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ABSTRACT: Signs and pathologic changes of European brown hare syndrome (EBHS) were re-

produced in four hares (Lepus europaeus) after experimental inoculation of a liver suspension

from hares from Belgium, which naturally died of EBHS. Virus particles were demonstrated by

electron microscopy in the liver of an experimentally infected hare. They were spherical with a

diameter of 28 to 30 tim. After density gradient centrifugation, virus particles were detected in

the density zone of 1.34 g/ml. Based on immunoelectron microscopy with a convalescent serum,

we identified the virus as the cause of EBHS. Clinical signs were not produced in three seronegative

domestic rabbits after subcutaneous inoculation of the EBHS virus. Although low levels of anti-
bodies against EBHS virus were found in the serum of these three rabbits 4 weeks after the
inoculation of EBHS virus, the rabbits were not protected when challenged with viral hemorrhagic

disease (VHD) virus. The different pathogenicity of the Belgian EBHS and VHD virus isolates in

rabbits and the lack of protection in rabbits with circulating EBHS virus antibodies against a

challenge with VHD virus indicates that both Belgian virus isolates form two different virus

populations.

Key words: Lepus europaeus, European brown hare, domestic rabbit, European brown hare
syndrome virus, viral hemorrhagic disease virus, experimental inoculations.

INTRODUCTION

High mortality was reported in wild and

captive hares in Belgium during the au-

tumn of 1988 and 1989 (Okerman et a!.,

1989). Affected hares had altered behavior

consisting of suppressed flight reaction and

disorientation. On necropsy there was ic-

terus and pronounced lobular marking on

the surface of the liver. Microscopic lesions

were confined primarily to the liver and

consisted of periportal or diffuse necrosis

of hepatocytes, periportal infiltration of

mononuclear cells and hyperplasia of the

bile ducts (Uyttebroek et a!., 1990). Mor-

tality among hares diminished in Belgium

in 1990 and was not observed in 1991.

A similar disease syndrome has been ob-

served in several other European countries

including Sweden since 1980 (Gavier and

M#{246}rner, 1989), Germany since 1986 (Es-

kens et a!., 1987), Denmark, Italy and

France since 1988 (Henriksen et a!., 1989;

Lavazza and Vecchi, 1989; Morisse et a!.,

1990) and Great Britain since 1989 (Chas-

ey and Duff, 1990).

The disease syndrome observed in hares

in the different European countries was

designated European brown hare syn-

drome (EBHS). The viral etiology has been

described in most of these countries (Es-

kens and Volmer, 1989; Henriksen et a!.,

1989; Lavazza and Vecchi, 1989; Chasey

and Duff, 1990; Morisse et al., 1990). The

non-enveloped, spherically shaped virus,

28 nm in size, is called the EBHS virus.

In Italy and the south of France, a sim-

ilar disease was observed in wild and do-

mestic rabbits in the areas where hares

were affected by EBHS (Lavazza and Vec-

chi, 1989). In rabbitries, mortality often

reached 80 to 100% and the disease was

called viral hemorrhagic disease (VHD).

Viral hemorrhagic disease is caused by a

non-enveloped and spherically shaped vi-

rus, characterized as a member of the Ca-

liciviridae (Ohlinger et a!., 1989). Mor-

phologic differences were not found

between VHD virus and EBHS virus. Such

a coincidence of a similar disease affecting

both rabbits and hares was not found in
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Belgium during the epizootic of EBHS in

1988 and 1989. On the contrary, the first

outbreaks of VHD in Belgian rabbits were

reported in 1990, when the occurrence of

EBHS in hares decreased (Peeters et al.,

1990).

The aim of the present study was to

reproduce EBHS in hares with a liver sus-

pension from Belgian hares that were nat-

urally infected with EBHS virus and to

determine if this Belgian EBHS virus iso-

late causes disease in rabbits. Moreover,

we determined whether rabbits with im-

munity to EBHS virus were protected

against challenge with VHD virus.

MATERIALS AND METHODS

Five captive hares (Lepus europaeus), des-
ignated Hi, H2, H3, H4 and H5, were obtained
from a farm with no past history of EBHS. They
were males, 6- to 8-mo-old and housed individ-

ually in isolation. Hare Hi was inoculated sub-

cutaneously with 2 ml of a centrifuged (iO,000
x g) suspension of pooled conjunctivae, lungs

and livers, obtained from wild hares with liver

lesions of EBHS. Hares H2, H3, H4 and H5
were inoculated with a centrifuged (10,000 x
g) suspension of pooled livers, collected from

hare Hi and from two captive hares which died

of natural EBHS. Diagnosis of EBHS in the lat-
ter two hares was based on typical histopatho-
logic liver lesions, namely periportal necrosis of

hepatocytes, periportal infiltration of mononu-

clear cells and hyperplasia of the bile ducts. The
liver suspension for inoculation was kept at -70

C. Hares H2 and H3 received 2 ml of the liver
suspension subcutaneously. Hare H4 was inoc-
ulated subcutaneously with 2 ml of filtered (0.45
�m) liver suspension. Two ml of filtered material

was inoculated orally (0.5 ml), intranasally (two

times 0.25 ml) and onto the conjunctivae (two
times 0.5 ml) in hare H5. All animals were ob-

served daily. Blood was taken from all hares at
the time of inoculation and, when they survived,
either at the time of euthanasia (hare Hi) or 1

and 3 wk after the inoculation (hare H5). Eu-

thanasia was with an intracardiac injection of T

61 (Hoechst Veterin#{224}r, Munich, Germany) at a

dose of 2 mI/kg.
Ten domestic rabbits, designated Ri to RiO,

were used either for the inoculation of VHD
virus containing material or material collected
from hares affected with EBHS. With a hemag-
glutmnation inhibition test (Peeters et al., 1990),
no serum antibodies against VHD virus were

found in these rabbits. Rabbits Ri, R2 and R3

were injected subcutaneously with 2 ml of the

same liver suspension that was used for the in-

oculation of hares H2 and H3. Four wk later,
these rabbits were challenged subcutaneously
with 1&’ LDso VHD virus. This VHD virus was
isolated during a Belgian VHD outbreak in 1990.

Rabbits R4 to RiO were injected subcutaneously
with 10� LDso VHD virus containing liver sus-
pension. Rectal body temperatures were taken
from all rabbits daily for 5 days after inocula-

tion. Body temperatures >40.5 C were consid-

ered as fever. Blood was taken from all rabbits
at the time of inoculation and 4 wk later, if they
survived. At death, liver samples were subjected

to the hemagglutmnation test, in order to show
the presence of VHD virus.

All hares which died or were euthanatized
were necropsied. Samples of conjunctiva, tra-

chea, lungs, liver and kidneys were fixed in
phosphate-buffered formalin, embedded in par-

affin, sectioned at 5 �m and stained with he-
matoxylmn and eosin.

The liver of hare H4 was examined using
electron microscopy (EM). A 5% liver suspen-

sion in phosphate-buffered saline (PBS) was clar-
ified at 5,000 x g for 30 minutes. The homog-
enate was layered on a cushion of 30% (w/w)
sucrose and formed into a pellet at 200,000 x
g for 1.5 hr. The pellet was resuspended in PBS
by ultrasonic treatment during 2 x 10 sec (MSE

150 Watt Ultrasonic disintegrator; Crawley,
Sussex, England). After clarification, the sample
was centrifuged for 17 hr at 200,000 x g in a
30 to 55% linear glycerol potassium tartrate den-

sity gradient (Obijeski et al., 1974). Bands visible
by light scattering were collected, dialyzed

against PBS and used directly for EM and im-
munoelectron microscopy. Specimens were pre-
pared using 200 mesh formvar coated grids and
stained with 2% potassium phosphotungstate,

pH 6.i (Madeley, 1972). They were examined
in a Zeiss EM 95-2 microscope (Zeiss, Ober-
kochen, Germany) at 28,000 power.

Immunoelectron microscopy (!EM) was per-
formed using preinoculation and convalescent
sera, obtained from hare H5. Thirty microliters

of undiluted serum and i50 Al of purified virus
preparation were mixed and incubated at 37 C

for 2 hr and 4 C overnight. After centrifugation
at 10,000 x g for 30 mm, the pellet was resus-
pended in PBS and prepared for EM as de-

scribed above.
An agar gel precipitation test was used for

detection of EBHS viral antigens. A 20% liver
suspension was prepared in PBS. The suspension
was centrifuged at 10,000 x g for 10 mm. Two

parts of the supernatant were mixed with one
part of i,1,2-trichlorotrifluoroethane (Fluka,

Buchs, Switzerland). This mixture was shaken
vigorously for 1 mm and centrifuged at 2,000
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x g. The aqueous phase was collected and cen-

trifuged at 14,000 x g for 10 miii and the su-
pernatant was used as antigen. Convalescent

serum, obtained from a hare that was experi-
mentally infected with EBHS virus, was used as
antiserum.

The hemagglutination test (Peeters et al.,
1990), using human type 0 red blood cells, was

used for the demonstration of VHD virus in liver

suspensions.

Serum antibodies against VHD virus and
EBHS virus in hare H5 and rabbits Ri, R2 and
R3 were determined by a blocking enzyme-
linked immunosorbent assay (ELISA) which was

performed in the Istituto Zooprofillattico Sperm-
mentale della Lombardia e dell Emilia-Brescia
(Italy) (Capucci et al., 1991). A titer >i:1O was

considered positive.
Biochemical and enzymatic determinations

of total bilirubin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and
-y-glutamyltranspeptidase (y-GT) were per-
formed on the sera of the experimentally in-
fected hares Hi and H5. The concentration of
bilirubin was determined with the bilirubin kit

Serapak (Ames-Bayer Diagnostica, Wemmel,
Belgium). The concentrations of the enzymes
were determined with ALT, AST and y-GT de-

tection kits of Boehringer Mannheim (Mann-

heim, Germany).

RESULTS

No clinical signs were observed in hare

Hi until 6 days after inoculation when a

mucopurulent discharge was seen from the

nostrils and the conjunctivae became ye!-

low. At that time the animal was euthan-

atized. Hares H2 and H3 died 2 and 3

days after inoculation, respectively. Sup-

pressed flight reaction and unstable gait

were noticed 8 to 12 hr prior to death.

Hare H4 died 5 days after inoculation.

Suppressed flight reaction was the only

clinical sign, observed during 2 days prior

to death. Hare H5 had a fluid discharge

from the nostrils on the second and third

day after inoculation and on the third day,

some fibrinous material was present in one

eye. This hare survived the infection.

Rabbits Ri, R2 and R3 survived the in-

oculation of EBHS virus containing liver

suspension. No changes in recta! body tem-

perature were measured. However, these

three rabbits died 2, 4 and 7 days, respec-

tive!y, after challenge with VHD virus

containing material. No fever was mea-

sured in rabbit R 1, rabbit R2 had fever at

2 and 3 days after inoculation (41 C), and

rabbit R3 had a fever at 3 and 4 days after

inoculation (41.9 C and 40.6 C, respec-

tively). Rabbits R4 to RiO all died 2 to 5

days after inoculation of VHD virus con-

taining liver suspension. Rabbits R4, R5,

R8 and R9 showed no fever. Fever was

present the second day after inoculation

in rabbit R6 (40.8 C), the second and third

day after inoculation in rabbit R7 (41.6 C

and 41.4 C, respectively) and the third day

after inoculation in rabbit RiO (41.3 C).

The concentrations of ALT, AST, �y-GT

and total bilirubin of hare Hi were in-

creased 20-fold at the time of euthanasia,

compared to the values obtained prior to

inoculation. The concentration of ALT in-

creased from 37 to 737 lU/liter, the con-

centration of AST from 62 to 1225 IU/

liter, the concentration of ‘y-GT from 10

to 170 lU/liter and the concentration of

bi!irubin from 6 to 112 Amole/liter. In hare

H5, the concentration of ALT increased

from 34 to 125 lU/liter, the concentration

of AST from 68 to 183 lU/liter, and no

changes were found for the concentrations

of ‘y-GT and total bilirubin.

At necropsy, hare Hi had a yellow dis-

coloration of the subcutis and the aortic

intima. Faint petechial hemorrhages and

hemorrhagic streaks were seen medially

on the thigh and in the dorsal subcutis.

There was mucopurulent exudate present

in the bronchi. The gross lesions in the liver

were minima!, except for an increased

marking of interlobu!ar septa. On histo-

pathologic examination, the liver had an

infiltration of lymphocytes in portal areas,

extensive vacuo!ation of periporta! hepa-

tocytes and proliferation of bile ducts. In

the apical lung lobes, a purulent broncho-

pneumonia was present. Desquamation of

bronchiolar epithelia! cells was seen in di-

aphragmatic lung lobes. Hares H2, H3,

and H4 had similar pathologic changes.

Moderate yellow discoloration was found

in the subcutis and the aorta intima. The
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FIGURE 1. Electron micrograph of viral particles,

purified from the liver of the EBHS affected hare

114.

liver was congested and friable on palpa-

tion. The lobular marking was pro-

nounced. Histologic alterations of the he-

patic parenchyma were severe, diffuse and

consisted of vacuolar degeneration and in-

dividual cell necrosis of hepatocytes and

congestion of sinusoids. Liver cells were

most severely affected in periportal areas.

There was a pinching-off of cytoplasmic

droplets from bronchiolar epithelial cells

(H2 and H4) and a desquamation of bron-

chiolar epithelium (H3 and H4).

Following density gradient centrifuga-

tion of clarified liver homogenate from

hare H4, two closely spaced bands were

visible. They were located in the zone of

the gradient with density 1.34 g/ml. Un-

der electron microscopy, both bands con-

tained morphologically identical virus

particles. The particles appeared roughly

spherical and measured 28 to 30 nm in

diameter (Fig. i). They had an indistinct

outline and some were penetrated by stain

to reveal an electron-dense center. Im-

mune complexes consisting of large ag-

FIGURE 2. Immunoelectron microscopy. Purified

viral particles treated with convalescent serum from
the EBHS affected hare H5.

gregates of widely spaced particles were

observed by IEM (Fig. 2). The virions were

surrounded by a fuzzy rim of antibodies.

No immune complexes were observed

when a preinoculation serum was used to

perform IEM.

European brown hare viral antigens
were detected in the livers of hares Hi,

H2, H3 and H4 with the agar gel precip-

itation test. Precipitation lines were formed

with anti-EBHS virus convalescent serum

and not with serum from uninoculated

hares with the agar gel precipitation assay.

Viral hemorrhagic disease viral antigens

were demonstrated with the hemaggluti-

nation test in the livers of all the rabbits

that died after inoculation of VHD virus

containing liver suspension. The hemag-

g!utination was inhibited with a convales-

cent rabbit serum.

No antibodies against either EBHS virus

or VHD virus were detected in hare H5

and rabbits Ri, R2 and R3 at the time of

the first inoculation. In hare H5, blocking

ELISA antibody titers of i:640 were found

to EBHS virus and i:20 to VHD virus, 3

wk after inoculation of EBHS virus con-

taining liver suspension. Antibody titers of

i:40 were found with the EBHS virus

blocking ELISA in rabbits Ri, R2, R3, 4

wk after inoculation of EBHS virus con-
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taming liver suspension, just before the

challenge with VHD virus. Antibodies

against VHD virus were not detected in

the latter sera.

DISCUSSION

We were able to reproduce EBHS in

hares but not in rabbits with a Belgian

EBHS virus isolate. Clinical findings in ex-

perimentally infected hares were similar

to those described in Belgian wild hares

(Uyttebroek et a!., 1990) and in wild and

captive hares from other European coun-

tries, after natural or experimental infec-

tion (Eskens et a!., i987; Henriksen et a!.,

i989; Chasey and Duff, 1990). Suppressed

flight reaction was the most frequently ob-

served clinical sign prior to death.

Pathologic changes following experi-

mental inoculation were found predomi-

nantly in the liver, and were comparable

to lesions described by Eskens et a!. (1987),

Eskens and Vo!mer (1989), Gavier and

M#{246}rner (1989), Okerman et a!. (1989) and

Uyttebroek et a!. (1990). The lesions were

characterized by a degeneration of hepa-

tocytes, especially in periporta! areas, a hy-

perplasia of the bile ducts and an infiltra-

tion of mononuclear cells. Evidence of

hepatocellular disease was given by the

increase of the levels of ALT, AST, ‘y-GT

and total bilirubin in serum. The accu-

mulation of bilirubin in the tissues induced

a yellow discoloration (icterus).

The virus isolated from Belgian EBHS

virus infected hares has a diameter of 28

to 30 nm and a density of 1.34 g/m!. The

virus particles were spherical and had reg-

ularly distributed cup-shaped depressions

at the periphery. The morphology and

density of this isolate were similar to those

of EBHS virus isolated in Great Britain

(Chasey and Duff, 1990) and of VHD virus

(Granzow et a!., 1989; Ohlinger et al., i989;

Smid et a!., 1989; Nowotny et a!., 1990;

Peeters et a!., 1990).

Although the Belgian EBHS virus isolate

and VHD virus isolate are morphologically

similar, they are quite different viruses

based on their pathogenicity for rabbits.

The VHD virus isolate killed rabbits while

EBHS virus isolate did not induce any clin-

ical sign.

In the European countries, some dis-

crepancies exist about the susceptibility of

rabbits to the virus that is isolated from

EBHS-affected hares. In Italy and south-

ern France, affected wild rabbits were

found in nature at the same time and in

the same regions where EBHS-affected

hares were observed. Virus isolated from

livers of EBHS-affected hares killed rab-

bits after experimental inoculation (Mo-

risse et a!., 1990). These observations are

in contrast with those made in Belgium,

Sweden, Germany, Denmark and Great

Britain where disease in hares was not ob-

served concurrently with a similar disease

in wild rabbits. In our study and the study

of Eskens and Volmer (1989), experimen-

tal inoculations of Belgian and German

EBHS virus isolates in rabbits did not result

in any clinical signs. Based on the differ-

ence in pathogenicity of the European

EBHS virus isolates for rabbits, variants of

EBHS virus must exist. Further examina-

tions are necessary to determine the an-

tigenic relationship among the EBHS virus

isolates from the different European coun-

tries.

Based on the low titer of VHD virus

antibodies found in one hare that received

EBHS virus containing liver suspension,

we propose that there are common anti-

genic determinants on the EBHS virus and

the VHD virus. Such antigenic relation-

ship between both viruses has been dem-

onstrated by means of monoclona! anti-

bodies (Capucci et a!., 1991). Six of eight

monoclona! antibodies that are directed

against epitopes of VHD virus also reacted

with epitopes of EBHS virus.

Low titers of EBHS virus antibodies were

found in rabbits after subcutaneous inoc-

ulation of EBHS virus. It was impossible

to determine whether the antigenic stim-

ulation of the immune system was a result

of the inoculum itself without virus rep-

lication or was induced by a limited degree

of virus replication. This low level of EBHS
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Received for publication 9 March 1992.

virus antibodies did not protect rabbits af-

ter the challenge with VHD virus. Based

on the lack of protection, the Belgian EBHS

virus isolate differed from the VHD virus

isolate. This may be explained by the ab-

sence of common neutralizing epitopes.

Capucci et a!. (1991) demonstrated that of

the eight neutralizing monoc!ona! anti-

bodies produced against VHD virus, the

two neutralizing monoclona! antibodies did

not react with EBHS virus.
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