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DESCRIPTIVE EPIZOOTIOLOGICAL STUDY OF EUROPEAN
BROWN HARE SYNDROME IN SWEDEN

Dolores Gavier-Widén and Torsten Morner
Department of Wildlife Diseases, The National Veterinary Institute, Box 7073, S-75007 Uppsala, Sweden

ABSTRACT: A study on descriptive epizootiology of the viral necrotising hepatitis of hares, Eu-
ropean brown hare syndrome (EBHS) was conducted in Sweden. Two thousand eight hundred
eighteen hares were necropsied between 1980 and 1989. European brown hare syndrome was
diagnosed histologically in 234 (14%) of 1644 European brown hares (Lepus europaeus) and 26
(3%) of 958 varying hares (Lepus timidus). Most cases occurred in October, November, and
December. In 1980, the first cases were recorded on the island Gotland and in 1981 EBHS occurred
on the mainland in the south of Sweden. In the following years it spread northward up to the
Nordic limit (Limes norrlandicus), which marks the transition of climate, topography, fauna and
flora, between central Sweden and Norrland. By 1989 EBHS was restricted to the southern terrain,
overlapping the distribution of the population of European brown hares, and it occurred in 23.2%
of the hares received for post-mortem examination at the National Veterinary Institute of Sweden.

Key words: European brown hare syndrome, necrotising hepatitis, rabbit viral hemorrhagic
disease, hare, rabbit, Lepus europaeus, Lepus timidus.

INTRODUCTION 1991; Morisse et al., 1990). Furthermore,

The European brown hare syndrome Eskens and Volmer (1989) in Germany;
(EBHS) was first observed in Sweden in and Gavier-Widén and Mdrner (1991) in
Sweden reproduced the disease in hares

by inoculation with liver homogenates
from hares with EBHS. The causative vi-
rus of EBHS is a small (30 to 35 nm) ico-
sahedral, non-enveloped and hemaggluti-
nating virus (Gavier-Widén and Mérner,
1991). The clinical and pathological man-
ifestations of EBHS and RVHD are re-
markably similar. There is no evidence of
natural cross-infection between hares and
rabbits; however, there are two reports of
virological investigations failed to identify experimental succe:ssful cross-}nfectlon
a specific cause of the disease. In 1989, (Modugno and Nasti, 1990; Morisse et al.,
Lavazza and Vecchi (1989) found viral 1990). The relatedness of the viruses has
particles in the liver of European brown 1ot yet been completely elucidated, al-

hares that had died of EBHS, by negative though a partial antigenic relationship has
: T
staining immune electron microscopy. In- been found (Capucci et al., 1991). Nostud-

terestingly, these particles were morpho- 1€$ he?ve been fePO”?‘? on.the genomes of
logically similar to the virus of “X disease the viruses. The classification of the EBHS

of rabbits” or rabbit viral hemorrhagic dis- and RVHD viruses has been controversial.
ease (RVHD), a disease described in China All attempts to make them grow in tissue
(Xu and Chen, 1989) and which recently culture have been unsuccessful, making the
emerged in Europe. Subsequently, the vi- study of the viral properties more difficult.
rus first observed by Lavazza was consis- Most European workers have concluded
tently found in the liver of hares that had that the RVHD virus is a calicivirus, (Ca-
died of EBHS in the different countries pucci et al., 1990; Ohlinger et al., 1990)
(Chasey and Duff, 1990; Eskens and Vol- while American researchers have classified
mer, 1989; Gavier-Widén and Moérner, itasa parvovirus (Gregg and House, 1989).

the early 1980’s as a new disease charac-
terized by severe liver damage of un-
known cause. In the following years ex-
tensive research was carried out to identify
the cause of the disease. Pesticides, my-
cotoxins, selenium levels and new sorts of
rape (Brassica napus) with low glucosi-
nolate content (called “double zero vari-
eties”’) were investigated; no conclusive re-
lation between any of these and EBHS was
found. Bacteriological, parasitological and
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TABLE 1. Age and sex distribution of 275 hares with European brown hare syndrome.
Age
Sex Adult Subadult Young Totals
Female 100 (36.3%)" 42 (15.3%) 0 (0%) 142 (51.6%)
Male 94 (34.2%) 39 (14.2%) 0 (0%) 133 (48.4%)
Totals 194 (70.5%) 81 (29.5%) 0 (0%) 275 (100%)

*Number and percent of the total for each category.

The liver lesions of EBHS are very char-
acteristic and their histological identifi-
cation provide a reliable diagnosis. Viral
antigen is consistently detected in these
cases. In one study, EBHS antigen was
found in the liver of all the hares with
typical EBHS lesions (Gavier-Widén,
1992). The EBHS virus also can be seen
by negative staining electron microscopy
in many hares having typical EBHS liver
lesions (Poli et al., 1991). Periportal he-
patocytic coagulation necrosis with foci of
hepatocellular lysis, acidophilic bodies,
granular accumulation of calcium in the
hepatocytes and a scanty inflammatory in-
filtrate are changes observed in hares that
die of EBHS (Gavier and Morner, 1989;
Gustafsson et al., 1989). Other pathological
changes include lung edema, congestion
of tracheal mucosa and organs, and oc-
casional petechia, probably related to shock
and terminal disseminated intravascular
coagulation. Confirmatory diagnostic
techniques involve detection of virus in
organ homogenates by hemagglutination,
negative staining electron microscopy and
enzyme-linked immunosorbent assay
(ELISA), using rabbit anti-RVHD hyper-
immune serum as a catcher and as a tracer
or using a mixture of monoclonal antibod-
ies (Capucci et al., 1991). In the recent
years, increasing awareness of EBHS led
the way to investigation and reporting in
many countries. European brown hare
syndrome has, to date, been reported in
Sweden (Gavier and Morner, 1989; Gus-
tafsson et al., 1989), Denmark (Henriksen
et al., 1989), Belgium (Okerman et al,
1989), Italy (Marcato et al., 1989), Yugo-
slavia (Sostaric et al., 1991), Great Britain
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(Chasey and Duff, 1990), Germany (Es-
kens and Volmer, 1989) and France (Mo-
risse, 1988). European brown hare syn-
drome today is widely recognized as the
cause of death of an apparently large num-
ber of free-living and farm-raised hares in
Europe. However, the epizootiological as-
pects of the disease are poorly understood.
Our objective was to provide information
about host susceptibility, and the temporal
and geographic distribution of EBHS in
free-living hares in Sweden.

MATERIALS AND METHODS

We evaluated 1,644 European brown hares
(Lepus europaeus Pallas), 958 varying hares
(Lepus timidus Linné) and 216 hares with spe-
cies not determined (Lepus spp.) received for
post-mortem examination from Sweden at The
National Veterinary Institute, Uppsala, Sweden,
from the 1 January 1980 to 31 December 1989.
During necropsy, samples of liver from each
hare were fixed in 10% neutral buffered for-
malin. The tissues were trimmed and processed
by routine paraffin technique, and were cut at
4 um. All sections were stained with hematox-
ylin and eosin and in some cases additional sec-
tions were stained using the von Kossa method
(Luna, 1968). The diagnosis of EBHS was based
on characteristic histological lesions in the liver.
The distribution of the EBHS cases were eval-
uated by sex, age, species, body weight, geo-
graphical location, temporal distribution and
seasonality. The hares were classified in three
age groups. Hares with fully developed gonads
were considered adults, hares with gonads not
fully developed, subadults (approximately 3 wk
to 6 mo) and hares whose stomachs contained
milk, young (up to 3 wk).

RESULTS

A total of 275 cases were identified as
EBHS. Overall, the proportion of EBHS
cases for the 10 years of the study, was
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FIGURE 1. Proportion of the examined European
brown hares (Lepus europaeus) and varying hares
(Lepus timidus) with European brown hare syn-
drome per year. Numbers on the bars: number of
EBHS cases/number of hares examined.

substantially higher in European brown
hares than in varying hares. We diagnosed
EBHS in 234 (14%) of 1,644 European
brown hares, in 26 (2.7%) of 958 varying
hares, and in 15 (6.9%) of 216 unidentified
hares.

No cases of EBHS occurred in young
hares (Table 1). There was no significant
difference (P > 0.05) in the proportion of
cases in males and females. European
brown hare syndrome occurred in a con-
siderably higher proportion of the Euro-
pean brown hares than of the varying hares
examined. Considering each year sepa-
rately, during 1980, 1981 and 1982, EBHS
was detected only in European brown hares
(Fig 1). In 1983, EBHS was detected for
the first time in varying hares and was
diagnosed in 3.8% of the total number of
the varying hares examined that year. Few
cases occurred in varying hares every year
until 1989, when they composed 9.7% of
the cases.

For European brown hares with EBHS,
the median body weight was 3,470 g, and
ranged from 1,920 g to 4,460 g. For vary-
ing hares the median value was 3,120 g,
ranging from 2,220 to 4,000 g. For com-
parison, the median body weight of 220
apparently healthy, free-ranging adult
European brown hares shot in three areas
of Sweden for a health monitoring study
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100 km

FIGURE 2. Location of 275 cases of European
brown hare syndrome in southern Sweden from 1980
to 1989. Lepus europaeus bagged (O), Lepus timidus
bagged (O), % of hares examined that had EBHS (W).

was 4,000 g, with a range of 2,000 to 5,600
g (Morner, unpubl. data).

All cases of EBHS occurred in the south-
ernmost third of Sweden, between the lat-
itudes 60°20'N and 55°15'N (Fig. 2). The
distribution of EBHS overlapped the dis-
tribution of the population of European
brown hares and part of that of varying
hares (Bjirvall and Ullstrom, 1985).

There was no apparent correlation be-
tween hunting success as an index of hare
populations and the occurrence of EBHS
(Swedish Sportmans Association, 1991)
(Fig. 3). European brown hare syndrome
occurred throughout the year but was most
frequent during October, November and
December (Fig. 4).

DISCUSSION

It is difficult to speculate on how and
where EBHS originated. It is not known
if EBHS occurred in Sweden before 1980.
In the fall of 1986, EBHS was responsible
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FIGURE 3. Annual hunting kill for European
brown hares (Lepus europaeus) and varying hares
(Lepus timidus) in Sweden and percentage of hares
with EBHS of the total number of hares examined
at the National Veterinary Institute (Sweden) an-
nually, 1980 to 1989.

for the death of a large number of hares
in central Europe (Eskens et al., 1987; Poli
et al., 1991). Currently (1992) the disease
has been recognized and reported in most
European countries. In Sweden, the first
three recognized cases occurred on the is-
land Gotland (56°54’ to 58°00'N, 18°05' to
19°20'E) in 1980. In 1981 EBHS occurred
on the mainland in the south of Sweden.
In the following years EBHS extended
northward to the geographical and cli-
matic border called the Nordic limit (Limes
norrlandicus), which marks the transition
of climate, topography fauna and flora,
between central Sweden and Norrland
(Fig. 2). European brown hare syndrome
is, to this date, confined to the south of this
limit. The distribution of EBHS may be
limited by the reservoir host species that
inhabits only the southern terrain. Euro-
pean brown hare syndrome does not seem
to occur in areas where European brown
hares are absent, such as northern Sweden,
Finland and Norway. Perhaps EBHS was
originally a disease of European brown
hares that extended to the population of
varying hares. Perhaps European brown
hares with chronic forms of EBHS contin-
ue shedding virus for long periods, acting
as long term carriers and reservoirs, where-
as varying hares are more susceptible and
die more acutely. The higher frequency
of EBHS in brown hares than in varying
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Total number of cases

FIGURE 4. Seasonal distribution of 275 cases of
European brown hare syndrome diagnosed at the
National Veterinary Institute (Sweden) from 1980 to
1989.

hares may be explained if the disease were
endemic in the population of brown hares
and the occurrence of EBHS in varying
hares was only accidental. The two species
of hares occur in different habitats. Eu-
ropean brown hares are grazers and live
predominantely in agricultural fields while
varying hares are browsers and inhabit for-
ests. Therefore the contact between the
two species is very limited, and occurs
mostly at the margins of forest areas. The
proportion of varying hares affected by
EBHS in southern Sweden increased in
1989 t09.7% and in 1990 to 13.8% (Gavier-
Widén, unpubl.). The reasons are not clear;
however, it might signify that the virus is
adapting to the varying hare. Since EBHS
is an infectious disease, cases should be
more common in years when hares are
abundant. However, there was a peak of
cases of EBHS in 1983 and very few cases
in 1985 (Fig. 3). At the same time the
annual hunting kill increased during those
years, reflecting more dense hare popu-
lations. Thus, factors other than population
density, such as climate, may influence the
occurrence of EBHS. In 1985, the winter
was particularly severe, the large amounts
of snow may have reduced the spread of
EBHS-virus by reducing contact between
hares.

In our study, EBHS occurred only in
adult and subadult hares, and was most
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common in adult hares. No cases were
found in young hares. Passive maternal
immunological protection may account for
the lack of cases in very young hares. We
have found hemagglutination inhibition
antibodies against EBHS in recently born
hares in endemic areas (Gavier-Widén and
Morner, 1991). However, it is not known
how long the passive protection lasts. The
body weight distribution of hares with
EBHS appeared to have lower values than
those for normal hares, indicating that the
disease may cause weight loss. Alterna-
tively, the lower weight of EBHS-affected
hares may reflect higher susceptibility of
stressed animals (from poor nutrition, pes-
ticides or chronic diseases) to infection with
EBHS virus.

The high occurrence of EBHS in Oc-
tober, November and December, may be
related to the high hare density at this time
of the year. A comparable pattern is seen
in other infectious diseases of hares in Swe-
den, such as tularemia, in which a con-
centration of cases occurs between August
and November and the seasonality is at-
tributed to mosquito transmission (Mérner
et al., 1988). No studies have been made
on possible vector transmission of EBHS.
Other factors that may contribute to the
seasonality of EBHS are the presence of
high number of susceptible young hares
that have lost the passive maternal protec-
tion; the concentration of hares in mar-
ginal areas for grazing following the har-
vest of agricultural crops; and the fact that
dead hares are more likely to be found at
this time of the year, when the hunters are
out in the fields and forests.

Despite the high density of the popu-
lation of both wild rabbits and hares co-
existing on the island of Gotland, no wild
rabbits were found with liver damage re-
sembling EBHS until 1990, when RVHD
was introduced, indicating that natural in-
fection of wild rabbits with EBHS virus
does not occur. The reason why the first
cases of both EBHS and RVHD were rec-
ognized on the same island, is not clear.
There is no natural movement of hares and
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wild rabbits between mainland and the
island Gotland. Perhaps migrating birds
introduced the virus onto Gotland, as was
reported for myxomatosis in Sweden (Borg
and Bakos, 1963). Even though the im-
portation of rabbits from countries with
RVHD was prohibited, an illegal intro-
duction of an infected rabbit can not be
excluded.

The effect of EBHS on the size of the
population of hares is difficult to evaluate.
Mortality and morbidity rates, or total
population numbers could not be estimat-
ed in this study. Disease prevalence rates
based on serosurveys have not yet been
investigated. However, the most common
disease causing death in free living hares
is currently EBHS. In spite of this, the
number of hares shot in Sweden in the last
few years has increased, indicating that
presently EBHS is probably not causing
drastic reduction in the population of hares.
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