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Abstract. Numerous, lobulated, thin-walled protozoan cysts were found in the brain
and cervical spinal cord of a male Fischer rat with granulomatous encephalitis. The cysts
were compartmented, 470-1000 um in diameter, and packed with crescent-shaped organ-
isms. Light- and electron-microscopic features of the organism were characteristic of the
protozoan Frenkelia, a parasite usually found in the brain of wild rodents. Many cysts were
replaced by granulomas, whereas others elicited no inflammation. Perivascular and
meningeal mononuclear cell infiltrates and gliosis were common.

Protozoan parasites of the genus Frenkelia [2], previously called M-
organism {5] and Toxoplasma microti [4], form compartmented thin-walled
cysts up to 1000 pm in diameter in the brain of wild rodents. The cysts are
macroscopic and may be seen as whitish bodies on the surface of the cerebral
cortex [1, 7]. In field voles and meadow mice (Microfus sp.), lemmings
( Lemmus lemmus) and muskrats (Ondatra zibethica) the cysts are lobulated,
but in all other hosts are rounded [14]. Signs of infection are usually absent
even though cysts may involve up to 3.6% of the brain [3]. Significant
encephalitis has not been described [4, 7]. Attempts to artificially induce
infection in mice, hamsters, guinea pigs, voles, and rabbits were unsuccessful
or inconclusive [1,4, 5, 14]. Recently, however, the life cycle of one Frenkelia
sp. was described [10]. Brains of bank voles (Clethrionomys glareolus) con-
taining Frenkelia cysts were fed to a number of experimental hosts. One week
after infection sporocysts appeared in the feces of the buzzards (Buteo buteo)
only. When sporocysts isolated from buzzard feces were fed to bank voles,
Frenkelia cysts occurred in the brain 7-10 weeks later. It was concluded that
the sporocysts of Isospora buteonis of B. buteo are developmental stages of
Frenkelia sp. of the bank vole.
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This report describes an example of granulomatous encephalitis in a
laboratory-reared white rat associated with numerous cysts characteristic of
Frenkelia sp.

Materials and Methods

Fifty male and 50 female Fischer 344 rats, 4 weeks old, were obtained in one shipment
from the Charles River Breeding Laboratories, Wilmington, Mass. They were housed in
groups of five in either suspended metal cages or in plastic cages with corn cob chip
bedding. Beginning when they were 6 weeks of age, a commercial meal containing 0.24%
1-amino-2 methylanthraquinone was fed for 78 weeks. Before treatment, and for the
remaining 26 weeks of the study, regular food pellets and water were available ad libitum.
Another group of 50 male and 50 female rats were controls. A 12-h light and dark
circadian cycle was maintained. Ambient room temperature was 23 * 2°C with six
changes of fresh air per hour.

Rats were killed by inhalation of carbon dioxide gas; five males and five females in
each group were killed at 1 year, and the others were killed at age 2. Six males and 12
females died in the treated groups, and five male and 3 female controls died. All rats were
necropsied. Necropsy procedure was standardized, and representative tissues were taken
from accessory sex glands, adrenals, bladder, bone marrow, brain, diaphragm, esophagus,
eye, gonads, heart, intestine, kidney, liver, lung, lymph node, mammary gland, pancreas,
parathyroid, pituitary, salivary gland, skin, spleen, stomach, thymus, thyroid, and urinary
bladder. One section was taken from each organ except for the brain where multiple sec-
tions were made. In addition, tissues were obtained from all gross lesions. Tissues were
fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned 6 um thick, and
stained with hematoxylin and eosin (HE) and with special stains as required.

Results

Histologic examination of the tissues from 200 Fischer rats revealed
numerous protozoan cysts and focal granulomatous inflammation in the
brain of one treated male killed at age 2. Despite the widespread distribution
and severity of some of these lesions the animal’s behavior was normal, and
at necropsy no abnormalities were found. This discovery prompted the
examination of formalin-fixed brain sections by electron microscopy and the
removal of cervical spinal cord for light microscopy.

Huge cysts, 470-1000 pm in diameter, were in both the myelinated and
nonmyelinated areas of the cerebrum, cerebellum, brain stem, and cervical
spinal cord. The cysts were lobulated, thin-walled and readily seen with the
naked eye in HE-stained sections (fig. 1). Numerous compartments formed
by fine interlacing septae were packed with crescent-shaped, periodic acid-
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Fig. 1. Multilobulated thin-walled cyst characteristic of Frenkelia sp. Large vesicular
cyst wall nucleus (arrow) and absence of inflammation. HE.

Fig. 2. Frenkelia cyst. Numerous compartments, formed by fine interlacing septa and
packed with crescent-shaped bradyzoites. Toluidine blue.

Schiff positive organisms (fig. 2). Hypertrophic and sometimes hyperplastic
nuclei, presumably of host cell origin, were found deep along the infolded
margins outside the cyst wall. Many cysts had degenerative changes. Loss of
bradyzoites left vacuoles and foamy or lacy areas in some cysts and exposed
part or all of the compartments and intricate structural network in others
(fig. 3). Many intact and degenerative cysts elicited no host cell response.

Inflammatory changes were characterized by granulomas, perivascular
and meningeal infiltrates, and gliosis (fig. 4). Granulomas contained multi-
nucleated giant cells, phagocytized organisms, and cyst wall fragments.
Inflammatory cells, mainly large mononuclear cells, plasma cells and lym-
phocytes, were in cuffs around granulomas and blood vessels, in glial reac-
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Fig. 3. Glial cells around a degenerating cyst. Note the absence of organisms, collapsed
compartments, and the undulating cyst wall membrane. HE.

Fig. 4. A granuloma replete with giant cells bordered on one side by intense subacute
perivasculitis. HE.

tions and in segments of the leptomeninges. The neuropile near some of
these was poorly stained or vacuolated. Few hemorrhages were noted in the
meninges and brain. There were no lesions associated with cysts in the
cervical spinal cord.

Discussion
Huge protozoan cysts belonging to the genus Frenkelia were discovered

in the brain of a Fischer rat with granulomatous encephalitis. Light- and
electron-microscopic features of the cysts and organisms were consistent
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with those described for Frenkelia sp. [7-9, 11-13, 15]. To our knowledge
this report is the first to document Frenkelia as a natural infection of labora-
tory-reared rats. The cysts in this case were deeply lobulated like those in the
brains of voles, lemmings, and muskrats [7, 14]. Of significance, and in
contrast to infection in wild rodents, was granulomatous encephalitis with
perivascular and leptomeningeal inflammation.

Until recently the life cycle of this protozoan parasite was unknown [10].
Histologic examination of selected tissues from this rat did not reveal other
coccidian forms in either the muscles or intestine. The diet of the chemically
treated meal was not the cause, because other rats fed the same diet were not
affected. Additionally, examination of over 4000 brains from Fischer rats
fed a variety of chemically treated diets failed to reveal Frenkelia or other
protozoan parasites. Isolated cases likely result from eating fecal-contami-
nated feed and bedding or insect transport hosts.

Considered in the differential diagnosis are other protozoan parasites that
produce cysts or cyst-like accumulations. Such parasites are Encephalitozoon,
Toxoplasma, Besnoitia, and Sarcocystis. Spores of Encephalitozoon may
aggregate, but no cyst membrane is produced. Toxoplasma cysts are much
smaller (30-100 um) spherical and nonseptate. Equally large, and also visible
with the naked eye, are the thick-walled cysts of Besnoitia. Sarcocystis
resembles Frenkelia in the manner of cyst production, the degeneration of
bradyzoites in central compartments, the inability to multiply on subinocula-
tion and the similar ultrastructural characteristics. Cysts morphologically
indistinguishable from Sarcocystis were reported in sheep brains with sub-
acute meningoencephalitis [6]. It is likely that Frenkelia is the same as, or
very closely related to, Sarcocystis.
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