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The classification of the Toxoplasma-like paracites found in tissues
cf cold blooded vertebrates has been uncertain for many years. It is
also noteworthy that the occurence of parasitic protozoon in the
nervous system is extremely rare. Doflein (1898) reported a micro-
sporidan protczoon within the sensory and spinal ganglia of a fish,
Lopbius piscatorius. Recently Marquet & Schkel (1970) found a protozoon
In the Central Nervous System of the lung-fish Polypterus enlicheri.

Altho Toxoplasma-like invasion of Amphibia central nervous system
was cbserved some years ago by Alencar (1957), this problem remains
incompletely known. Alencar found body cysts in the CNS of the toad
Bufo marinus and of the frog Leptodactylus ocellatus. Recently Stensaas &
col. (1967) found an intra-axonal protozoon in the spinal cord of the
tcad Bufo arenarum but the problem of its identity remains to be solved.

Our work, refering Toxoplasma-like parasites of cold-blooded
animals really began some years ago for the fact that the existence
of naturally acquired toxoplasmosis in poikilothermic vertebrate, tho
sometimes claimed, has always been regarded to doubtful identifi-
cations based on morphological aspects.
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This is specially remarkable when we study the hemoparasites of
amphibia because they present tissue forms that resemble to Toxoplasma
(Costa & col. 1970a, 1970b, 1971). To be sure that an organism
closely resembling Toxoplasma belongs really to this genus successful
infection of white-mice — a highly susceptible host — is always
necessary.

Since Stone & Manwell (1969) had obtained successful experi-
mental toxoplasmosis in cold-blooded animals by their maintenance
under warmer conditions we have tried the inoculation of T. gondii
of human origin in Leptodactylus.

The present study was undertaken 1n order to determine the
specific status of the parasite that we had included in previous report
(Costa & col. 1971) as a member of subphylum Sporozos in the genus
Lankesterella. The new specie is named in honour of Dr. Alexandre
Alencar who first observed this parasite in the CNS of L. ocellatus.

Finally, it is Interesting to note that Leprodactylus ocellatus is very
common In Brazil, being employed with frequence in researches in
the field of Physiology, Biochemistry. 'and Bacteriology is good animal
for work In Zoology classes as well.

MATERIALS AND METHODS

Frogs and toads were captured in some localities in Brazil during
1964-1971 and all of them had the blood examined to determine the
presence of haematozoa.

Blood smears were air-dried and stained with May-Grinwald-
Giemsa. Parasites were examined under the Olympus Filar micrometer
eyepiece. Brain and others tissue organs were taken out and fixed
in formalin 10% or Cai‘noy, but in some cases the organs were not
avallable.

Sectioned tissues, between 8-10 micra thick, were ordinarily
stained with Delafield’s Hematoxilin-Eosin, and in some cases we
employed Giemsa adapted for tissues. Impressions and sectioned
tissues were also stained by Methyl-Green Pyronin, Feulgen and PAS
for best characterization of the cysts.

Attempt of experimental toxoplasmosis infection in L. ocellatus
was accomplished by intra-peritoneal inoculation with heavily in-
fected ascitic fluid from mice in which a Toxoplasma strain was
routinely maintained. This strain was isolated by Dr. Nery-Guimaraes
from a human case, who kindly furnished it for our work. Only frogs
without blood parasites were chosen for inoculations and maintained
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at room temperature (that in Rio de Janeiro was about 34°C-39°C in
the opportunity), for the observations of ascitic fluid after 30 minutes,
2 and 5 hours.

These frogs were observed daily, all of them after 7 days being
killed and its tissues were also examined after the usual stain methods.

Brain of frogs with bodies cysts was also inoculated by intra-
peritoneal inoculation in white mouse and the mice inoculated were
also examined for microscopic evidence of Toxoplasma. Human brain of
a toxoplasmosis case was sectioned and stained by silver carbonate
method but PAS was used in this case too. The measuring of
Toxoplasma gondii was done with PAS stain.

RESULTS

Table I lists the number of Leptodactylus ocellatus examined for
haematozoa as well as the presence or absence of parasites and the
localities from which they were taken.

A total of 100 amphibia belonging to different species were exa-
mined but only 22 brains have been investigated. It is also worth
noting that only Leptodactylus ocellatus have presented cysts in the
Central Nervous System. Since two types of cysts included in the
Toxoplasma-11ke complex were found in the CNS of Amphibia (Costa &
col.,, 1970a, b and 1971), the correlations between the occurence of
several haematozoa and these cysts are reported in Table II.

The localities from which non-infected amphibia were taken are
reported in Table III.
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Localities

1. Guanabara
. Manguinhos
. Cordovil
. Bangu
. Campo Grande

2. Est. do Rio de Janeiro
. R1o0 Bonito
. Terezopolis
. S. Joao de Meriti
. Niteréi
. Alcantara
. Cantagalo
. Caxilas
. Guandu

TOTAL

Leviodactylus ocellatus examined for blood Sporozoa.
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TABLE II

CORRELATIONS BETWEEN BLOOD PARASITES AND CYSTS IN DIFFERENT
ORGANS OF L. OCELLATUS (H= CYSTS OF HEPATOZOON,; L = CYSTS OF

LANKESTERELLA).
Number Tissue infection
Blood infection of
cases ‘ |
| liver | spleen kidney lung brain
‘ | !
Lankesterella (with other parasites like:
T. rotatorium, Haemobartonella, Cytamoeba) 11 —_— — — — (L)
Only Lankesterella 3 — — — — (L)
|
Lankesterella and Hepatozoon (with other |
parasites like: T. rotatorium, Haemobarionella,
Cytamoeba, to0) 5 (H) (H) — (H) (H) *
Lankesterella and Dactylosoma (with other |
parasites like: T. rotatorium, Cylamoeba and
Haemobarionella) | 3 — — — — (L)

-_=

* Only one case presentel Heratozoon in brain.
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TABLE III

COLLECTION SITES OF AMPHIBIA NEGATIVE FOR SPOROZOA IN BLOOD

Amphibia Localities

Atlelopus moreirae Mir. Ribeiro, 1920 Itatiaia (Rio de Janeiro)

Bufo crucifer Wied Teresopolis (Rio de Janeiro)

Bufo marinus (L. 1758) Alto da Boa Vista, Quintino Bocaiuva,
Padre Miguel and Vista Alegre (Gua-
nabara); Friburgo (Rio de Janeiro) and
Utinga (Para)

Hyla faber Wied, 1821 Teresopolis (Rio de Janeiro)

Hyla langsdorffi Dum & Bibr., 1841 Higienopolis (Guanabara)

Hyla albomarginala Spix, 1824 Manguinhos (Guanabara)
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Lankesterella alencari n. sp.

Blood Forms: we have observed in the peripheral blood an erythro-
cytic stage whose elongated forms have 10,79 .. long by 2.4-3,3 u. wide;
the nucleus measures 0,8 .

The parasite presents a slightly blue cytoplasm, when stained by
Glemsa and has the nuclear material in strands (Figs. 15, 22) or
granules (Fig. 21).

A vacuole was visible at one pole sometimes. Granules were
usually present in the cytoplasm and stained very lightly with Giemsa
(F1g. 20), but no hemozoin pigment was observed in these parasites.
Both intracorpuscular and extra-cellular parasites were found in the
peripheral circulation, but free forms were found too. Free forms
measure from 10, 79 p to 12,4 p. long and from 1,2 u. to 1,6 v broad.
The nucleus is vesicular and measures about 1,6 L.

Some Intracorpuscular forms present a cytoplasm that stain fairly
heavy with Giemsa (Fig. 21) and can form a A — shape and in this
case seems to be inclosed in a sheath. The nucleus is small and ve-
sicular (Figs. 14a and c, 19, 23). The forms measure 12 u long by 2,5 u
wide.

Occasionally, the parasites infect young erythrocytes, white cells
and large lymphocytes, multiple infection of these cells may also

CCcur. In'one frog heavily infected we found schizogony in white cells
(Fig. 10, 24 and 25).

Effect in hest cell: the parasitized host cell and nucleus were not

greatly altered. Sometimes we observe hypertrophyated erythrocytes
and in figure 26 the erythrocyte lost its nucleus.

Tissue Forms: Four out of 20 specimens of L. ocellatus taken at Rio
Bonito, Estado do Rio, with a Lankesterells-like parasite in the peri-
pheral blood had an infection of its brains by a very characteristic
cyst.

The cysts had an approximatelly 49,03 u. length when they were
stained with Delafield’s Hematoxylin or Giemsa adapted for tissues.

Cyst wall is thin, without compartment and it is both argyro-
philic and PAS positive (Figs. 8, 9, 32). Sometimes we found several
cysts tegether (Figs. 9, 33) and this may simulate compartments.
We have the opportunity to observe a cyst with a nucleated wall. The
cysts are formed by the parasitism in the neurones (Figs. 31, 35, 36
and 38) or in the glia cells and occur either in grey matter or in white
matter (see Alencar, 1957 fig. 6). There is no cellular reaction in the
brain to the presence of these cysts.
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tely

the size of the nucleus, that we can see clearly with PAS (Figs 8, 9,

, approxima

sms each of which contains a glycogen granule

The cyst contains large numbers of crescentic toxoplasma-like
crgani

30 and 32). These organisms have a small, delicated structure, mea-
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The survival of intact organisms occurs only for 30 minutes

of L. ocellatus, inoculated with Toxoplasma gondii o
this we can see the effects of lise (Figs. 2-4).

Figs. 1-4
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DISCUSSION

Regarding the descriptive aspects of these studies we need to
emphasize 2 points: the description of a new specie and the occurence
of cysts of this parasite in the central nervous system. Since Alencar
(195'7) had reported Toxoplasma In the brain of amphibia from Brazil
and Stone & Mannwell (1969) had obtained successful experimental
toxcplasmosis in cold-blooded vertebrates, we must emphasize the ex-
perimental aspect of these studies too. Splendore (1913) had infected
the frog Cystiguatus ocellatus and recently Stone & Mannwell (1969) had
cbtained successful infection inh the American toad Bufo americanus.
Negative results were found by Mannwell & col. (1953) and Stone
& col. (1969) with Rana pipiens and by Kozar (1952) using Rana esculenta.

The susceptibility of cold-blooded vertebrates to infection with
Toxoplasma had an important proof with the experiments of Stone
& col. (1969) using lizards kept under special conditions of tempe-
ratures.

The existence of naturally acquired toxoplasmosis in amphibia of
South America was mentioned by Scorza & col. (1956) and Alencar
(1957) as we had remarked recently (Cesta & col. 1970, a, b and
1971). About this problem Ball (1965) stated the following: “Although
1t can persist for some time when transferred experimentally, Toxoplasna
probably does not occur naturally in amphibians or reptiles”.

As suggested Stene & col. (1969) we tested a new group oif amphi-
bia for Toxoplasma infection and survival but our results showed that
Leptodactylus were not susceptible to this parasite. On the other hand,
the incculation of brain parasited with cyst bodies in a highly suscep-
tible host, mice, was negative. Otherwise, the cysts occuring in Lepto-
dactylus are greater than those of Toxoplasma that measure about 40 .

In diameter by Silver stain method and 18,5y in diameter (average)
with PAS stain.

It seems clear that the parasite found in the CNS of Leprodactylus
1s not Toxoplasma; we can also exclude other Toxoplasma-like, as
Besnoitia that occur in lizard, by the structure of cysts which are
thin-walled, without compartments; in Besnoitia they have thick,
nucleus-lined walls; in M-cyst and Sarcocystis occur compartments. Bes-
noitiosis of lizard can be transferred to mice; the cysts of Leptodactylus
glve no infection in this host. Like Toxoplasmza the parasite that we
are now describing have predilection for nervous system — we have
not seen cysts in lung, liver, spleen, heart, gut or Kidney; Besnoitia
1s generally present in tissue organs.
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Since we have not found schizogony neither in blood nor in liver
or lung, we can exclude the relationship of this parasite with the fa-
mily Haemogregarinidae Whose common member In Leptodactylus of Brazil,
Hepatozoon leptodactyli (F1gs. 6 and 7), has the cycle well known (see
Cunha & Munriz, 1927; Costa & col., 1970c and Pessca, 1970).

If we ccnsider the development of erythrocytic forms and the
cccurrence cf this parasite in large lymphocyts as well as schizogony
in white cellz, the only one of the families of that heterogesneous

group cf hemcgregarines into which our organism could be placed 1s
the Lankesterellidae.

The question now arises as to whether or not there are any gene-
ric differences between our parasite and Lankesterella. In our attempt
to classify this parasite, we put it in the genus Lankesterella based in
the blood forms, since the lankesterellid group is becoming very hete-
rcgeneous. In our present state of incomplete knowledge of life cycle
of this organism we think that it is not justified the stablishment of
a new genus. In Eimeriidae 1t appears that differences in the site of

development of division stages in vertebrate host are specific rather
than generic.

Thus, In our specie, the greatest difference from other species
Ct Lankesterells 18 the chief site of the division process in the CNS.
Nevertheless, the blood forms resemble those forms belonging to L.
corvi Baker, Lainson and Killick-Kendrick, 1959 and L. buforis Mansour
and Mohammed, 1962 chiefly by the lack of affinity for Giemsa’s
stain in some forms (Figs. 20 and 26) and curved body (Figs. 19

and 23). Sporozoites of L. alencari differ from the species above men-
tioned by the large size.

It 1s also worth noting that Lainsen (1959) extended the
distribution of Lankesterella to warm blooded vertebrates when he put
the genus Atoxoplasma as synonym of Lankesterella and Mansour &
Mchammed (1962) extended this genus to toads with the description
ot L. bufonis for Bufo regularis (Family Bufonidae). The parasite now des-
cribed belongs to a new host, Leprodactylus ocellatus, that some authors

put in Bufonidae (Storer, 1960) [a new family Leptodactylidae was formed
by other authors too], since it is not a true frog.

Pessoa & Cunha Neto (1967) had found forms resembling

Lankesterella In the blood of Leptodactylus pentadactylus and this was the
first reference of Lankesterells in Brazil.

In our previcus papers (Costa, Silva, Martinez & Pereira, 1970a
and b) we point out the two other toxoplasma-like organisms —
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Dactylosoma and Hepatozoon — that occur in Amphibia and can appear
In multiple infection with Lankesterells as was seen in Table II (see also
Figs. 5, 6, 7, 18, 29, 34, 37, 38).

The merozoite of Dactylosoma closely resembles the organisms seen
In the cysts of L. alencari and both are figured in the present paper for
ccmparison (Figs. 37 and 38).

We have indicated previously that Toxoplasma serpai described by
Sccrza (1956) in Bufo marinus is a confusion with some stages of Dactylo-
soma ranarum and that the Toxoplasma found by Alerncar (1957) in Bufo
marinus 18 a confusion with Haemogregarine.

By the way, it is not uncommon as stated Ball (1967), especially
In heavy infections, for schizogony to occur predominantly in one
organ, for exemple liver or lung, and to be present also in a lesser
degrez in heart, spleen or intestine. In a case of Leptodactylus ocellatus
wita a hard parasitism by Hepatozoon leptodactyli we found the liver,
tpleen (Fig. 34) and lung heavy infected and the CNS infected also
In a lesser degree (Fig. 29) as was discussed by Cesta & col. (1970).
In the case of Lankesterella alencari, however, we found a great speci-
{icity for this localization, like that observed with Toxoplasma.
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SUMMARY

Lankesterella alencari n. Sp. a Sporozoa that occur in the blood and
CNS of the South American frog Leptodactylus ocellatus is described.
Since the tissue forms of this parasite have been previously reported
as belonging to the genus Toxoplasma, we attempted infection of 2
species of amphibia (Bufo marinus and Leptodactylus ocellatus) with a
Toxoplasma strain of human origen; incculation was by intraperitoneal
injection of parasite-containing ascitic fluid from infected mice.

Attempt of experimental incculation of the parasite fcund in the
CNS of L. ocellatus in a highly susceptible host (mice) was unsuccessiul.

These results suggest that Toxoplasma does not occur naturally 1n
amphibia; furthermore, the possibility of cyst bodies found in CNS of
L. ocellatus be related to Toxoplasma is excluded. The following genera
of haematozoa found in brazilian amphibia have been considered
briefly: Haemobartonella, Cytamoeba, Dactylosoma, Hepatozoon and Trypa-
nosomnd.

RESUMO

LANKESTERELLA ALENCARI N. SP., UM “TOXOPLASMA-LIKE” NO
SISTEMA NERVOSO CENTRAL DE AMPHIBIA
(PROTOZOA, SPCROZOA).

Os autores descrevem uma espécie do género Lankesterella conside-
rada nova para a ciéncia, que ocorre com certa freqiiéncia parasitando

a ra Leptodactylus ocellatus no Brasil.

Como os cistos déste parasito, encontrados no SNC, foram ante-
ricrmente relacionados ao género Toxoplasma por outro autor, realizamos
uma série de inoculacoes experimentais para eliminar a hipotese. Tan-
to as inoculacdes com amostra de Toxoplasma gondii Ce origem humana
em anfibios, como as de mascerados de SNC de ra contendo cistos em
camundongos, foram negativas. As inoculacgoes de T. gondi; em anfiblos
foram realizadas em temperatura ambiente que no Rio de Janeiro, na
época, era 30°C-39°C. Nao encontramos, por outro lado, cistos no SNC
de anfibios do género Bufo, fato assinalado por outros autores. Reall-
zamos algumas técnicas citoquimicas para melhor caracterizacido do
parasito. S
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Tendo em vista o grande numero de hemoparasitos encontrados
nas ras brasileiras e as infec¢ées multiplas ocorrerem com freqiién-
cla, apresentamos também a incidéncia déstes parasitos que compre-
éendem os géneros: Haemobartonella, Cytamoeba, Dactylosoma, Hepatozoon
e Trypanosoma. Apresentamos também uma lista de todos os anfibios
éexaminadecs, bem como dados sObre a distribuicao geografica dos
hemoparasitos encontrados.

- Os autores chamam a atencdo para o fato de Leptodactylus ocellatus
fer uma ra muito comum no Brasil e utilizada com muita frequéncia
em trabalhos experimentais de Bicgquimica, Fisiologia, Bacteriologia,
etc. No caso de infec¢Ces intensas por esporczoarios os orgaos sofrem
lesoes extensas e por éste motivo julgamos necessario que em tais tra-
balhos experimentais ésse paracitismo seja levado em consideracao.
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PLATE 1

Fig. 5: A segmenter with six chromatin masses of the toxoplasma-like Dacty-
losoma ranarum (Lankester, 1882) Labbé, 1894. Giemsa stain.

Fig. 6: Methyl-green pyronin stained impressions of Hepatozoon leptodactiyli
schizont in the liver of L. ocellatus.

Fig. 7: Feulgen stained body cyst of Hepatozoon leplodactyli in the liver.

Figs. 8-9: PAS stained section from central nervous system of L. ocellatus
showing cysts of Lankesterella alencari. In figure 9 we found some
cysts together simulating one cyst with compartments.
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PLATE 1II

Figs. 10-14: Drawings of Lankesterella alencari in blood of Leptodactylus
ocellatus. 3

Fig. 10: White cell of a frog with a heavy infection by L. alencari showing
several parasites. It seems to be the result of schizogony.

‘Fig. 11: Two parasites in white cell.

Fig. 12: Erythrocytic stage whose form is similar to those forms of
> photomicrographs 16 and 17.

Fig. 137 " A large form occuring in lymphocyte.

Fig. 14, In fig. 14a we can see a sporozoite like photomicrographs of fig. 19.
In fig. 14b we represent the lack of affinity.for Giemsa’s stain of some
forms. Flnally we represent in fig. 14c those forms like photomicro-
graph 21, in which the cyteoplasm stains very lightly with Giemsa.
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PLATE III

Figs. 15-26: Photomicrographs of Lankesterella alencari (except fig. 18) in blood
of Leptodactylus ocellatus. Giemsa stain.

Fig. 15: A small form in which the cytoplasm stains heavy with Giemsa in the
periphery. X 1420.

Figs. 16-17: A roundish form. We think that these forms are enclosed In a
sheath. X 1420,

Fig. 18: Cytamoeba bacterifera, an organism very frequent in L. ocellaius that
can be confused with the form presented in figure 16. In figure 16,
however, the organism presents a nuclear structure. X 2000.

Fig. 19: A characteristic form of L. alencari. These small folded bodies present
a cytoplasm heavy stained. See the camera lucida drawing in figure
14a for best understanding. X. 920.

Fig. 20: A large form where we can observe the lack of affinity for Giemsa’s
stain. Several dark granules can be seen in the periphery of the body.
X 2000.

Fig. 21: An intraerythrocytic elongated form whose cytoplasm stains with
Giemsa. The nucleus is vesicular. X 1420.

Fig. 22: An intraerthrocytic hemogregarina of Lankesterella alencari in which
the cytoplasm is homogeneous and hyaline. This form presents a
curved body and can occur free in the plasm. X 920.

Fig. 23: A heavy Giemsa stained cytoplasm of a folded body. X 1420.

Figs. 24-25: White cells with division forms of Lankesierella alencari. X 1420.

Fig. 26: A large form similar to figure 20 in an erythrocyte that have lost its
nucleus. X 2000.
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PLATE IV

PAS stained section of human CNS shows a Toxoplasma gondii cyst
for comparison. Oc. 7 X. Obj. 100 X Olympus.

Silver stained section of human CNS showing a T. gondii cyst. Oc.
7 X, Obj. 100 X Olympus.

PAS stained section of the CNS of Leptodaciylus ocellatus showing a
cschizont of Hepatozoon leptodactyli in the blood vessel.

PAS stained section of L. ocellatus CNS showing a cyst with Lankes-
terella alencari. The cyst contains a few organisms each of which
contains a glycogen granule aproximately the size of the nucleus
X 920.
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PLATE V

Fig. 31: Hematoxylin-eosin stained section of the CNS of L. ocellatus shows
a parasited neuron (Alencar, A., 1957, fig. 4).

Figs. 32-33: PAS stained section of CNS showing Lankesterella alencari. Figure
32, at high magnfication, shows several parasites containing glycogen
granules and the cyst wall PAS positive. X 920. In figure 33, at low
magnification, we can see great number of cysts in brain of a specimen
which had a heavy infection in blood.

Fig. 34: PAS stained section of L. ocellatus lung, presenting several cysts of
Hepatozoon leptodactyli. X 1440. When heavy infections of this pa-
rasite occur in blood, we find a great number of H. leptodactyli cysts
in lung, liver and spleen.
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PLATE VI

Hematoxylin-eosin stained section of the CNS of L. ocellafus showing
the destructive effect of Lankesterella alencari In the neuron. X 920.

The initial stage of the parasitism by L. alencari in the neuron.

Merozoites of Dactylosoma ranarum free in the plasm. Note that this
crescentic organism is very similar to those of figure 38. X 1560.

Hematoxylin-eosin stained section of the CNS of L. ocellatus parasited
by Lankesterella alencari. X 920.
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