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ABSTRACT- Cytological alterations in renal tubule epithelium cells of carp Cyprinus carpio infected
with the blood flagellate Trypanoplasma borreli Laveran & Mesnil, 1901 were investigated during the
course of a laboratory infection of a highly susceptible carp line. With the development of the para-
sitaemia, a hyperplasia of the interstitial renal tissue was induced, which resulted in a tubulus necrosis.
Cytological changes were already seen in tubulus epithelium cells on Day 7 post injection (PI) of the
parasite. The basilar invaginations of the cells fragmented and a swelling of mitochondria was noted.
With increasing parasitaemia, on Days 14 and 21 PI, these changes progressed up to the loss of the basi-
lar invagination and high amplitude swellings of mitochondria and deterioration of their internal mem-
brane structures. Cells of the distal tubule segment reacted earlier and more rapidly than cells of the
proximal tubule. The cytological alterations suggested a loss of function of the epithelum cells, which
most likely resulted in impaired ionic and osmotic regulation of T. borreli-infected fishes. Our findings
indicate that in response to the proliferation of the interstitial renal tissue cell structures of the renal
tubule cells are altered quickly and in a progressive manner.
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INTRODUCTION

Trypanoplasma borreli (Kinetoplastida: Cryptobi-
idae) is a blood flagellate of European cyprinids (Lom
& Dykova 1992), of which some strains are pathogenic
and cause mortality in goldfish Carassius auratus, cf.
Lom & Dykova 1992, and carp Cyprinus carpio, cf.
Wiegertjes et al. 1995. In nature the parasite is trans-
mitted by the fish-biting leeches Piscicola geometra
and Hemiclepsis marginata (cf. Keysselitz 1906). In
the laboratory infections can be induced by injection
of infected blood into the muscle or body cavity of
recipient carp or goldfish (Lom 1979, Steinhagen et al.
1989). Steinhagen et al. (1989) established a cloned
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strain from this parasite and developed a laboratory
model to study the host parasite relationship. Suscep-
tible carp developed anaemia, gill pallor, spleno-
megaly and ascitis with increasing parasitaemia and
subsequently died from the infection (Lom et al. 1986,
Wiegertjes et al. 1995, Bunnajirakul et al. 2000). In
heavily infected carp histopathological lesions were
found in most organs, with necrosis of renal tubules,
endothelial hyperplasia, congestion of liver sinusoids,
and accumualtion of erythrocytes in the spleen. The
capillaries of liver, gills and heart were filled with
inflammatory cells (Lom & Dykova 1992, Bunnajirakul
et al. 2000). In the interstitial tissue of the kidney
mononuclear cells proliferated rapidly, which resulted
in a marked increase of the interstitial tissue and a
progressive depression and deterioration of renal
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tubules (Bunnajirakul et al. 2000). To monitor cytolog-
ical changes of epithelium cells from proximal and
distal tubule sections in T. borreli-infected carp we
performed the present study, concentrated on TEM
observations, which were not included in the previous
communication by Bunnajirakul et al. (2000). In this
study we obtained data on the ultrastructural level on
the induction of a tubulus necrosis in a freshwater
teleost which is associated with a hyperplasia of the
haematopoietic tissue in the kidney.

MATERIALS AND METHODS

Fish. Parasite-free carp from a single crossing (E20 x
R8, Wageningen Agricultural University, The Nether-
lands) were used throughout the study. The female
(E20) originated from an outbred female, which was
reproduced gynogenetically. This isogenic female was
crossed with an outbred male of Hungarian origin
(Wiegertjes et al. 1995). The carp were propagated and
raised under parasite-free conditions in closed labora-
tory facilites in fiberglass tanks filled with filtered
recirculating tap water at 20 + 2°C. The f{ish raising
facilities excluded a previous infection with the para-
site, and the blood of some fish from the stock were
checked for the presence of blood parasites on a regu-
lar basis. The fish were fed initially with Artemia salina
nauplii, then the feeding regime was switched to com-
mercial carp chow (Alma Feed, Kempten, Germany) at
aratio of 2% of the body weight daily. The carp used in
the experiments had a body weight of 50 to 60 g and
were approx. 12 mo old.

Parasite infection and histology. For infection ex-
periments, Trypanoplasma borreli from a cloned strain
were used (Steinhagen et al. 1989). The parasites
were maintained in the laboratory by syringe passage
through parasite-free carp, which were found to be
highly susceptible to the infection (Bunnajirakul et al.
2000). For the experiments in the current study, 20 carp
were infected by intramuscular injection of 50 pul phos-
phate buffered salt solution (PBS) which contained
5000 viable T. borreli and then kept at 20 + 2°C. At 7,
14, and 21 d post injection (PI), 4 carp were anaes-
thetized by immersion into tricaine (0.15 g I"!), chilled
on ice, killed by severing the spinal cord, placed on an
ice-cold polyethylene plate and then necropsied. Small
pieces of kidney tissue were collected immediately
from the right portion of the trunk kidney and fixed
with phosphate buffered formalin (4% v/v, pH 7.2)
for light microscopy and with 2.5% glutaraldehyde in
0.1 M cacodylate buffer at pH 7.2 for transmission elec-
tron microscopy (TEM). For controls, tissue samples
were taken from 4 uninfected control carp and fixed
correspondingly. Additionally, blood samples were

taken from all carp (infected and controls) for determi-
nation of the parasitaemia by means of a haemato-
cytometer.

For light microscopic observations, the tissue was
dehydrated in a series of graded ethanols, placed into
chloroform and then infiltrated with paraffin wax. From
paraffin blocks, 5 nm thick sections were cut, stained
with haematoxylin and eosin (Romeis 1989) and ob-
served with a Zeiss photomicroscope (Zeiss, Ober-
kochem, Germany). For TEM glutaraldehyde-fixed
tissue samples were postfixed with 1% osmium tetro-
xide in 0.1 M cacodylate buffer (pH 7.2) for 1 h, rinsed
with the same buffer, dehydrated in a series of graded
ethanols and embedded in epoxy resin according to
standard procedures (Hayat 1989). From the blocks
semi-thin sections were cut, stained with 0.25% tolui-
dine blue and observed with a Zeiss photomicroscope.
Thin sections (approx. 70 nm) were cut, stained with
uranyl acetate and lead citrate (Hayat 1989) and ob-
served with a Zeiss EM 10 C electron microscope.
Micrographs were taken on x-ray films (Agfa Gevaert,
Leverkusen, Germany).

RESULTS
Parasite development

All carp injected with Trypanoplasma borreli devel-
oped a parasitaemia. At Day 7 PI, 3000 (SD 1700) T.
borreli mlI™! blood were counted, on Day 14 PI, 21800
(SD 14 600), and on Day 21 PI 1160000 (SD 74 800)
flagellates ml-! blood. On Days 23 and 24 PI, 8 carp
died with signs of anaemia, abdominal distension and
exophthalmus. The blood of these carp harboured high
numbers of flagellates.

Histo- and cytopathological observations on renal
tubule epithelial cells

On sections from kidney samples taken at the begin-
ning of the parasitaemia on Days 7 and 14 PI, a slight
increase in the proliferation of the interstitial lymphoid

issue could be seen with the light microscope. The
tubulus epithelial cells appeared unchanged. When
observed with TEM, the cells from the proximal tubule
exhibited cell structures which were also seen in unin-
fected control fish: the apical pole was covered by a
brush border with a glycocalyx; they contained numer-
ous vacuoles, a central nucleus and basilar invagina-
tions which extended from the basal pole of the cell up
to the nuclear region. These invaginations were lined
by numerous mitochondna (Fig. 1}. In some of the cells
from the infected carp a fragmentation of the basilar in-
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Figs. 1 to 5. Figs. 1 to 3. Epithelium cells from the proximal renal tubule of carp. Fig. 1. Epithelium cell from uninfected control
carp. (TEM, x5500). Fig. 2. Trypanoplasma borreli-infected carp 7 d PI. In the basal region of proximal tubule cells basilar invagi-
nations (BL) fragmented and were filled with material of increased electron density (TEM, x28000). Fig. 3. Basal region of a prox-
imal tubule cell from an uninfected carp. Arrowhead indicates mitochondrial granules (TEM, x34 400). Fig. 4. Epithelium cells
from the distal renal tubule of an uninfected carp (TEM, x5500). Fig. 5. Basal region of the cell with numerous basilar invagina-
tions (BL), which are lined with mitochondria (M). In the mitochondrial matrix granules are visible {(arrow heads, TEM, x22000).
BM: basal lamina; BL: basilar invaginations of the cell membrane; M: mitochondrium; MV: microvilli; N: nucleus; Nu: nucleolus;
P: apical protrusion of the cell; K: kinocilia
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Figs. 6 to 9. Epithelium of the distal renal tubule in Trypanoplasma borreli-infected carp. Fig. 6. Epithelium cell at 7 d PI. The cell
contains numerous mitochondria which show a prominent swelling (TEM, x5800). Fig. 7. Basal region of an epithelium cell at
7 d PL. The fragmentation of basilar infoldings and a prominent swelling of mitochondria is seen. The nuclear envelope (arrow-
head) is still intact (TEM, x23000). Figs. 8 & 9. Epithelium cells from the kidney of T. borreli-infected carp, 14 d PI. Fig. 8. Proxi-
mal tubule cell: the cell appears swollen, the organelles are slightly dislocated. In the apical region, tubular invaginations are
seen (arrowhead). (TEM, x5800). Fig. 9. Distal tubule cell: in the cell mitochondria are swollen, the cell appears to be filled with
holes (TEM, x5800). BM: basal lamina; BL: basilar infoldings of the plasma membrane; M: mitochondrium; MV: microvilli;
N: nucleus; P: apical protrusion
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vaginations was seen at higher magnifica-
tion (Fig. 2). This fragmentation was ab-
sent in cells from uninfected control carp
(Fig. 3). The fragmented invaginations ap-
peared to contain more condensed material
when compared to cells from control fishes
(compare Fig. 2 [infected] & Fig. 3 [con-
trol]).

Cells from the distal tubulus possessed
an apical protrusion and contained a cen-
tral nucleus, elaborated endoplasmic retic-
ulum and numerous basilar invaginations
which were lined by high numbers of mito-
chondria (Figs. 4 & 5). In these cells a frag-
mention and degeneration of the plasma
membrane of the basilar invaginations was
also seen by Day 7 PI (Figs. 6 & 7). When
compared to cells from the proximal tubule
this process appeared to be more pro-
nounced in cells from the distal tubule. In
some cells from the distal tubule the
mitochondria seemed to be affected and
showed a slight swelling when compared
to cells from uninfected carp (compare
Figs. 5 & 7).

At Day 14 PI, when tissue samples were
observed with TEM, the fragmentation of
the basilar invaginations had progressed in
epithelial cells from the proximal tubule. At
this stage of parasitaemia, about 30% of
the cells contained swollen mitochondria
with expanded intercristal spaces, which
caused a dislocation of organelles (com-
pare Figs. 1 & 8). In the distal tubule, most
of the epithelial cells showed a fragmenta-
tion of basilar infoldings, the mitochondria
were of swollen, pale and edematous ap-
pearance. At low magnification cells ap-
peared to be filled with holes (Fig. 9).

At Day 21 PI, the blood of the carp con-
tained high numbers of trypanoplasms.
The proliferation of interstitial cells had
progressed massively, tubulus epithelial
cells degenerated and tubuli atrophied
(Fig. 10). In this stage of the parasitaemia
numerous cells from the proximal tubule
appeared to be filled with holes (Fig. 11),
which resulted from swollen mitochondria.
These organelles also showed other signs
of degeneration: in the mitochondrial matrix
electron-lucent and condensed areas were
seen, the mitochondrial granules were lost

and the inner membranes fragmented. In most cases
the outer membrane of the mitochondria remained
intact (Fig. 12). The basilar infoldings of the cells frag-

Figs. 10 to 13. Renal tubule cells from the kidney of carp 21 d PI with
Trypanoplasma borreli. Fig. 10. The proliferation of the interstitial tissue of
the kidney has progressed massively and kidney tubules (N) atrophied
(light micrograph, x380). Fig. 11. Proximal tubule cell: the cell appears to
be filled with holes, which resulted from swollen mitochondria. BM: basal
lamina, MV: microvilli (TEM, x6500). Fig. 12. Proximal tubule cell: the
basilar infoldings {(arrowhead) are fragmented, the mitochondria are
swollen, in their matrix condensed and electron-lucent areas are seen.
Mitochondrial granules are lost. In most cases the outer membrane of the
mitochondria remained intact (TEM, x25600). Fig. 13. Distal tubule cell:
the mitochondria (M) are swollen, the outer membrane ruptured and the
matrix edematized (TEM, x25600)

mented, the fragments were filled with electron-dense
material and their membrane disbanded (Fig. 12).
Other organelles of the cells from the proximal tubule,
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like the nuclear membrane, the brush border and the
junctional complex, remained unchanged even at this
stage of the parasitaemia.

In the distal renal tubule the majority of the cells also
appeared to be filled with holes, which indicated mito-
chondrial changes (Fig. 13). Their mitochondria had
lost the granules, wide areas of the mitochondrial
matrix had a pale appearence, and the inner and outer
membranes were ruptured (Fig 13). In the cells from
the distal tubule the basilar invaginations were hardly
visible (Fig. 13). In some of the cells the nuclear
membrane disintegrated, but the apical protrusions
and the junctional complexes of the cells remained
unchanged.

The renal corpuscles did not show any obvious
changes throughout this study.

At Day 21 PI, when high numbers of trypanoplasms
were present in the circuclating blood, massive accu-
mulations of trypanoplasms were seen in blood vessels
and in the interstitial tissue of the kidney.

DISCUSSION

In susceptible carp and goldfish the infection with
Trypanoplasma borreli induced a prominent prolifera-
tion of the interstitial renal tissue, which resulted in a
tubular necrosis (Lom & Dykova 1992, Bunnajirakul et
al. 2000). The detrimental effect of the space-demand-
ing proliferation process on the excretory tissue of the
kidney could be noted very early during the develop-
ment of the parasite. At Day 7 PI, we already observed
mitochondrial swellings and a fragmentation of the
basilar invaginations in tubular epithelium cells. With
the development of the parasitaemia on Days 14 and
21 PI, the deterioration of mitochondria and basilar
invaginations progressed, whilst other structures of
the cell like the endoplasmic reticulum and junctional
complexes remained unchanged. The mitochondrial
alterations reached an extent which suggested a com-
plete loss of function, for instance in osmotic or ion
regulation. Cells of the distal segment of the nephron
appeared to be very vulnerable to the changes induced
during the development of the parasitaemia. In these
cells swollen or degenerating mitochondria and frag-
mented basilar invaginations were seen earlier and
developed more rapidly than in cells from the proximal
tubule.

In freshwater teleosts the kidney is mainly involved
in osmotic and ion regulation. As a result of the large
concentration gradient of ions between the surround-
ing fresh water and the body fluid, they constantly
have to fight against an osmotic influx of water across
the branchial epithelium and other body surfaces. This
is met by the production of large quantities of dilute

urine and by active uptake of ions from the water at the
gill epithelium (Evans 1993). In the renal tubule, NaCl
is secreted into the urine by the proximal tubule epi-
thelium. This draws water into the lumen osmotically
and thus presumably aids the formation of urine (Evans
1993). NaCl is conserved by reabsorption in the distal
tubule, resulting in an ion concentration of about
20 mOsm 1'%, less than 10% of the plasma concentra-
tion (Evans 1979). It is most likely that due to the
destruction of the mitochondria and the fragmentation
of the basilar invaginations in T. borreli-infected carp
the osmoregulatory functions of the nephron were dis-
turbed. As a result the infected carp most likely had to
cope with a challenge of osmoregulatory processes,
which might be indicated by the ascitis observed in
carp with high T. borreli parasitaemias.

Tubular necrosis occurred in fishes as a result of
pathological processes of the interstitial tissue and the
vasculation as observed in the present study or, for
instance, in rainbow trout Oncorhynchus mykiss suf-
fering from proliferative kidney disease (Hedrick et
al. 1993). In affected trout, the renal interstitial tissue
increased rapidly due to an accumulation of macro-
phages (Clifton-Hadley et al. 1987, MacConnell et al.
1989, Hoffmann & El-Matbouli 1994) and a prolifera-
tion of lymphocytes (Chilmonczyk & Monge 1999).
Concurrently with the proliferation of the interstitial
tissue, in the kidney of affected rainbow trout a necro-
sis of renal tubules was observed (Kent & Hedrick
1986, Clifton-Hadley et al. 1987, MacConnell et al.
1989, Hedrick et al. 1993). Physiological studies showed
that in these rainbow trout the regulation of the ion
balance and the osmotic pressure was impaired: the
serum protein levels dropped (Hoffmann & Lommel
1984) and the level of the divalent cations calicum and
magnesium was elevated (Foot & Hedrick 1990).

In teleosts histo- and cytopathological alterations of
the kidney were observed in the context of many infec-
tions or diseases (Ferguson 1989), but their effect on
the piscine organism seems to be much less detrimen-
tal than in homoiothermic vertebrates (Thomson 1978),
most likely because in teleosts many excretory func-
tions of the mammalian or avian kidney are carried out
by other tissues. Nitrogenic waste for instance is mainly
excreted across the branchial epithelium {(Evans 1993}.
In summary, the anaemia experienced by carp with a
clinical Trypanoplasma borreli infection is considered
to be the most significant feature of disease (Lom &
Dykova 1992, Bunnajirakul et al. 2000). The degenera-
tion of nephrons should be considered a factor that
contributes to the severity of the disease.

In this study, we used hybrid F1 carp from an iso-
genic strain which were highly susceptible to the para-
site. In former experiments we inoculated similar num-
bers of Trypanoplasma borreli from the same stock into
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outbred carp (Steinhagen et al. 1989), which devel-
oped much lower levels of parasitaemia and did not
show any signs of pathology. Major differences in sus-
ceptibility of carp to T. borrell infections were also
observed by Wiegertjes et al. (1995), who found that
outbred carp responded with a production of specific
antibodies, but highly susceptible carp did not. Thus
the authors assumed that there might be a relationship
between susceptibility to T. borreli infection and spe-
cific antibody production. A passive transfer of immune
plasma, however, resulted only in partial protection of
susceptible carp (Wiegertjes et al. 1995). Therefore,
it still remains unclear how outbred carp encounter a
T. borreli infection.
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