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ANTIBODIES AGAINST RABBIT HEMORRHAGIC DISEASE VIRUS IN
FREE-RANGING RED FOXES FROM GERMANY

Kai Frolich,' Franz Klima,' and Justus Dedek?
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2 Landesveterinar- und Lebensmitteluntersuchungsamt Mecklenburg-Vorpommern, Thierfelderstrasse, 18059 Rostock,
Gemany

ABSTRACT:  Antibodies against rabbit hemorrhagic disease virus (RHDV) from 352 red fox (Vul-
pes vulpes) sera collected in Germany (Mecklenburg-Vorpommern) in 1993 were tested by a
blocking enzyme-linked immunosorbent assay (ELISA) test kit. Ninety samples with positive or
suspected results also were analyzed by the hemagglutination inhibition test (HIT). Eighteen
serum samples (5%) were positive with the blocking ELISA and eight of these also were positive
with HIT. The 18 positive sera also were tested by blocking ELISA for antibodies against Eu-
ropean brown hare syndrome virus (EBHSV) and by sandwich ELISA to detect fox antibodies
against RHDV and EBHSV antigen. Antibodies were not found against EBHSV using the block-
ing ELISA. With the sandwich ELISA, six samples were positive against RHDV and also against
EBHSYV, indicating cross-reactivity between determinants of both viruses. However, antibody ti-
ters against RHDV were higher than against EBHSV in five samples, and in one animal titers
were similar. In addition, two positive samples were investigated by Western blot immunoassay
which showed clear positive reactions with the two main peptide bands of EBHSV and RHDV.
Comparison of the areas below the peaks of the bands after immunoblotting indicated that there
was a stronger reaction with the two main polypeptides of RHDV than with the two main peptides
of EBHSV. This is the first report of calicivirus antibodies in free-ranging red foxes. Based on
the specificity of the tests, the antibodies detected against caliciviruses may be induced by RHDV.
There is a potential link for RHDV between free-ranging rabbits and foxes.

Key words: Caliciviruses, comparative immunological testing, European brown hare syn-
drome virus, rabbit hemorrhagic disease, red foxes, serological survey, Vulpes vulpes.

INTRODUCTION European brown hare syndrome virus
(EBHSV). Foxes feeding on infected rab-
bits might contribute to the spread of the
disease among rabbits by carring the virus
to new locations via feces.

Rabbit hemorrhagic disease was first ob-

Carnivores come into contact with many
infectious agents due to their position at
the top of the food chain and are potential
carriers of some infectious agents that oc-

cur in their prey species. For most of these
infections, the predators do not develop
clinical signs or are not susceptible to the
diseases (Dedek, 1995).

If the kinetics of antibody development
in top carnivores to certain pathogens of
their prey are known, conclusions may be
drawn about the presence of infected prey
in an area by testing carnivores for evi-
dence of exposure. The role of top carni-
vores in the spread and maintenance of in-
fectious diseases is of great interest. In
Germany, red foxes (Vulpes vulpes) are of
special interest, because they are very
adaptable in respect to habitat and choice
of prey (Zimen, 1981). We investigated ex-
posure of free-ranging red foxes to rabbit
hemorrhagic disease virus (RHDV) and

served in China in 1984 (Liu et al., 1984).
Since 1988 RHDV and EBHSV have been
reported in many European countries
(Morisse et al., 1991; Frolich et al., 1996).
European brown hare syndrome virus and
RHDV are caliciviruses (Ohlinger and
Thiel, 1991) and only lagomorphs are sus-
ceptible to experimental infections with
RHDV and EBHSV (Smid et al., 1991;
Xu, 1991). Rabbit hemorrhagic disease vi-
rus is spread by oral and nasal transmission
(Xu and Chen, 1989); the fecal-oral mode
of transmission is probably the most im-
portant one in the field (Morisse et al.,
1991). There is no evidence of natural ex-
change of caliciviruses between hares
(Lepus spp.) and rabbits (Oryctolagus cun-
iculus) (Gavier-Widen and Mérner, 1993).
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Leighton et al. (1995) gave red foxes
oral doses of homogenized liver from rab-
bits which died of RHD. There was a pro-
nounced antibody response 7 days after
exposure. In general, these titers remained
high during the second week after expo-
sure and then slowly diminished. Howev-
er, low titers were maintained for the en-
tire 6-mo-period of the experiment in
three of the six foxes. All foxes remained
clinically healthy throughout the experi-
ment. Based on these results the authors
felt that monitoring of RHD antibodies in
foxes could be used to provide information
on the spread of this disease in sympatric
rabbit populations (Leighton et al., 1995).
In this study, our objective was to deter-
mine whether free-ranging red foxes in
Germany have antibodies against RHDV
or EBHSV.

MATERIALS AND METHODS

The study area of Mecklenburg-Vorpom-
mern is in northern Germany (53°10'N to
54°50'N, 10°90'E to 14°10'E) and covers an
area of 24,000 km2. Rabbit hemorrhagic dis-
ease was first detected in rabbits in Mecklen-
burg-Vorpommern in 1988 (Schliiter, 1988); no
information is available regarding occurrence
of EBHS in this area. Our samples came from
throughout the region and included 352 red
foxes hunted in 1993. Blood was collected im-
mediately after death. After centrifugation, se-
rum samples were inactivated at 56 C for 30
min and stored at —20 C.

We used RHDV and EBHSV antibody-
blocking enzyme linked immunosorbent assay
(ELISA) test kits according manufacturer in-
structions (Danish Veterinary Institute for Vi-
rus Research, Kalvehave, Denmark). Sera were
tested at four dilutions: 1:4, 1:10, 1:100, and 1:
1,000, and analyzed as quadruplicates. Briefly,
50 ul of the diluted serum sample were added
to rabbit IgG anti-RHDV or IgG anti-EBHSV
precoated wells followed by 50 ul of either
RHDV or EBHSV, giving an optical density
(OD) value of about 1.0 with negative serum.
These virus antigens were processed as follows:
liver and spleen of an infected hare or rabbit 4
days post infection were suspended in phos-
phate-tween salt (0.5 M) buffer solution (pH
6.0), triturated and centrifuged (3,200 g, 10
min). This supernatant was used as diagnostic
material and was kindly provided by L. Ron-
sholt, Danish Veterinary Institute for Virus Re-
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search, Kalvehave, Denmark. Dilutions of the
supernatant were suitable to detected antibod-
ies in all ELISA’s used in this study, according
to Frolich et al. (1996). Following an incuba-
tion period overnight at 5 C and a washing step,
immunosorbent treated guinea-pig anti RHDV
hyperimmune serum or guinea-pig anti
EBHSV hyperimmune serum (detecting se-
rum) was added to two of the wells, and the
same concentration of normal guinea-pig se-
rum to the other two wells per test sample. Fol-
lowing another incubation period of 30 min at
37 C and another washing procedure, the wells
were further incubated with rabbit anti-guinea-
pig peroxidase conjugate (Denmark code P141,
DAKO Diagnostik GmbH, Hamburg, Germa-
ny). After washing, the fixed enzymes reacted
for 10 min with o-phenylene-diamine (OPD)
substrate including perhydrol (Sigma-Chemie
GmbH, Deisenhoven, Germany). The reaction
was stopped with HySO, and the results were
read at 492 nm on a MTF10 spectrophotome-
ter (Wissenschaftlicher Geritebau, Berlin, Ger-
many). Sera from three farmed foxes were used
as negative controls. The mean OD of the neg-
ative control sera was calculated. Sera that de-
viated >3 standard deviations from the mean
of negative control sera were considered anti-
body positive.

An indirect sandwich ELISA was established
to verify the detection of the antibodies against
RHDV or EBHSV, as well as for comparing
RHDYV and EBHSV cross-reactivity. All posi-
tive samples by the blocking ELISA, as well as
three negative farmed fox sera, were studied.
Briefly, microtiterplates (Costar, Cambridge,
Massachusetts) were coated with RHDV or
EBHSV solutions (50 pl 1:500 in phosphate
buffered saline, PBS) overnight at 4 C. After
washing (PBS, 0.05% Tween 20) and blocking
with PBS containing 2% bovine serum albumin
(Serva Feinbiochemica GmbH, Heidelberg,
Germany), fox sera were added in doubling di-
lutions from 1:100 to 1:12,800 and the plates
were incubated at 22 C for 2 hr. After another
washing procedure, 50 pl of an affinity isolated
rabbit anti-dog IgG (Sigma, No. D-8650; 1:500)
was added and incubated for 2 hr. A strong
cross-reactivity of about 80% between fox and
dog IgG was shown by immunoelectrophoresis.
The plates were washed again and the bound
antibodies were incubated for 2 hr with 50 pl
of an affinity isolated goat anti-rabbit globulin
peroxidase conjugate (Sigma, No. A-6154; 1:
2,000). After washing, the peroxidase activity
was detected using OPD and hydrogen perox-
ide as substrate. The absorbance was deter-
mined at 492 nm using a MTF 10 spectropho-
tometer. Optical densities of at least twofold of
the negative control (test without antigen) were
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TABLE 1.

JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

Reciprocal antibody titers of 18 positive red fox sera tested against rabbit hemorrhagic disease

virus and European brown hare syndrome virus by blocking ELISA, hemagglutination inhibition test, and

sandwich ELISA.

Blocking ELISA*

Sandwich ELISA

Animal
number RHDV EBHSV HITY RHDV EBHSV
1 10 — — — —
2 10 — 160 — —
3 10 — 40 — —
4 10 — 160-320 — —
5 10 — 160 — —
6 10 — — — —
7 10 — — — —
8 100 — 320 1,600 800
9 10 — — — —
10 10 — — — —_
11 10 — — — —_
12 10 — — — —
13 10 — — 800 400
14 100 — — 6,400 6,400
15 10 — — — —
16 10 — 80 3,200 400
17 10 — 80 200 100
18 1,000 — >640 6,400 3,200
“ELISA = enzyme-linked immunosorbent assay.
b HIT = hemagglutination inhibition test.

classified as positive reactions. We compared
the OD obtained for EBHSV and RHDV with
sandwich ELISA for each fox by a Wilcoxon
test (Sachs, 1992). The significance level was
set at a = 0.05.

Sera which were positive (>1:4) or suspected
(1:4) in the blocking ELISA also were analyzed
by the hemagglutination inhibition test (HIT),
according to the methods of Mayr et al. (1977)
and adapted to conditions specifically for
RHDV. The incubation of serum and antigen
was performed for 1 hr at room temperature
and we used human (0)-blood cells, phosphate
buffer (pH 6.5), inactivated RHDV antigen and
for a positive control, a hyperimmune serum
against RHDV (Federal Research Institute for
Virus Diseases of Animals, Riems, Germany).

In addition, two positive samples (No. 14,
No. 18) were investigated by Western blot anal-
ysis (Towbin et al., 1979). Firstly, EBHSV and
RHDV were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) according to the methods of Laemmli
(1970). The separating gel and stacking gel
were 10% and 5% acrylamide, respectively
(Rotiphorese Gel 30, ROTH GmbH, Karlsru-
he, Germany). For controls, lanes of EBHSYV,
RHDV, and marker proteins were stained with
Coomassie Brillant Blue R-250 (Roti-Blue,
ROTH GmbH, Karlsruhe, Germany). Molec-
ular weight analysis and densitometry were

performed by WINCAM 2.2. software (CY-
BERTECH, Berlin, Germany). Gels were blot-
ted to nitrocellulose membranes as described
by Towbin et al. (1979), with the following
modifications. After blocking with 1% gelatin in
Tris buffered saline/tween for 1 hr, the mem-
brane was air-dried. The nitrocellulose strips
were incubated simultaneously with positive fox
sera (No. 14 and No. 18, dilution of 1:500) as
well as with negative control serum (No. 1) for
2 hr at room temperature (RT), followed by a
washing procedure. The strips were then in-
cubated with rabbit anti-dog IgG (Sigma, No.
D-8650; 1:1,000, 2 hr at RT) and after another
washing procedure, they were incubated with
50 pl goat anti-rabbit globulin peroxidase con-
jugate (Sigma, No. A-6154; 1:2,000; 2 hr at
RT). Staining was performed with diamino
benzidine tetrachloride.

RESULTS

Antibodies against RHDV were detect-
ed by blocking ELISA in 18 of 352 (5%)
foxes. Titers ranged from 1:10 to 1:1,000.
(Table 1). Eight of the 18 positive samples,
but none of the suspected samples in the
ELISA, were positive in the HIT. Titers in
the HIT ranged between 1:40 and 1:640.
The positive serum which showed a titer
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FIGURE 1. Sandwich enzyme immunoassay (sandwich ELISA) of red fox serum samples against rabbit

hemorrhagic disease virus (RHDV—left) and European brown hare syndrome virus (EBHS—right). The
upper diagrams represent the samples (8, 14, 18) which were positive in the blocking ELISA. Below are
diagrams of optical densities of three negative external control samples (f1, f2, £3) from farm foxes. Internal

controls (co) are without fox serum.

of 1:1,000 in the blocking ELISA had a
titer >1:640 in the HIT. Antibodies against
EBHSV were not detected by blocking
ELISA (Table 1).

Antibodies against RHDV were found
by sandwich ELISA in six samples. Titers
varied between 1:200 and 1:6,400 (Table
1). Titers varied between the blocking
ELISA and sandwich ELISA. Most of the
foxes with titers of 1:10 in the blocking
ELISA showed no positive reaction in the
sandwich ELISA. In contrast to the block-
ing ELISA, all RHDV positive samples in
the sandwich ELISA also reacted with
EBHSV. In five of six foxes, titers against
RHDV were higher than titers against
EBHSV and in one animal (No. 14), the
titers were identical. However, the extinc-
tions in different dilutions against RHDV
were significantly higher in only three of
the six positive foxes and in one case, al-
most significantly higher than against
EBHSV (P = 0.0178, P = 0.0274, P =

0.0176, P 0.0620, P 0.1493, P
0.2359). Optical densities of negative con-
trol animals were similar to negative test
controls (without antigen) for each dilu-
tion in the RHDV as well as in the EBHS
assay (Fig. 1).

Sodium dodecyl sulfate polyacrylamide
gel electrophoresis analysis of virus anti-
gens showed different polypeptide bands
between 84 and 20 kDa (Fig. 2) for both
viruses. The main proteins had molecular
weights of 65 and 52 kDa (RHDV) and 67
and 57 kDa (EBHSV), respectively. In
Western blot immunoassay samples, No.
14 and 18 showed clear positive reactions
with these two main polypeptide bands of
EBHSV and RHDV (Fig. 2). The areas
below the peaks of the bands after im-
munoblotting indicated a stronger reaction
with the two main polypeptides of RHDV
than with the two main polypeptides of
EBHSYV with identical amounts of antigens
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FIGURE 2. Sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (lanes 1-3) and Western
blot immunoassay (lanes 4-9) of rabbit hemorrhagic
disease virus (RHDV) and European brown hare syn-
drome virus (EBHSV) antigens. Lanes consist of the
following: 1—EBHSV antigens, 2—RHDV antigens,
3—marker proteins which are, from top to bottom,
phosphorvlase b, bovine serum albumin, ovalbumin,
carbonic anhvdrase. and sovbean trypsin inhibitor,
4—EBHSV and 5—RHDV incubated in negative
control serum, 6—EBHSV and 7—RHDV incubated
in fox serum No. 14, 8—EBHSV and 9—RHDV in-
cubated in fox serum No. 18,

12 3

(3.3 times more for No. 18 and 2.0 times
more for No. 14).

DISCUSSION

Using four different methods, we de-
tected antibodies against RHDV in free-
ranging red foxes. We detected 18 positive
sera in the ELISA in comparison to only
eight positive samples in the HIT. Hem-
agglutination inhibition test seems to have
failed to detect some sera with low con-
centrations of antibodies against RHDV
compared to blocking ELISA, as demon-
strated in other studies (Danner, 1995).

To verify the results of the blocking
ELISA in which the detecting antibodies
react with the bound antigen, a second in-
direct sandwich ELISA was developed. In
contrast to the blocking ELISA, the de-
tecting antibodies reacted directly with the
fox antibodies bound to the antigen in the
sandwich ELISA. Samples with titers =1:
100 in the blocking ELISA were positive
in the sandwich ELISA (Fig. 1). Differ-

JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

ences between blocking ELISA and sand-
wich ELISA were possibly due to the in-
complete antigenic identity of fox and dog
immunoglobulins. By sandwich ELISA, all
sera which had antibodies against RHDV
also reacted with EBHSV antigen, but ti-
ters were lower in five of six animals. In
three cases, the differences were signifi-
cant and no samples negative for RHDV
showed a positive reaction against EBHSV.
Therefore, we have strong evidence that
the immune response against RHDV was
higher than against EBHSV. However, the
results also suggest the existence of cross-
reactivity between RHDV and EBHSV an-
tigens. This confirms the findings of Cap-
ucci et al. (1995) and Marcato et al.
(1989). Cross-reactivity between RHDV
and EBHSV is shown also by the results
of Western blot analysis.

Blocking ELISA and sandwich ELISA
positive fox samples showed clear positive
reactions with the two main peptide bands
of EBHSV and RHDV (67-52 kDa), but
a weaker reaction against EBHSV. The 67
kDa polypeptide was established as a ma-
jor structural polypeptide of RHDV by Jin
et al. (1989) and other authors reported
main peptides between 60 kDa and 50
kDa (Du, 1991; Ohlinger et al., 1990; Wu
et al., 1990) corresponding with our find-
ings. The lower molecular weight proteins
(2030 kDa) showed no reactivity with
RHDV or with EBHSV.

Only a few studies of caliciviruses in ca-
nines have been conducted. Leighton et
al. (1995) gave red foxes an oral dose of
homogenized liver from rabbits that died
from RHD and these foxes developed a
pronounced antibody response. In France,
Simon et al. (1994) gave domestic dogs
RHDV by parenteral infection. The dogs
did not develop clinical signs, but they
shed virus in the feces. Rabbits infected
by virus isolated from the feces of these
dogs developed RHD. However, no anti-
bodies against RHDV were found in 75
free-ranging foxes by using HIT (Simon et
al., 1994). Our results are the first indica-
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tion of calicivirus exposure in free-ranging
red foxes in Europe.

Antibodies against EBHSV were not de-
tected by blocking ELISA. Therefore, the
antibodies detected against caliciviruses
appear to be induced by RHDV or other
closely related viruses. It may be that foxes
from this area mainly fed on rabbits rather
than on hares. However, serologic data are
difficult to interpret because of the possi-
bility that closely related caliciviruses may
be present in rabbit populations in Europe
and may crossreact with RHDV. In prin-
ciple, this is supported by investigations of
Prato et al. (1977) performed in gray foxes
(Urocyon cinereoargenteus) in California.
They found antibodies against a calicivirus
isolated from California sea lions (Zalo-
phus californianus) in 7% of 85 gray foxes
and suggested that caliciviruses of marine
origin have a potentially broad range in
both marine and terrestrial mammalian
species. Their results indicate that gray
foxes may be naturally infected with cali-
civiruses, but their role in transmission is
unknown.

Approximately 5% of foxes tested had
been in contact with RHDV presumably
via infected rabbits. Contact probably was
mainly 1 to 2 wk before sampling, because
experimental studies showed that antibody
titers diminished on average the second
week after exposure (Leighton et al.,
1995). Probably, the mode of exposure is
mainly by feeding on rabbits which had
died of RHD or by catching live viremic
rabbits. However, the potential period for
catching infected rabbits is rather short,
because they survive for only 3 days on
average.

Monitoring red foxes for antibodies
against RHDV could be used to provide
information on the presence of this disease
in sympatric rabbit populations. Analogous
investigations have been conducted by
testing carnivores for antibodies against
Yersinia pestis for monitoring the occur-
rence of plague in their prey (Clover et al.,
1989). Camivores are valuable sentinels in
the detection of Y. pestis in wildlife pop-

ulations (Willeberg et al., 1979). When
coyotes, (Canis latrans) become infected
with Y. pestis, they usually do not develop
clinical signs, but develop antibody titers
(Barnes, 1982). This makes coyotes an in-
dicator species for plague. Thus, changes
in prevalence of plague in the coyote pop-
ulation are likely related to changes in the
prevalence of plague in the coyotes prey
base, such as small mammals (Gese et al.,
1997). Moreover, serologic surveys of car-
nivores for infectious diseases of their prey
may lead to insights about their prey in
discrete habitats.
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