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Light microscopical structure and ultrastructure of a

Besnoitia sp. in the naturally infected lizard Ameiva ameiva

(Teiidae) from north Brazil, and in experimentally infected

mice

I. PAPERNA"* and R. LAINSON#

"Department of Animal Sciences, Faculty of Agriculture of the Hebrew University of Jerusalem, Rehovot 76–100, Israel
#Department of Parasitology, The Instituto Evandro Chagas, Caixa, Almirante Barroso 492, Belem 66090-000, Para,

Brazil

(Received 20 September 2000; revised 26 March 2001; accepted 29 March 2001)



A Besnoitia species of the teiid lizard Ameiva ameiva (L.), from north Brazil was established in laboratory mice and hamster

by the intraperitoneal inoculation of bradyzoites in the tissue cysts. In the lizards all the cyst wall layers were closely

apposed. In the mice the layers of the wall were distinguishable, and ultrastructurally the inner cytoplasmic layer contained

either a tight network of endoplasmic reticulum or packed mitochondria or both. These components were less frequent

or sparse in the inner cytoplasmic layer of cysts in the lizard. The only animals available for experiments in attempts to

indicate the definitive host of the parasite were 3 kittens of the domestic cat and a juvenile specimen of the snake Boa

constrictor raised in captivity. No evidence of infection could be detected in these animals after feeding them with the

tissues of mice harbouring cysts with very large number of bradyzoites.
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

Tissue cysts of Besnoitia in saurian hosts have been

described in light microscopical studies on a parasite

named Besnoitia panamensis in the lizard Ameiva

ameiva from Panama (Schneider, 1965, 1967a) and

another referred to a B. saurina in the iguanid lizard

Basiliscus basiliscus from Belize (Garnham, 1966).

Based on the results of cross-immunity experiments

in mice, Schneider (1967b) concluded that B.

panamensis was a synonym of B. darlingi (Brumpt,

1913), described in a variety of mammals, and

Levine (1988) regarded B. saurina as yet another

synonym of this parasite. Schneider (1967a) showed

that intraperitoneal inoculation of bradyzoites into

mice resulted in proliferation of tachyzoites within

cells of the peritoneal fluid, followed by the de-

velopment of tissue cysts with which passage could

be continued in further mice.

Ultrastructure of the proliferative forms of another

Besnoitia species, B. jellisoni (Frenkel, 1953), has

been studied in the peritoneal fluid cells of ex-

perimentally infected mice by Sheffield (1966).

Gobel et al. (1985) described the fine structure of
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similar stages of B. besnoiti (Marotel, 1913) in cell

culture. Available fine structural accounts of tissue

cysts in natural infections are those concerning a

Besnoitia sp., found in the eyelids of goats (Heydorn,

et al. 1984) and another from the dermal and

subdermal tissues of reindeer, Rangifer t. tarandus

(Ayroud, Leighton & Tessaro, 1995). Fine structure

studies of the cystic stages are available on the

development of B. jellisoni in experimentally infected

mice (Sheffield, 1968; Senaud, 1969). Tissue cysts of

B. wallacei, B. besnoiti and B. darlingi were studied

only by light microscopy by Frenkel (1977) and

Bigalke (1981) and by Smith & Frenkel (1984),

respectively. In the present communication we

record the presence of Besnoitia tissue cysts in the

teiid lizard, Ameiva ameiva, from north Brazil, and

the successful establishment of the parasite in

laboratory mice. The ultrastructure of the tissue

cysts is described in the saurian and murine hosts,

together with that of the proliferative stages in the

peritoneal fluid cells of newly infected mice.

Attempts have been made to determine the definitive

host of the parasite.

  

Adult specimens of Ameiva ameiva (L) were col-

lected from open country in the vicinity of the town

of Capanema, Para State, north Brazil for a general
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Fig. 1. Besnoitia sp., in the teiid lizard Ameiva ameiva.

Bradyzoites in a smear made from a ruptured tissue

cyst. Bouin fixation}Giemsa staining.

study of coccidian parasites. Tissue containing

Besnoitia cysts found in necropsied lizards were fixed

for histology and transmission electron microscopy

(TEM).

Infection of mice

Tissue cysts were ground in 0±85% NaCl and

approximately 0±1 ml of the suspension inoculated

into mice by the intraperitoneal route. No attempt

was made to calculate the number of bradyzoites

inoculated. Some mice were sacrificed 8 days post-

inoculation (p.i.) and peritoneal fluid smears pre-

pared by pressing glass-slides lightly on the surface

of the exposed viscera. The smears were rapidly air-

dried and fixed for Giemsa’s staining. Peritoneal

fluid from infected mice at 8 days p.i. was centrifuged

and the resulting pellet of cells was processed for

TEM.

To study cyst production, other mice were killed

at periods up to 34 days p.i. and pieces of the viscera

and mesenteries were fixed for histology and electron

microscopy.

Attempts to indicate a definitive, predator host

The tissues of chronically infected mice were fed

to 3 newly weaned kittens and 1 young Boa c.

constrictor, born in captivity. Whenever available,

the faeces of these animals were checked for oocysts

by direct examination and zinc sulphate flotation.

One kitten was sacrificed 10 days later, and the other

two 14 and 15 days later, respectively. A search for

evidence of developmental stages or oocysts of

Besnoitia was made by examining fresh scrapings of

the intestinal epithelium along its length. The snake

was killed and examined by the same method, 26

days after ingesting the infected mouse.

Processing of smears and tissues

Smears were rapidly air-dried and fixed either in

absolute methyl alcohol for Giemsa’s staining, or

were fixed in aqueous Bouin’s fluid for 20 min,

washed in 70% ethyl alcohol until colourless and

stained by a modified Giemsa’s technique (Lainson,

1959).

For histology, tissues were fixed in neutral

buffered formalin, dehydrated in ascending concen-

trations of ethyl alcohol and embedded in glycol–

methacrylate medium (‘GMA’ of Agar Co., UK).

Histological sections, cut at a thickness of 2–3 µm

with a glass knife on a Sorval JB4 microtome, were

stained either with Meyer’s haemalum–eosin (MH–

E) or by Giemsa’s stain after 20 min incubation in

aqueous Bouin’s fluid, followed by rinsing in water

and 70% ethanol.

For TEM study materials were fixed in 2±5%

glutaraldehyde in cacodylate buffer (0.1 , pH 7±4)

for 24 h at 4 °C, then rinsed repeatedly in the same

buffer, post-fixed in 1±0% osmium tetroxide in the

same buffer for 1 h and, after rinsing in the buffer,

dehydrated in graded ethyl alcohol and embedded in

Agar 100 medium (Agar Scientific Ltd, UK). Thin

sections, cut on a Reichert ‘Ultracut’ microtome

with a diamond knife, were stained on grids with

uranyl acetate and lead citrate and examined with a

Jeol 100CX TEM.



Only 2 of 17 specimens of A. ameiva had Besnoitia

cysts. The cysts were mainly scattered in the

mesenteries and along the surface of the intestine,

some were also noted on the surface of the liver and

spleen. Cysts were up to 0±3 mm in diameter, readily

visible to the naked eye.

Light microscope and TEM structure of tissue-cysts

in the connective tissues of the lizard

Fresh and stained preparations of the cyst contents

revealed vast numbers of bradyzoites (Fig. 1). In

histological sections, the cyst wall is seen to have

been reduced to a narrow homogenous wall enclosing

the closely packed bradyzoites.

By TEM the wall was shown to be comprised of an

inner cytoplasmic (‘host cell ’) layer and an external

fibrous layer (‘cyst wall ’ of Sheffield, 1968). The

densely granulated cytoplasmic layer contained

either a single multi-lobed nucleus, or several grossly

hypertrophic nuclei (Fig. 2A). Its contents varied in

thickness and density from cyst to cyst and contained

variable proportions of rough and smooth endo-

plasmic reticulum (ER), cisternae, lipid vacuoles,

and mitochondria (Fig. 2A and B): in some cysts,

the rough ER aggregates into concentric formations

(Fig. 2C). The plasma membrane on the PV
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Fig. 2. (A–E) Fine structure of a tissue cyst from Ameiva ameiva. (A) Overall view of the cyst wall layers: the

cytoplasmic (‘host-cell ’) (C), its nuclei (N) and the PV-lining tubuli (T); extension of the cytoplasmic layer into the

‘cyst wall ’ (pr) and ‘cyst wall ’ layers (W). A gap in the cyst wall is marked with an arrow. (B) Details of the

cytoplasmic (C) and the PV-lining tubuli layers (T): rough (rer) and smooth (er) endoplasmic reticulum,

mitochondria (t), lipid vacuoles (L) and vesicles (v). (C) RER (arrow) concentrically arranged in the cytoplasmic layer

(C), the cyst wall (W) seems to undergo shrinking (aging). (D) Dividing parasite with a primordium of daughter cell

(arrow), a, apical complex, r. rhoptry. (E) Bradyzoite with elongate rhoptries (r) and ‘enigmatic bodies (arrows).

boundary is protruded into very delicate tubule-like

extensions which form a distinct layer on the surface

of the PV wall. A few cytoplasmic protrusions

penetrate, sometimes deeply, into the apposed

external fibrous layer (Fig. 2A). This outer layer

contained longitudinal and transverse filamentous
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Fig. 3. (A and B) Paired and quadruple sets of tachyzoites in the peritoneal exudate of a laboratory mouse, 7 days

after the intraperitoneal inoculation of bradyzoites, Bouin}Giemsa staining.

strands within variable amounts of ground sub-

stance: in older cysts these microfibrils may be in

disarray (Fig. 2C). The fibrous material in some cyst

walls appears to be organized into 2 layers (Fig. 2A).

Within the PV most of the parasites are fully

developed bradyzoites, with a few dividing by

endodyogeny and containing primordia of daughter

cells. The latter had a distinct conoid, a few rhoptries

(not readily seen in section planes), while micro-

nemes were lacking (Fig. 2D). The bradyzoites

possessed a distinct conoid, elongate rhoptries and

numerous micronemes which fill the entire pre-

nuclear zone: they also contained the ‘enigmatic

bodies ’ as described by Senaud (1969), electron-

dense globules and amylopectin granules (Fig. 2E).

Infection in laboratory mice and hamsters

From 7–14 days after intraperitoneal inoculation of

the cyst contents, mice showed signs of sickness,

with ruffled fur, diminished activity and increasing

ascites. Some mice died with very abundant ascitic

fluid containing variable numbers of intracellular

and free parasites (tachyzoites) (Fig. 3A and B).

Surviving mice recovered their normal appearance

and activity but, in all those examined, possessed

developing cysts in the tissues of their viscera and

mesenteries.Hamsters were shown to develop similar

infections. Some died from the acute infection.

TEM of tachyzoites in the peritoneal fluid cells of

mice, 8 days p.i.

Host cells were predominantly neutrophils and

monocytes, which contained single organisms (Fig.

4A) in a state of endodyogeny (Fig. 4B), or the

products of such division (Fig. 4C). All stages

possessed a bilayered pellicle, and were lodged in a

parasitophorous vacuole (PV) bounded by a single

unit membrane which was sometimes fragmented

(Fig. 4A and B). Some tachyzoites were seen to be

coated by a glycocalyx-like aggregate of a granular

nature. The PV contained variable amounts of

tubular whorls (Fig. 4A) mixed with a globular

residue (Fig. 4B): sometimes it also contained

lysosomal fragments. In some of the host cells the

mitochondria and Golgi elements were seen to be

concentrated at the cytoplasmic periphery of the PV.

Where the PV boundary was indiscernible the

outlining host cell cytoplasm also appeared to be

disintegrating, with the material appearing to be-

come continuous with that of the PV (Fig. 4C).

The conoid of the tachyzoites was accompanied by

a circle of elongate rhoptries, which extended beyond

mid-length of the entire organism (Fig. 4C). Micro-

nemes were seen in the single and the dividing

tachyzoites (Fig. 4A and B) but seemed to be very

few in their offspring. A layer of electron-dense

substance was accumulated in the most anterior part

of the subpellicular zone (Fig. 4C). Eight micro-

tubules could be traced in longitudinal sections of

the tachyzoites. All of the organisms, and their

progeny, contained either 1 large mitochondrion or

several smaller ones. Those in various stages of

endodyogeny contained either rudimentary offspring

or more advanced ones with an apical complex (Fig.

4B). Rounded, granular aggregates (ribosomes?),

which are present only in the daughter cells (Fig.

4C), could already be traced in the endodyogeny

primordia (Fig. 4B). An accumulation of 8 tachy-

zoites seen in a single PV (Fig. 4D) suggests the

additional existence of merogonous (polyendo-

genous) division. Products of this division contained

many rhoptries and micronemes.
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Fig. 4. (A–D) TEM of tachyzoites in the peritoneal fluid cells (monocytes) of mice, 8 days p.i. (A) Single tachyzoite

in a host cell (H), the PV wall is discontinuous (arrows), and sometimes aligned by ER(er) ; PV contains tubular

whorls (tw). (B) Tachyzoite dividing by endodyogeny (ga, granular aggregates; Ht, host-cell mitochondrium; m,

micronemes, pp, progeny primordia; r, rhoptries; t, parasite mitochondrium). (C) Progeny of endodyogeny (a, apical

complex; ga, granular aggregates; r, rhoptries). (D) Progeny of polyendyogeny.

Stages of tissue cysts in mice

In a light microscopical study of sectioned tissues

of mice sacrificed (or dying) up to 25 days p.i.,

developing tissue cysts found in the lungs, stomach

serosa and mesenteries (Fig. 5A and B) measured up

to 100 µm in diameter, while in other mice killed at

30–34 days p.i. some cysts had reached approxi-
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Fig. 5. (A–D) Histological view of stages of tissue-cysts in mice. (A) Young cyst (25 days p.i.) enclosing PV filled

with products of endodyogeny, the nucleate cytoplasmic layer (C) clearly separated by a gap filled with fine granules

(arrow) from the ‘cyst wall ’ (W); (B) On-growing cyst (30 days p.i.), with the cytoplasmic, nucleate layer (C) being

compressed against the ‘cyst wall ’ (W). (C) Further differentiated cyst (30 days p.i.), with its compressed wall

components. (D) TEM view of walls of tissue cysts in experimentally infected mice (30 days p.i.) (C, cytoplasmic

layer; H, host connective tissue; pr, protrusions of the cytoplasmic layer; PV, parasitophorous vacuole, rer, rough

ER; t, mitochondria ; W, cyst wall).
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Fig. 6. (A–C) TEM view of tissue cysts in experimentally infected mice (30 days p.i.), pr, protrusions of the

cytoplasmic layer scale. (A) Enlarged view of the cytoplasmic wall with concentric rough ER, arrow head, PV-lining

tubuli layer. (B) Cytoplasmic wall with mitochondria (t) and scattered rough ER (arrow heads). (C) Dividing parasite

(T) and bradyocytes (B) in the PV of the tissue cyst shown in Fig. 5D; r, rhoptries.

mately 130¬100 µm (Fig. 5C). The cyst wall seen at

first to be composed of an inner cytoplasmic zone

with numerous hypertrophic and segmented nuclei,

each with several small nucleoli, and a peripheral

non-nucleated and more hyaline layer. The 2 layers

were separated by a space containing many minute,

dark granules; the PV was filled with divided stages

(Fig. 5A). With further development the PV, packed

with parasite progeny, increased in volume and both

the cyst wall inner nucleate and the apposing outer

layers became compressed (Fig. 5B). Further in-

crease in the cyst volume resulted in compression of

the wall till the inner details of the 2 layers become

only vaguely distinguishable (Fig. 5C). There were

no notable changes in the host’s surrounding tissues.

TEM of tissue cysts from a mouse 30 days p.i.

The tissue cysts were at different stages of differ-

entiation but demonstrated the same configuration

of a PV filled with the products of endodyogeny

enclosed by an inner cytoplasmic wall (‘host cell ’)

containing several large, compact or multilobed

nuclei and an apposed outer, fibrous wall of 1 or

more, layers (‘cyst wall ’) (Figs 5D and 6A, B). The

inner cytoplasmic layer contained rough ER, either

concentrically tightly packed (Figs 5D and 6A), or

loose and disarrayed (Fig. 6B). The spaces between

the ER contained variable quantities of mitochondria

(Figs 5D and 6C). ER elements were absent between

the nuclei and the PV boundary, and in the septum

extending to divide the PV of some cysts into 2

compartments. The plasma membrane on the PV

boundary, similar to that seen in cysts in the lizard

host, formed a layer of very delicate tubule-like

extensions lining the PV wall surface (Fig. 6B). The

membraneous boundary of the inner cytoplasmic

layer was seen to send both short and elongated

protrusions into the adjoining outer fibrous layer:

these protrusions seemingly contained extensions of

the ER (Figs 5D and 6A). The outer, fibrous layers

of the cystwall contained fibrillar bundles, sometimes

orientated perpendicularly, and a narrow gap con-

taining a fine ground substance separating the main

fibrous layer from an outer narrower one (Fig. 5D).

The PV of each cyst contained bradyzoites, as well

as a few stages undergoing division by endodyogeny

(Fig. 6C). Dividing stages had rhoptries but lacked

micronemes. Some bradyzoites were showing the

expanded posterior end, with pellicular thickenings

(‘posterior ring’ of Sheffield, 1968) characteristic of

the bradyzoites’ site of detachment from the mother

cell.

Attempts to indicate the definitive host

No oocysts characteristic of Besnoitia were detected

in faeces from the 3 kittens 4–15 days after they were

fed with tissue cysts of chronically infected mice, or

in fresh preparations of scrapings along the length of

the intestine of each animal on autopsy. Similarly, no

evidence of an induced infection could be found in

the young boa-constrictor.



The external fibrous capsule (‘cyst-wall ’ of Sheffield,

1968, or the ‘secondary cyst-wall ’ of Heydorn et al.

1984) has the same basic fine structure as described

by Heydorn et al. (1984) in cysts in natural infections

of a Besnoitia sp. of goats, also as described by

Ayroud et al. (1995) in reindeer and in cysts of
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Besnoitia jellisoni in experimentally infected lab-

oratory mice Sheffield, 1968; Senaud, 1969; Scholty-

seck, Mehlhorn & Muller, 1974).

The fine structure of the cyst’s inner multi-

nucleated cytoplasm (‘host-cell ’) in the naturally

infected lizard and the experimentally infected mice

varies considerably in texture and components. The

host-cell layer of cysts in our experimentally infected

mice was densely filled by ER components and

mitochondria. Some TEM images of tissue cysts

from mice with 3- to 8-week-old infections of B.

jellisoni described by Sheffield (1968) and Senaud

(1969) showed a similar increase in ER and mito-

chondria in the host-cell layer. In other images, these

components seem to be already in disarray. The cyst

wall in the lizards was reminiscent of that reported in

the natural infection of Besnoitia in goats and

reindeer (Heydorn et al. 1984; Ayroud et al. 1995).

These cysts are evidently long lasting, in their host-

cell layer the vesiculate, ER is disarrayed and the

mitochondria are few in number.

A high aggregation of ER and mitochondria is

suggestive of accelerated metabolic activity. Parasites

appear to induce the host-cell to assist actively in

their nutrition (Trager, 1974), and Marquardt,

Bryan & Long (1984) suggested that coincidental

nuclear and nucleolar enlargement in host-cells

harbouring intestinal coccidia is linked with a high

level of transcription. Cellular and nuclear hypertro-

phy of parasitized cells is characteristic of some other

coccidial infections: Eimeria, for example (Fernando

& Pasternak, 1977), and ‘globidia’ (Mehlhorn,

Senaud & Heydorn, 1984; Senaud Heidorn &

Mehlhorn, 1984; Paperna, 1999). On the other hand,

it does not occur in infections with Toxoplasma or

Hammondia (Dubey, 1977).

Dividing parasites were far more numerous in the

young cysts (in mice), but the presence of some

apparently fully developed bradyzoites suggests that

young cysts are also infective. Only a few dividing

parasites were seen among the bradyzoites of the

older cysts in the lizards. The fine structure of both

dividing forms and bradyzoites was similar to that

previously described for Besnoitia by Shefield (1968),

Senaud (1969), Scholtyseck, Mehlhorn & Muller

(1968) and Heydorn et al. (1984). The polyendo-

dygenous stages as seen by Senaud (1969) in B.

jellisoni were not found in our material.

The fine structure of tachyzoites in the peritoneal

exudate of mice infected with Besnoitia from A.

ameiva closely resembled that described for B.

jellisoni in the same animal, by Sheffield (1966). The

tachyzoites are reminiscent of Toxoplasma gondii,

which similarly develop in the peritoneal exudate

cells of inoculated mice. Both parasites divide by

endodyogeny, and both form ‘clone’ progenies of 8

tachyzoites sharing the same PV and suggesting a

simultaneous division, or endopolygeny (Dubey &

Beattie, 1988). A process of endopolygeny yielding

rosettes, and concurrent with endodyogeny, has also

been shown to occur in B. besnoiti growth in cultured

cells (Gobel et al. 1985).

The specific identity of the Besnoitia sp., from the

lizard A. ameiva in Amazonian Brazil remains

questionable. Schneider (1965) gave the name of B.

panamensis to the parasite from Ameiva in Panama

but, based on the results of cross-immunity exper-

iments in mice, he later concluded that this was

synonymous with B. darlingi (Brumpt, 1913) of

opossums which he found in the same geographical

locality. Our detection of tissue-cysts of Besnoitia in

Ameiva in the present study tempts one to regard the

Panamanian and Brazilian parasites as conspecific.

The range of different intermediate hosts for species

of Besnoitia, however, is extensive (Levine, 1988)

and it may well be that different species of this

parasite may infect the same secondary host.

The definitive hosts of B. besnoiti, B. wallacei and

B. darlingi are considered to be felids (Peteshev,

Galuzo & Polomoshnov, 1974; Wallace & Frenkel,

1975; Smith & Frenkel, 1984) and the domestic cat

has been used experimentally to study the life-cycle

of these parasites. On the other hand, Diesing et al.

(1988) reported failure to infect domestic cats, among

a variety of other carnivorous mammals, snakes and

vultures, fed with the tissue cysts of a parasite

considered to be B. besnoiti from cattle. They

concluded that none of these are definitive hosts and

that the life-cycle of the parasite remains obscure. In

addition, Ayroud et al. (1995) recorded no shedding

of oocysts by 2 cats fed with the cysts of a Besnoitia

species from reindeer in Canada.

In view of these authors’ findings and our own

failure to produce a detectable infection in 3 kittens

fed with mice harbouring tissue cysts of the Besnoitia

of Ameiva we are led to the conclusion that in this

case, too, cats are not the definitive hosts.

Our failure to obtain evidence of development of

the Besnoitia sp., in the single boa-constrictor does

not exclude the possibility of another species of

snake being the definitive host. A number of different

species of snakes commonly eat lizards, and we have

indicated a snake to be the definitive host of a

Sarcocystis sp., commonly found in Ameiva (Lainson

& Paperna, 2000).
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