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Prevalence of Encephalitozoon cuniculi Antibodies in
Terrestrial Mammals in Iceland, 1986 to 1989

P. Hersteinsson,' E. Gunnarsson,? S. Hjartardéttir, and K. Skirnisson,? ' The Wildlife Management Institute,
Hlemmi 3, P.O. Box 5032, 1S-125 Reykjavik, Iceland; 2 Institute for Experimental Pathology, P.O. Box 8540, 1S-128

Reykjavik, Iceland

ABSTRACT: Antibodies to Encephalitozoon
cuniculi were found in wild arctic foxes (Alopex
lagopus), feral mink (Mustela vison), wood mice
(Apodemus sylvaticus) and house mice (Mus
musculus) in Iceland. Animals with antibodies
were found throughout the country. No lesions
attributable to encephalitozoonosis were found
in adult animals necropsied. However, one arc-
tic fox cub with a neurological disorder had
pathological and serological evidence of en-
cephalitozoonosis.

Key words: Encephalitozoon cuniculi, arc-
tic fox, Alopex lagopus, feral mink, Mustela
vison, Apodemus, Mus, population dynamics.

Encephalitozoonosis is an infectious dis-
ease caused by Encephalitozoon (Nose-
ma) cuniculi (Microsporidia, Protozoa)
(Lainson et al., 1964; Weiser, 1964; Mohn,
1983). Its geographic distribution is wide-
spread and E. cuniculi has been found in
a large number of laboratory and domestic
mammals (Wilson, 1979).

Furthermore, E. cuniculi has been con-
firmed in some carnivores bred for their
fur, such as American mink (Mustela vi-
son) (Nordstoga and Loftsgaard, 1986) and
arctic foxes (Alopex lagopus) (Vavra and
Blazek, 1971; Nordstoga, 1972) and vari-
ous wild mammals in captivity, including
African hunting dogs (Lycaon pictus) (van
Heerden et al., 1989).

Encephalitozoonosis causes high mor-
tality of arctic fox pups on fox farms,
whereas adults have no clinical signs
(Nordstoga et al., 1974; Mohn, 1983; Hen-
riksen, 1985). Mortality is rare or absent
in mink with serologic evidence of expo-
sure (Nordstoga and Loftsgaard, 1986). In-
fection may cause eye cataracts in mink
(Bjerkas, 1989).

In fur farms the most important routes
of transmission are believed to be via food
contaminated by rodents, from mother to
offspring in utero and possibly by milk,
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and from male to female during copula-
tion (Kangas, 1982; Mohn et al., 1982). The
urine of infected foxes contains a large
number of the parasites and spores (Nord-
stoga et al., 1974).

Encephalitozoonosis was diagnosed once
on a fox farm in Iceland, but the route of
transmission was not determined (Gun-
narsson, unpubl.). In addition, encephali-
tozoonosis was diagnosed among arctic
foxes taken as pups from the wild to an
experimental fur-farm in Iceland (Gun-
narsson et al., 1987).

The prevalence of encephalitozoonosis
among free-ranging carnivores has not re-
ceived much attention. The objective of
our study was to determine the serological
prevalence of E. cuniculi among arctic
foxes, American mink, wood mice (Apo-
demus sylvaticus) and house mice (Mus
musculus) in Iceland.

Carcasses of 372 adult arctic foxes, 311
mink and 244 mice from throughout Ice-
land were submitted by hunters and farm-
ers to the authors in all seasons, 1986 to
1989. The first 50 mice received were not
identified to species.

Animals killed near Reykjavik (64°10'N,
21°50'W) usually were received fresh. Car-
casses from more distant regions were fro-
zen within 2 to 3 days of death.

Upon arrival, carcasses were stored at
—20 C. After several days to 6 mo, car-
casses were thawed for necropsy and re-
moval of blood samples.

One live arctic fox pup with stunted
growth and signs of a neurological disorder
was examined together with one litter-mate
and the carcass of their father. The af-
fected pup died <48 hr after arrival. Fol-
lowing gross examination, a cross section
of the heart was fixed in neutral buffered
10% formalin. Paraffin sections were



342 JOURNAL OF WILDLIFE DISEASES, VOL. 29, NO. 2, APRIL 1933

\'e.»’“”jé.:ﬂ B
Oy w . ‘}.1
A 2]
REYKJAVIK S (7 R Pl
/L. S g7
\\\_ :‘»Q / 0 100
0 R km

FIGURE 1. Five geographic areas of Iceland from
which wild mammals were collected to determine
antibody prevalence of Encephalitozoon cuniculi,
1986 to 1989. W, West; NW, Northwest; N, North;
E, East; S, South.

stained with hematoxylin-eosin and Van
Gieson’s stain (Drury and Wallington,
1967).

The heart and kidneys from all other
fox carcasses, but not mink and mouse car-
casses, were examined grossly for encepha-
litozoonosis lesions.

Blood was removed by glass capillary
tubes via incision of the heart. Serum from
all carcasses was tested for the presence of
antibodies against E. cuniculi with the car-
bon immunoassay (CIA) test (Waller and
Bergquist, 1982) using the direct modifi-
cation of the test (Pakes and Lai, 1985) as
recommended by the manufacturer of the
antigen (Testman, Uppsala, Sweden); a ti-
ter of 1:20 was considered positive.

Since 1958, hunters have been em-

TABLE 1.
1986 to 1989.

ployed to search all known arctic foxes
breeding dens in Iceland annually for signs
of occupancy and to kill the inhabitants.
Similar rules with regard to mink are in
force but are not as strictly followed. The
Wildlife Management Unit has collected
information on arctic fox and mink hunts
in Iceland, for five major areas of the coun-
try (Fig. 1). Host population trends and
serum antibody prevalence of E. cuniculi
were compared for the five areas. A chi-
square test of independence (Sokal and
Rohlf, 1969) was used to test whether prev-
alences of E. cuniculi antibodies differed
among hosts between these five areas in
Iceland.

Antibodies to E. cuniculi were found in
all species examined (Table 1). No signif-
icant difference in prevalence was found
between the species of mice. Mice were
then combined for comparison with arctic
foxes and mink. Antibody prevalence did
not differ significantly between foxes, mink
and mice.

Antibody prevalence varied significant-
ly between areas in Iceland for foxes (P <
0.0001) and for mink (P < 0.05), but not
for mice. Prevalence was highest in mink
samples from northwestern and eastern
Iceland and in arctic foxes from northern
and eastern Iceland.

On gross examination of the adult foxes
with serologic evidence of exposure to E.
cuniculi, we found no significant lesions.

The arctic fox pup with the neurological
disorder at the time of capture died <48

Area-specific serum antibody prevalence of Encephalitozoon cuniculi in mammals from Iceland,

Alopex Mustela Apodemus Mus Unspecified
Area lagopus vison sylvaticus musculus mice*

West 2/105 (2)" 6/66 (9) 0/27 (0) 0/8 (0) NDr
Northwest 6/80 (8) 3/23 (13) 0/23 (0) ND ND
North 16/59 (27) 5/105 (5) 2/34 (6) ND 0/1 (0)
East 13/50 (26) 11/67 (16) 4/41 (10) 1/4 (25) 5/49 (10)
South 4/78 (5) 1/50 (2) 0/22 (0) 3/35 (9) ND
Total 41/372 (12) 26/311 (8) 6/147 (4) 4/47 (9) 5/50 (10)

* No differentiation was made between A. sylvaticus and M. musculus early in the study.

" Number positive/number tested (percent positive).
* ND, no data.
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hr after arrival. The animal had a severe
inflammation of the kidneys, with white
nodules lining the coronary grooves, and
edema of the cortical membranes. There
was a nodular eccentric inflammation in
the coronary arteries. The inflammation
was restricted primarily to the adventia
but sometimes extended into the muscular
layer with destruction of the vessel wall
and a thrombotic occlusion of the lumen.
In some lesions, fresh necrosis with acute
inflammatory reaction was noted; but in
general the inflammation was more chron-
ic with fibrosis. The changes are consistent
with periarteritis or polyarteritis nodosa,
and are diagnostic for encephalitozoonosis
(Nordstoga and Westbye, 1976). Serum
from this animal had an antibody titer of
1:40 but was not diluted further.

The litter-mate, which appeared
healthy, survived and had no symptoms of
encephalitozoonosis. The litter-mate and
their father had serologic titers against E.
cuniculi of 1:5,400 and 1:40, respectively.

Serologic evidence of exposure to E.
cuniculi occurred in all areas and in all
three species examined. We conclude that
the parasite is widespread in Iceland.

Encephalitozoonosis is known to de-
crease the survival of arctic fox pups in
captivity (Kangas, 1982). We found evi-
dence that it could cause mortality in one
pup in the wild as well. Adults have no
clinical signs, but pregnant vixens may
reabsorb litters or abort (Kangas, 1982).
Affected adult arctic foxes never have been
observed in the wild. However, this does
not preclude the parasite’s potential as a
factor in the demography of arctic foxes
in certain areas or at certain times.

Since the hunting effort is very stable
from year to year, trends in hunting kill
serve as an index to arctic fox population
trends (Hersteinsson et al., 1989; Her-
steinsson, 1992). In western Iceland, where
antibody prevalence in foxes was only 2%,
fox kill had increased six-fold in the last
10 to 15 yr, indicating a sharp rise in pop-
ulation size (Fig. 2). No clear population
trend was observed in northern and east-
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FIGURE 2. Three-year running means of the an-
nual hunter take of arctic foxes during 1958 to 1989
in Iceland.

ern Iceland where the antibody prevalence
was over 25%. In the south and northwest,
where fox catches doubled from the mid-
1970’s to the late 1980’s, antibody preva-
lences were 5 and 8%, respectively, during
1986 to 1989 (Fig. 2).

Although the causes of the observed long-
term fluctuations in arctic fox population
size are unknown, it is possible that en-
cephalitozoonosis contributed to the initial
decline in population size by depressing
fetal and pup survival. This may explain
why there has been an increase in popu-
lation size only in those parts of Iceland
where the rate of exposure of foxes to E.
cuniculi was low in the late 1980’s.

Although we did not compare mink kill
and prevalence of antibody in mink, there
was no evidence that E. cuniculi affected
the population dynamics or geographic
distribution of mink. Observed effects of
the parasite on mink in fur-farms are rel-
atively minor.

Both mink and arctic foxes feed on Apo-
demus sylvaticus in Iceland (Skirnisson,
1980; Hersteinsson, 1984). Arctic foxes also
occasionally kill mink (Hersteinsson, un-
publ.). We propose that mice are a poten-
tial reservoir for E. cuniculi from which
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both foxes and mink can be reinfected if
the parasite goes extinct in the carnivore
population.

This study was financed in part by grants
from the Icelandic Council of Science and
the National Research Council of Iceland.
We are grateful to the many hunters and
farmers in Iceland who supplied carcasses
for the study.
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