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ABSTRACT: Because of their constant exposure
to normal rodent definitive hosts, least weasels
(Mustela nivalis) were trapped in southern Fin-
land in late fall 1994 and examined for lung
parasites. Histological examination showed that
46% of the weasels (n = 46) were infected with
adiaspores identified as Chrysosporium sp.
Granulomas surrounding the adiaspores con-
sisted of mostly unorganized layers of mono-
nuclear cells. The adiaspores from least weasels
were much smaller than those reported from
their prey animals. Infection with Pneumocystis
carinii also was found in two weasels.

Key words: Chrysosporium sp., lung para-
sites, Mustela nivalis, Pneumocystis carinii, sur-
vey.

Least weasels (Mustela nivalis) are spe-
cialized predators of small mammals ca-
pable of entering the underground bur-
rows and nests of their prey. In addition to
becoming infected with macroparasites us-
ing small mammals as intermediate hosts
(Jennings et al., 1982), weasels also en-
counter microparasites that infect their
prey animals or that are present in the soil
or in the air of the runways. Adiaspiro-
mycosis is a lung disease of animals and
rarely of humans, that is relatively wide-
spread in small rodents in Finland (see Jel-
lison, 1969). No information is available on
the occurrence of the aetiologic agent of
adiaspiromycosis (Chrysosporium parvum
= Emmonsia paroum) in mustelids in Fin-
land. Doby and Boisseau-Lebreuil (1971)
demonstrated that adiaspores developing
in the lungs of prey animals are capable of
germination after having passed through
the gastrointestinal tract of a weasel. Based
on this and their own similar findings Kii-
vanec and Otenasek (1977) emphasized
the importance of mustelid predators in
the circulation of C. parvum. The aim of
this work was to investigate the occurrence

of adiaspiromycosis and other lung para-
sites in weasels in southern Finland.

During October and November 1994
least weasels were live-trapped at Renko-
Loppi near the city of Hidmeenlinna
(61°00’'N, 24°25'E) and in other locations
in southern Finland. Forty-six weasels
found dead in traps, or later in cages, were
stored at —20 C until necropsy in October
1996. Most weasels were immature, but
information on their reproductive condi-
tion often was not available. The mean
weight of the male weasels was 45 g (me-
dian 43 g) and that of the females was 30
g (median 30 g). At necropsy, tissue sam-
ples from the lungs of each weasel were
fixed in 10% buffered formalin, embedded
in paraffin and sectioned at 5 pm. Four
sections of each sample were placed on
one slide and stained with hematoxylin-eo-
sin (H&E), Grocott’s modification of Go-
mori’s methenamine silver (GMS), and
Giemsa stains (Bancroft et al., 1990). The
slides were examined by light microscope
at X200 and X400. The sizes of parasites
found in tissue sections were measured
with a Cal Comp 2200 digitizer (Digitizer
Products Division, Anaheim, California,
USA) and a light microscope (Olympus
CH, Olympus Optical Co., LTD., Tokyo,
Japan), as previously described in Laak-
konen and Sukura (1997). Measurements
and cell layer counts of granulomas were
obtained only from those Chrysosporium
sp. spores that were sectioned on or near
the equatorial plane.

Electron microscopic examination was
used to confirm the identification of Pneu-
mocystis carinii (see below). For this pur-
pose, 1 mm?3 samples of the formalin-fixed
lung tissue of two weasels were cut and

fixed for 2 hr in 2.5% glutaraldehyde in
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FIGURE 1.

Lung section of least weasel from Fin-
land demonstrating a nonnecrotic granuloma typically
containing a single adiaspore of Chrysosporium sp. of
various sizes. Note the partial folding of the wall of
the adiaspore. H&E. Bar = 40 pum.

phosphate buffer with OsO, postfixation.
After dehydration in acetone, the samples
were embedded in LX 112 Epon plastic
(Ladd Research Industries, Inc., Burling-
ton, Vermont, USA.) and polymerized. Ul-
trathin sections were cut of both samples,
and the sections were observed with a
JEOL JEM 100 S electron microscope
(JEOL LTD, Tokyo, Japan).

Spherical organisms with diameters 28
to 64 um were detected in the lungs of 21
(46%) of the 46 weasels. The organisms
were identified as Chrysosporium sp.
based on their size and distinctive appear-
ance in H&E (Fig. 1, 2) and GMS stains
(see Chandler et al., 1980). When stained
with H&E, the wall of the adiaspore ap-
peared to be composed of two zones: a
thick outer zone containing a fenestrated
circumferial layer, and a homogeneous in-
ner zone. In GMS stained sections, the en-
tire adiaspore wall was silver-positive but
there were zonal differences in staining in-
tensity revealing three zones. Fourteen
(58%) of the 24 male and seven (32%) of
the 22 female weasels were infected, the
difference in prevalence between sexes ap-
proached significance (chi-square test, P =
0.07; Sokal and Rohlf 1981). In samples of
infected individuals, each lung section
contained one to two adiaspores surround-
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FIGURE 2.

Lung section of least weasel from Fin-
land showing an adiadspore with a poorly stained wall
in the centre of a granuloma. H&E. Bar = 60 pm.

ed by a granuloma (Fig. 1, 2). Granulomas
were situated mainly in perialveolar or al-
veolar positions. One granuloma was sur-
rounded by respiratory epithelium indicat-
ing terminal bronchiole and one adiaspore
without a granuloma was found free in a
bronchiole surrounded by cell-free fluid.
Most of the granulomas consisted of 7 to
15 unorganized layers of mononuclear
cells (fibroblasts, macrophages, lympho-
cytes, and plasma cells), although in some
cases partial concentric organization of fi-
broblasts could be observed. No giant cells
or polymorphonuclear leucocytes were
found in the granulomas.

The high (46%) prevalence of Chryso-
sporium sp. found in wild weasels in
southern Finland supports previous stud-
ies which showed that this fungus is com-
monly found in mustelids. Sharapov (1970;
cited in Kfivanec and Ot¢enasek, 1977) re-
ported that 55% of mustelids were infect-
ed with C. parvum in central Siberia.
Kfivanec and Ot¢enasek (1977) found the
average prevalence of this fungus in eight
species of mustelids to be 41% and 32%
in least weasels. In contrast, adiaspiromy-
cosis is relatively rarely detected in larger
mustelids and other carnivores (Kfivanec
et al., 1976).

In the present study, the adiaspores
found in least weasels were much smaller
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FIGURE 3. Lung section of least weasel from Fin-

land demonstrating cvst forms (arrow) of Pneumocys-
tis carinii. H&E. Bar = 9 pm.

than those found in small rodents (Jellison,
1969). Chrysosporium parvum is known to
exist as two varieties: C. parvum var. par-
vum with adiaspores achieving diameters
of 40 pm, and C. parvum var. crescens,
with adiaspores achieving diameters of 400
pm (Chandler et al., 1980). The size dif-
ference between the adiaspores from least
weasels and those from their prey animals
raises the question of whether this is due
to the occurrence of different varieties of
C. parvum in the predator and prey spe-
cies. Alternatively, least weasels may be
able to suppress the growth of adiaspores
more efficiently than rodents. In addition
to the possible dependency on the variety
of C. parvum, the sizes of the adiaspores
depend on the plane in which the spores
were cut by the microtome as well as on
the developmental stage in which they are
found (Chandler et al., 1980). Reasons for
the observed differences in size of adia-
spores in the various hosts species could
be clarified only by inoculation experi-
ments and application of molecular meth-
ods in identification of the varieties of C.
parvum.

Two (4%) of the 46 weasels had organ-
isms resembling the cyst form of Pneu-
mocystis carinii in their GMS-stained lung
sections (Fig. 3). Electron microscopic ex-
amination confirmed the identification of
P. carinii (Fig. 4). Since no samples were

originally obtained and prepared for this
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FIGURE 4. Transmission electron micrograph of a
cyst form of Pneumocystis carinii from least weasel
in Finland. The ultrastructure of the cyst is damaged
due to the processing of the sample prior to prepa-
ration of the electron microscopic sample. Bar = 0.8
pm.

purpose, the ultrastructure of the cyst
could not be examined in detail. In gen-
eral, only a few morphological differences
have been reported between P. carinii
from various host species (see Laakkonen
and Sukura, 1997).

The mean diameter of the ascus was
4.23 pm (SD = 0.30; median 4.21 pm, n
= 20). The size of the cyst form of P. car-
inii from least weasels was similar to that
of P. carinii found in laboratory rats, but
it was larger than those seen in shrews and
field voles (Laakkonen and Sukura, 1997).
It is not presently known whether the size
of the cyst form of P. carinii varies accord-
ing to the host species (different species
or strains of P. carinii), or according to the
phase of the infection (e.g., whether the
majority of cysts are precysts, immature
cysts or mature cysts). In both infected
weasels the intensity of P. carinii was low,
and no signs of acute infection or typical
histopathological changes were seen.
Adiaspores were not found in the two wea-
sels infected with P. carinii.

Pneumocystis carinii has not been re-
ported previously in the least weasel. Of
other mustelids, the domestic ferret (Mus-
tela putorius puro) has been widely used
in studies of P carinii infection (Arm-
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strong and Cushion, 1994), but Yoshida
and Ikai (1979) found the organism in
none of the 15 weasels (probably Mustela
sibirica) examined in Japan.

Because of the small number of para-
sites in all samples and minimal histo-
pathological changes, the effect of the lung
parasites on the condition of an individual
weasel appeared insignificant. A potential-
ly large number of adiaspores surrounded
by extensive changes in host tissue could
be harmful because their mere presence
may reduce the area available for gas ex-
change and also the elasticity of the lungs.
However, adiaspores do not multiply in
host tissue.

We thank V. Haukisalmi for comments
on a previous version of this paper, K.
Laakkonen for helping in the translation of
the French paper, and students of a mam-
malogy course for helping in the dissection
of the weasels. T. Pankasalo, H. Valtonen
and A. Ahonen gave valuable technical as-
sistance.
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