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ABSTRACT: From 1999 to mid-2003, 97 Eu-
ropean brown hares (Lepus europaeus) found
dead throughout Greece were examined by
necropsy, histopathology, and reverse-transcrip-
tion polymerase chain reaction (RT-PCR) for
the presence of European brown hare syn-
drome (EBHS) and EBHS virus (EBHSV), re-
spectively. Hare losses were sporadic, starting
in the cold season and lasting for many months
(December to May). The most prominent gross
lesions were observed in the liver and included
swelling and discoloration; congestion and
hemorrhages were present mainly in lungs and
tracheal mucosa. Necropsy findings were sug-
gestive of EBHS, which was confirmed by his-
topathology and RT-PCR. This study docu-
ments, for the first time, EBHS in Greece.

Key words: European brown hare syn-
drome, Greece, histopathological findings,
PCR.

European brown hare syndrome
(EBHS) affects wild and farmed hares of
the species Lepus europaeus and Lepus
timidus. The syndrome, a severe necrotic
hepatitis, has affected up to 100% of a
hare population in which animals usually
died within 48–72 hr (Chasey et al., 1992).
The disease was first reported during the
1980s and occurred simultaneously in
many European countries (Morisse, 1988;
Eskens and Volmer, 1989; Henriksen et
al., 1989; Marcato et al., 1989; Okerman
et al., 1989; Chasey and Duff, 1990; Sos-
taric et al., 1991; Gavier-Widen and Mor-
ner, 1993; Nauwynck et al., 1993; Salmela
et al., 1993; Steineck and Nowotny, 1993;
Gortazar and de Luco, 1995; Frolich et al.,
1996, 2001, 2003; Slamecka et al., 1997).
The viral etiology was first demonstrated
in 1988 by electron microscopy (Lavazza
et al., 1988). Sequencing the viral genome
has demonstrated EBHS virus (EBHSV)

shares a similar genomic organization to
rabbit hemorrhagic disease virus (RHDV),
the cause of rabbit hemorrhagic disease
(RHD) but that the two viruses are dis-
tinct caliciviruses (Wirblich et al., 1994; Le
Gall et al., 1996).

European brown hare syndrome has sig-
nificant similarities to RHD in its epide-
miology, clinical signs, and pathology.
Findings in the two diseases are charac-
terized by rapid progression, mild nervous
symptoms, severe necrotic hepatitis, and
circulatory dysfunction in various organs
(Capucci et al., 1991; Duff et al., 1994).
Our objective was to determine whether
EBHS occurs in Greece where an in-
creased mortality in European brown hare
populations has been observed in recent
years.

Ninety-seven European brown hares
found dead or shot throughout Greece
were submitted by hunting federations
from 1999 to mid-2003. All hares were
adults and in fair or poor body condition.
In five hares, postmortem findings were
unrecognizable because of advanced pu-
trefaction. Gross lesions were found in 85
hares. Edema, congestion, extensive hem-
orrhages in the lungs, and severe conges-
tion of the tracheal mucosa were observed.
The spleen was enlarged and dark red-
black, and the kidneys were congested. In
83, the liver was swollen, discolored, and
friable. Tissue samples from liver, lungs,
spleen, and kidneys from all except the five
decomposed hares were fixed in 10% buff-
ered formalin and routinely processed for
histopathologic examination. In addition,
samples of liver and spleen from all hares
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FIGURE 1. Liver. Periportal and midzonal necro-
sis with a mild inflammatory infiltration of mononu-
clear cells. Notice the acidophilic bodies (arrows).
H&E stain.

FIGURE 2. Liver. Fibrous tissue infiltrated with
lymphocytes has formed in and around the portal
tracts and bridged neighbouring portal tracts. Necro-
sis and degeneration of hepatocytes are seen. H&E
stain.

were collected for reverse-transcription
polymerase chain reaction (RT-PCR) anal-
ysis. The RNA extractions were carried out
using a commercial RNA isolation kit
(Gentra Systems, Minneapolis, Minnesota,
USA). The RNA samples were subjected
to reverse transcription, followed by PCR
using the primers HEF 59–CCGTCCAR-
CATTCGTCCTGTCAC–39 and HEB 59–
CATCACCAGTCCTCCGCACCAC–39,
which were designed to amplify a part of
the gene encoding the structural polypep-
tide VP60. The expected size of the RT-
PCR product was 265 bp (Ros Bascunana
et al., 1997).

Histopathologically, in the 85 hares with
gross lesions, interstitial and alveolar hem-
orrhages and edema were observed in the
lungs; and in the spleen, the red-pulp was
congested and edematous. In 83, acute he-
patic lesions, characterized by variably
sized areas of periportal and midzonal he-
patocellular necrosis, were the most prom-
inent and consistent histopathologic find-
ings. Acidophilic bodies were occasionally
seen around or in the necrotic areas in
connection with hepatocyte degeneration
and calcium deposits (Fig. 1). Three of the
seven hares with no gross lesions had a
mild periportal inflammatory reaction,
prominent periportal fibroplasia, and bile
duct proliferation accompanied by peri-

portal degeneration and necrosis of hepa-
tocytes corresponding to chronic hepatitis
(Fig. 2).

European brown hare syndrome virus
RNA was detected in liver and spleen
specimens from the 83 hares with acute
hepatic lesions, the three hares with
chronic hepatitis, and in spleen from the
two hares with changes limited to the lung
and spleen. In our study, EBHSV-positive
hares were found most frequently between
December and May; this observation also
has been described by Poli et al. (1991).

Gross and histopathologic findings in
these hares were consistent with EBHS,
which was confirmed by RT-PCR. On the
basis of the morphology of the liver chang-
es, we recognized the two forms of the dis-
ease as described by Gavier-Widen (1994),
an acute and a subacute form. Further-
more, we found alterations in the liver of
three hares corresponding to the chronic
form of the disease (Marcato et al., 1991).
Detection of viral RNA in this form of the
disease may imply that these animals could
play a role in the epidemiology of EBHS
by spreading and maintenance of the virus.

In conclusion, we have demonstrated
that EBHS exists in Greece and may be
one of the causes for increased mortality
in the hare population in Greece over the
past 6 yr. However, the ecological impact
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of EBHS needs to be further evaluated in
conjunction with other factors, such as
changes in habitat, agricultural techniques,
and environmental pollution.
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