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Previous seroepidemiological and molecular epidemiological studies of Borna disease virus (BDV) showed
considerably high rates of infection in horses, cattle, cats, and humans in Hokkaido, Japan. Here, we further
demonstrate high rates of specific antibodies to BDV and BDV RNA in peripheral blood mononuclear cells
(PBMCs) from healthy sheep bred on the same island. The BDV prevalences by immunoblotting and/or reverse
transcriptase PCR were 0% (0 of 19) in newborns (<1 month old), 51.7% (15 of 29) in lambs (1 to 6 months
old), and 36.7% (11 of 30) in adults (>2 years old). Among animals positive for BDV, 60% of lambs and 45.5%
of adults contained BDV RNA in PBMCs while 46.7% of lambs and 90.9% of adults contained specific
antibodies to BDV. Thus, it is suggested that virus replication in the blood, as observed in lambs, is usually
reduced in adulthood by raising immune responses to BDV.

Borna disease virus (BDV) is a neurotropic, as-yet-unclas-
sified, nonsegmented, negative-sense, single-stranded RNA vi-
rus (12, 35). BDV naturally infects horses and sheep and induces
a disease characterized by progressive meningoencephalopathy
(17, 24, 25, 30, 38). In addition, BDV naturally infects cats,
cattle, and ostriches. BDV-specific antibodies are readily de-
tected in these animals even when there are no clinical signs,
suggesting that BDV is more widespread than previously
thought (16, 19, 23, 27, 28). BDV may be closely associated
with specific psychiatric disorders in humans, since serum an-
tibodies to BDV have been detected at high rates (1, 4, 6–9, 15,
31–33, 37, 39). Similarly, even healthy individuals or patients
without psychiatric disorders may contain antibodies to BDV,
although the prevalence is very low (6–8, 31).

We developed a molecular epidemiological protocol (21, 22,
27–29) to detect BDV RNA in peripheral blood mononuclear
cells (PBMCs) by a nested reverse transcriptase PCR (RT-
PCR) at the second open reading frame (ORF II), which codes
a phosphorylated protein (polymerase cofactor), p24 (12, 35).
By this technique, we showed that the prevalence of BDV
RNA in blood donors was significantly lower (21) than that in
patients with psychiatric disorders (22) or chronic fatigue syn-
drome (29). On the other hand, there have been no reports of
Borna disease in horses and sheep in Japan. However, consid-
erably high prevalences have been demonstrated in healthy
and neurological-disease-unrelated animals, such as thorough-
bred horses (28), cattle (16), and cats (27) in Hokkaido (the
northernmost island of Japan), as well as horses in Tehran,
Iran (3). In this study, we examined for the first time the BDV
prevalence in healthy sheep bred on Hokkaido. Immunoblot-
ting and RT-PCR showed no BDV-positive animals among 19
newborns examined. In sharp contrast, the BDV prevalences in
lambs and adults were considerably higher than those found in
other animals on this island. The prevalences for samples from
lambs and adults were significantly different. The detection
rate of BDV RNA in PBMCs, without specific serum antibod-

ies, was higher for lambs, while the detection rate of serum
antibodies was significantly higher for adults.

MATERIALS AND METHODS

Plasma and PBMC preparations from animals. We examined BDV sero-
prevalences in sera stored at 270°C and prepared from 317 healthy adult sheep
at a Hokkaido farm in 1989. In addition, EDTA-treated blood samples were also
obtained from 19 (1 through 19) newborns (,1 month old; mean age, 20.3 days),
29 (20 through 48) lambs (1 to 6 months old; mean age, 3.2 months), and 30 (49
through 78) adults (2 to 7 years old; mean age, 4.8 years), all of which were
reared on the same farm during 1995 and 1996. No original sheep from 1989 was
included in the adult group of 30 sheep tested in 1995 and 1996. None of these
animals showed neurological symptoms. After plasma was removed from EDTA-
treated blood samples, PBMCs were isolated by Ficoll-Conray centrifugation
(density, 1.087 g/ml).

Virus and cells. The controls were uninfected MDCK cells or MDCK cells
persistently infected with a horse-derived BDV (MDCK/BDV) (18).

Detection of anti-BDV antibodies. Anti-BDV antibodies in serum and plasma
samples were detected by enzyme-linked immunosorbent assay (ELISA) or im-
munoblotting with peroxidase-conjugated rabbit immunoglobulin G (IgG) frac-
tion to sheep immunoglobulin G (Organon Teknika Corporation, Durham,
N.C.), as previously described (2, 22). The BDV antigens for these assays are
ORF I and ORF II, coding for p40 nucleoprotein and p24 polymerase cofactor,
respectively (12, 35). Horse BDV-derived recombinant full-length p40 and p24
fusion proteins with glutathione S-transferase (GST) were expressed in Esche-
richia coli, as previously described (3, 22). The negative control antigen was GST
alone. These GST-p40, GST-p24, and GST proteins were purified by glutathi-
one-Sepharose 4B (Pharmacia Biotech AB) column chromatography before be-
ing used.

Extraction of total cellular RNA. Total cellular RNA was prepared by using an
RNA extraction kit (RNAzol B; Cinna/Biotecx Laboratories International, Inc.),
as previously described (10).

RT-PCR. Extracted RNA was amplified by nested RT-PCR, as previously
described (22), to obtain a fragment of the p24 coding region which is relatively
conserved within the BDV genome (36). The control experiment included un-
infected MDCK cells or persistently infected MDCK/BDV cells. Briefly, 1 mg of
cellular RNA was amplified by nested RT-PCR with two sets of primers as
follows: for the first PCR, nucleotides 1387 through 1405 and 1865 through 1847,
and for the second PCR, nucleotides 1443 through 1461 and 1834 through 1816.
RT-PCR, consisting of reverse transcription and amplification of viral cDNA,
was performed according to the protocol supplied with the EZ rTth RNA PCR
kit (Perkin-Elmer Corporation). PCR products were separated by 1.5% agarose
gel electrophoresis, blotted onto a nylon membrane, and Southern hybridized
with four 32P-labeled synthetic oligonucleotides, sense nucleotides 1462 through
1485, 1485 through 1507, and 1637 through 1658 and antisense nucleotides 1811
through 1791.

Cloning with subsequent sequencing of PCR products. PCR products were
cloned into a pUC18 plasmid vector (Pharmacia Biotech AB). Several represen-
tative clones from individual sheep were sequenced according to the protocol of
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the dye primer cycle sequencing kit (Applied Biosystems) by using the 221M13
dye primer and M13 reverse dye primer in a 373-A DNA sequencer. The
nucleotide sequences were analyzed with GENETYX-MAC (Software Develop-
ment Co., Ltd., Tokyo, Japan). All the BDV nucleotide sequence numbers
described here correspond to the previously reported numbering scheme for
strain V of BDV (11, 36).

Nucleotide sequence accession numbers. The BDV p24 sequences are avail-
able in the DDBJ, EMBL, and GenBank DNA databases under accession no.
AB001470 for clone 49-1, AB001471 for clone 49-5, AB001472 for clone 72-2,
AB001473 for clone 72-4, AB001474 for clone 59-1, and AB001475 for clone 59-2.

RESULTS

Varied BDV prevalences in newborns, lambs, and adults.
Initially, the sera of 317 adult sheep obtained from one farm on
the island of Hokkaido in 1989 were examined by ELISA to
determine the presence of anti-BDV antibodies. GST-p24 and
GST alone (as a control) were purified by affinity column
chromatography. The results were evaluated after the absor-
bance (at 492 nm) values for GST alone had been subtracted
from those of GST-p24 in individual samples (Fig. 1A). The
mean absorbance 6 standard deviation was 0.5 6 0.3. Sera

from 85 of 317 (26.8%) sheep had an absorbance of .0.6.
Immunoblotting of randomly selected sera with GST-p24 and
GST proteins confirmed the specific reactions of four sera with
an absorption (at 492 nm) of at least 0.6 by ELISA (Fig. 1B).
Similar positive reactions to GST-p40 were also detected in
these sera. Thus, the seroprevalence in sheep was quite high.
Based on these results, we collected EDTA-treated blood sam-
ples from sheep at the same farm during 1995 and 1996. These
sheep included 19 newborns, 29 lambs, and 30 adults. The
plasma samples were immunoblotted to identify anti-BDV an-
tibodies. PBMC fractions from Ficoll-Conray centrifugation
were analyzed by nested RT-PCR.

Plasma immunoblots showed positive signals reactive only
with GST-p24, not GST, for 0% (0 of 19) of newborns, 24.1%
(7 of 29) of lambs, and 33.3% (10 of 30) of adults. Profiles of
representative (four positive and two negative) samples are
shown in Fig. 2. The four samples positive for anti-p24 were
also positive for anti-p40 antibodies. On the other hand, the
results of the nested RT-PCR, which detected BDV-related
RNA at the p24 region in PBMCs from these animals, were

FIG. 1. Detection of BDV-specific antibodies in plasma samples obtained from healthy adult sheep in 1989 by ELISA and immunoblotting. (A) A total of 317 sera
from healthy adults obtained in 1989 was examined by ELISA with GST-p24 and with GST alone as the control. Data are absorption (optical density [OD]) values at
492 nm for GST-p24 after the values for GST alone in individual samples have been subtracted. (B) The specificity of the antibody reaction by ELISA was confirmed
by immunoblotting six samples (samples with ELISA values of 1.8, 1.2, 0.8, 0.6, 0.5, and 0.4 [lanes 1 through 6, respectively]) with GST-p24 (approximately 51 kDa)
and GST-p40 (67 kDa) and with GST alone (27 kDa) as the control. A 100-fold dilution of plasma was reacted with the nitrocellulose membrane. Molecular masses
(MW) were determined by comparisons with marker proteins in a calibration kit (New England Biolabs, Inc.).
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quite different. Signals were positive in 0% (0 of 19) of new-
borns, 31.0% (9 of 29) of lambs, and 16.7% (5 of 30) of adults
by both ethidium bromide staining and Southern blot hybrid-
ization. Figure 3 shows representative results. All PCR prod-
ucts, except that from adult sheep 59, which showed a smaller
(;270-bp) band, contained a discrete band corresponding in
size (392 bp) to the fragment from persistent BDV in MDCK/
BDV cells.

As summarized in Fig. 4, comparisons between the preva-
lences of lambs and adults for BDV RNA and anti-BDV an-
tibodies revealed a significant difference. Animals positive for
BDV RNA in their PBMCs were not always positive for anti-
BDV antibodies in their plasma samples. The percentage pos-
itive for both anti-BDV and BDV RNA was 3.4% (1 of 29) of
lambs and 13.3% (4 of 30) of adults. Consequently, the BDV
prevalences by both techniques were 51.7% (15 of 29) in lambs,
36.7% (11 of 30) in adults, and 44.1% (26 of 59) in both adults
and lambs, whereas it was 0% (0 of 19) in newborns. Thus,
among animals positive for BDV by immunoblotting and/or
RT-PCR, 60% (9 of 15) of lambs and 45.5% (5 of 11) of adults
contained BDV RNA in their PBMCs while 46.7% (7 of 15) of
lambs and 90.9% (10 of 11) of adults contained specific anti-
bodies to BDV.

Among the subjects examined here, there were three cases
positive for BDV between mothers and offspring i.e., lambs 21
and 22 (negative for RNA but positive for antibodies), 31
(positive for both RNA and antibodies), and 48 (negative for
RNA but positive for antibodies) were born to mothers 53
(positive for RNA but negative for antibodies) and 62 and 78
(negative for RNA but positive for antibodies), respectively. In
contrast, newborns 10 and 11, 12 and 13, 15 and 16, and 19
were born to mothers 72 (positive for both RNA and antibod-
ies), 73, 75, and 77 (negative for RNA but positive for anti-
bodies), respectively.

Comparison of p24 sequences in PCR products. Three PCR-
positive animals, adults 49, 59, and 72, were randomly selected,
and p24 sequences were compared. PCR fragments were
cloned into the pUC18 plasmid vector. Figure 5 shows the
sequences of two representative clones from each of these
three individuals. The cDNA clones from adult 59 were de-
rived from the smaller PCR product (Fig. 3). The reported p24
sequences from horse-derived BDVs in Europe, strains V,

FIG. 2. Immunoblots of anti-BDV antibodies in plasma samples prepared from healthy sheep in 1995 and 1996. A 100-fold dilution of plasma from healthy sheep
obtained in 1995 and 1996 was reacted with nitrocellulose membranes prepared as described in the legend to Fig. 1B. Representative sample results (adults 49, 56, and
65 and lambs 22 and 31 [with positive signals to GST-p24 and GST-p40] and adults 54 and 63 [with no signals]) are shown. The positions of molecular mass (MW)
markers are indicated on the left.

FIG. 3. Nested RT-PCR for the detection of BDV RNA in PBMCs prepared
from healthy sheep in 1995 and 1996. Representative results of nested RT-PCR
samples derived from three positive samples (adults 49, 59, and 72) and two
negative samples (adults 56 and 73) are shown. (Top) The products of PCR
amplification of the BDV p24 region were resolved by agarose gel electrophore-
sis and then stained with ethidium bromide. (Bottom) The results of Southern
blot hybridization with four oligomers as probes are shown. The positive and
negative controls were RNA fractions from MDCK/BDV (1) and MDCK (2)
cells, respectively. Lane MW, size markers (fx DNA/HaeIII fragments).
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He/80, and WT-1 (11, 36), were used as standards. The p24
sequences of two clones derived from one individual were very
similar. The nucleotide sequences were also similar between
BDVs derived from adults 49 and 59, which were also related
to the sequence of horse-derived strain V. The nucleotide
sequence from adult 72 was related to that of He/80.

The deletion in the p24 sequence of adult 59 could be due to
the repeat sequence (AAG) found in the deletion junction
(Fig. 5), which is also found in PCR products from psychiatric
patients (22) and dairy cattle (16).

Demonstration of BDV RNA in the brains of sheep positive
for serum antibodies to BDV but negative for BDV RNA in
PBMCs. Among animals positive for BDV by immunoblotting
and/or RT-PCR, 90.9% (10 of 11) of adults, in contrast to
46.7% (7 of 15) of lambs, contained specific antibodies to BDV
(Fig. 4). Most of them were negative for BDV RNA in PBMCs.
Therefore, we searched for the BDV reservoir in lamb 44,
which was positive only for anti-BDV. The negative control
was lamb 45, which was negative for both anti-BDV and BDV
RNA.

Total RNA samples extracted from the cerebrum cortex,
cerebrum (white matter), pons, medulla oblongata, hippocam-
pus, lateral ventricle, olfactory bulb, and cerebellum of the
brain were examined by nested RT-PCR under the conditions
described in the legend to Fig. 3. RNA samples from the spinal
cord, lymph node, liver, kidney, and spleen as well as PBMCs
were also similarly characterized for BDV RNA. RT-PCR
revealed BDV RNA only in the olfactory bulb of the brain
from lamb 44, not in other regions of the brain, internal organs,
spinal cord, or PBMCs (data not shown). BDV RNA signals
were undetectable in any of these organs from lamb 45 (data
not shown).

DISCUSSION

In this study, we focused on the BDV prevalence in healthy
sheep bred on the island of Hokkaido in Japan, since we had
found that horses, cattle, and cats on this island were infected
with BDV at considerably high rates (16, 27, 28). By immuno-
blotting and nested RT-PCR, we found that the prevalence in

sheep was higher than those in the animals listed above (Fig.
4). The susceptibility of sheep to BDV infection was previously
reported (30, 38). In fact, it was also reported that one sheep
exhibiting signs typical of Borna disease was positive for anti-
BDV antibodies and BDV RNA in the cerebrum (5).

Vertical transmission from infected mothers may explain the
spread of BDV. However, none of 19 newborns were positive
for either BDV RNA or anti-BDV. At least seven of the
newborns were born to BDV-positive mothers. Thus, these
results do not support the notion of vertical transmission of
BDV in sheep. However, we detected BDV-positive signals in
four lambs born to BDV-positive mothers. The findings for
human infants born to mothers infected with human immuno-
deficiency virus (HIV) indicate that this virus is transmitted in
this manner. Blood HIV titers consistent with primary viremia
are increased in most infants born to HIV-infected mothers at
several months of age (13, 14, 26). Therefore, the presence of
HIV cannot usually be diagnosed at birth, suggesting that viral
transmission occurs during late pregnancy and/or delivery.
Similarly, we did not detect BDV RNA in the PBMCs of any
of the newborns examined. In addition, the prevalences iden-
tified by both techniques varied for different generations of
sheep, with a much higher prevalence in terms of BDV RNA
than of serum antibodies in lambs (60.0 versus 46.7%) but the
reverse in adults (45.4 versus 90.9%) (Fig. 4). Similarly, BDV
RNA was not always detected in PBMCs even from anti-BDV
antibody-positive individuals, such as horses (3, 28), cattle (16),
cats (27), and humans (21, 22, 29, 34). Thus, most of the
BDV-positive lambs examined carried BDV RNA in PBMCs
without BDV-specific antibodies, which might correspond to
primary viremia. Thereafter, BDV RNA in the blood would be
easily eliminated by the immune response to BDV, since we
detected a high rate of specific-antibody-positive, BDV RNA-
negative adults. Of particular note is the detection of BDV
RNA only in the brain of an adult sheep positive for anti-BDV
but negative for BDV RNA in PBMCs (data not shown).
Therefore, it is likely that some animals become persistently
infected with BDV in the brain even after the virus is cleared
from blood cells. Thus, possible vertical transmission of BDV

FIG. 4. Summarized results for BDV prevalence in healthy sheep on Hokkaido. The results for anti-BDV antibodies (Ab) in plasma samples and BDV RNA in
PBMCs obtained from 19 newborns, 29 lambs, and 30 adults were derived by immunoblotting and nested RT-PCR, respectively. 1, positive; 2, negative.
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in sheep remains to be determined by extensive follow-up
studies, including cellular immune response to BDV.

The association of BDV with psychiatric disorders in hu-
mans has been postulated from the high prevalence of anti-
BDV antibodies in these patients compared with that of healthy
people (6–8, 31, 33). The demonstration of BDV RNA in PBMCs
of healthy horses (28) and cats (27), as well as of patients with
psychiatric disorders (22), patients with chronic fatigue syn-
drome (29), and blood donors (21), suggests a broader route of
natural transmission as a hematopoietic-cell-related virus than
as a highly neurotropic virus. Therefore, further comparative
studies of BDVs derived from animals and humans are quite
important for clarifying how BDV is transmitted among in-
fected animals and humans. The sequencing of PCR products
derived from PBMCs of infected animals and humans seems to
be useful for understanding the route of natural transmission
of BDV in individual host species. At present, the sequencing
results for sheep (Fig. 5) suggest close relationships between
adult 49 and 59-derived PCR products and horse-derived
strain V (11, 36) and between the adult 72-derived PCR prod-
uct and He/80 (11, 36). The close relation of sheep-derived
BDV to horse-derived BDV in the p24 region was also re-
ported by Binz et al. (5). The nucleotide sequences of adult 49
and 59-derived products show high levels of similarity with
those of BDVs derived from some patients with psychiatric
disorders (20, 22) and chronic fatigue syndrome (29) and from

horses (3) in Japan. The deletion in the PCR product derived
from adult 59 (Fig. 5) occurred at the same site as those found
in products derived from psychiatric patients (22) and dairy
cattle (16). The mutations observed here may have been PCR
artifacts from the EZ rTth PCR kit, as recently described (34).
However, such mutations would be random events and would
not cause mutations at a few nucleotide positions in cDNA
clones from each animal. In fact, a comparison between this
method and another [reverse transcription with oligo(dT)
primers followed by amplification of the resulting cDNA by a
similar nested RT-PCR] with the same RNA samples from
horses showed no apparent differences between the products
(3). Thus, these results indicate that the technique would not
be a major reason for the mutations at least at the sites com-
monly observed in cDNA from each animal.
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4. Bechter, K., S. Herzog, and R. Schüttler. 1992. Possible significance of Borna
disease for humans. Neurol. Psy. Br. Res. 1:23–29.

5. Binz, T., J. Lebelt, H. Niemann, and K. Hagenau. 1994. Sequence analyses of
the p24 gene of Borna disease virus in naturally infected horse, donkey and
sheep. Virus Res. 34:281–289.

6. Bode, L., R. Ferszt, and G. Czech. 1993. Borna disease virus infection and
affective disorders in man. Arch. Virol. Suppl. 7:159–167.

7. Bode, L., W. Riegel, W. Lange, and H. Ludwig. 1992. Human infections with
Borna disease virus: seroprevalence in patients with chronic diseases and
healthy individuals. J. Med. Virol. 36:309–315.

8. Bode, L., S. Riegel, H. Ludwig, W. Amsterdam, W. Lange, and H. Koprowski.
1988. Borna disease virus specific antibodies in patients with HIV infection
and with mental disorders. Lancet ii:689.

9. Bode, L., F. Steinback, and H. Ludwig. 1994. A novel marker for Borna
disease virus infection. Lancet 343:297–298.

10. Chomczynski, P., and N. Sacchi. 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal. Bio-
chem. 162:156–159.

11. Cubitt, B., C. Oldstone, and J. C. de la Torre. 1994. Sequence and genome
organization of Borna disease virus. J. Virol. 68:1382–1396.

12. de la Torre, J. C. 1994. Molecular biology of Borna disease virus: prototype
of a new group of animal viruses. J. Virol. 68:7669–7675.

13. De Rossi, A., L. Ometto, F. Mammano, C. Zanotto, C. Giaquinto, and L.
Chieco-Bianchi. 1992. Vertical transmission of HIV-1: lack of detectable
virus in peripheral blood cells of infected children at birth. AIDS 6:1117–
1120.

14. Ehrnst, A., S. Lindgren, M. Dictor, B. Johansson, A. Sönnerborg, J. Cza-
jkowski, G. Sundin, and A.-B. Bohlin. 1991. HIV in pregnant women and
their offspring: evidence for late transmission. Lancet 338:203–207.

15. Fu, Z. F., J. D. Amsterdam, M. Kao, V. Shankar, H. Koprowski, and B.
Dietzschold. 1993. Detection of Borna disease virus-reactive antibodies from
patients with affective disorders by Western immunoblot technique. J. Affect.
Dis. 27:61–68.

16. Hagiwara, K., T. Nakaya, Y. Nakamura, S. Asahi, H. Takahashi, C. Ishihara,
and K. Ikuta. 1996. Borna disease virus RNA in peripheral blood mononu-
clear cells obtained from healthy dairy cattle. Med. Microbiol. Immunol.
185:145–151.

17. Heinig, A. 1969. Dir Bornasche Krankheit der Pferde and Schafe, p. 83–148.
In H. Rohrer (ed.), Handbuch der Virusinfektionen bei Tieren, vol. 4.
Fischer, Jena, Germany.

18. Herzog, S., and R. Rott. 1980. Replication of Borna disease virus in cell
culture. Med. Microbiol. Immunol. 168:153–158.

19. Kao, M., A. N. Hamir, C. E. Rupprecht, Z. F. Fu, V. Shankar, H. Koprowski,
and B. Dietzschold. 1993. Detection of antibodies against Borna disease
virus in sera and cerebrospinal fluid of horses in the USA. Vet. Rec. 132:
241–244.

20. Kishi, M., Y. Arimura, K. Ikuta, Y. Shoya, P. K. Lai, and M. Kakinuma.
1996. Sequence variability of Borna disease virus open reading frame II
found in human peripheral blood mononuclear cells. J. Virol. 70:635–640.

21. Kishi, M., T. Nakaya, Y. Nakamura, M. Kakinuma, T. A. Takahashi, S.
Sekuguchi, M. Uchikawa, K. Tadokoro, K. Ikeda, and K. Ikuta. 1995. Prev-
alence of Borna disease virus RNA in peripheral blood mononuclear cells
from healthy blood donors. Med. Microbiol. Immunol. 184:135–138.

22. Kishi, M., T. Nakaya, Y. Nakamura, Q. Zhong, K. Ikeda, M. Senjo, M.
Kakinuma, S. Kato, and K. Ikuta. 1995. Demonstration of human Borna
disease virus RNA in human peripheral blood mononuclear cells. FEBS
Lett. 364:293–297.

23. Lange, H., S. Herzog, W. Herbst, and T. Schliesser. 1987. Seroepidemiolo-
gische Untersuchungen zur Bornaschen Krankheit (Ansteckende Gehirn-
Rückenmarkentzündung) der Pferde. Tierärztl. Umsch. 12:938–946.

24. Ludwig, H., L. Bode, and G. Gosztoni. 1988. Borna disease: a persistent virus
infection of the central nervous system. Prog. Med. Virol. 35:107–151.

25. Ludwig, H., W. Kraft, M. Kao, G. Gosztonyi, E. Dahme, and H. Krey. 1985.
Borna-Virus-Infection (Borna-Krankheit) bei natürlich und experimentelle
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