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ABSTRACT: Myxozoans are common parasites of fish kidneys, with most having specfic sites of
development. Five specific sites of development inclade {1} the lumen of renal tubules, {2} the renal
corpuscles Tollowed by location in renal tubules, [(3) ntraceliular location withun the tohular &pithe-
limm followed by a stage in the lumen of the ducts, (4] haomalopoietic tissoe with dispersed tropho-
zodtes, and (5] haematopoietic tissue with large, locatized plasmodia, A coelogoic development pre-
caded by prasporogonic multiptication charactenses most Sphaserospora spp. Early plasmodial stages
aof Myxidinm and Chloromyxum spp. are frequently found in the renal glomerales, while spares
develop in the urinary channels in plasmodia released from the renal corpuscles, In Hoferellus and
Mhyxotulatus spp., spores are formed in small plasmodia inside the lumen of the urinary ducts after
several internal cleavages in the epithelium of repal tubules. The presence of dispersed trophozoites
among haematopoietic tssue cells of the renal interstitium charactenses the development of
Sphaerospora Uncae and Tefracapswloides bryosalmonae, the causative agent of proliferative kidney
disease (PKD). Spores of 8. tincae are formed al the place of plasmodial development, while spore
formation of PEL is in the renal tobules, & large mass of spores, often surmounded by a connective
ttssiee capsule, can appear in the renal interstitium durng infections by several Myxebolus spp.
furthermore, a large numbser of these spores formed in plasmodia in distant Hssues can also accumi-
late in melano-macrophage contres
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esis Can vary amony parasite species. Coslozpoic devel-
opment of different Sphaerospors spp. has  been

INTRODUCTION

The vertebrate kidney 1= a paired organ with a com-
plicated structure of epithelial. conmective tssue and
endoihelial elenents [Harder $9%5), The majorty of
thex kichnuey, including the Bowman's capsules, urinary
channels and ureters serves an excretory function,
while the head kidney and the intersijtial part of the
trunk-kidney is hasmatopoietic, with blood-forming
and recycling functions or roles. Melano-mactophage
cenlres imbedded within inberstitial lissues play a
major mle in defence The kidney has an endocrin:
function in the corpuscles of Stannius, suprarenal and
interrenal cells,

hyxozoan parasites of fish are commonly found in
the kidney, and i @ bacoming apparent that the spe-
cific patiern of development and final sile of sporogens
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known tor a long time (Thelohan 1892, Fujita 1012),
but only Csaba et al. |1984) revealed that these sporo-
gonic forms were preceded by blood-dwelling pre-
sporbgonic stages. The change (rom epithelial o
coslozoic stage in the development of Hofereifus
cyprim was recognised by Plehn (19244, A Hoferellus-
like development was also described by hMolnar [ 1988)
{or AMyxobilatus legerd (Cépede, 1905). Similarly, Lom
et al, [(19849) revealed that large xenoma-forming plas-
musdia of Myxiclium giardi Cépede, 1906 were released
from the renal corpuscles inbe the coslozoic space of
renal tubules as small trophogoites. Plehn {1%25) first
mentioned the intercellular development of a myxo-
zoan in the kKidney, with a description of the develop-
ment of Sphaerospora bocae in the head kidney of the
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tench. This isclated intercellular location ameng the
haemopoetic  cells. was  confirmed  with  electron
microscopy by Lom et al, {1983a), A specific combina-
tion of intercellular and coeleeoic developments
characterise  Tetracapsulaides  bryosalmonae  [Cans
ping, Curry, Feist, Longshaw & Okamura, 1948), the
causative agent of proliferative kidney disease.
Extrasporogonic stages of this myxozoan develop
intercellularly among the cells of the renal inferstifiuem,
the spores, however, are formed in the renal tubules
(Kent et ml, 2000, Feist et al. 2001). Little is known
about how myxozoans form large plasmodia in the
kidrey. Although il has been known for some time
iDykova et al 1967) that plasmodia of Myxidium
rhodei Léger, 1905 can form large plasmodia inside the
renal corpuscles of cyprinids, littke s known aboul the
validity of the great number of Myxobalus spp. listed
from the kidney by Shulman (1966}, [Mspersed spores
and large groups of Myxobolus spores are commonly
found o the renal parenchyma, but withoul observa-
tion of tie developing stages it s difficult to determine
whether the spores developed al the site or were Cars
ried and acrumulated there by the host macrophares.
Malndr & Kovacs-Gayer (1985) observed that, follow-
ing a heavy infection by the muscle-dwelling Myxs-
bolus cyprini Doflein, 1888, large groups of spores
were accumulated in melano-macrophape centres of
the kidney. Molndr (1984) sugqgested that myxozoans
have certain species, organ and ssue specificity o
which tissue specilicity is particularly Emportant).

Here, | characterise the tvpes of establishment and
development of myxoroan plasmodia in the kidney, on
the basis of long-term experience in the study of myxs-
zoans inlecting Hungarian fishes.

MATERIALS AND METHODS

During =40 yr of research in the field of fish para-
sitology, | frequently found myxozoan infections in the
kidneys, which through careful histological stwdy
couald be traced 1o specific sites inside this organ.
Records involving inlections of the kidney with myxo-
soan parasites were evaluated, and the site selection of
different species was characterised, Histological sec-
tions were prepared of kidneys of varjous fish species
infacted with different developmenial slages of species
ol Myxobalus, Myxidium, Hoferelfus, Myxobilatus and
Sphaerospora. Uninfected fish were also examined as
controls. Samples evaluated were collected from 7 fish
species, including sterlet Acipenser ruthenus, commaon
carp Cyprinus carpio, white bream Blicca bjonrknd,
roach Rulilies retitus, tudd Scardinies erythropiithal-
mus; pike Esox lucfus, rainbow trout Cechorhynchis
mrvkiss and eel Anguilla anguilla. When pieces of kid-

ney tissue compressed between 2 glass plates showed
myxozoan (nfection under & compound micToscope,
differently sized parts of the inlecied organ were fixod
in Bouin’s selution for 4 b Fixed samples were washed
several imes in B0% ethano], embedded, cut into 4 to
# pm thick sections, and stained with haematoxylin
and ¢osin using the Farkas-dallory method (Kiszely &
Barka 1958). Photomicrographs were taken with video
equipmeni attached to an Olympus microscope, and
images were digitalized with the soltware package
lmago |Szakealy 1897

RESULTS

[n maost cases, the occurrence or development of these
parasites occurred in a specific part or Ussue of the kid-
neys. Five major stles of infection were identified.

Covloeoic development in the renal tubules

In treshwater fshes, species of Sphaerospora ara
common inhabitants of the urinary channels, OF the
nearly 50 nominal speciés in the genus, 5. renlcola
Dykova & Lom, 1952 is the best known. Sporogonic
stages of most Sphaerospors spp. inhabit the lumen of
the urinary ducts.

In mosi cases, developing pseudoplasmodia and
spores were found simultaneously in the renal tubules.
Peeudoplasmodia were located o the anferion sedq-
ments of the proximal tubules, which differ from the
posterior segments by the presence of columnar epd-
thetium (Fig, 1), while spores were mostly located in
the posterior segments of the distal tubules that wers
lined by a cuboidal epithelium. Psewdoplasmodia,
which rorrespond to the panaporoblasts of large plas-
modia, comprised a nucleus of the mother cell and 2
sporoblasts. Inside each sporoblast, & nuclei devil-
oped, forming a single spore. Thus, at an advancid
stage of sporulalion the pseudoplasmodium might be
composed of at most 13 cells (Fig. 2). Pseudoplasmodia
and matored spores may tghtly fill the Jumen of the
durts, As a rule, developing pssudoplasmodia were
attached to the wothelium of the ducts, but matuce
pseudoplasmodia with a decaying mother cell and Z
spores were usually found free in the lumen (Fig, 2)
Both developing and mature spores were typlcally
found in pairs. Presporogonic stages developing in the
blood entered the tubules through the glomerul: of the
Bowman's capsules, Sphaerespora-like parasites hard a
relatively short development time. The coelozoic
stages in fingerlings were common during the summer,
whilst in brood fishes they were frequently found dur-
ing the spawning period
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Figs. 1 to 4, Fig. 1. Pseudoplasmodia [pl of Splaerospora rensoels in the lumen of the proxionel segment of the renal tubole o
corumien carp, This segment of the tububes = lined by colinnnar epithelial cells {e) wilh @ prominent brush border. HEE staining.
Scale bar = 10 pm. Fig. L. Inlection of rudd renal tubule by Spheersspord sp. Pseddoplasmodia {errowheads) containing el most
13 neclal are Il.um'l'- nll-:ll feedd Eo Uee ephthetivo aged peadoplasansdia Barbouring 2 spores (arrows) are free in e lumen
Urothelium in this part of the tubles (s mads wp of coboidal epithelial cells (@) H&E ataining, Scabe bar = 10 jum F__l__|__| oS-
sectioned renal tubiikes and a gioreeralus g1 i pike Kidney, Trephozoltes of Mypxidinem feberkaefind are indicated jaroows] inside
the Bowman's capeile and in the fubuies. H&E staining. Scale bar = 40 pm. Flyy. 4. Bowman's capsula i pilke Kidney harbouring
liarige plasmodia (piof M, Hebergoelen and surrounding the rest f the glomeruliis g H&E stabming, Soale Bar = 40 pim

Development in the renal corpuscles and formed spores during this coefopoic stage. Very

. olten, enormausly enlarged plasmodia became encap-

Development of vegetative stages of several species sulated. These plasmodia, referred to previously as a
of Myxidivm and Chlorompxum often takes place spparate species, Mephrocystidiom piekdl, contabmed

within the renal corpuscles inside the Bowman's cap- the rest ol the glomerabar capillary and a large nucleus
stle. Early developmental stages ol Mexidieern leber (P 53, and were surroundedd by & layver of hosl con-
Kuehni Biklschii, 1882, a parasite of pike Esox lucios, noechve lissuss, A similar e:lr-m*lg:-puuanl rharacienses
were found in the renal corpuscles [Fig, 3, Growing telyxictivnm rhoeded Leger, 1905, 4 parasite of cyprinids,
plasmaodia of the parasite deformed the structure of the In M. rhoded, however, the whole development very
Bowman's capsule [Fig. 4), Plasmodia containing pri- often took place inside the Bowman's capsuls, where

mary, secondary and terthary cells sntered the tubules thee mature spores ware also lownd [Fig. 6],
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Figs, 5 to B, Pig. 5. Nephrocyshidum pickd surrounded by o conpective tissue capsule in the Kidoey of pike. This large genoma
formation contains degenerated trophosoites of Myrdiom Feberkuehnl (1, anbarged nicles of the st cell (n) and fragments of
e glemerabus jg). Excreted plasmodia farrow) eoour in the renal tubules, H&E staining. Scale bar = 110 ym. Fig 6 Myidium
rhodal plasmaodivm {p) confaining sporogonic stages and spores inoa Bow man's capsule in raach kbdney; the rest of the glamsru:
s i) has been comprossod and pushed aside, HAE staining, Scale bar = 40 pm. Fig, ¥, Cross-secticn ol a renial tubula from
radid kidney. Trophezoites of Myxobilahis fagen (arrows) are located inside epitheiial cells. HAE staining. Scale bar = 10 pmn
Fig. fl. Developing Hoferalius cyprini (Doflein, 189&) trophozalias {1 in the epithelial cells of the enlarged tubualar wall. Unin-
facted epithelial celis {arrow] are on the other side of the channel. Feeudoplasmodia o Sphaersspora renicald (5] are located
inakde the mbalar lumen, H&E staining. Scals bar = 40 pm

Intraepithelial development in the renal lubules

This lype of developmenl s charactenstic of specles
of Myxobilatus and Hoferellvs. The vegatative stage of
this development occurred in the epithelial cells of the
renal tubules [Figs. ¥ & B) where primary, secondary,
tertiary and qualeenary stages of the parasiles gyt
he formed intraepithelially. The stages in the inital
part ol sporulation either actively emerged from the
infected host cells and entered the lumen ol the
tubules, or e whole necrolic mass of hosi cells

together. with parasites was detached Irom the basic

membrane and pushed into the omen (Fig. 9). Pseudo-

plasmodia that had emerged from host cells, or that
had been reledsed fogether with epithelial cells, con-
timued development in the lumen of the renal tubules
and the ureters, where 2 to # spores may develop in a
plasmodium (Fig. 10). [ suspect that further division of
the plasmodia can eccur during this coelozoic stage
The development ol Hoferelfus cyprini and Myxobifa-
fus leger are characterized by an annual cycle, with
spores formed only during the winter and in the early
spring. In the course of development of Hoferelius
gilsoni (Debaisieux, 1925}, a parasite of the o=l
psendoplasmodia forming 4 to £ spores were located in
the urinary biadder where they attached lirmly to the
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Pigrs. & to 12, Fig. % Damage cousad in renal tubules by hoferaliosis of carp, The basal membrane of the fubukes is denuded
jarrows), dise o desquamation of epithelial cells. Damarged apithelial cells and plasmodia with sporogonic stages enler tha
lumen af the fubaes (p). A part o { .;g.-.i|.-|..-rﬂ|p.-| gprithelivim sHIl eovers the tnbalar wall farrowhead). HE& E stainimg. Scale-
bhar =40 i, Fig. 10 Released Myxobilalis fegon plasenodia (p} in the ureter of rudd. HEE staminag. Seale bar = 40 pme Fig. 11

Haferailus gqidsomi plasmaodia {arrows) attached 1o the urotheliom of e onnarcy bladder of eel. HAE staining. Scale bar =

40 pin, Flg

yredbaliom (Fig. 11). Based on the dewvelopment of
other species of Holerellus, the existence of an early
intercellular stage in the urinary channels cannel be
exciuded [or this species @ither,

Intercellular development among haematopaletic
cells

Diispersed pseudoplasmodia in the renal interstitivm
among haematopoetic cells are characteristic for sorme:
species of Sphaerospora and Tetra papsiloides . bryos
salmonas (Canning et al., 1999), the causative: agent al
proliferative kidney disease of salmonids. In both cases
pseudoplasmodia were disperse d among the hasimato-
poietic colls (Fla. 12),

19, Tefrerepsuloides brvosalmonae Irophezodles farraws] 16 the capillanes of the fenal interstitium. H&E
slakiingg. Scale bar = 33 pm

In Sphacrospara Hncae Plehn, 1525, stages lound in
the bead-kidney represented the final stage of SpoTo-
gonic development, and they reached this lscation
most likely after a presporogonic phase in the alasol.
Tetracapsuloides mulliplied  among
haematopoietic cells by several internal cleavages, In
I, hryosalmonae, the intercellular stage was only a
prirt al the development, which rontinued in the renal
pabubes until spore tormation, 1t ks still not Known
exactly hivw intercellular stages are L8 ansferred to the
renal tubules: A specal form of intercellular develop:
meni characterzed Sphasrospora codpmani Baska,
{900 for the intercellular slages were composed of a
structure containkng 30 to 40 globules. Althaugh thess
structures [and the trophozoites of Tetracapsuloides)
sepmed o be located among haematopoistic cells,

frex innEoites



G| [ Acpual Org 78 45-51, HOT

Figs. 17 o 16, Fig: 13 Develaping plasmodiem ip) of o Myxobelus sp. cantaining young spores and pansporoniasls in the renal -
porstitium of Fadd, 1he plasmedium i surrounded by he aptllary |arrows) n which the plasmaodian develngad. HE&E stainindg
Seale bar = 10 pm. Fig, 14. Langpe plasmodinm [p) ol a Myxebalis sp. filled with spores in ihe renal inferstitiom of rndd. H&E stakn-
ing. Scals bar = 10 . Fig. 15. A macrophage centre harbouring several spores of rdyzobolus peeddodispar Goebunaya, L 0
the ialesstitium of white breant. The spores {arrows| are located among Gghtly stained macrophages (arrowheads), H&E stalning.
Seale Bar = 10 pm. Fig. 16, Myxkdium giardi spores (armosws] in (e melane-macrophage cintre of eel kidoey. The centre s
rompeosed of lhtly stained macTophages and dark saining meldnin cells {arrowheads). H&E staining. Scale bar = 10 pm

there remains the possibility that they ware actually
located in small capillaries that densely interlace Uis
lissue

Formation of myxozoan stages in large plasmodia

Large groups of myxospores were commonly s=n in
the interstitial lissue of the kKidneys outside tubules and
renal corpuscles. Two types of these spore comiglomier-
ations can be distinguished. In the list, large plas-
modia developed ameng hasmatopoietic cells (Figs. 13
& 141, whereas in tho second case aggregations o
spores oeeurned within the melana-macrophae cen-
tres (Figs, 15 & 16), apparently arriving from othir

organs, such as muscle. The 2 ‘ovst-like’ [ormatlons
coulbd easily be distinquished during the early stage of
plasmodial development. Myxobolis plasmodia in this
stage contained multinucleated pansporoblasts as well
a5 immature spores [Fig- 13} In this stage of -L1|.‘:'l.".‘:-|-.1-p-
ment, the blood vessel in which the plasmasdium devel-
oped was only partially btocked and erythrocyles were
sitpated betwesn the endothelium of the vessel and
the ectoplasm of the plasmodiom, More mature plas-
modia were filled with hundreds of spores, and bor-
dered by a single cell layer of connectve tssue
{Fig. 14). However, a connective tissue capsule com-
posed of 22 layers was often formad arcund the plas-
modig, In this stage of the development, it was diffieult
o differentiate between bue plasmodia and simpls
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aggregations of spores within melang-macrophage
centres |Fig. 15). These simple agygregations could be
recognised by the presence of macrophage colls or the
melanin pigments they contained [Fig, 16

Alterations in the kidney caused by myxozoan slages

Hoth poelopole and histozoic stages caused nofics-
abile kidney pathology and frequently coused disease,
Large plasmodia such as Nephrocystidiem pickil or
plasmodia of various Mpxobolus spp. mechanically
damaged surrounding lissues by compactlon. Intes-
stifial stages, e.q. trophozoites of Telracapsuloides
ryosalmonae enlarged the volume of the kidney caus-
ing preliferative kidney disease in salmonids, Dedgon-
prabed spores within melans-macrophage centres may
cause malfunction o the kidneys. In hoferellosis,
which is caused by Hoferollus carassil Akhmerov, 1960
in golditsh and by H cyprind in common carg, Lhe
infected epithelial cells became detached from the
membrana basialis in the affected pari of the renal
bubules (Fig, 9), and necrobic cells with plasmodia
accumulated in the lumen ol the conveluted tubules,
Due to severe epithelial damage, kidney enlargement
disease is fatal for diseased goldfish. In Sphasrospors
tincae Infection of tench, the enlargement and swelling
ol the head Kldney were the major clinical signs. The
glomerular stages of Myxidiem beberkuehni in pike,
M. rhodei in cyprinids, and M. glard) Cépede, 1906 in
eel may destroy most of the renal corpuscles and evoke
pedema. Relatively litile pathology was altributable to
sporogonie development of Sphaerospora staqes in thie
convaluled tubules, bul presporogonic stages of these
parasites may cause demage in other organs, e,
swim-hladder inllammaticn by 5 renleols infection

DISCUSSION

Myxozoans developing in lish kidneys show a high
affinity for difforont functional regions of this organ.
Some are coelozoic in the lumen of the arinary ducts,
others develop in the tubular epithelium, the endothe.
liwim of the renal corpuscles, or the hasmatopoietic tis-
sue-al the renal Interstttium, For other myxozoans, the
kidneys serve only a5 a depot, where spores from the
hloodstream are collechsd, stored and destroyed by
melano-macrophage centres in the inberstitium. All
types of tisswes in the kidneys can be inlected by
myxozoan parasites. Five major forms of renal infecs
fions can be distinguished, viz, (1) coelozoic stages in
the renal tbailes, (2) plasmodial stages in the renal
corpuscles, (3} intraepitholial stages in the wall of the
urinary channels, (4] disseminated small psewdoplas-

modia in the haemalopoielic sswe, and [5) large plas-
modia in the haemopoetic tisswe. A combination of
these major types can also ooour

(3 myxozoans developing in the repal tobuiles,
Sphavrospora spp. are the most common. Since Csaba
et al, (19%6E4) descrbed the development of 5. renicoda,
it has been known that Sphaerospora spp. have one o
2 blood stages dunng their presporogenic develop-
ment, and that the renal phase is only a shorl phase
during development. But whereas the blood stages aro
regarded as highly pathogenic parasites, the renal
stages altaching to the wall of the urothelium or par-
tially obstructing the tubules caise only minor changes
(Maolndr 1980). Sphacrospora spp. seem o be rathers
commen in fish kidneys, as they have been described
from cyprinids {Lom et al, 1985b), percds (Pronin &
Proning 1885), silurlds (Hedrck et al. 1560), salmonics
iMeGeorge el al, 1996] and also lotcaids (Papecna &
[i Cave 200 ),

For several parasites, only the lale sporagonic staqes
arg known. In most cases the coelozoic slage s pre-
cedad by an extrasporogonic development in tha renal
erlomeroli o in the epithelium of the urinary ducts: The
majority of Myxidivm spp. have this developmental
pathway, with relatively large plasmodia developing
in the renal corpuscles, According Lo Lom et al [1985),
Myxidinzm leberkuehni begins ils development in the
renal corpuscles where an early trophozoife af the par-
asito transforms the infected endothelial cells, and
devolopmontal stages [l the cytopiasm of the enor-
mously expanded host cell, Only & huge hypertrophic
micleus indicates the origin of the xenoma-like forma-
tbon known previously as a separate spocies, Nepliro-
eyslichium pickll. Several other specias. of Myxicdiaem
fnllow this manoer of development and produce spores
in the renal tubules after the Initial glomerular phase
[Lom & Dvkova 1892}, Among them, 5. rhoded is-an
exceplion, as the spores may develop inside the Bow-
man's capsule A similar development ocours in
Chlorompxum lenorae Lom. Dykova & Kepr, 1988 in
turbol and in O lsexpectatum Baska, 1990 in steslel
iLom et al. 1988, Baska 1993),

A newly emerged disease of migrating salmonids
and marine fishes is cansed hy infection with Parvi-
capeifa. Among them, P mimbicornis Kenl, Whitaker
& [rawar, 1997 which is the best studied species (Kenl
wt al. 1897, St-Hilaire a1 al. 2002), seems 1o follow the
Myxidiim type development lovolving initial glomeru-
lar stages

The complicated developmont of Hoferellus cypai
was recognized by Plehn {1934), who oliserved Lhal
during 12 mo of development this parasite has dovel-
opmantal stages in the epithelium of the tubules and
late sporogonic steges in the lumen of the unnary
channels, Kovacs-Gayer of al. [1987) [ound that in the
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eourse of the intraspithelial stage of Hoferaltus cypricd
secondary, tertiary and quaternary units are formed by
internal cleavage inside the primary parasitic cells
After the parasile is released into the lumen, the sec-
ondary cells form the plasmodia, tertiary cells act as
pansparoblasts, and gquaternary cells are the sporok-
lasts. A similar development was described by Ahmed
(1973 for Milraspora cypeind, the causative agend
of kidney enlargement disease in goldtish. Molndr &
Kovics-Gayer (1986] reduced the genus name Aditra-
spora to synonymy with Hoferellus, and Maolnar et al.
{1969) regarded Hoferelus stages infecting goldizsh as
members of the species N, cdrassi Akhmeroy, 1360,
Myxobilatus legeri (Copede, 1905), a parasite of sev-
eral louciscld eyprimids, follows the Hoferelfus-like
developmenial pathway. Its intracellular plasmodia,
however, do nod form an uninfermuphed inlection o
epithelial cells; they are irreqularly disseminatod in
host cells (Molnar 1088), A specilic location characier-
izes Hoferellss gilsond, a parasite ol el Trophozaites
of this species have been found only in the urinary
bladder [Lom et al, 1886), but the existence of early
intraepithelial stages also seems likely,
Tetracapsuleides bryosalmonae is significant éco-
nomically and the best sxample for myxozoan tropho-
poites locating intercellularly among heematopoietic
cells of the renal interstitiom, Trophozaites of this par-
asite [PEX colls) multiplying with internal cleavage are
located free amonyg interstitial cells [Clifton-Hadley i
al. 1934, Kent et al. 1994, Si-Hilaire et al, 2002, but the
possibility that PKX cefls are located in small capillar-
ies in the interstitium cannot be excluded. This latter
possibility is supported by observations that similar
PEX cells pecur in other organs as well, and could
sarve also as an explanation for the route of further
development, viz. for the entry of sporogonic stages
into the renal tubules threugh the renal glomesali. A
similar interstitial developmenl occurs in Sphaers
spora colomani in sterlet (Baska 1993, and groups ol
dividing presporogonic stages of this parasite ocour
among haematopeietic cells jop. cit.). The greal resem-
hiance of these stages to the second blood slages ol
Sphaerespora renicoly suggests, however, that they
were indeed located in capillaries of this tissue, and
reached the glomerull via the bleod stream. [nfection
of the head kidney of tench by Sphaerospora tincae
differs from the above infection types in thal the spores
develop among hasmopoetic cells. Spores from this
organ can reach the outside world either with the help
of macrophage activity via the bloodstream, or only
after the death of the host (Hermanns & Kirting 16985),
When large masses of spores of Myxobolus, Thelo-
hanellus or Henneguya occur in the renal interstitinm
bordered by a single of several layers of connective -
sui, i1 1% imporiant at the outsel i determing whother

spores developed in plasmodia inside the Kidney or
whether they wore carried there by the blood stream
and captured by macrophage cells. In the case of old
infestions, it is difficult 1o provide proper diagnosis.
Macrophages in melano-macrophage centres of the
kidney and other organs can accumulate large
masses of spores from the bioodstream (Roberts 1975,
Dyvkova 1984, Molnar & Kovécs-Gayer 1985, Hokeer &
Sehachner 2001, When only a moderate numbssr of
spores are found inside these centres, the yellow or
black coloured macrophages can be distinguished eas-
ily from the spores (Fig. 16], When, however, the num-
ber of accumulated spores is large, it is rether difficull
1o distinguish thess centres from the old plasmaodia into
which macrophages have infiltrated,
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