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Abstract. Three amoeba species were isolated from 3 out of 193 farmed tilapias, Oreochromis niloticus (L.), screened for the
presence of free-living amoebae in parenchymatous organs. Hartmannella vermiformis Page, 1967 and Rosculus ithacus Hawes,
1963 were isolated from the kidney tissue. The third strain isolated from the liver shared morphological features of Mayorella
and Platyamoeba spp. and therefore its taxonomic position has not been determined as yet. Pathogenicity of cloned strain of H.

vermiformis was proved in two fish hosts.

The Nile tilapia, Oreochromis niloticus (L.), the most
widely distributed species among cichlids cultured in
subtropical conditions (Natividad et al. 1986, Chen et
al. 1994), was also introduced into the temperate zone.
Attempts were made to establish intensive fish farms
using thermally polluted water from electric power sta-
tions for maintaining optimal water temperature during
the whole year.

Tilapias have recently received increased attention
of parasitologists (see, e.g., review by Natividad et
al. 1986), and several institutions have initiated a
survey of parasites of wild and cultured Nile tilapia
(Bondad-Reantaso and Arthur 1989), but the data on

amoebic infections are very scarce (Rogers and Gaines

1975, Taylor 1977). Taylor (1977) cited two reported
fish kills in tilapias that were attributed to amoebae
found in the peritoneal fluid, intestinal mucosa, and on
the gills.

Since thermally ' polluted waters were designated
many times as the source of amoebic infections of hu-
mans and exceptionally of cultured fishes (Nash et al.
1988), there has been a good reason to screen for the
presence of amoebae in organs of Nile tilapia cultured
in mixture of riverine and thermally polluted water.

MATERIALS AND METHODS

Nile tilapias, Oreochromis niloticus, from two mutually
distant farms were examined for the presence of amoebae in
organs. Both farms were supplied with riverine water mixed
with water from cooling system of electric power stations.

Thirty one tilapias were collected in a South Bohemian
farm in January 1993. A North-west Bohemian farm was
sampled six times throughout 1994. Since tilapias were cul-
tured in tanks of the same size and transferred from one to
another to adjust stock density, representatives of five size
categories (4.5-6.9, 7.0-9.9, 10.0-14.9, 15.0~19.9 and longer
than 20.0 cm) were selected in the second farm. In total 162
specimens were screened in 1994,

Aseptically removed tissue samples of the liver, spleen,
kidney and brain were inoculated on non-nutrient agar surface
according to the method by De Jonckheere (1980). Isolated
amoebae were grown on non-nutrient agar seeded with heat-
killed Bacillus subtilis (Page 1967). Attempts were made to
establish axenic cultures of isolated amoebae in three liquid
media, BCS, SCGYEM and PPG (Cerva 1969, Kalinina and
Page 1992). The growth of cloned strains was tested also in
the cell culture medium (MEM) and in fish cell cultures (EPC
cell line). Characterization of isolated strains followed the
morphological criteria by Page and Siemensma (1991). All
strains of amoebae were tested for production of temporary
flagellated forms (Page 1967).

Trophozoites and cysts cultured in liquid media and those
from agar plate cultures were processed for transmission elec-
tron microscopy. They were fixed in 2% osmium tetroxide
in 0.1 M cacodylate buffer and embedded in Epon Araldite.
Amoebae attached to adhesive coated cover slip (Polylysine
hydrobromide, Polysciences, Inc., 0.1% aqueous solution)
were fixed with 1% osmium tetroxide, dehydrated and critical
point dried using CO,, then sputter-coated with gold and
examined with a Jeol 6300 scanning electron microscope.

All the specimens of fish screened for the presence of
amoebae in organs which were apparently healthy were never-
theless examined histologically. Fixed tissues were processed
routinely using paraffin technique,
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Figs. 1-6. Hartmannelia vermiformis. trophozoes of clone TN 102/1 % 1475, photographed in hanging drop while moving
and dividing. The smudges on the picture are due to other amoebae moving out of focus. Fig. 7. Cysts of H. vermiformis in the
beginning of their formation, x 1530, Fig. 8. Mature cysts of H. vermiformis, x 1235.

Pathogenicity of clone TN 102/l was tested in 2 species of
fishes and in Balb mice. Three groups of tilapias, Oreochro-
mis ntloticus, one of goldfishes, Carassius auratus (L), and
one of carps, Cyprinus carpio L., all from laboratory breed-
ing, were inoculated with 1.6-1.9 x 10" trophozoites and cysts
which were introduced intraoesophageally by syringe with
cannula, Mice were inoculated perorally by instillation of the
same dose in the oral cavity. Each experimental group con-
sisted of 6 animals. They were carefully observed while alive.
The same type of screening for the presence of amoebae in
organs used in farmed tilapias was applied in experimental
animals in order to reisolate inoculated amoebae and detect
disease signs and histopathological changes. Amoebae iso-
lated from organs of experimentally infected animals were
compared with inoculated clones.

Cloned strains TN 99/1 and TN 900/1 were not tested for
pathogenicity because cultivation in the liquid media was not
successful.

RESULTS

a) Amoebae isolated from organs of cultured tilapias

Three morphologically different strains of amoebae
were isolated from organs of 3 young Nile tilapias,
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Oreochromis niloticus (L.). Two of them from 7.0-9.9
c¢m fish taken at the North-west Bohemian farm were
identified as Hartmannella vermiformis Page, 1967
(clone TN 102/1) and Rosculus ithacus Hawes, 1963
(clone TN 99/1). The third amoeba from a 4.5-6.9 ¢cm
fish from the South Bohemian farm (clone TN 900/1)
shared light microscopical features described for Mayo-
rella and ultrastructural features for Platyamoeba and
its specific identity has not been determined. Descrip-
tions of the amoebae are as follows:

Hartmannella vermiformis (clone TN 102/I) was
derived from the strain isolated from the kidney tissue
of Nile tilapia, June 1994. Microscopic studies of
amoebae grown on agar plates and in liquid media
(PPG, BCS, and MEM) yielded both monopodial non-
flagellated trophozoites and round cysts characteristic of
the genus Hartmannella (Figs. 1-11). Trophozoites
were elongated and cylindrical, and they exhibited a
characteristic limax type of motion. Monopodial tropho-
zoites of the limax type (Fig. 5) predominated in cul-
tures on agar plates. When observed in hanging drops,
trophozoites washed off agar plates often changed
direction of movement, forming lateral branches of the
same breadth as monopodial forms (Figs. 1-3,9). The
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Figs. 9.10. Hartmannella vermiformis, trophozoites of clone TN 102/1, SEM, bar = 5 um. Fig. 9. The most common monopo-
dial trophozoite of limax type (left over) and trophozoites with lateral branches. Fig. 10. Exceptional finding of extensively
branched trophozoite. Fig. 11. Mature cyst of H. vermiformis, SEM, bar = 5 um.

hyaline cap was distinct in the locomotory end; the pos-
terior end (uroid region), was slightly constricted and
persisted during locomotion as a relatively stable struc-
ture. The length (L) of live trophozoites was 34.1
(22.5-42.5) pm, breadth (B) 4.1 (2.5-5.0) um, L/B ratio
8.32. The diameter of nucleus was 2.4 (2.0-3.0) pm.
The average rate of locomotion of trophozoites ob-
served in water under the cover slip was 36.4 pm/min.
Floating forms of trophozoites were rounded with thick
short projections; 4 to 5 long pseudopodia were ob-
served only exceptionally.

Cysts were spherical or slightly oval with a smooth
surface (Figs. 7,8,11); their diameter was 7.6 (6.0-9.5)
um.

Of the liquid media found suitable for cultivation,
MEM was the medium of choice. Clone TN 102/1 was
successfully cultured at 37°C (three subsequent pass-
ages were observed).

The trophozoite and cyst morphology observed in
light microscope was consistent with the original de-
scription of Hartmannella vermiformis. Also the size
range fitted in the known data. Ultrastructural details
observed on trophozoites, encysting cells and cysts from
stationary culture in liquid medium (Figs. 12-15), were

in favour of this determination. Chromatin bodies

between nucleolus and nuclear membrane were present
in all stages, most pronounced being in encysting cells
(Fig. 15). Oval or slightly elongate mitochondria pos-
sessed tubular cristae (Figs. 13,14) with the diameter of
42 nm corresponding to the original description. Obvi-
ously, not all the tubular cristae were straight. In several
longitudinal sections they gave the impression of being
branched. Rough endoplasmic reticulum occurred as
long flattened cisternae. Discrete sucker-like structures
were not clearly discernible on the surface of tropho-
zoites. Contrary to the lack of discernible details in the
fine structure of mature cysts, encysting cells contained
more ultrastructural details. They were uninucleate,
smooth walled, with mitochondria surrounding the nu-
cleus (Fig. 15).

Rosculus ithacus (clone TN 99/1) isolated from
the kidney tissue of Nile tilapia, June 1994: Tropho-
zoites (Fig. 18) were flat, mostly elongate oval, or less
frequently spatulate. Due to attachment of their pos-
terior end to the substratum trophozoites were some-
times flabelliform. In locomotion, a thicker granu-
loplasmic mass extended in the flattened hyaloplasm.
Length (L) of trophozoites in locomotion was 7.3
(5.0-11.0) pum, breadth (B) 6.0 (4.0-9.0) um, L/B 1.21,
diameter of nucleus 1.3 (1.0-2.0) um. The average rate
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Figs. 12-15. Ultrastructure of Hartmannella vermiformis, clone TN 102/1. Trophozoite (Fig, 12), part of trophozoite with mito-
chondria (Fig. 13) and detailed view of mitochondrion containing tubular cristae (Fig. 14). Figs. 16,17, Ultrastructure of Roscu
L ithacus, clone TN 99/1. Trophozoite (Fig. 16) and detailed view of mitochondrion containing discoid cristae (Fig. 17). Bar

for Fig. 12 =2 pm. bars for Figs. 13-17 = | pm,

of locomotion of trophozoites was 36.4 um/min. Cysts
(Fig. 19) were spherical or slightly oval with the diam-
eter 4.1 (3.0-5.5) um. Trophozoites suspended in liquid
medium were rounded, and they did not form a special
floating phase. Flagellate phase could not be induced.
The strain is currently maintained on agar plates, sub-
cultures failed to grow in liquid media. Co-cultivation
with cell culture (EPC cell line) was successful for one
passage only. The strain did not grow at 37°C. Compari-
sons of parallel cultures grown on modified agar media
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provzt the positive effect of malt and yeast extract. Un-
fortunately, this complement also stimulated bacterial
growth. On the basis of light and electron microscopy,
clone TN 99/1 could be identified with Rosculus itha-
cus, previously isolated also from Carassius auratus
(Dykova et al. 1996). Ultrastructural observations con-
firmed the presence of discoid cristae in mitochondria
(Figs. 16,17).

The unidentified amoeba (clone TN 900/1) iso-
lated from the liver of Nile tilapia, January 1993:



Trophozoites (Figs. 20,21,23) were flattened on the per-
imeter, and the hyaloplasm, not always well defined,
formed a narrow rim with blunt, short, transitory sub-
pseudopodia. Individual long projections and rhizoid-
like short filaments at the posterior end were only ex-
ceptionally observed in hanging drop preparation, while
under the pressure of cover slip their presence was very
common. Locomotive forms were longer than wide.
Their length (L) was 13.3 (7.0-20.0) pm, breath (B) 7.1
(5.0-13.0) um, L/B ratiol.87. The rate of locomotion of
trophozoites was calculated as 34.8 pm/min. Normal
locomotive forms mostly changed direction of the mo-
tion at a right angle. Eruptive activity was never ob-
served. Individual inconspicuous folds were observed
quite frequently. The diameter of nucleus was 2.3
(2.0-3.0) um. Cysts (Figs. 22,24) were spherical and
smooth with a diameter 5.5 (5.0-7.0) pm. Spherical
floating forms were characterized by pointless and sev-
eral (usually 3) needle-like projections whose length
slightly exceeded the diameter of the cell. In hanging
drop preparations observed in the light microscope,
rounded forms resembling precystic stages transformed
into irregular trophozoites very quickly. Flagellate
transformation was not achieved. Amoebae grew at
room temperature, but a trial at 37°C was negative. A
cloned strain is currently subcultured on agar plates
streaked with heat-killed Bacillus subtilis. Results of
repeated attempts at growing the strain in liquid media
have so far been inconsistent. Patterns of morphology
which were observed in trophic stages in the light mi-
croscope resembled diagnostic features of mayorellid
amoebae.

In the transmission electron microscope, trophozoites
with the plasma membrane covered by a fuzzy filament-
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Figs. 18,19. Rosculus ithacus, clone TN 99/1. Fig. 18. Tro-
phozoites observed in hanging drop, x 1700. Fig. 19. Two
doublets of cysts observed in Nomarski differential interfer-
ence contrast, x 1600.

ous material contained ovoid, bean shaped or slightly
constricted mitochondria with tubular anastomosing
cristae (Figs. 25-27). The arrangement of surface coat
(Figs. 28,29) resembled the type demonstrated in Pla-
tyamoeba Page. 1969 (Page 1988). Trophozoites of this
type were found only among cells fixed for TEM in
situ, on the surface of agar plate cultures.

Cells covered with a layer composed of fine fibrils
running parallel to the plasma membrane (Fig. 30) were

Figs. 20-22. Unidentified amoeba, clone TN 900/1. Figs. 20,21. Trophozoites observed in hanging drop, x 2300. Fig. 22.
Sphaerical, resting or cyst forming stages, x 2300, Nomarski differential interference contrast.
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Figs. 2324, Unidenutied amoeba, scanning electron micro-
graphs of clone TN 900/1. Fig. 23. Trophozoite, bar = 5 um.,
Fig. 24. Cysts, bar =5 pm.

the most numerous in culture of the same passage which
were fixed for TEM after being washed from the agar
surface. The shape of such cells was mostly irregular,
their cytoplasm increased in electron density. These
cells contained vacuoles and vesicles, but the dense con-
tent (food particles) were not discernible in the digestive
vacuoles. Because of irregular shape and character of
the surface layer which did not follow in detail the con-
tour of the plasma membrane, the cells were similar to
cuticle bearing trophozoites of mayorellid amoebae. No
stratification of the cuticle which characterizes thus far
described trophozoites of Mayorella spp. was observed
in the cloned strain TN 900/1. In the more advanced
stage, cyst forming cells possessed filamentous material
adjacent to the layer running parallel to the plasma
membrane.

Cysts were spherical, smooth, with the wall com-
posed of two layers. Thin outer wall layer was closely
apposed to the inner one (Fig. 31) or separated, prob-
ably due to fixation artifacts.

Since morphology of trophozoites differed noticeably
while observed on agar plates, in hanging drops or
under the cover slip, other features of diagnostic value
were compared in order to determine the strain. The
facts that TN 900/1 was a cyst forming clone, the sur-
face of trophozoites was covered with fine filamentous
material and the floating forms were characterized by
relatively short projections, excluded the genus Vannel-
la from consideration. Despite similarities in tropho-
zoite morphology, the size of trophozoites and the
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absence of stratification in the layer coating irregular
cells of the strain TN 900/1 eliminated all species of
Mayorella (sensu stricto) from consideration.

Because light microscopy of the cloned strain TN
900/1 revealed characters attributable to several genera,
we have tried to classify it according to the ultrastructu-
ral features of trophozoites which were fixed in situ on
agar plates. These features did not contravene the as-
signment to the genus Platyamoeba. However, the exact
determination has to be postponed until inconsistencies
existing in earlier descriptions are clarified.

b) Histological examination of farmed tilapias

Histological examination of organs of farmed tilapias
confirmed the good health condition of the whole stock.
No correlation was found between positive results of
isolation and tissue alterations. Considering the high
density of tilapia population per tank, spectrum of the
organ lesions observed was surprisingly poor. Small
xenomas filled with mature spores of microsporidia
were found in the kidney tissue of two specimens, and
granulomatous lesions of unknown etiology were found
in the liver parenchyma of three specimens. Dystrophic
changes in renal tubules resembling initial stages of
nephrocalcinosis were the most common lesions.

¢) Experimental infections

Experimental infection with Hartmannella vermi-

formis (cloned strain TN 102/1) succeeded in two fish

host species selected for preliminary experiments. The
attempts to infect Balb mice with the same agent failed.
Positive results of experiments were proved by histo-
logical examination in 7 out of 10 tilapias and in 4
out of 6 carps. The etiology of granulomatous lesions
found in 1 out of 6 infected goldfishes was not clear.
By the method of de Jonckheere (1980) H. vermiformis
was isolated from 6 out of 10 experimentally infected
tilapias 16 and 30 days post infection (dpi), from I out
of 6 goldfishes (39 dpi) and from all (6) specimens
of infected carps (40 dpi). Of the organs sampled in
order to isolate the agent, liver and spleen had the
highest positivity rate in all three species of experi-
mental fish.

Histopathological changes elicited by a single dose
of H. vermiformis were found exclusively in the pan-
creas in three fish hosts used for experiments. Amoebae
were found in granulomas formed in exocrine pancre-
atic nodules scattered in mesenteries, in the vicinity of
the bile duct, along the hepatic portal vein between the
spleen and liver, and within the liver (Figs. 32-39).
While 16 dpi early stages of the epithelioid granulomas
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Figs. 25-31. Unidentitied amoeba, ultrastructure of clone TN Y0U/1, Fig, 253.26. lrophozoites with « broad hyaloplasmic lobe (Hh
and ovoid mitochondria (M) around the nucleus. Bar for Fig. 25 = 2 um, bar for Fig. 26 = | pm. Fig. 27. Detail view of mito-
chondrial cristae, bar = 500 nm. Figs. 28,29. Surface of trophozoites. Filamentous material more pronounced in Fig. 29, bars =
100 nm. Fig. 30. Surface of encysting cells, bar = 500 nm. Fig. 31. Cyst wall with a thin outer layer closely apposed to inner one
bar = 500 nm.

’
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Figs. 32-39. Lesions caused by Hartmannella vermiformis in organs of experimentally infected fish (sections stained with
hematoxylin-eosin). Figs. 32,33. Early stage of granuloma formation in the extrahepatic exocrine pancreas of carp (40 dpi) with
amoebae (arrows) scattered among inflammatory cells, (x 312 and x 552). Figs. 34,35,39. Advanced stage of granuloma forma-
tion in the exocrine pancreas of tilapia (30 dpi), (x 360), and of carps (40 dpi), (x 1026) and (x 520). Amoebae (arrows) are dis-
cernible in the necrotic material of granulomas. Fig. 36. The branch of portal vein of tilapia (16 dpi) with intra- and
perivascularly localized amoebae (x 556). Figs. 37,38. Extensive inflammatory changes developed among intestine and other

organs of tilapia (16 dpi). Amoebae accumulated in small groups (arrows), pancretic tissue almost disappeared (x 345 and x
1026).
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associated with amoebae were observed in 2 out of 4
specimens of tilapias (Figs. 37,38), 30 dpi the granulo-
mas reached the productive stage (Fig. 34). Most ad-
vanced stages of granuloma formation were observed in
experimentally infected carps (40 dpi). Also the extent
of lesions was the largest in carps.

The morphology of amoebae found in histological
sections was identical in all fish regardless of the inter-
val post infection and/or phenotype used as an infective
dose (trophozoites/cysts). The amoebae were globular
with distinct nuclei and nucleoli, resembling resting
stages or the early phase of cyst formation (Figs. 35,
38). This is why multiplication of amoebae in the host
could not be conclusively proved. However, it was indi-
cated by the different size of amoebae and their per-
ivascular accumulation in the portal system (Fig. 36) as
late as 40 dpi.

DISCUSSION

The screening of 193 farmed tilapias for the presence
of free-living amoebae in organs resulted in a relatively
low number of isolated strains compared to cyprinid
fishes from ponds (Dykova et al., unpublished data) and
to tilapias screened by Taylor (1977). He isolated sev-
eral strains of Acanthamoeba and Vahlkampfia but none
from any parenchymatous organ. Low number of iso-
lated strains, along with the good health condition
proved by histological examination, was indicative of
good environmental conditions for tilapia in both farms.
Contrary to the findings in a heated recirculation system
(Nash et al. 1988), neither systemic amoebiasis nor
losses were observed in the two, North-west and South
Bohemian farms, where water quality, constantly de-
teriorated due to high stock density, was probably coun-
terbalanced by the volume of water supply.

Taking into account that some variation in the
measurements is inevitable, the morphology of cloned
strain TN 102/ was consistent with the original descrip-
tion of Hartmannella vermiformis. Identifying the clone
we faced the same problem which was mentioned by
Nerad et al. (1995) for Acanthamoeba pearcei: different
appearance of trophozoites of the same population on
the agar surface versus in hanging drops where con-
tracted due to influence of light and/or heat from the
microscope. Except for one tiny free-hand sketch in the
original description of H. vermiformis by Page (1967),
trophozoites rapidly changing direction of locomotion
have not been portrayed in the descriptive literature.

While Page (1985), who considered strains of H.
vermiformis the most difficult to fix in a quality ap-
propriate for TEM, recommended a mixture of gluta-
raldehyde and osmium tetroxide, we achieved the best
results with osmium tetroxide fixation.
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Trying to determine the cloned strain TN 900/I we
have experienced the situation mentioned by Page
(1988). Our strain had characters attributable to more
than one genus. Despite the ultrastructural details avail-
able we have decided to postpone a definite classi-
fication.

The rapid transformation of trophic stages growing
on agar plates into cyst forming stages under the influ-
ence of liquid overlay presented an unwelcomed practi-
cal problem: amoebae of irregular shape which were in
the early stage of exocyst synthesis were at the begin-
ning misinterpreted as cuticule bearing trophozoites. To
reveal the ultrastructure of young trophozoites we have
to fix them in situ on the agar plate surface.

Cell cuticle which did not follow exactly the contour
of the cell surface was depicted by Page (1988) for M.
cantabrigiensis Page, 1983, M. penardi Page, 1972 and
M. vespertilioides Page, 1983, i.e., for those species of
the genus Mayorella which are much bigger than the
species in question. It could hardly be identified with
Mayorella species of the similar size, i.e., with M. mi-
croeruca Bovee, 1970 or M. spatula Bovee, 1970, be-
cause they belong to the group of Mayorella species
sensu lato still awaiting an exact generic diagnosis by
means of TEM. Yet another point makes the diagnosis
rather difficult and uncertain, namely that cysts have not
been observed in the majority of described/named spe-
cies of the genus Mayorella. Smooth, elliptical cysts
have been mentioned only for M. cultura Bovee, 1961.
Thus we could not compare the cyst wall with the cell
cuticle, and because the inner structure of cysts is un-
known, we also could not distinguish spherical resting
stages of trophozoites from cysts.

Speculations on the pancreatic localization of lesions
caused by Hartmannella vermiformis took into account
the possible role of a pancreatic duct which opens into
the anterior part of the intestine as well as the rather im-
probable injury of the anterior part of intestine due to
inoculation. Since the same type of tissue response was
observed in all fish hosts at any time p.i., and also in a
smaller intrahepatic islet of pancreas, we could assume
that amoebae reached pancreatic tissue via the portal
vein and its branches. As revealed by isolations, they
also got into other organs in small, hardly detectable
numbers which did not provoke alterations.

Pathogenic potential of H. vermiformis observed in
our preliminary experiments should be proven in a state
of immunodepression. The latter was emphasized as a
prerequisite for the entry of amoebae and their survival
in cultured European catfish, Silurus glanis, by Nash et
al. (1988).
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