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ABSTRACT: An apparently healthy Norwegian
lemming (Lemmus lemmus) caught in northern
Finland was observed to have a whitish body
0.5 to 1.0 mm in diameter in the external layer
of the cerebral cortex. By light microscopy a
highly lobulated cyst of Frenkelia sp. was ob-
served. By transmission electron microscopy
the cyst wall was seen consisting of a parasito-
phorous vacuolar membrane, an underlying
electron-dense layer and a granular layer. The
membrane was only slightly convoluted. The
protrusions of the cyst wall appeared round but
were often not distinctive. A very thin septum
divided the interior of the cyst into compart-
ments packed with bradyzoites and maturing
zoites. The bradyzoites were elongate measur-
ing 5-8 X 1.5-2 wm. This is the first electron
microscopical study of Frenkelia sp. from L.
lemmus.

Key words: Frenkelia spp., heteroxenous
coccidia, Lemmus lemmus, ultrastructure.

Frenkelia microti and Frenkelia glareoli
(Biocca, 1968) are heteroxenous coccidia
(Apicomplexa: Coccidia: Sarcocystidae)
that form tissue cysts in the brain of small
rodents acting as intermediate hosts while
oocysts are formed in the intestine of de-
finitive hosts, hawks or buzzards of the ge-
nus Buteo (Levine and lvens, 1990). Fren-
kelia glareoli (Erhardova, 1955; synonym
Frenkelia clethrionomyobuteonis, Rommel
and Krampitz, 1975) occurs in Europe and
uses buzzards (Buteo buteo) and rough-
legged hawks (Buteo lagopus) as definitive
hosts, and bank voles (Clethrionomys glar-
eol) as intermediate hosts (Rommel and
Krampitz, 1975). Besides the strict inter-
mediate host specificity, F. glareoli is char-
acterized by microscopic cysts of non-lo-
bate compartments. Frenkelia microti
(Findlay and Middleton, 1934) occurs in
many areas in the northern hemisphere,
and has a wide intermediate host range of
rodents (see Upton and McKown, 1992).

It uses several buzzards of the genus Buteo
as definitive hosts (see Geisel et al., 1978),
and is characterized by macroscopic lob-
ulated cysts.

Enemar (1965) found one M-organism
(Frenkelia sp.) in the brain of a Norwegian
lemming (Lemmus lemmus) collected in
Swedish Lapland. Besides this detailed
histological description of Frenkelia sp.,
there are no other reports of Frenkelia sp.
from L. lemmus. As part of our ongoing
study to monitor occurrence and distri-
bution of L. lemmus in Finnish Lapland
prior to expected mass movements from
northern mountain regions into the taiga
forests occurring in periodicity of 30 to 35
yr (Henttonen and Kaikusalo, 1993), we
collected data on the parasites of L. lem-
mus. We describe here the ultrastructure
of a cyst of Frenkelia sp. in the brain of a
L. lemmus from Finnish Lapland.

The over-wintered male L. lemmus ex-
amined in this study was found dead in a
large pitfall in the subarctic birch forest
zone in Kilpisjarvi (69°03’'N, 20°49'E) in
northern Finland in September 1998.
None of the other 55 lemmings examined
were infected with Frenkelia sp.

At necropsy, all major organs were ex-
amined macroscopically for parasites and
anomalies. Tissue samples of brain, heart,
lungs, kidney, spleen and liver were fixed
in 10% buffered formalin. Standard his-
tological sections (5 wm) were then pre-
pared and stained by haematoxylin and eo-
sin (H & E). Sections were studied by mi-
croscope at X200 and x1,000. For elec-
tron microscopy, 1 mm3 samples of
formalin fixed brain tissue were re-fixed
for 2 hr in 2.5% glutaraldehyde in phos-
phate buffer with OsO,4 postfixation. After
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FIGURE 1.

dehydration in acetone, the samples were
embedded in LX 112 Epon plastic (Ladd
Research Industries, Inc. Burlington, Ver-
mont, USA) and polymerized. Ultrathin
sections were stained with 3% uranyl ac-
etate, and with 3% lead citrate at room
temperature. The sections were examined
with a JEOL JEM S electron microscope
(JEOL LTD, Tokyo, Japan). A voucher tis-
sue section of Frenkelia sp. from L. lem-
mus was deposited in the U.S. National
Parasite Collection, Beltsville, Maryland
(USNPC No. 88803). The terminology
used to describe the ultrastructure of the
cysts is according to Dubey et al. (1989).
The animal appeared to be in good con-
dition. Macroscopic examination revealed
a whitish body 0.5 to 1.0 mm in diameter
in the external layer of cerebral cortex. Ex-
amination of H & E stained sections re-
vealed a lobulated cyst form of Frenkelia
sp. (Fig. 1) measuring 500 um in diameter
in the cortex of the cerebrum at the site
where the whitish body was observed mac-
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Multilobulated cyst of Frenkelia sp. in the brain of L. lemmus. Note the absence of inflam-
mation. H & E stain. Scale bar = 50 pm.

roscopically. The macroscopic cysts were
highly lobate, but they elicited no inflam-
mation in the cerebral hemisphere sur-
rounding the parasitic cyst (Fig. 1). Ultra-
structural examination demonstrated mi-
nute undulations on the entire cyst surface
(Figs. 2 and 3), and occasionally a deeper
fold was observed (Fig. 2). The protrusions
of the cyst wall appeared round but they
often were not distinctive. The cyst wall
(Fig. 2) consisted of a parasitophorous vac-
uolar membrane (avarage thickness 0.02
wm), an underlying electron-dense layer
(0.16-0.24 pm) and a granular layer (0.6
wm). The electron-dense layer of irregular
thickness extended in places as a very thin
septa into the interior of the cyst dividing
the interior into compartments packed
with bradyzoites and maturing zoites (Fig.
3). The bradyzoites were elongate with
one end rounded and the other pointed,
and measuring 5-8 X 1.5-2 um. They ap-
peared to be surrounded by a double
membrane (Fig. 2). The conical-shaped
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Transmission electron micrograph of Frenkelia sp. in the brain of L. lemmus showing the cyst

wall consisting of a parasitophorous vacuolar membrane (Pm), an underlying electron-dense layer (El) and a
granular layer (Gl). At certain points, the Pm invaginates into the granular layer (arrow). The double mem-
brane (arrowhead) of a bradyzoite is also visible. Scale bar = 0.5 pm.

conoid typical for Apicomplexa was not
visible in any of the bradyzoites (see be-
low) but membrane-bound, elongate mi-
cronemes were visible (Fig. 3). The im-
mature, rounded zoites with an electron-
lucent cytoplasmic matrix were principally
observed along the periphery of the cyst.
Of the interior organelles typical for ma-
turing zoites (Dubey et al., 1989) endo-
plastic reticulum, several mitochondria
and vacuoles were visible in most maturing
zoites (Fig. 3). In all sections examined the
number of bradyzoites was low compared
to the number of maturing zoites (Fig. 3).

The macroscopic cyst seen in H & E
stained sections in this study was similar to
that described by Enemar (1965) previ-
ously from L. lemmus, and they also re-
sembled those found in other rodents (see
Upton and McKown, 1992; Fujita et al.,
1988). In this study, the septa of the cyst
were not so clearly visibly as in the cyst
described by Enemar (1965). This was
most likely due to the different stains used

for preparation of the histological samples.
The appearance of the cyst is also likely to
depend on the plane in which the cyst was
cut by the microtome as well as on the
developmental stage in which it was found
(Kennedy and Frelier, 1986). The septa
were, however, clearly visible in electron
micrographs of the cyst in this study (Fig.
3). The structures of the interior organ-
elles of bradyzoites were similar to those
seen in other studies of Frenkelia spp.
(Tadros et al., 1972).

In this study, the ultrastructure of the
cyst wall was more similar to the cyst wall
of F. microti than that of F. glareoli (Tadros
et al., 1972). In general, the protrusions of
the cyst wall did not appear to be as dis-
tinctive (Fig. 2) as those seen in other
studies of Frenkelia (Kennedy and Frelier,
1986), and of Sarcocystis spp. (Espinosa et
al., 1988). Except for the affinity to differ-
ent tissues, Frenkelia and Sarcocystis are
very similar in structure, and it has been
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FIGURE 3. Transmission electron micrograph of Frenkelia sp. in the brain of L. lemmus demonstrating
the very thin septa (arrow) dividing the interior of the cyst into compartments. An elongate bradyzoite (bz)
and round immature zoites are seen inside the compartments. Abbreviations are: endoplastic reticulum (er),
microneme (mn), mitochondria (m), nuclei (n), and vacuoles (v). Scale bar = 1.5 pm.

proposed to synonymize the former genus
with the latter (Votypka et al., 1998).

The name F. microti has often been
used to describe all lobulated Frenkelia
spp. from various host species including L.
lemmus (see Upton and McKown, 1992).
Frenkelia sp. from L. lemmus, however,
has not been named to the species level
(Levine and lvens, 1990). Results of this
study showed that the ultrastructure of the
Frenkelia sp. from L. lemmus is similar to
that of F. microti from other rodents. Mo-
lecular studies are warranted to investigate
whether the lobulated Frenkelia sp. from
different rodents represent one (F. micro-
ti) or several species.

The definitive host of this protozoan
parasite is unknown but the definitive
hosts for Frenkelia spp. are raptors (Levine
and Ivens, 1990). Upton and Mckown
(1992) suggested that because the B. la-
gopus is circumarctic, it represents an ide-
al candidate as a definitive host for F. mi-
croti. Buteo lagopus is one of the main

predators of rodents also at Kilpisjarvi dur-
ing the summer months.

Based on previous reports on the ef-
fect of Frenkelia (Vorisek et al., 1998)
and other brain invading parasites
(Quinn et al., 1987; Berdoy et al., 1995),
it can be predicted that the cysts in the
brain may interfere with the normal
function of the central nervous system
increasing the exploratory behavior of
the host. As a consequence, lemmings
are likely to be more susceptible to pre-
dation. The possible contribution of
Frenkelia sp. on the altered behavior of
L. lemmus during its mass movements
remains to be studied.

We are grateful for J. Niemimaa for
helping in the field, and T. Pankasalo and
P. Niemela for valuable technical assis-
tance. This research was funded by The
Research Council for Natural Sciences of
the Academy of Finland and the Oskar Of-
lund Stiftelse Foundation (JL).
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