarium fish by Mageed, Goplnath and Jolly (1981) and
in lesions resulting from experimentally 1induced PKD by d*Silva, !
Mulcahy and De Kinkelin (1984). It i1s also interesting to note here
that Wooten and MeVicar (1986) found considerable amounts of debris in
the kidney tubules and evidence of.degeneration of these tubules in
farmed sea trout and Atlantic salmon, due to an intracellular renal
parasite. However, the authors did not notice any calcification, but

macroscopic changes of the kidneys and an increase of lymphocytes and

neutrophils were observed iIn the haemopoietic tissue.

Taking 1nto consideration the Jlife cycle of M. rhodeit and the

pathological lesions found by Dykova et al. (1987) i1n the kidneys or

roach from Bulgaria and Romania as well as the results of this study,

the following events are suggested.

_i.m2
il 'El
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The Type A lesions Tfound 1i1n the renal iInterstitial tissue
possibly arose from the later stages of M. rhodeil trophozoites
which %#ere i1nitially located 1In the glomeruli which were
subsequently destroyed by the parasite and disappeared« leaving
the parasite surrounded by 1interstitial tissue. The host
response, obstructing the further development of the trophozoite
or, following death due to senility, could result In degeneration
and calcification as happens commonly in higher mammals (Dunne

and Leman, 1975; Chevllle, 1983).

The Type B lesions found in the renal interstitial tissue were
possibly the remains of M. rhodei trophozoites which located
directly iIn the interstitial tissue, such as those iInterstitial
forms observed by Dykova et al. (1987). In this location, the
host response was possibly very effective and resulted iIn the
death and rapid degeneration and encapsulation of the early
trophozoites. However, such early trophozoites 1i1n the renal
interstitial tissue were not observed in the Greek and British
samples examined in the present study, but it is possible that
these stages last for only a short period and only in specific
seasonal samples, and therefore not represented 1In the Tfish
samples examined. It 1s worth noting here that the i1mmature
(i.e. without mature spores) trophozoites of M. rhodeir in all
samples of this study were rarely observed and in only a small
number of Fish, 1iIn contrast with the findings of Dykova ™ al.

(1987) who found them very often in their samples.

Lo
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The few nephrocalcinosis-like lesions in the tubules of the fish
(Type C) were thought not to be related to M» rhodeil infections

and were possibly due to environmental conditions.

The Lake A Vassilios in Northern Greece from where the tubular lesions
of the roach were found, IS considered to have undergone
eutrophication as a result of pollution from domestic waste. The Tfish
populations iIn this lake are a cause for concern and growth and
production are affected, particularly in carp ((KIHlikldis et al™.,
1984). The lake has a high alkalinity compared to most European lakes
and the salinity i1s generally high, with NE*’ being the dominant cation

(J Tallig, pers. comm).

There i1s a paucity of data on carbon dioxide levels of natural water
bodies; the values obtained from the Greek lake samples iIn the past
reached a maximum of 20 ~g/1 10 winter time (Athanassopoulou, 1985).
That this is an elevated level of CO2 is evidenced by the fact that
the lowest pH values iIn winter are lower than would be expected at air
equilibrium (from the alkalinity) by about two pH units (J Tallig,
pers. coim). In highly productive waters such as this, C0Z2 levels
often reach higher values. The ® 2 levels found experimentally to
induce nephrocalcinosis 1n rainbow trout by Smart, Knox, Harrison,
Ralph, Richards and Cowey (1979) ranged from 12-60 ~g/l1l. It 1is
possible, therefore, that In winter time iIn Lake A Vassilios when the
CO02 levels are high, roach becomes susceptible to environmental
conditions during the time the Type C lesions are formed in the kidney

tubulies. This 1is further supported by the fact that Type C lesions

|
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were never fTound in the British lakes. Further experimental evidence

is needed, therefore, to prove the direct effect of the high CO02

levels 1In water on the roach kidney metabolism.

An alternative explanation would be that the calcification was due to
the calcification of tubule-invading parasites such as Sohaerospora
spp-, Hoferellus spp. etc. Such parasites have been reported to
produce calcified casts in the lumen of the tubules (Molnar, 1980).
Sphaerospora spp. was also found iIn the Greek and British samples in

this study.

The results of the Quantitative Method using Digital Analysis showed
that glomerulil infected with M. rhodei can be enlarged up to seven
times iIn the case of Greek fish and up to four times iIn the British
fish. The extent of the damage, therefore, in terms of glomeruli
function 1s quite severe. The reasons for the difference 1In size
effect between the Greek and British infections i1s not clear but 1is
likely to be the temperature effects on size/growth relations in a sub
tropical versus a temperature habitat. In addition to the replacement
of normal tissue by these -enlarged glomeruli, the atrophy and
pathological changes observed in the area surrounding the cyst
tissues, as described by the histological examination, Tfurther
contributes to the overall i1mpact of this parasite on the kidney. The
overall kidney tissue area affected, therefore, 1iIs quite extensive and

almost certainly results 1in severe functional disturbances 1iIn the

host.

il



The method used for quantitative assessment of the kidney pathology
also confirmed that the infections in the Greek habitat is more severe
than In the British environment where this study was carried out. This
is supported by the seasonal studies of prevalence and intensity and

the results of the morphological studies (Chapters 3 and 4)e

This 1s the only report on quantitative assessment of pathology using

image analysis iIn fish tissues.
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FIGURE 55.

FIGURE 56.

Inflanmatory area in the muaclea of British roach
due to the presence of N. pseudodlspar degenerating

trophozoites.> Melanin deposition can also be seen
in the area (arrow)
x400 H&E

Myxldlum rhodel cyst (Type A) In the kidney of

roach, containing nature spores (arrow)
x400 H&E


















FIGURE 63A

A M. rhodeir (Type A) cyst showing a distinct zone (Za)
between the parasites (Sp) and the renal cells (Ch).
Secretive cells (Cs) and connective tissue fTibres (P)
are also present

TEM x9000

Higher magnification of the structure of the membrane
of the trophozoite. Arrows 1 and 2 show the parallel
arrangement of the membrane, and the rest of the
arrows show the granular layer of the membrane

TEM X31.500

Fibres of connective tissue cu™ound the parasite
cyst
TEM X15.300

M. rhodel spore

zone of absorption
limit of trophozoite
cell host

fibres

secretory cell









FIGURE 70, M. rhodel spores In the melanomacrophage centres of
spleen. The whole fflelanomacrophage centres are
demarcated by a thin layer of connective tissue
(arrow)
x400 H&E
U\
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FIGURE 71.

M. rhodel cyst (Type A) In the liver of roach. The
cyst Is demarcated by a thin layer of connective

tissue (arrow) surrounded by a layer of Inflammatory
cello (lymphocytes) (double arrow)

X200 H&E
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FIGURE 72.

FIGURE 73.

N. rhodel cyst (Type A) In liver. Around the
parasitic cyst (My), the host cells are detached
and stretched. Among the hepatic cells (Hp)
numerous fTibres appear (F). The cells around the
fibres gradually degenerate (Cd)

TEM x9000

Ca « hepatic cell (stretched)
Cd « cell degenerating

CK m Keepffer cells

F * fibres

Hp m hepatocyte

My = Myxldlum cyst

Cyst wall of Myxldlum rhodel in the liver. The
host cells around the parcisltlc cyst degenerate.
Note the presence of fibres (F)

TEM x9000

My * Myxldlum cysts

F « Ffibres

Hp hepatocyte

Cd degenerating cell
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FIGURE 88. Oval vacuolated and transparent trophozoites (arrow)
of M. .rhodei (1st sampling, Exposure Method).
Fresh preparation

tl x400
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FIGURE 89. Pansporoblasts, of Myxldlum Infection In the bile
ducts of roach (3rd sampling, Exposure Method)
X400 H&E
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GHAPTERG

mKSTTgaTioH MIO the life cycxe of myhdium 8hm)ei

61 mamjcnm

Whilst a considerable quantity of 1information 1is available on the
occurrence, Qlocation and morphology of spores of Myxosporea spp.-,
there 1s only limited Information available on the life cycle and mode
of transmission of this parasite group. However, it 1iIs generally
accepted that the myxosporea progress through different stages during

their life cycle, four of which are already known and are as follows:

The spore or the enveloped condition is considered as characteristic
of Myxosporea (Lom and Dykova, 1986). The pansporoblast formation is
considered typical of species with large plasmodia, including Myxidium
spp- Large plasmodia are polysporlc, though In some cases such as in
Myxidium spp., the plasmodia produce only two spores. The formation of
the pansporoblast in Myxidium rhodei shows a peculiarity since early
stages of the pansporoblast have been reported to stay 1in close
contact with each other ((om and Dykova, 1986), unlike in other
myxosporeans, which remain separated. Extrasporogenlc stages which
are morphologically different from the sporogenic ones also exist 1in
Myxosporea and occupy other sites than the primary ones within the
fish host. These have been described as the '"Csaba'™ or "UBO” stages
in the bloodstream (Csaba, 1976; Molnar, 1980). The swimbladder
stages described by Csaba, Kovans-Gayer, Bekesl, Buscek, Szakolczal
and Molnar, 198A and Hermanns and Korting (1984) of Sphaerosphora

renicola are also considered to be ’extrasporogonic. Although the
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precise sequence of these cycles Is not known, it Is believed that

they probably precede the spore formation (Lom and Dykova, 1986).

Intracellular development has also been reported In Myxosporea as 1n
the cases of Myxobolus cyprini (Molnar and Kovacs-Gayer, 1985),
Mitraapora cyprini and Sphaerospora renicola (Ahmed, 1973; Dykova and
Lom, 1982) and Myxidium Bieberkuhni in the renal tubules (Dykova and
Lom, 1986) and in Myxobilatus legeri iIn the renal tubules of cyprinid

fishes (Molnar, 1989).

During the early research history of myxosporean parasites, and until
the last decade, 1t was generally agreed that the spore was the
infective stage and that only a single host was involved in the life
cycle. The mode of transmission of Myxosporea species, however,
always remained uncertain and a source of contraversy. The main
problem has been the extreme difficulty in successfully transmitting
infection directly from spores experimentally, thus no sequential

study of development has so far been achieved.

Experimental infections have been tried mainly with the histozolc
species Myxosoma cerebralis and Ceratomyxa shasta iIn salménida and
some have been claimed to be successful, but, according to Mitchell
(1977), complete life cycles have not been maintained under controlled
laboratory conditions. Reports of such experimental infections in
earlier literature have not been repeated and were in later years,

critically questioned by Mitchell (1977).

1$
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It was well established, however, through the experimental trials of

M. cerebralis. that the spores required ageing or maturation outside

the Tfish hosts before they became infective. According to Mitchell
(1977), Uspenskaya was able to infect fish hosts by pipetting spores
aged 4 months in spring water into the stomach. Other workers have
not been successful using this method, but have been able to produce
infections of M. cerebralis and C. shasta by holding hosts 1In
contMiinated water or in mud-bottom ponds (Mitchell, 1977; Schafer,

1968) .

It was upon this information that Markiw and Wolf based their
experimental efforts and produced subsequent evidence Wolf, Markiw
and Hiltunen, 1986; Markiw and Wolf, 1983; Wolf and Markiw, 1984)of
the existence of an intermediate host, for M. cerebralis in salmonids.
Tubificid worms harbouring the actinosporean Triactinomyxon gyrosalmo
were said to be effective In successful transmission of M. cerebralis.
These authors dlaimed that the actinosporeans, which they described
from the Tubifex. and myxosporeans might be alternate life stages of a
single organism, #€Jid provided their evidence as an alternative model

for 1nvestigating other myxosporean life cycles Wolf and Markiw,

1984) .

Following these findings, Corliss (1985) suggested that fundamental
changes i1n the classification of these two groups of organisms would
be necessary. On the other hand, the experimental results of Markiw
and Wolf (1983) created a scientific debate. Lom and Dykova (1986)

were reluctant to accept the new possible life cycle of M. cerebralis

1lm
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since this had not been reproduced by any other 1iInvestigators and
found the link between these two groups of organisms near the limits

of possibility.

Recent reports from two British scientists studying the epidemiology
could not confirm the presence of a developmental stage of M.
cerebralis in tubiflcld worms culminating In actinosporidian spores,
infective to fish (Hamilton and Canning, 1987). Very recently,
however, El-Matboulit and Hoffman (1989) confirmed experimentally the
hypothesis that the life cycle of M. cerebralis and Myxobolus cotti
includes an intermediate host and a metamorphosis into actinosporea of

the genus Triactinomvxon.

Although among the myxosporea M. cerebralis and shasta still remain
the major scientific iInterest, two other species, members of the genus

Myxidium, M. oviforme and M. giardi, have also been studied

experimentally.

Walliker (1968) attempted to transmit M. oviforme. using iInfected
tissue fed to non-infected Irish salmon (*. salar) but failed. Sadler
(1979) tried to infect European eels ((Anguilla anguilla) with spores
of M. girardi by force feeding, but only light infection was induced.
The failure to produce experimentally cysts was claimed to be the
pre-mature state of the spores fed to the fish (Sadler, 1979). There
was also some doubt about the absence of natural iInfection 1iIn the
controls. Since glass eels are probably infected at sea (C.

Sommerville, pers. comm.) 1t would be very difficult to get

ih
i [
11

L
U
m-
LV
m JT
m

J



199.

Myxldluoifree controls-e

In this present chapter, the life cycle of Myxidium rhodeir iIn roach
was studied by means of experimental infections introduced to both

roach and carp.

Because of the difficulties researchers have encountered 1iIn
experimental infections and the dispute as to the mode of
transmission, i1t was found necessary to make an attempt to establish
the best method for the experimental i1nfection of the fish. Another
important Tfactor for the experimental iInfections with myxosporean

species 1Is the use of myxosporean-free experimental fTish.

For the reasons explained in Chapter 1, only artificially reared fish
were used 1In this project, which 1in some cases were difficult to
acquire. Therefore, coi carp were also used when common carp (.

carpio) were not readily available.

6.2 MATERIALS AND MEIBCHS

6.2.1 nation of Mud and Tubifex Woi

Mud from Lake A Vassillos, Greece, was passed through a 56um filter to
remove all benthic organisms for examination. Identification of
worms, according to the Key of Janiszewska (1957) was made by taking

sub-samples. Individual Tubifex spp. worms were then smeared on glass



200.

slides and examined for the presence of actinosporea under bright

Tield €uid phase contrast illumination.

6.2.2 Spore concentration and Isolation technique using the
pitnifton Centrifuge Hethod

The myxosporean spores were Isolated and concentrated using the

methods described before in 2.5 (Chapter 2).

6.2.3 Bxperimental Infection of Roach and Carp

6.2.3.1 - Bqeriment 1: to find tie best method of Infection

The purpose of this experiment was to establish the best experimental
method for infecting fish. For this reason, three methods were used:

1. Exposure to water seeded with spores
2. Intraperitoneal injection

3. Feeding

4. Control.

Experimental Fish

120 roach (R. rutilus) and 120 carp (C. carpio) were used In this
experiment and these were obtained from Yorkshire, N England. The
fish were artificially bred and held over 1in circular Tibreglass
tanks. The fish were sent alive to the Institute of Aquaculture in

plastic bags filled up with water and oxygen, and after their arrival
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were 1nnnediately curranged iIn the experimental tanks. The Tfish were
left to acclimatise for five days before feeding started.

»

The fish were approximately 5cm long and weighed 30gms.

Maintenance

The fish were kept in four static, well-aerated tanks (80x70x35cm)
each containing 30 roach and 30 carp. The water temperature was set
at 15@C and the chlorinated tap water was filtered through a charcoal

filter. The throughput water flow was set at a very low flow rate iIn

all tanks.

The fish were Ileft to acclimatise for fTive days before feeding

started. The food consisted of commercial trout pellets.

Sampling

Sampling was performed on days 17, 36, 58, 116 and 140 for the methods
1, 2 and 3 as well as the Control fish. Each sample consisted of five
roach and five carp. For the feeding method, the first sample of fish
was taken after the training of the fish to artificial feeding, and
the subsequent experimental infection. Thus the Tfirst sample was
examined after 19 days, equivalent to sample 2 of the other methods.
Thereafter the samples were synchronised and were taken after a month

(second sample), the third sample was taken 27 days following the
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second, and the fourth sample 20 days following the third sample.

Only a few mortalities occurred during the experiment. Four fish (two

carp and two roach) died iIn the injection tank two days after the

experimental infection and was probably due to handling and/or the

injection technique. One carp also died iIn the feeding tank on day 10

of the experiment. The experiment lasted 140 days.

The Tfish of each sample underwent a prompt, TfTull parasitological

examination and pieces of all the organs were TfTixed iIn 10% neutral

formalin for subsequent histological examination.
Preparation of Spores

The spore samples were obtained from the Yorkshire roach and were
processed using the method described in Chapter 2. The spores were

suspended in distilled water in which a combination of

penicillin/streptomycin was added at a final concentration of 2001U/ml

of suspension. The spore viability test was used to assess the

viability before the spore iIntroduction. Spore numbers were assessed

using the method described in Chapter 2.

A. Method 1: Exposure

A static tank (80x70x35cm) containing 30 roach (R. rutilus) and 30

carp (C. carpio) was set up In order to try an experimental infection

by simple exposure to spores (collected from roach) by simple exposure
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to spores In the tsnk environment.

Mud collected from ponds of a myxosporean-free trout farm was placed

in the bottom of the tank to a depth of approximately 5cm. The mud

was screened to remove coarse material and allowed to settle for 48

hours prior to introduction of Tfish. A 10ml spore suspension of

Mvxidium rhodei containing 80,000 spores/ml was poured into the water

and spread thoroughly. The water flow was cut off for 36hrs and extra

aeration was used during that period. The introduction of the spores

took place fTive days after the introduction and acclimation of the

fish.

B. Method 2; Intraperitoneal Injection

The fish (roach and carp) were iInjected with 0.2-0.5ml of Myxidium

rhodei spore concentrate containing 1,CXX) pores per ml

intraperitoneally on the fifth day of their iIntroduction to the tank.

The fish were anaesthetised iIn Benzocaine and after the iInjection were

allowed to recover in a well aerated tank. No mud was used iIn this

tank.

C. Method 3; Feeding

After the fish (roach and carp) were introduced into the tanks, they

were trained to artificial feeding with Tubifex worms for 14 days. For

this purpose, worms (Lumbricidae and Tubifex spp) commercially

available for angling purposes were given exclusively as food, after

being killed by exposure to boiling water and chopped into small

pieces. For the infection, the worms were previously iInjected with a

job}

e i
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M. rhodel spore suspension containing 5,000 spores per ml and allowed
to settle 1In a refridgerator overnight. The feeding with worms
connnenced on the 15th day and was continued for 20 days; thereafter
the fish were fed on commercial trout pellets. No mud was used 1iIn

this tank.

D. Control

The fish (roach and carp) used as Controls were kept In a tank in
which a Blayer (6bcm depth) of mud was placed. The mud was screened
through a mesh screen and originated from the same source as the one
used In Method 1 (Exposure). The mud was allowed to settle for 48hrs

prior to introduction of fish.

6.2.5.2 - BExperiment 2: to examine tike possible existence of
intermediate hosts in the life cylce of M rhodei

According to the first results from the first experiment, the exposure
method was found to be the most successful; therefore, a second
experiment was set wup iIn order to 1investigate 1i1n detail the
development of the parasite In the hosts and the possible existence of
intermediate hosts. For this purpose, three tanks were used. In the
first tank mud from a myxosporean-free fTarm was sterilised and put
into the tank to use mainly as a substrate for the spores which were
later poured iIn. The second tank contained mud from the same source
which was used without sterilisation iIn order to detect any
intermediate hosts. The mud was examined and proved to contailn

Tubifex worms.
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No mud was put Into the third tank.

In all three tanks the same amount of suspension (containing the same
number of spores/ml) (see spore sampling details) was poured. Finally,
a Control tank was used which contained non-sterile mud from the same
source as the mud from the rest of the tanks, but no spores were

introduced.

Experimental Fish

The fish (C. carpio) were obtained from a Yorkshire farm. The Tfish
were artificially reared and held over 1iIn tanks supplied with
chlorinated mains water. The fish were sent live to the Institute of
Aquaculture 1i1n plastic bags filled up with oxygen, and after their
arrivELl were immediately placed into the experimental tanks. The fish

were left to acclimatise for five days before any feeding was started.

Maintenance

The fish (C. carpio) were kept in four plastic, well-aerated tanks
(80x70x35cm), each containing 25 carp. The water was chlorinated tap
water, kept constant at 18*C by using water heaters throughout the
experimental period. The throughput water flow was set at a very low
rate except for the period when the spore concentrates were introduced
into the tanks. During this period the aeration was cut off and the

spores were left to settle for 24hrs. When mud was used, this was
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allowed to settle for 48hrs before the fish were Introduced. The fish
were left to acclimatise for four days before the feeding started.
The feeding of fTish consisted of commercial trout pellets throughout

the experiment.

Sampling

Sampling was performed according to the method shown In Table 42. A
full parasitological examination was carried out In a Control group of
10 fish prior to the experimental Infection to ensure that the Tfish

were free of Infection by myxosporeans.

TABLE 42
Sampling size and dates from Experiment 2 w1l

Days post- Sample Size Sampling date
infection

7 4 June

10 4 June

15 3 June

20 3 June

30 2 July (3 )

40 2 July

50 2 July %

60 2 July

70 2 August

80 2 20/8/86

End of experiment

Experimental Tanks

TANK A (sterile mud, myxosporean-free)

Fresh mud from a pond of myxosporean>free trout farm was placed Into

the bottom of the tank after screening and sterilization.
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TANK B (no mud)
This tank was TfTilled up with dechlorinated water without mud. M.
rhodel spore suspension was poured into the water and allowed to

settle for two days.

TANK C (nhon sterile mud, myxosporean-free)

This tank was covered on the bottom with a layer of fresh non-sterile
mud contaminated with M. rhodeil spores. The mud was obtained from a
myxosporean—free trout farm and was mixed with M. rhodei spores. The
spores vere allowed to settle for two days before any fTish were put

into the tank.

CONTROL TANK

Fresh non-sterlle mud from the same source was placed on the bottom

after screening through a mesh screen.

Spore Introduction

The spores of M. rhodei were obtained from heavily infected roach
kidneys (. rutilus) from Yorkshire, which were kept in holding
facilities of the Institute of Aquaculture. The spores were isolated
and concentrated according to the method described previously and were
suspended in distilled water in which a combination of
penicillin/streptomycin was put at a final concentration of 200 IU/ml.
The spores were used i1mmediately after isolation and concentration

from the roach kidneys.
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The spore viability test was performed before the experimental
infections. The M. rhodel spore suspensions were introduced into the

tanks as follows:

Taiiir A: A concentrate containing 150,000 spores per ml was poured
into the water two days before the fish were placed into the tank. The

aeration during this period was cut off.

Tank B: A suspension of M. rhodei spores (150,000 spores per ml) was
poured into the water after the aeration was cut off. The spores were

thus allowed to settle for two days.

Tank C: A N. rhodeil spore suspension containing 150,000 spores per ml
was thoroughly mixed with the mud in the tank and allowed to settle
for two days, in which period the aeration was cut off.

Control Tank: No spores were put into this tank, which was used as
Control.

6.2.3.3 Experiment 3: to study in detail the life cycle of

M. rhodei

Experimental Fish

The 100 roach (R. rutilus) used In this experiment were obtained from

Yorkshire, N England, and were artificially reared and held over 1in
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tanks supplied with chlorinated, mains water. The 160 Kol carp were
artificially reared i1In glass tanks. The fish were transported alive
to the Institute of Aquaculture In plastics bags filled up with oxygen
and water and after their arrival were Inmiediately arranged in the
experimental tanks. The Tfish were left to acclimatise for five days

before the experimental infection.

Maintenance

The fish were put in plastic, well aerated static tanks (80x70x35cm).
The water temperature was thermostatically controlled at 18®C
throughout the experiment. The chlorinated tap water was Tiltered
through a charcoal Tfilter. Fresh chlorinated and fTiltered tap water
was slowly poured iInto the tanks when necessary to maintain the water
level lowered by evaporation. When mud was put iInto the tanks this
was allowed to settle for 48hrs prior to the introduction of Tfish

which were left to acclimatise 5 daya before feeding started.

The fish were fed on commercial trout pellets.

Sampling

Sampling was performed at monthly intervals for eight months for fish
in all tanks. The experiment lasted for 230 days. No mortalities
occurred during the experimental period, and pieces of all organs from

nil the fish sampled were fixed for both light and electron microscopy
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6.3.1 BzaeLiiatlon of the Mud and Tnblfex woi

Examination of the Mud

for Potential Intermediate Hosts

A subsample of [10Z was examined for Tubifex spp. worms. The benthic

species fTound in the mud from Lake A Vassilios are given hereunder in

Table 43.

Examination of Tubifex

No actinosporean species were TfTound

35 worms were examined,

TABLE 43

Chironomus plumosus
Chironomus thumni
Tubifex tubifex M
Tubifex oligochaetus P
Nais communis P
Nematoda spp

Tubificoides benedeni

Spp. worms

13 1n May 1986 and 22

\Y

in the worms examined. In total,

in December 1987.

\t
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6.3.2 Results

6.3.2.1 1: t find the best sethod of Infection

Full parasitological examination and blood smears were carried out iIn
all fTish killed, during the five sampling periods. Organs of Tfish
showing signs of myxospbrean infections were then taken for subsequent

histological examination.

METHOD: EXPOSURE TO MUD SEEDED WITH SPORES OF M. rhodei

1st Sampling (17th day). In fresh preparations, small, trophozoites
were observed in the interstitial tissue of the kidney iIn both roach
and carp. The trophozoites meausured 15x9um, were oval 1In shape and
very transparent with two»three vacuoles 1In the cytoplasm (Fig.88).
The trophozoites were found in three out of the six fish examined but

could not be detected in the histological sections.

2nd Sampling (36th day). No trophozoites were found iIn the kidneys of
roach but two trophozoites were found iIn the iInterstitial tissue and
in the liver of one carp. The trophozoites were Identical 1in

morphology to the ones observed during the first sampling period.

In histological sections the trophozoites were not found.

3rd Sampling (58th day). Trophozoites were found in gill smears of

two roach and one carp having the same morphology and dimensions as
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those TfTound i1In the interstitial tissue of Tfish from the Tfirst and

second sampling.

Histological examinations of the organs revealed early stages
(pansporoblasts) of Myxldium spp. Infection in the bile ducts of the
liver (Fig. 89). The infection occurred In three out of six roach and

two out of six carp.

4th Sampling (116th day). One cyst containing pansporoblasts of
Myxidium spp. was detected in the fresh preparation of kidney tissue
of one roach. The pansporoblast was disporous containing immature M.

rhodeil spores (Fig. 90).

Histological examination of the fish revealed one Myxidium spp.
trophozoite iIn the bile duct of one carp. The trophozoite was large,
containing developing and immature spores (Figs. 91, 92).
Identification 1is dependent on spore size and thus, determination of

the species was Impossible at this stage.

5th Sampling (140th day). The fresh examination revealed a cyst
containing material of indefinite origin in the kidneys of one roach.
The cyst %ms round in shape and small iIn size, and appeared to have a
concentric structure (Fig.- 93). When the material was processed
histologically, the lesions appeared to be small granulomas of
undefined origin. The host reaction was characterised by the presence
of a zone of epithelioid cells, and macrophages, surrounded by

fibroblasts and occasionally, lymphocytes (Fig. 93A).
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Furthermore, three roach out of six sampled were found to be Infected
with tropohozoites of Myxldium pfeifferi containing develoinnental

stages of immature and mature spores.

METHOD: INTRAPERITONEAL INJECTION

1st Sampling (17th day). Small trophozoites were observed in fresh
preparations of peritoneum smears 1In tvo roach and one carp. The
trophozoites were similar to the ones observed at the first sampling

of the Exposure Method (Figs. 94, 95).

In histological sections of pancreatic tissue, small granulomas were
observed i1n three Tfish (roach). The centre of the granulomas was
necrotic and no obvious organisms could be seen (Fig. 96). Rodlet

cells were in large numbers i1n this location.

2nd Sampling (36th day). Trophozoites similar to the ones observed
during the first sampling were found in the liver, peritoneum and gall

bladder of three roach.

3rd Scunpllng (58th day). Trophozoites Ilike those 1In the second
sampling were observed in the gills of one roach. In histological
sections tropohozoites iIn the bile ducts were also observed iIn two
roach and one carp. The  tropohozoites contained developing

pansporoblasts, immature and mature spores of M. pfeifferi. The
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mature spores were always found iIn the centre of the trophozoite (Fig.

97).

4th Sampling (116th day). Degenerated trophozoites were found 1in
smears of the peritoneum in one roach. In smears of kidney tissue one
small round cyst was detected in the kidney of one carp containing
three dlsporous pansporoblasts of M. rhodel (Fig. 98). The cyst,

however, could not be detected in histological sections.

5th Sampling (140th day). One cyst close to melanomacrophage centre
was detected 1In fresh preparation of kidney tissue of one roach. The
cyst contained one trophozoite of M. rhodel (Fig. 99). The cyst could
not be found in histological sections.

METHOD: FEEDING

1st Sampling (36th day). Two cysts were observed iIn the interstitial
tissue of kidney of one roach. The contents of the cysts were

undefined (Fig. 100).

2nd Sampling (96th day). One cyst was observed iIn the interstitial
tissue of the kidney of one roach. The cyst contained one
pansporoblast with two obvious developing M. rhodel spores and
resembled 1n appearance a melanomacrophage centre. Next to i1t, an
encysted calcareous deposit was also present (Fig. 101). The cysts

could not be detected in histological sections.

t'l
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3rd and 4th Sampling (123th and 143th day respectively). No
pathological changes or parasitical evidence was found In any of the

fish examined.

Fish 1in the Control tank were sampled at the same periods together

with the experimental fish.

No evidence of any Infection was observed and no mortalities occurred

during the experimental period.

6.33.2 Bxperiment 2: to examine the possible existence of
intermediate hosts in the life cycle of M. rhodel

The fish of this experiment were examined only histologically so that
all the relevant tissues could be observed and lesions would not be

missed.

Tank 1 (sterile mud and M. rhodei spores). Signs of myxosporean
infections were obvious In this fish group only at the last sampling
(80th day). Three fish were found to be Infected with M. pfeifferl
trophozoites In the bile ducts. The trophozoites were small and
contained developing euid mature spores. No lesions were observed 1In

the liver tissue or In any other tissues of the fish.



217.

Tank 2 (non-sterlle mud and M. rhodei spores). Signs of myxosporean
infections were also observed at the last sampling iIn three Tfish.
Myxidium pfeifferi trophozoites were observed In the bile ducts of the
liver with developing and mature spores. No lesions were observed 1in

the other tissues of the fish.

Tank 3 (o mud and M. rhodei spores). No signs of Myxosporidian
infections were observed in any of the fish in this tank throughout

the experimental period.

Tank A (Control). Fish were infected with Ichthyophthirius
multifiliis 1n the gills but no other Infection was detected in this

tank throughout the experiment.

6.3.3.3 Experiaenit 3: to study in detail the life cycle of M. rhodei

TANK A (infected mud and Kol carp). No parasitical evidence or

pathological changes were found iIn the fish of this tank, until the

third sampling period.

3rd Sampling (80th day). Dermocystidium spp. infection was observed
in most of the 1iInternal organs of one TfTish. Massive diffuse

infiltration of parasitic cells was observed i1In most organs (gills,

liver, spleen and kidneys).
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In the renal parenchyma the parasitic cells had replaced most of the
renal tissue; 1In small areas containing Intact tissue structures,
the parasitic cells were observed within the tubular and collecting
duct epithelia, within glomerular tufts and i1In the haematopoietic

tissue (Figs. 102, 102A).

The infection was more severe in the Kkidneys but the liver and
digestive tract were also Infected. In these locations necrosis and a
chronic fibrogranulomatous inflammatory reaction 1i”s seen (Figs.

103, 104, 104A).

Myxidium pfeifferi trophozoites were also observed in the bile ducts
containing mature and Immature spores. In histological sections small
granulomas were found in the heart of one fish (Fig. 105). The lesions
were small and resembled the lesions found i1n the naturally Infected

fish (Chapter 5).

4th Sampling (110th day). Dermocystidium infection was also found 1iIn
the 1internal organs of one carp. The lesions and the pathological
findings were similar to those found iIn the carp of the third

sampling.

M. pfeifferi early developmental stages (pansporous and dlsporous
pansporoblasts) were seen in the lumen of the bile ducts (Fig. 106) of

one fish. No formed spores were seen In these ducts.

4l

i 11
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5th Sampling (1AOth day), M. pfeifferi trophozoites were seen in the

bile ducts of one fish containing maturing and mature spores.

6th Sampling (170th day), M, pfeifferi trophozoites were observed in
the bile ducts of one fish containing different developmental stages

of spores.

7th Sampling ((200th day). No parasitical evidence or pathological

changes occurred in the fish from this sampling.

8th Sampling (230th day). In fresh preparations a mild infiltration
of the capillary tuft by large granular and transparent cells was
observed (Fig. 107) in the kidneys of one fish. These glomeruli were
enlarged, the extra-capillary space was not existent but a central,

clear area was obvious (Fig. 107).

TANK B (Infected mud and roach).

No parasitical evidence or pathological changes were observed in the

fish of this tank until the second sampling.

2nd and 3rd Sampling (50th and 80th day respectively). Trophozoites
were found iIn the bile ducts iIn three TfTish of each sample. The
trophozoites were small and contained different stages of M. pfeifferi

spores.

4th Sampling (110th day). M. rhodei pansporoblasts were found 1iIn

kidney smears of one fish (Fig. "108). The pansporoblasts, similar
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morphologically to those of M. pfelfferi. were present in small groups

and contained Immature M. rhodel spores.

In liver smears, early developmental stages of M. rhodei were observed
within the hepatic parenchyma in two fish. These stages were dividing
generative cells abundant iIn the smears and densely stained with
Glemsa. Two to seven divisions were seen (Fig. 109) and they were

considered to be most likely to be M. rhodei.

In histological sections the presence of pansporoblasts was detected
next to melanomacrophage centres of the anterior Kkidney. The
pansporoblast was Inside a round cyst which was encapsulated by a thin
layer of fibrous tissue. Furthermore, 1in the iInterstitial tissue
small, mud parasitical stages resembling the stages found in the liver
smears were detected. These stages were multinucleated and six nuclei
were seen (Fig. 110). M. pfeifferi trophozoites containing immature

and mature spores were also found iIn two fish.

5th Sampling (140th day). Eimeria rutili oocysts were found in small
numbers i1n the melanomacrophage centres of the kidney in one fish. No
host reaction was obvious and the parasites were located only iIn this

area of the kidney.

6th Sampling (170th day). Eimeria rutili oocysts were seen 1iIn the
melanomacrophage centres of the kidney without host reaction iIn one

fish.

-k
b
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7th  Sampling (200th day), Elmeria rutilit was again seen 1iIn
melanomacrophage centres of the kidney of one fish, without, however,

provoking any host response.

Mvxidium rhodeir trophozoites were found iIn the kidneys of three TfTish
(in both fresh and histological preparations). The trophozoites were
located i1In the Boirailan"s space of the glomerult (Figs. I, 112, 112A).
The changes i1nvolved hypertrophy of the renal corpuscles, enlargement
of the extra-capillary space, and gradual compression of the glomeruli
resulting in the splitting of the capillary tuft into two-three parts

and degeneration of i1ts structural elements.

Atrophy of the surrounding tissue was not observed at this stage.

8th Sampling (230th day). M. rhodeir trophozoites were fTound in the
glomerulit of one fish (Fig. 112B). The pathological changes observed

were similar to the one observed iIn the fish of the previous sampling.

Cysts containing amorphous material and surrounded by a thin layer of
fibrous connective tissue were also found iIn the interstitial tissue
of the kidney and liver in one Tfish. The cysts were large and oval
resembling the primary cysts found 1iIn the kidneys of naturally
infected fish (Fig. 113). The cysts did not reveal any calcium
deposits when stained with Von Kossa stain and no parasitical
structures could be detected with the Giemsa stain. 1In one Tfish,

however, spores of M, rhodel were detected iIn a small cyst in the
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6.4 DISCUSSION

Myxo k)lus spp. experimental tremsmisslons have been tried in different
fish species but only a few infections have been established

experimentally.

Auerbach (1910) (cited by Mitchell, 1977), Erdmann (1912) and Shiba
(1934) claimed to have produced such infections iIn the laboratory, but
none of these workers used fish which were shown conclusively to be
parasite-free. Bond (1939) used fish raised from eggs and he
eventually infected three Tfish by feeding 1infusoria. According to
Walliker (1968), Hoffman and Putz (1971) and Upenskaya produced
infections by feeding the fish on spores of M. cerebralis aged for

four months.

Hypodermal i1nfection with Mvxosoma ovalis iIn the muscles was claimed

to be successful by Wagh (1961) in golden shiner (Notendgonus

crvsoleucas L).

Contaminated water with myxosporean species has been considered to be
the most effective method for myxosporean experimental transmissions
by many authors (Fryer and Sanders, 1970; Molnar, 1979; Wyatt and
Pratt, 1963). In particular, muddy bottoms and slow flow rates have
been reported to be prime sources of experimental infections iIn which
high prevalence of 1iInfections have been reported (Hoffman and Putz,

1971; Schafer, 1968; Wyatt and Pratt, 1963).

—=E
= S mm
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Experimental infections with Myxidium spp. iInfections are very scarce
in the literature; only two studies using experimental Infections have
been reported, M. oviforme was fed in salmon (Walliker, 1968) but the
infection failed. M. giardi was also forcefed to eels and mild
infections were produced (Sadler, 1979). Spores were detected from
three to 16 weeks, but these were confined to low numbers 1iIn the
interstitial lympoid tissue of the kidney and no formation of cysts

was observed during the 154 days of his observations.

The fish were also reported to recover within 16 weeks of exposure to
infection (Sadler, 1979). The [latter experiments, however, cast
doubts since eels may be infected with myxosporean species at very

early stages of their life (C. Sommerville, pers. comm.).

Several reasons have been put forward for the negative results of
Myxidium spp. experimental infections. Walliker (1968) gave as
possible reasons the need for ageing of the spores, and the possible
existence of an Invertebrate i1n the Mvxidium Jlife-cycle. He also
mentioned that Jlonger exposure to the Tfish 1iIn his experimental

conditions might have established successful results.

Sadler (1979), however, did not notice any difference 1In the

infectlvity between spores aged or non-aged for one month at 4°C.

The present results suggest that no iIntermediate host exists in the

life-cycle of Myxidium rhodei and pfeifferi. as was demonstrated by
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the examination of the Tubifex worms and the success of the

experimental infections where no Tubifex worms were used.

Exposure, whether by seeding mud 9&1{h collected spores or using
naturally Infected mud, of Ffish to contaminated spores has been
proved, through the course of these three experiments, to be the most
successful method of Inducing experimental i1nfections with Myxidium
spp- In both roach and carp. This is In agreement with the findings
of previous authors (Schafer, 1968). Mud 1is only needed as a
substrate for holding the spores until these become infective to fish.
This was clearly demonstrated by the exposure of fish to both sterile
and non-sterile mud or mud from myxosporean-free sources. In all these
cases evidence of Myxidium spp. infections vaa apparent. In contrast,
in tanks where mud was not used, no evidence of infection could be
detected (Experiment 2) presumably because the spores were easily

washed out.

The Exposure Method is considered to be the most effective since most
of the stages of Myxidium spp. parasites were found either iIn fresh or
histological preparations. The Intraperitoneal Injection Method was
considered to be the next most successful method since evidence of

both Myxidium spp. trophozoites was also produced.

According to the results of the Exposure Method, small M. rhodei
trophozoites were initially found in the renal interstitial tissue of

both hosts. The parasites at this stage must be very fragile and only

(et
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in low intensity, since their presence could not be d«nonstrated in

histological material.

Trophozoites of the same stage were also present 1In other organs
(gills, liver and peritoneum) i1n Qlower numbers i1n both the Exposure

and Injection Methods used, but not In the Feeding Method.

The i1nfection thereafter was present in the bile ducts with the
production of large plasmodia full of Immature and mature Myxidium
spp- spores (Experiments 1, 2 and 3). Early pansporoblasts were also

found In this location in the carp (Experiment 3).

The existence of the infection in this location and the production of
immature and mature Myxidium pfeifferi spores is very significant.
M. pfeifferi infection was produced showing, different developmental
stages, 1iIn large numbers and relatively soon after the exposure of
both hosts to M. rhodei spores only. It should be noted that 1in
Experiment 1, previous existence of 1il. pfeifferi spores inside the
hosts was not possible since the fTish were artificially reared In.
Furthermore, existence of M. pfeifferi spores in the mud must be ruled
out, since the infection was also present In tanks with sterile mud
(Experiment 2) and in tanks with no mud (Intraperitoneal Exposure,

Experiment 1).

It 1s, therefore, logical to conclude that M. pfeifferi i1s Ildentical
with M. rhodei and most probably, 1is an intermediate or even final

stage i1n 1its life cycle. It 1s iInteresting to note that the
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experimental development 1in the carp stops at this stage and no
further demonstration of M. rhodeil trophozoites or spores could be

proven with this method.

According to the results of all three experiments, the longer exposure
iIs considered more effective than short~term exposure, since the
presence of M. rhodeil trophozoites 1i1n the glomeruli (diich 1is
considered the common site of this infection)(Chapter 5) was always
found i1n the last samplings (140th day onwcurds). 1In short term
experimental designs, such as Experiment 2 (three months) no

trophozoites of M. rhodei in the glomeruli were found.

Interstitial cysts with amorphous material were only demonstrated 1in
the latest samples (Experiment 3) and these may represent a late
stage of degeneration. It 1iIs interesting to note here that similar
cysts were found in naturally Infected fish and quite often these were

calcified (Chapter 5).

When comparing the experimental i1nfections between the two hosts, it
IS observed that the speed of the development in the tissues of the
two hosts i1s almost similar. The i1nfection usually stops iIn carp with
the appearance of M. pfeifferi iIn the bile ducts. The infection is
present iIn both species 1In the [liver. In the roach, however,
pansporoblasts undergoing division were found i1In the liver parenchyma
whereas developing pansporoblasts were found free 1inside the bile

ducts i1In the carp.

<]
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Other infectious agents were also present in the non-sterile mud from

Lake A Vassilios.

Carp 1is also very susceptible to Dermocvstidium spp. iInfections which
proved to be highly pathogenic 1in this species. Eimeria rutili
oocysts were found in roach but these were few and concentrated in the

melanomacrophage centres of the kidney.

In the Feeding Method, the cysts found iIn the interstitial tissue of
roach in early sampling times might represent granulomas formed by the
host reaction to early trophozoites located only iIn the interstitium

of the kidney.

Similar trophozoite location and intense inflammatory reactions have
also been reported by Dykova ~ al. (1987) 1i1n naturally infected
roach. If this iIs the case, then i1t might be correct to presume that
by the Feeding Method the trophozoites are rapidly established in the
interstitial and renal tissue of roach, where they are well demarcated
by the host response, and no further development occurs. This seems

to happen only in roach hosts.

The above hypothesis, however, can not be proved by the presents
results since the nature of the cysts could not be elucidated by the
histological examination of the material of this method. Similar
lesions, however, were observed at the Tfinal stage of the Exposure
Method (Experiment 1) i1n roach. It is interesting to note here that

recent researchers (Odening, Walter and Bokhart, 1989) have produced

1
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successful infections of Sphaerospora renicola to common carp by

feeding kidneys i1n laboratory experiments.

The pathological changes produced by Mvxidlum rhodei and M. pfeifferi
in roach are similar to those reported iIn the literature for naturally
infected fish (Dykova et al., 1987) and to the lesions found 1in

naturally Infected fish iIn this study.

The pathology of these myxosporeans iIn carp can not be assessed 1iIn
this study, because no data on naturally infected fish is available
for comparison. Through the course of this study, however, there was
evidence that experimental infection with at least N. pfeifferi can be
easily induced and that this stage might possibly be the final stage

(and the only one?) of M. rhodeil infections in this host species.







































FIGURE 114.

figure 115,

Cyst containing amorphous material In the liver

parenchyma

Two M. rhodel cysts
contains mature N.

x400 H&E

In the liver parenchyma (one
rhodel spores (arrow) and the

other amorphous material (double arrow)

x250 H&E
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e chapter 7

GENERAL DISCDSSIOW - OONCLDSIOHS

The results of the present study showed that Myxobolus pseudodispar
and Mvxobolus ellipsordes are common parasites of roach. In Lake A
Vassllios the Infection in both species appeared throughout the year

but the prevalence suggested a bimodial pattern.

Two main Tfactors were considered to influence this bimodial pattern,
the temperature and pre-spawning period of Tfish. Both Tfactors may
result In a suppression of the immune syston of fish and temperature
may also have a direct effect on the development of the parasite during

the peak periods.

Myxosporeans as a group have been generally considered to be site
specific, 1iIndeed, the site of Infection has frequently been used as a
taxonomic character. The site accorded this status, however, is
generally the site 1iIn which the parasite was TfTirst recorded and
reported. Subsequent, more detailed studies, may show that the
parasite occcurs 1iIn several to many organs within the fish. For
example, Myxidium rhodei, although a common parasite of the kidney of
freshwater fish, has not been recorded from tissues such as spleen and
heart. These sites of infection have been missed even iIn more recent
studies, where 1t was demonstrated that the parasite could be found in

liver and muscle tissue (Kerp, 1987). Where infection iIs
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well-established. It Is difficult to Judge which 1is the primary site

of infection. This question has not commonly been addressed.

A variety of criteria may be considered, for example, 1In higher
animals, larger size would indicate the most suitable environment,
i.e. a habitat which provides the most useful nutrients and permits

unrestricted growth within the genetic limits of the organism.

IT the ability to produce larger spores 1is an indication of the
suitability of the site/organ for the infections, then this data
suggests that the kidney may be the primary site of infection since
both Mvxobolus species were found to be larger iIn the renal tissue.
Pronin and Pronina (1989) have given this problem some consideration
and concluded that this "relative equilibrium” iIn the iInteractions of
host-parasite systems i1s the situation where the frequency of parasite
in the host 1is high, but the pathogenicity is low. In relation to
this, the fact that these two Mvxobolus species did not produce any
pathology i1n this location may indicate that these are well-adapted
kidney parasites which become very pathogenic 1f found In other organs,

namely the gills (for M. ellipsoides) or the muscles (for N.

pseudodispar).

The consequences of such infections in vital organs like these were
considered to be serious as TfTish may lose their commercial value
through spoilage of the flesh, as iIn the case of M. pseudodispar for
example. On the other hand, the extensive lesions in the gills found

In heavy M. ellipsoides infections may render fish less active and
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prone to predation. CyprlInids are desirable edible fish species for a
major part of the Greek population and In addition, some species
constitute an Important and cheap source of food for salmonlds.
Therefore, any losses of such fish due to disease would have economic
consequences for the Inland fishing Industry In Greece. It 1Is
Interesting to note here that M. cypriInl. an ldentical species to M.
pseudodlspar has been reported from the muscle tissue of carp where It
Is believed to be very pathogenic (Dykova and Lch, 1988). Although
carp from the Greek lake were not examined during the present study.
It Is strongly suspected that the carp population may also be Infected
with these Myxobolus species and this might contribute to the constant
decrease of these fTish catches iIn Lake A Vassillos. A study of the
myxosporean euid/or pathology of carp i1n this lake would be Interesting
and would elucidate aspects of host susceptibility and transmlssliblllty
of the myxosporean species. It might also explore other explanations
for the decrease of the natural reproduction of carp iIn the lake,
already reported by Killkldls ~ al. (1984). Information conernlng the
decline of the catches of roach 1i1s not available for this lake, but
periodic mortalities occurred during the years 1983, 1985 and 1987.
The growth of roach i1n the last six years has been claimed by local
fishermen to be retarded. The results of this study could not confirm
these claims. Nevertheless, the findings here relating to the parasite
pathology would indicate that there may be affects which could operate
at the population level. The findings do suggest that an iInvestigation
into the health and growth performance of the populations might be

useful.

Is
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One of the *iM of the present project \ms to Investigate the possible
affinities of N. rhodeir %rith other Myxidium species. The different
aspects of this study, namely the seasonality, pathology, morphology
and experimental transmission, pointed to%rards the 1nescapable

conclusion that N. rhoder 1s synonymous with N. pfeifferi.

This has already been suspected previously by other authors (Dykova et
al., 1987) but further evidence on this particular subject was lacking.
In response to this, the results of the present study now bring
evidence from all the different approaches of the work that the two
species are 1identical. This evidence for the synonymity 1iIs very

strong.

Firstly, the results of the seasonality study of M. rhodei and M.
pfeifferi showed that the trophozoite stage of the two parasites never
coincided. M* rhodei trophozoites were fTound always iIn the December
samples and lasted only for a short time. In contrast, M. pfeifferi
trophozoites were found iIn Springtime only. The above findings were
confirmed 1in all three different geographical Ilocations where the
study was carried out. This 1s very significant since the three lakes
from 1idiich the TfTish originated are different, wellseparated water
bodies with, 1i1n each case, different environmental and ecological
conditions; and even more 1iImportant, climatological conditions. This
considerably reduces the possibility that the findings of this study
are coincidental. However, it could be argued that the seasonal
samplings In some cases (especially iIn the case of the British lakes)

were not taken every month and, therefore, some of the iInformation
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night be nisleadlng. This argument, although reasonable, could be
overcome by the evidence provided from the results of the experimental

transmission of the roach and carp with M* rhodeir spores (Chapter 6).

According to these results, M. pfeifferi early developmental stages
(assumed to be N. pfeifferi because of their location iIn the Tish)
appeared again In advance of trophozoites of M. rhodei iIn the glomeruli

of the kidneys.

It must be emphasised here also that this was observed i1in both Tfish
species (carp and roach) used iIn the experiments as well as i1n all the
different experimental designs %diere modifications of the exposure
method were used (Chapter 6). The same results were also obtained
when the next most successful method, the 1intraperitoneal iInjection,

was performed.

Furthermore, detectable M* rhodei trophozoites 1i1n the glomeruli
(identified as such from the information provided by previous workers
such as Dykova et al.. 1987) were always found iIn the last samplings

(140th day onwards) of the experiment which had the longest duration.

The results of the morphological study of the two Myxidium species
provided further evidence that these two myxosporean species are
synonymous. The morphology and dimensions of mature M. rhoder and M.
pfeifferi spores, as discussed iIn Chapter 4, were found to be Ildentical
in both Greek and British samples and by both light and scanning

electron microscopy observations.

n,xt
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The results were confirmed statistically for both Greek and British
samples. In particular, morphological features, such as striation
number and pattern, ~ich are thought to be genetically determined
(Hine, 1979), were examined 1iIn detail. As these were found to be
identical in all cases these results provide strong evidence that the
previously thought different Mvxidium species share the same genetic

pool .

Genetic studies aiming to 1identify biochemically these two species
would be very Interesting and would complement the information provided
from the present project. Techniques Ilike electrophoretic separation
of proteins and subsequent staining either for proteins generally or
for specific enzymic activity, 1iIs a popular technique for taxonomic
purposes. Other methods in use, to detect polymorphisms are
isoelectric focussing, immunological techniques and yet various methods
of recombinant DNA technology are also available. In particular,
immunofluorescence methods are of taxonomic importance and have been
noted by Halliday (1974) and Marklw and Wolf (1978) for Myxosoma
cerebralis and cytochemlcal methods were used by Mukherjee and Haidar
(1981) 1in order to study the variations of Mvxobolus punctatus in the

different organs of fish.

Immunological, biochemical, chromosomal and DNA criteria are less
likely to be 1influenced by environmental factors than morphology and

hence are more Qlikely to provide reliable measures of genetic

differences between strains and species.
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In the light of the new Information so far presented, the life cycle

as now suggested, may be explained as follows.

No intermediate host is required In the life cycle of M. rhodel as
this was demonstrated iIn the experimental 1i1nfections (Chapter 6) and
confirmed from the examination of Tubificid worms from Lake A Vassilios
where M. rhodei i1nfections are present. (These findings are discussed

in Chapter 6).

It could be presumed, therefore, that the iInfection starts when the
mature M. rhodeir spores gain entrance into the host®"s body through the
digestive tract, gills or skin. It is generally believed that the
most common method of infection is the oral route, and that the life
cycle proceeds when the mature spores hatch i1n the intestine (Mitchell,
1977). However, Hoffman and Putz (1971) suggested that Infection with
Myxobolus cerebralis may take place also extraorally, through the gill
openings or directly across the gill epithelium or other* exposed
surfaces and recently, Markiw (1989) demonstrated that portals of entry
for N. cerebralis in salmonids are the skin, fins, buccal cavity and
digestive tract. The suggestions of Hoffman and Putz (1971) were
confirmed in the present study because M. rhoder early trophozoites
were Tound i1n the gills during the early samplings in the exposure

method (Chapter 6, Experiment 1).

Therefore, it must be concluded that the spores of M. rhodei enter the
host via either the oral cavity or the gills. Although trophozoites

were not observed directly i1In the skin or muscles during the

. b Hi- !
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experioentsl infection of roach and carp» this site of infection for

M. rhodeir should also be considered possible.

Until quite recently, i1t has been supposed that after the hatching of
the spores 1iIn the intestine, gills or skin, the sporoplasm becomes
amoeboid (Lom and Dykova, 1987). It 1s then assumed that the
sporoplasm penetrates the gut, gill or skin epithelium and probably
migrates or 1is carried by the circulatory system (lymph or blood) to
various organs and tissues of the host. Such transfer of developing
stages could not be demonstrated iIn the present study but recent work
of other researchers in the genus Sphaerospora has shown that there
may be at least one intermediate purely proliferative (extrasporogenic)
cycle without spore production iIn organs or tissues different from the
final site of 1i1nfection (Lom and Dykova, 1987). In Sphaerospora
renicola. a parasite of carp, one such extrasporogenic cycle was found
to take place i1n the circulating blood; another 1i1n the swimbladder,
where the parasite causes a serious .inflammation. In roach harbouring
infections with different Sphaerospora species, organisufidentified as
mobile stages iIn the myxosporean life cycle were detected in the blood
where they were reported to undergo a proliferative cycle (Lom,
Pavlaskova and Dykova, 1985). Such extrasporogenic cycles ensure mass
production of the stages which Jlater can transform 1In sporogenic
trophozoites and are responsible for massive infections and make

autoinfection unnecessary.

When a suitable site i1s reached, the sporoplasm will begin growth as a

trophozoite which, by repeated nuclear division and cytoplasmic growth.
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becooes a multinucleated coenocjte. Its size and fTurther development

may depend on the suitability of the tissue where this coenocyte 1is

situated.

In the exposure method of Experiment 1 (Chapter 6) of this project,
trophozoites (of the Coenocyte stage) were observed at early stages in
the interstitital tissue of the kidney, in the gills, liver and in the
bile ducts. These were transparent, fragile and very vacuolated. In
the 1i1ntraperitoneal injection method (Experiment 1, Chapter 6) viable
and degenerating trophozoites of this stage were also observed in the
peritoneum of fish and granulomas were found iIn the pancreatic tissue.
Although these latter granulomas were not clear whether they were due
to traumatic lesions related to the iInjection ltself or whether they
were due to host response stimulated by degenerating trophozoites of
M. rhoder. the latter explanation cannot be ruled out. It 1s
interesting to note here that Clifton-Hadley, Richards and Bucke (1984)
have claimed to produce successful experimental infections of
Proliferative Kidney Disease (PKD) 1i1n trout using Intraperitoneal
method of infection. PKD i1s considered to be related to Myxozoa (Kent
and Hedrick, 1986). A granuloma of undefined origin was also found 1in
the renal interstitial tissue of Tfish during the experimental
infections (Experiment 1, Exposure Method, 5th sampling). This
granuloma strongly resembled the Type B lesions found i1n naturally

infected fish (Chapter 5).

In addition to this, lesions with amorphous material were found iIn the

heart musculature of naturally infected fish and these were thought to
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be similar to Type B lesions found in the kidneys (Chapter 5). It was
concluded that the Type B lesions were due to trophozoites of the same

stage which were eliminated through host response.

Taking i1nto consideration cdl the above findings, i1t must be concluded
that at this stage of the life cycle, the trophozoites of M. rhodeir 1iIn
the gills, renal, interstitial tissue and In the heart, do not develop
further and degenerate. In the renal interstitial tissue in
particular, calcification of degenerate parasite lesions may occur,

such as was observed in naturally infected fish (Chapter 5).

In the case of sporoplasms initially located iIn the skin, i1t i1s also
possible that these migrate directly 1iInto the muscles where large
trophozoites develop, and i1n later stages become surrounded by host
tissue to form vround, stationary histozoic cysts. These probably
remain intact and viable throughout the life of the host and the spores
must be shed into the environment after the death and decaying of the
flesh of the fish. The above hypothesis was supported by the fact that
in almost all cases, the cysts 1iIn the muscles contained mature M.
rhoder spores and were surrounded by a thin layer of connective tissue

without other serious host response (Chapters 4 and 5).

Degeneration of such cysts and calcification was never observed 1iIn

either naturally Infected or experimental fish examined in this study.

Sporoplasms which enter the digestive tract and pass directly iInto the

gall bladder and bile ducts are considered to be the most successful.

JiE-a
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In this location the process of development i1s most rapid and results
in the formation of large, coelozoic trophozoites containing maturing

and mature spores. This Is presented as cycle 1 of the parasite.

Nature spores, thereafter, are iInitiated into the bile and back to the
intestine, from where a second cycle of hyperinfection occurs. The
spores must be transported through the blood stream directly to the
glomerult where new development starts with the production of
pansporoblasts and detectable trophozoites. It is also possible that
extrasporogenlc stages derived from the original Infection are directly
carried to the glomeruli to start the second cycle of the parasite.
These stages were never detected 1In our present study, although
extensive screening of the blood smears was performed. The possibility
of their existence, however, could not be ruled out iIn view of the
scarcity and the short life of these stages in the blood stream. Such
stages tuve only been observed In a few species of Sphaerospora despite

extensive studies of numerous workers iIn recent years.

In contrast to the cycle occurring in the bile ducts, the development
in the glomerult is slow, and large cysts containing maturing and
mature spores eventually appear, occupying the entire gl<xnerulus (Type
A cysts described in Chapter. 5). These cysts often degenerate but
rarely calcify in the latest stages of development. Very often 2 or 3
trophozoites invade the glomerult and result i1In a subdivision of the
internal space of the glomeruli, giving the appearance of ’“subdivided*

Type A cysts (Chapter 5).
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Some of the mature spores or other stages i1n the bile ducts gaining
access to the liver parenchyma may develop 1i1nto similar cysts
containing maturing and mature M. rhodei spores, as these were seen in

some naturally infected fish (Chapter 5).

It 1s also possible that the released spores or presporogonic stages
from the Tfirst cycle 1into the intestine are carried away by the
vascular tissue 1In other organs such as spleen, muscles, heart, etc.
where further development will depend again on the suitability of
these tissues. It 1s Dbelieved, however, that iIn the heart such
development is readily eliminated through host response. In the spleen
tissue, the spores or other stages must be collected 1i1n the
melanomacrophages where, it further development occurs this 1is
eliminated againby demarcation and encapsulation of the entire
melanomacrophage centres by host connective tissue as was observed in
naturally infected fish (Chapter 5). According to Dykova (1984)
melanomacrophages play an i1mportant partin thehost"s defence

reactions. They appear capable, 1In some cases, of attacking small
trophozoites and typically, large, mature spores which are transported
to melanomacrophage centres where the parasites are 1isolated and
gradually destroyed. The same author reported that Tfibroblastic

encapsulation of melanomacrophage centres of spleen, kidney and

hepatopancreas is often seen iIn myxosporean infections.

The mature spores are shed to the environment directly from the
intestine or urine, most probably throughout the infection while the

fish are alive. 1In contrast, the cysts located in the muscles and

®
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Internal organs, such as liver and spleen, may require death of the

hosts before they are released to the environment.

The proposed life cycle of M. rhodeir i1s schematically represented in
Fig. 116 and was based on the combined evidence of the findings of the

different aspects of the present study.

It is iInteresting to note here that different stages of development 1iIn
myxosporean life cycles are not uncommon. Molnar (1989) described two
stages in the development of Mvxobilatus legeri in cyprinid TfTishes,
each of which showed distinct and specific seasonality. The
intracellular trophozoites appeared 1i1n epithelial cells of tubules
in Autumn whereas coelozoic plasmodia appeared iIn the lumen of tubes,

ureters and urinary bladder in Spring time.

It 1s therefore possible that M. rhodei shows distinct seasonal
patterns each occurring in different* locations in the host, as this is

suggested by the results of this project.

In summary, the existence of two separate cycles of reproduction of M.
rhodeil was demonstrated by the results of the experimental infections
where trophozoites and spores iIn different stages of development were
found 1i1nitially located iIn the bile ducts and gall bladder. These
never coincided %fith trophozoites in the glomeruli. These results were
obtained iIn both carp and roach and confirmed 1iIn three separate

experiments.
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The same observations were obtained when the seasonality of the two

Mvxldlum species was studied In both Greece and Britain.

From this part of study It was also demonstrated that the cycle In the
bile ducts occurs mainly In Springtime and the cycle In the glomeruli
in Winter. The Jlow temperatures of the Winter months most probably
Influence the development of the parasite In the glomeruli, hence, the
slow process In this location and the rare existence of calcified Type
A lesions. The prespawning and spawning activities of the Tfish before
and during the Spring period, respectively, may also have an influence
on the speed of the development in the bile ducts, as was discussed iIn

Chapter 3.

The more rapid progress of development occurring iIn the bile ducts was
demonstrated also iIn the three separate experiments where early stages
and trophozoites were detectable 1i1n early samplings ( days) and 1in

both Ffish hosts.

The slower rate of development of the parasite i1n the glomeruli was
demonstrated in the finding of the parasite in the glomeruli only 1in
the final samples of experiment which Jlasted for six months.
Furthermore, the coenocytic stage of these trophozoites must last only
for a short period since, despite the extensive and regular samplings
of naturally infected fish, these were detectable only rarely during
the period of the study and at specific times of the year ((Winter:

December/January). Very early developmental stages in the glomeruli
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are obviously very difficult to detect because of their size and

location.

In relation to these findings, it 1Is surprising to note here that
Dykova et al. (1987) found trophozoites of M. rhodei in the glomeruli
and within renal Interstitial tissue of roach from Bulgaria and
Czechoslovak localities in abundance. Although 1i1nformation on their
seasonal appearance was not noted, 1t se”s most likely that their
material must have been collected at specific times of the year when
the infection 1iIn the glomeruli was 1iIn peak. This remains to be

confirmed.

The slower development of the parasite iIn the glomeruli might explain
the fact that the spore fTilled cysts (Type A) found i1n the kidneys of
naturally infected fish were always larger iIn this tissue and in the
older fTish (Chapter 4). Whereas such large cysts were never found 1In
small fish, 1t 1s also important to note here that the lesions due to
degenerating trophozoites found iIn the 1interestitial tissue of roach

were more often observed in younger fish (Chapter 5).

These lesions were thought to be due to trophozoites initially located
in the iInterstitial tissue which then became encapsulated by the host
response so that no Tfurther development could occur, resulting 1In
death and degeneration. According to the above proposed life cycle,
these lesions appear around the same time as the development in the
bile ducts soon after the initial transfer of amoebas in the different

tissues. Juveniles bom in March, for example, may become rapidly
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infected and show Type B cysts of M. rhodei due to the progress of the
first cycle of infection. As the Tfish get older, the second cycle
results in the appearance during the Vinter of the Type A M. rhodei
lesions and cysts %rhich 1s due to the cycle i1n the glomeruli. Some
calcified lesions due to degenerating trophozoites as well as mature
spores in the gall bladder, may still remain, however, throughout the

year.

The pathology of N* rhodei iIn freshwater Tfish has until now been
thought to be limited iIn the renal tissue. Even the more recent work
of Dykova et alV. (1987) described the histological changes observed in
the roach kidney without any reference to other tissues. Kerp (1987)
in a short publication reports the incidence of M. rhodeil cysts iIn the
liver and muscles, but no other 1i1nformation on the pathology has so

far been available.

The results of the present study, therefore, have brought to light the
wider aspects of the pathology of this species occurring in other
tissues, which can be as serious as the lesions In the renal tissue
during heavy infections and, 1Indeed, 1is In many Instances more severe
than that in the kidney. However, the renal tissue was here seen to
be the most commonly and seriously infected organ. The spore fTilled
cysts iIn particular, were considered to be quite serious Tfor two
reasons. Firstly, as these |lesions represent trophozoites which
eventually destroy the entire glomerulus, the Tfunction of these
essential elements of kidney are destroyed in large numbers and thus,

the metabolism of the fish must be seriously affected. The corruption
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of the kidney tissue was well demonstrated using the digital computer

analysis method.

Secondly, affected glomeruli were usually very enlarged - as much as
seven times of the size of the normal glomeruli In the case of Greek
fish and four times In the case of British fish. In addition to the
disturbances of the glomerulus function they also, by occupying an
extensive area of the Interstitial tissue, Interefere with the normal

function of this tissue so that haemopoiesis must surely be diminished.

The pathological changes due to the degenerating trophozoites and the
granulomas found In the Interstitial tissue must also be considered
when studying the pathology of M. rhodel In this tissue since they too

occupy, and presumably Interrupt, Interstitial tissue function.

The significance of these lesions In the kidney must also be assessed
In conjunction with the other pathological conditions that are
coincident with them. When calcarlous deposits In the tubules, for
example, %dilch were probably due to environmental conditions, are
found In kidneys already Infected extensively with M. rhodel. then the
functional ability of the renal tissue must be seriously disturbed.
In the Greek lake, not only such lesions existed alongside M. rhodel.
but other pathological conditions and parasites have been found In the
roach (Athanassopoulou, 1981, 1985; Athanassopoulou and Vlemmas, 1986).

These conditions must further affect the health of fish In this lake.
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As far as the pathological effect of M. rhodei on other organs 1is
concerned, the results of the present study showed that the bile ducts
and liver can be seriously and extensively affected, which may lead to

additional metabolic dysfunction.

The cysts 1In the muscles, although they do not provoke serious host
reaction, %rhen found in large numbers may render the fish undesirable

for consumption and/or make fish more susceptible to predation.

The significance of the Infection with M. rhoder i1n roach, therefore,
has been sho%m to be much more serious than i1t was first perceived. In
Greece, Ifdiere eyprinlds are an essential part of the fishing industry
and where the climatic conditions favour the Tfish farming of such
species, infections with such pathogenic species as M. rhoder have
serious consequences iIn terms of both economy and fish health

monitoring.

tl i
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OOMCLDSIONS

The seasonality of the two MYXobolus and two Myxidluin species
investigated in the present study showed that in each of the
different habitats all the parasites had at least one peak 1In
prevalence 1In Springtime. In addition to this, the two Myxobolid
species found i1n the Greek lake as %rell as Myxidium rhoder i1n all
three locations, show another peak during the Winter months
(Decanber to February). Myxidium pfeifferi showed only one peak

in Spring (April to May) in all three lakes.

The two Myxobolus species studied 1In the present project were
considered well adapted Kkidney parasites provoking no host
response to this tissue. In contrast, M. pseudodispar in the

muscles and M. ellipsordes i1In the gills were found to be very

pathogenic.

The spore morphology and variability study of these two species
showed that M. pseudodispar has a distinct variability in the
spore dimensions between the organs of fish, although M.

ellipsordes showed only slight differences.

From the study of the two Myxidium species, evidence was produced
that M. rhodei 1s synonymous with M. pfeifferi. This evidence was
produced from the morphological investigation and the experimental

infections carried out in two Ffish hosts and wEis supported by the

seasonal data.

Through three different experimental infections iIn carp and roach,
the life cycle of M. rhodei and i1ts development in the hosts was
proposed. No 1iIntermediate hosts could be detected i1n the life
cycle of the parasite and the Exposure Method was considered the
most effective, and the Intraperitoneal Injection Method the

second most successful one.
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Two cycles of development of M. rhodel infection were detected in
roach. The Tfirst, occurring iIn the bile ducts, had a fast process
resulting i1n the production of mature and maturing spores. The
second started with the 1i1nfection of glomeruli and had a slow
progress with the final production of cysts containing mature

spores.

Lesions due to degenerating trophozoites were also detected iIn the
interstitial tissue of the kidney, where they were usually
calcified, and i1n the heart. Large mature cysts were also found

in the muscles of the fTish.

In the Iliver, disturbance of the metabolism of the body was
assessed from the extent of the lesions in heavy infections with

M. rhodel

The pathogenicity of the parasite was thought to be serious iIn
both renal tissue and Illver/bile ducts. In the kidneys, the
pathology concerned with the glomerult and interstitial tissue.
The pathology was assessed for the first time in terms of area of
lesions and volume of affected tissues as well as in relation to

the environmental conditions of the habitats.

Other concurrent infections and conditions i1n fish with M. rhodei

were considered to enhance the pathology of M. rhodei 1i1n the

hosts.

Finally, the infection of M. rhodei was considered Important in

terms of both Greek economy and fish health monitoring.
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TABLE 2

Productivity of Lake A. Vassllios during the period 1975-1983

(Kiilkidls et 1984)
tn

Total fTieh production
Production of carp



TABLE 3

Phytoplankton species of Lake A. Vassillos,

(K1likidis et al.,

CYANOPHYTES C.

Microcystis flos-aouae
Microcystis aeroglnosa
Anabaena scheremetlerl v. recta
Anabaena flos-aquae v. Indermedla
Anabaena f. solroldes
Aohanlzcaaenon flos-aquae
Aphanocapsa spp-
Gomphosphaerla aponlna v. dellcatula
Tetrapedla trigona D.
Chroococcus dlspersus

Chroococcus IIlmnetlcus

CHLOROPHYTA E.

Pedlastrum boryanum

tetras v. tetraodon

" simplex
spp-
Coelastrum mlcroporum
Scenedesmus falsatus
" Guadrlcauda
obllguus
Tlexuosus
Tetraedron minimum
Tetraedron trlgonum
Staurastrum leptocladiun
Cosmarlum spp.
Elakatothrix gelatinosa
Cruclgenla rectangulorls

Oocystls spp.-

N. Greece
1984)

DIATOMA

Cyclotella spp.

Meloslra granulata v. vidlda
Cocconels spp.

Gyroslgma spp.

Fragllarla crotonensls
Amphora spp.

Nltzschla spp.

DINOPHYTA

Ceratliim hlrundlnella

PerldInlum spp.

CRYPTOPHYTA

Cryptomonas erosa

Euglena acus

Phacus pleuronectes



."fi*

TABLE 4

Seasonal variation of phytoplankton
Lake A. Vassllios

(Kilikldis ~ al.. 1984)

in



TABLE 5

Different zooplankton organisms found

in

Lake A. Vassilios

(Kilikidis et al._,

TROCHOPHORA C.

Trichocerca pusilla

Trichocerca blrostris

Ketarella cochlearls T. tecta
Ketareila tropica

Polyarthra trigla

Pompholyx complanata D.
Anuraeopsls fissa

Hexarthra mira

CLADOCERCA

Bosmina longirostris
Bosmlna sp.
Ceri1odaphnia pulchella
Diaphanosoma brachyurum
Daphnia cucculata
Daphnia hyalina
Chydorus ovalis

Leptodora kindtii

3984)

COPEPODA

Cyclops vicinus
Acanthocyclops robustus
Arctodlaptonus bacllllfer

Macrocyclops albldus

CILIATES

TIntinnldlum fluviatile



St/

L

TABLE 6

Benthic organisms of Lake A. Vassilios

(Kilikidis et al., 1984)

Chironomus nlumosus
Chironomus thunmi
Chaoborus crystallinus
"Tubilex tubilex

Tubilex olixocetaceus

Limnodrilus hoffneisteri

Nais obtusa

Nais communis

Nematoda






TABLE 8

Water parameters from Lake A. Vasslllos

(Kilkilidls et al., 1984)

Temperature (C)
pH
Dilute Oxygen (mg/1)
Conductivity (umhos/cm)
Salinity (mg/1 NaCl)
Alkalinity (mg/1 CaCo™)
Hardness (ing/71 CaCo”)
Transparency (m, Secchldlsc)
Cco2 (mg/1)
NO”™ (ng/1)
PON (mg/1)
son (ng/1)
Si1 (mg/1)
BOD (mg/1 02)
CobD (mg/1 02)
NO2 (mg/1)
(mg/1)
H2S (mg/1)
Pesticides (ppt)
Heavy Metals (Pb)
Cu, Co, Mu, As
KM 0~ (mg/02/1)

6-24
6.5 - 7.5
6.8 - 12
1150 - 1700
550 - 825
320 - 440
60 . 180
0.20 . 0.60
0-20

0 - 26.4
0. 2.36
50 - &
1.65 - 6.50
1.0 - 55
49.6 - 280
0 - 0.092
0. 0.268
0

64.8 - 118.6

0.001 - 0.002
0.1

0.57 - 2.40















TABLE 12

Chemical analysis of a sample of water from Sandall Park
Boating Lake taken on 22 February 1973

(Yorkshire River Authority,

Chemical parameter

Suspended solids
Chlorides as ClI
Ammonlacal Nitrogen
Nitrous Nitrogen
Nitric Nitrogen

Permanganate value 4 hours (total)
Alkalinity as Ca CO. to N.O.

Total hardness as Ca CO
Ortophosphates as P

pH

1977)

Result in milligrammes
per litre

10.0

76.0

0.4

0.05

Not detectable
4.1

240.0

333.0

0.02

8.1












10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Staining Schadulle for the Periodic Acid-Schiff (PAS) Reaction

from Drury and Wallington (1980)
Sections to water
Oxidize in 1Z aqueous periodic acid for 5 mins
Wash sections in tap water (5 mins+t)
Rinse i1n distilled water
Schiff*s reagent for 10-20 mins
Wash thoroughly i1n running tap water for 10 mins
Stain sections in Haematoxylin («4 mins)
Wash 1n tap water
Differentiate In 0.5Z acid-alcohol for a few seconds
Wash 1n tap water
"Blue* i1n Scott"s tap water substitute for 1 min
Wash 1n tapwater
Neths for few seconds
Counterstain with 0.3% saturated solution of tartrazine
in cellosolve for 5-10 mins
70% alcohol for 1-2 mins
Absolute alcohol 1 for 1-2mins
Absolute alcohol 11 for 1-2 mins
Xylene for 5 mins

Mount

Schiff"e Reaction (Lillie, 1951)

Basic fTuchslin
Sodium metabisulphite
N hydrochloric acid

Distilled water

Is!









1. Xylene

2. Absolute Alcohol
3. Meths

WASH

DISTILLED WATER

4_ 1.5X Silver Nitrate

WASH IN DISTILLED WATER
5. 0.5Z Hydroqulnone

RINSE IN DISTILLED WATER

6. 2.5Z Hypo

WASH

7. Neutral Red

8. Meths

9. Absolute Alcohol 1
10. Absolute Alcohol 11
11. Xylene

VON KOSSA STAIN

5 minutes
2 minutes

1 minute

10-20 minutes
(In dark)

5 minutes

5 minutes

30 seconds

2 minutes

2 minutes

1 minute

5 minutes



GIS6A STAIMIII6 FOR SBCTIOMS
from Drury and Wallington (1980)

Sections to water

Stain in dilute Giemsa solution (1 part Giemsa stock solution
to 9 parts water) for 20 mins

Rinse rapidly in distilled water

Dehydrate very rapidly in absolute alcohol

Differentiate with a 0.2-0.5Z colophonium solution in
absolute alcohol for 10-20 secs

Absolute alcohol for about 5 secs to eliminate any traces

of colophonium

Xylene for 5 mins

Hount

Nuclei dark red
Red blood cells pink

Polar capsules dark blue






HAOFATQXTLIN AND BO6IN STAINING SGHEDQIJB
from Drury and Wallington (1960)

Section to water

Haematoxylin for 2-20 mins depending on stain type and
strength. Mayer®s haematoxylin was used here for 5 mins.
Wash in running water for 2 mins

Differentiate 1n 0.5% acid-alcohol for a few seconds. Check
differentiation by examination under a microscope.

IT nuclel are sufficiently stained, “blue* In Scott"s tap
water substitute for 5 mins

Wash 1n water

Stain In 1% aqueous Eosin for 3-5 mins

Remove excess Eosin by rinsing in methos

Absolute alcohol 1 for 1-2 mins

Absolute alcohol 11 for 1-2 mins

Clear in Xylene for 5 mins

Mount



HABUTOIYLIM - MATER®"S (1903) HAEHAUM

cited from Lendrum and McFarlane (1940)

Haematoxylin 1.0g
Sodium lodate 0.29
Potassium alum 50.0g
Citric acid 1.0g
Chloral hydrate 50.0g
Distilled Water 1000.0ml

Acid-alcohol

0.5% Hydrochloric acid in 70% alcohol

Scott®"s Tap lister Sulwtitute (Scott 1912)

Sodium bicarbonate 3.5gm
Magnesium sulphate 20.0gm
Distilled water 1000.0ml

Add a few crystals of thymol to prevent mould growth,

1% Aqueous Eosin
Eosin 1.0g

1 crystal thymol 100.0ml

Results: Nuclei blue
Cytoplasm, connective tissue, red blood cells and

muscle pink/red



Staining Schedule for lapreeaion Saears

from Disbrey and Rack (1970)

Alr dry
Methanol 2 mins
3. Stain i1n dilute Giemsa solution (1 part Giemsa stock solution
to 9 parts buffered (pH 6.8) distilled water] for 1 hour
Methanol rinse for approximately 4 seconds
Differentiate in distilled water for 2-5 mins (pH 6.8)
Methanol for a few seconds
70Z alcohol for 1-2 mins
Absolute alcohol 1 for 1-2 mins
Absolute alcohol 11 for 1-2 mins
Xylene for 2 mins

Mount

Results: Nucleil dark red
Red blood cells pink

Polar capsules dark blue



FKEPARmor OF SAVPLES FCR ELBAISON MKXOSOCPI

from Bullock (1978) and Glauert (1975)

1_ Tissue samples (m Im*"™) from freshly killed fish are placed

in *2_.5Z glutaraldehyde In phosphate buffer for 17 hours

at 4°C. The tissue Is cut Into sufficiently small pieces
by placing It onto a sheet of dental wax In a Petri dish
and adding enough fixative to keep the tissue moist. It

iIs then cut with a new scalpel, great care being taken to
ensure a clean cut with little tissue damage. It Is then
transferred to fixative in a bottle.

Rinse several times in quick succession in "*"Mlllonlg"s buffer
at pH 7.2. Three times over 2 hours is sufficient. Samples
can be stored In buffer In the cold (m 4°C) at this stage

for long periods before post-fixation.

3. Post-fixation: Tfix for 1 hour iIn *1% osmium tetroxlde 1In
NIllonlg®"s buffer

Wash In buffer, 2 times 30-60 mins
Dehydrate In alcohol as follows: 70% 2 x 10 mins
200% 2 x 20 mins
IT required samples can be stored for a while In 70% alcohol

6. 50/50 mixture of propylene oxide and absolute alcohol for
15 mins

100% propylene oxide for 15 mins twice
Mix up batch of resin with hardener and activator. Soak
tissues In a 50/50 mixture of propylene oxide and resin
and leave overnight (a minimum of 6 hrs)
75%:25% propylene oxide and resin for 1 hour
100% resin for 6 hrs at 40”C
Fill polythene Emcaps with resin and position the tissue
within them. Polymerize overnight at 60®C
~lotaraldehyde In phosphate buffer (Bullock 1978)
Buffer: 0.067M KH2PO"™ 1 part (9.118 g/1)
0.067M Naz2HPON 3 parts (9.512 g/1)
A percentage of glutaraldehyde Is added to this buffer. 10ml of

a 25% glutaraldehyde solution with 90ml of buffer gives 100ml of
2.5% solution.






STAImilG SCHEDULE fOR ULISA-TBIN SBCnONS

from Bullock (1978)

Lead Citrate Stain:

Lead nitrate Pb(N02)2 133gm
Sodium citrate Na2CgH"0y2H20 1.76gm
Distilled water 30.0ml

Uranyl Acetate Stain:

Uranyl acetate (5% solution) 13.0ml
O.IN Hydrochloric acid 7.0ml
Michaelis buffer 5.0ml

Michaelis Buffer:

Sodium veronal (barbital sodium)

1479
Sodium acetate 9.79
Distilled water 500.0ml

Method

Place the grids» section do%mwards, onto a blob of uranyl
acetate for 20 mins

Wash the grids i1n distilled water. Blot dry

Place the grids, section downwards, onto blobs of lead
citrate for 10 mins

Wash the grids in (a) 0.02N sodium hydroxide, and
(b) distilled water (twice). Blot dry

Stain blobs are placed onto pieces of dental wax iInside Petri dishes,
and for Stages 3 and 4 pellets of sodium hydroxide are placed in

the Petri dishes alongside the samples, i1n order to absorb carbon
dioxide which could otherwise cause precipitation of the lead in

the sections as lead carbonate.



