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ABSTRACT:  Mountain hares (Lepus timidus) and brown hares (Lepus europaeus) shot by hunters
in several game management districts in southern and central Finland during the hunting season
from September to the end of February 19982001 were examined for Protostrongylus sp. and
Pneumocystis sp. Of the mountain hares, 96.5% (194/201) were infected with the lungworm
Protostrongylus sp. and 16.9% (32/189) had cyst forms of the fungus Pneumocystis sp. in the lungs.
The prevalence of the lungworm and fungus in brown hares was 60% (18/30) and 20.0% (6/30),
respectively. The tissue changes associated with the lungworms were macroscopically and
microscopically well demarcated. The majority and most severe histopathologic changes were seen
at the distal part of the caudal lobes. Inflammatory cells, mainly eosinophils and macrophages, and
in lesser degree neutrophils, lymphocytes, and plasma cells were typical findings in the worm-
infected tissue. The condition and weight of the hare did not show any significant association with
the intensity of the lungworm infection. All Pneumocystis-infected mountain hares were young,
and their condition and weight correlated negatively with the intensity of the infection. The
intensity of the Pneumocystis infection did not correlate with that of the lungworm infection.
Within a tissue section, a slight but significant positive correlation was observed between presence
of cysts and inflammatory cells.
Key words:  Hares, histopathology, lungworm, nematode.

INTRODUCTION for Protostrongylus sp. and Pneumocystis
sp. These organisms were chosen because
lung nematodes, which have an indirect life
cycle with snails as intermediate hosts, are

known to be prevalent in Finnish mountain

The mountain hare (Lepus timidus) is
one of the most common medium-sized
mammals in Finland, and it is distributed

throughout the country (Kauhala et al.,
2005). Although it is an important game
animal in Finland, we know relatively little
about the factors contributing to the
population dynamics of this species. Our
recent study (Kauhala et al., 2005) showed
that the population density and produc-
tivity of hares is low in southern Finland.
The reproductive rate is highest in central
Finland, but in the northern part of the
country survival rates are low. As part of
our studies on the ecology of mountain
hares in Finland, we examined by histopa-
thology lungs of mountain hares and brown
hares (Lepus europaeus) shot by hunters

hares (Soveri and Valtonen, 1983), and
their effect on the host condition has been
suggested to be most severe in high density
populations (Soveri et al., 1992). The lungs
were specifically examined for Pneumocys-
tis because these organisms appear to be
prevalent in many wild and laboratory
lagomorph species (Laakkonen, 1998) but
wild mountain hares had not previously
been examined for this fungus. Our aim
was to study the effect of Protostrongylus
sp. and Pneumocystis sp. on the two hosts,
and gain information on the possible
differences in the intensity of infections in
different sites.
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Ficure 1.

Map of Finland showing the game management districts. The numbers describe the mean

intensity of the infection in mountain hares within the game animal district (sample size in parentheses). The
northern and southern Hime districts were treated as one (the combined sample size 28). The mountain hare
is found throughout the country but the brown hare occurs only south of the thick line. Scale bar=200 km.

MATERIAL AND METHODS

Samples were collected from 201 mountain
hares and 30 brown hares shot by hunters in
several game management districts in southern
and central Finland as far north as the game
management district of Oulu (Fig. 1). Hares
were shot during the hunting season from
September to the end of February 1998-2001.
The animals were divided into two age groups,
young (under 10 mo) and old (over 1 yr) by
palpation of the growing cartilage of the ulna
(Kauhala and Soveri, 2001). The relationship
between the body weight and length of the hind
foot was used as a measure of condition (Iason,
1990; Kauhala et al., 2005).

The lung samples were stored frozen
(—20 C), and thawed overnight before exam-
ination. Macroscopically, demarcated green

and brown areas were visible. Abnormalities
in tissues caused by the lungworms were
recorded as changes (in percentage) in the
parenchyma for each lobe, separately. Six
tissue samples were taken for histologic
examination. Samples were taken from the
distal parts of both caudal lobes, in the middle
of both cranial lobes, from the distal part of
the left cranial lobe, and from the middle of
the accessory lobe. The tissue specimens were
fixed in 10% neutral buffered formalin,
dehydrated, and embedded in paraffin. Then,
5 um sections were cut and stained with
hematoxylin and eosin (H&E) and Gomori’s
methenamine silver (GMS) stains (Grocott,
1955) for light microscopy. The area of the
sections was 45-65 mm?.

The cyst forms of Pneumocystis visible in
the GMS stained sections were counted, and
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the intensity of the infection for each section
separately was categorized as follows: 0 = <5
cysts; 1 = 5-20 cysts; 2 = 21-80 cysts and 3 =
>80 cysts. Individual Pneumocystis organisms
are often difficult to identify if only a few cyst
forms are visible. Thus, findings of less than 5
cysts were grouped together with the no cysts
found category. The other intensity categories
were chosen based on cyst findings from other
wild mammals (Laakkonen and Soveri, 1995).
The sum of the intensity estimates from the six
histological slides (maximum 18) was the
estimate used to describe the intensity of
Pneumocystis infection in an individual hare.

The intensity of the lungworm infection was
determined separately for eggs, larvae, and
adult worms for each section. The four
intensity classes were as follows: 0 = no eggs,
larvae, or adult worms were visible in the
section; 1 = 1-20 eggs/larvae or 1 adult; 2 =
21-100 eggs/larvae or 2-5 adults; 3 = >100
eggs/larvae, or >5 adults. The intensity
parameter for each hare was the sum of the
intensity estimates of the three organism
stages. With six sections examined from each
hare, the maximum intensity score for an
individual was 54.

The extent of histopathologic changes (ne-
crosis and presence of inflammatory cells) in
relation to Pneumocystis and lungworms was
also estimated on a scale from zero to three
(no, few, relatively extensive, and extensive
changes).

The one-way analysis of variance was used
to test differences in the intensity of the
lungworm and Pneumocystis infections be-
tween different game management districts,
and the effects of winter feeding and predation
(see Kauhala et al., 2005) on the lungworm
intensities in hares. The relationship between
sex and age on lungworm intensities was
analyzed with the t¢-test. The interactions
between these host parameters, winter feed-
ing, and different districts were not analyzed
due to the low sample size in some districts.
The Pearson correlation test was used to test
the effect of body weight and condition of the
hare on the lungworm and Pneumocystis
intensities. Variance analyses with repeated
measures were used to analyze differences in
infection intensities of these two organism
groups and the extent of pathologic changes
between the various lung lobes. The associa-
tion of lungworm infection with the necrotic
tissue, and presence of inflammatory cells was
analyzed with logistic regression. Chi-square
test was used to study the relation between
Pneumocystis infection, necrotic tissue, and
the inflammatory cells within each lobe. In all
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tests, P<<0.05 was considered statistically
significant.

RESULTS

The prevalence of cyst forms of Pneu-
mocystis sp. in the GMS-stained sections
in mountain hares was 16.9% (32/189). All
infected mountain hares were young, but
there was no sex-related difference in
prevalence. The condition (P=0.02) and
weight (P=0.004) of the hare correlated
negatively with the intensity of the Pneu-
mocystis infection, but there was no
significant correlation between the lung-
worm and Pneumocystis intensities. The
intensity of the Pneumocystis infection was
highest in the sections taken from the
middle part of the lobes. Within a tissue
section, a significant positive correlation
was observed between cysts and inflam-
matory cells (P=0.002). A significant
negative correlation (P=0.05) was ob-
served between cysts and the necrotic
tissue in sections taken from the distal part
of the caudal lobes. There was no
significant difference in the intensity of
the Pneumocystis infection in hares be-
tween the game management districts
(P=0.06).

The overall prevalence of Pneumocystis
sp. in brown hares was 20.0% (6/30). Only
one young brown hare was infected.

The overall prevalence of the nematode
Protostrongylus sp. in mountain hares
estimated by histopathology was 96.5%
(194/201). The highest intensity of in-
fection score in an individual hare was 37.
None of the host variables examined (sex,
age, weight, and condition) correlated
significantly with the intensity of infection.
The intensity of infection varied signifi-
cantly (P<<0.001) among the game man-
agement districts (Fig. 1).

The prevalence of Protostrongylus sp. in
brown hares was 60.0% (18/30). Adult
brown hares (15/21) were not significantly
(P=0.12) more often infected than the
young ones (3/9). The highest intensity of
infection in an individual brown hare was
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Ficure 2. Adult lungworm in bronchiole. Eggs
and first stage larvae in adjacent alveoli. Bar=200 pm.

10. Due to the small sample size, the
effects of other variables were not tested
statistically.

Macroscopically, lungs with lungworms
had well demarcated areas with a mixture
of green and brown. Most of the patho-
logic changes were seen at the distal part
of the caudal lobes. In the mildest case,
macroscopic changes were visible only in
one lobe. In the most severe cases, the
edges of all lobes had visible changes
covering approximately half of the lung
surface. Most hares with mild changes
were young individuals, and all hares with
no infection detected macroscopically or
microscopically were young individuals.
Of the mountain hares, 29 had no
macroscopic changes typical for lungworm
infection in their lungs, but in 22 of these,
the infection was visible in histologic
examination of lung tissues (six adult, 12
young, and one of unknown age).

The tissue changes caused by the lung-
worms were also microscopically demar-
cated. Eggs and stage 1 larvae (L1) were
visible in alveoli, as well as adult worms in
bronchioles (Fig. 2). In some cases, the
entire affected tissue was full of different
developmental stages. The bronchioles
were often blocked by worms, inflamma-

' chial epithelium. Bar=200 pm.

Ficure 3. Bronchiole blocked by adult lung-
worm, inflammatory cells, and hypertrophic bron-

tory cells, and hypertrophic epithelium
(Fig 3). In such sites, the lung tissue was
airless and necrotic. In necrotic areas, no
clear cell or tissue structures could be
seen and they were poorly stained. The
amount of worms and necrotic tissue was
significantly higher in the distal part of the
caudal lobes than that of the cranial lobe,
and these findings were positively corre-
lated in samples taken from the apex of
the lung lobes.

Adult worms and larvae were also seen
outside the areas where tissue changes
were observed. In these areas, a common
finding was aggregation of inflammatory
cells around bronchioles and blood ves-
sels. Alveolar egg aggregations did not
normally cause any inflammatory changes
but the adult worms and larvae in
bronchioles were in some cases sur-
rounded by inflammatory cells. The in-
flammatory cells were mainly eosinophils
and macrophages, and in lesser degree
neutrophils, lymphocytes, and plasma
cells. Occasionally, a granulomatous in-
flammatory reaction consisting of eosino-
phils, macrophages and giant cells, was
seen around a developmental stage of the
worm. In few infection sites, findings
included extensive aggregations of lym-
phoid cells. There was a positive correla-
tion (P<<0.001) between presence of in-
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TasLE 1. The parasite and fungal organisms found in mountain and European hares from Finland in 1998—
2001.
Lepus timidus® Lepus europacus
+n (%)° +/n (%)
Organism Adult Young Adult Young
Protostrongylus sp. 95/95 (100) 80/87 (91.5) 15/21 (71.4) 3/9 (33.3)
Pneumocystis sp.* 0/87 (—) 32/81 (36.8) 5/21 (23.8) 1/9 (11)

* The total number of L. timidus examined for Pneumocystis sp. was 189. The age of 21 L. timidus that were negative for

Pneumocqstis Sp was not kll()VVIl.

b 4+ = number of positive hares; n = number of hares examined; % = prevalence.

flammatory cells and the worm infection
in the sections taken from the middle part
of the lobes, but the correlation was
negative (P<<0.001) in the sections taken
from the distal part of the lobes.

DISCUSSION

To our knowledge, this is the first study
of Pneumocystis sp. in mountain hares.
The positive correlation observed between
cysts and the presence of inflammatory
cells within a tissue section, as well as
a negative correlation between cysts and
the weight and condition of the host,
indicates that Pneumocystis infection has
adverse effects on wild mountain hares.
The relation between low body weight,
condition index, and intensity of Pneumo-
cystis infection has previously been re-
ported mainly in debilitated adult brown
hares and in young brown hares suffering
from intestinal coccidiosis (Poelma and
Broekhuizen, 1972). Settnes et al. (1986)
reported that Pneumocystis-infected
brown hares had died of coccidiosis or
hemorrhagic gastritis, but one also had
a substantial number of Pneumocystis
organisms in the lung without any macro-
scopic lesions. Brown hare is one of the
few wild animal species in which pneu-
monia caused by Pneumocystis sp. has
been reported to be the cause of death
(Blazek, 1960).

In this study, Pneumocystis was found
to be more common in young mountain
hares whereas only one young brown hare

was infected (Table 1). The contribution
of age on Pneumocystis infection in wild
animals appears to vary (Laakkonen,
1998), indicating that hosts immunocom-
promised due to very young or old age
and/or primary infection are susceptible to
Pneumocystis infection. There was no
significant relation between the lung-
worms and Pneumocystis cysts in the
present study, however, and the site of
the most intense infections differed be-
tween the two pathogen groups. The
significant changes in the host tissue
caused by worms might have hindered
the detection of Pneumocystis cysts.

Pneumocystis infection appears to be
a relatively common finding in many
lagomorph species. In this study, the
prevalence in mountain hares was 16.9%.
In brown hares, the prevalence has varied
from 10.7% to 20.0% (Poelma and Broek-
huizen, 1972; Settnes et al., 1986; this
study). Spontaneous (without immunosup-
pression) Pneumocystis infections also are
common in laboratory rabbits (Soulez et
al., 1989).

Recent studies have shown antigenic and
genetic diversity among Pneuwmocystis or-
ganisms infecting different mammal spe-
cies (Cushion, 2004). Pneumocystis carinii
is the name previously used for all organ-
isms of this genus, but this species has only
been found in rats. Further studies are
warranted to characterize the Pneumocystis
organisms found in hares, and to determine
whether the same species occurs in the
mountain and brown hares.
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The high prevalence and wide distribu-
tion of lungworm infections has also been
demonstrated in previous studies of hares
from Finland. Soveri and Valtonen (1983)
reported that the prevalence of P. pulmo-
nalis in mountain hares was 87% and in
brown hares 33%. High prevalence in
hares has also been found elsewhere,
especially in northern Sweden and Russia
(Burgaz, 1969; Koghteva and Morozov,
1969). In contrast, all lung samples
(n=116) of brown hares from Germany
were negative for lungworms (Frolich et
al., 2003). Because of the histologic
examination method, we did not try to
identify the lung worm species. However,
only Protostrongylus pulmonalis has been
reported from Finland and Sweden (Bur-
gaz, 1969; Soveri and Valtonen, 1983).

Compared to the results of previous
studies (Soveri and Valtonen, 1983; Keith
et al., 1986), the age or body weight of the
hare had no significant effect on the
intensity of the lungworm infection in
hares in this study. This is at least partly
explained by the fact that in the present
study, intensity of the infection was de-
termined histologically by the presence of
different developmental stages of the
worm. In our previous study (Soveri and
Valtonen, 1983), intensity was estimated as
the extent of macroscopic changes in the
lungs, which seemed to increase with age.
The sex of the hare had no effect on the
intensity of infection in this, or in most
other studies done in mountain or brown
hares (Burgaz, 1969; Soveri and Valtonen,
1983; Keith et al., 1986).

The macroscopic and histologic changes
caused by the lungworms were similar to
those found in previous studies in moun-
tain hares in Finland and Italy (Soveri and
Valtonen, 1983; Battisti et al., 2000). An
association between the necrosis and
heavy worm infection speaks to harmful
effects of these nematodes on the tissue.
The damaged lung tissue is unlikely to
heal into properly functioning lung tissue.
The negative correlation between pres-
ence of inflammatory cells and the worm

785

infection intensity in the sections taken
from the distal part of the lobes results
from the presence of necrotic tissue in
these sites. In the necrotic tissue sites,
only the damaged tissue and worms are
histologically visible. Apparently the
worms can stay and reproduce also in
necrotic areas. The alveolar egg groups
usually do not cause an inflammatory
reaction, which is thought to ensure the
development of the eggs before hatching
of the larvae (Pajersky et al., 1992).

Lung worm infection has only rarely
been studied in areas where both moun-
tain and brown hares occur (Burgaz, 1969;
Soveri and Valtonen, 1983). In the present
study, the prevalence of lungworm in-
fection was lower in brown hares than
those in mountain hares but only in
a relatively few cases the two species were
caught in the same area. The two hare
species differ in their habitat and food
requirements, which could lead to differ-
ent exposure of brown hares to infected
snails (Frolich et al., 2003). Spatial differ-
ences in the distribution of the snail
intermediate host also might explain some
of the differences in the intensity of the
lungworm infection in mountain hares.
The pathology of the infection also differs
between the two host species. Extensive
macroscopic changes are relatively rare in
brown hares compared to mountain hares.
Whether the lower prevalence and in-
tensity of lungworm infection in brown
hares is associated with the species-
specific differences in immunity and/or
with the relatively recent introduction of
brown hares to the Finnish fauna is not
known. In contrast to the findings of
Pajersky et al. (1992), adult worms were
found in all the parts of the lung where
samples were collected.

Based on the histopathologic findings,
most infected hares had both adults and
larvae in the lungs. Adult worms were
found throughout the hunting season from
September to the end of February, at
which time the ground has been covered
by snow for several months. The intensity
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of lungworm infection in snowshoe hares
has been reported to increase during
winter months due to the decrease in food
quality (Kralka and Samuel, 1990). In this
study, the effect of season on the lung
worm infection in hares could not be
assessed because all samples were collect-
ed during the hunting season from Sep-
tember to February.

Intense infections of lung tissue can
compromise pulmonary function, which
can affect the hare’s ability to escape
predators, especially in malnourished ani-
mals and during bad weather conditions.
Also, lungworm infections can harmfully
affect the lung tissue and its gas exchange
capabilities, making hares susceptible to
secondary bacterial infections and pre-
dation (Keith et al., 1986; Pajersky et al.,
1992; Frolich et al., 2003). However,
infection with P. pulmonalis or other
lungworms are thought to be relatively
benign in hares (see Muroma, 1954; Keith
et al., 1986); they are not known to
associate negatively with mountain hare
population dynamics (Tason and Boag,
1988) unless there is also a lack of food
leading to poor condition of the hares
(Soveri et al., 1992). The relatively low
sample size in some sites and years did not
allow quantitative analyses on the effect of
the lungworm or Pneumocystis infection
on hare population dynamics, but relative-
ly high mean worm intensities were found
both in increasing and declining hare
populations. The adverse effects of Pneu-
mocystis infection on both the host tissue
and the host condition indicate that these
pulmonary pathogens could negatively
impact mountain hare populations.
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