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1. ABSTRACT

Borna disease virus (BDV) is a nonsegmented,
negative-, single-stranded, highly neurotropic RNA virus
with noncytolytic replication in the central nervous system.
This virus causes neurological and behavioral disturbances
primarily in horses and sheep, in addition to a variety of
other vertebrate animal species and in laboratory animal
models. BDV is now gaining much of the research
attention, because the disturbances seen in animals
resemble those of neuropsychiatric disorders in humans.
These observations raise the possibility that BDV infection
may be associated with certain human disorders.

Serological and molecular studies on many
samples from human patients with a variety of psychiatric
disorders have been performed. Some reported the
presence and elevated levels of serum antibodies to BDV.
Others reported the presence of BDV-RNAs or BDV-
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Possible correlation between BDV infection and human diseases
Experimental anti-viral therapies of psychiatric patients

antigens in the peripheral blood samples as well as in
autopsied brains. Taken together these data support the
possibility of human infection with BDV. On the contrary,
others reported the complete absence of such BDV-markers
from their samples, supporting the absence of a link
between BDV infection and psychiatric disorders as well as
excluding it as a human pathogen. Thus, BDV infection in
humans is highly controversial. Further investigations are
required to answer the question whether BDV is a human
pathogen and moreover, to elucidate the possible role, if
any, of BDV in the pathogeneses of these disorders.

2. INTRODUCTION
Borna disease virus (BDV) is the etiological

agent of Borna disease that was first described more than
200 years ago in southern Germany as a fatal neurological
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Figure 1. Genomic structure and transcription map of BDV. BDV ORF's are shown by boxes. The location of transcription
initiation and transcription termination sites are marked as Sand T, respectively. Positions of introns| to 11 are indicated.

disease of horses and sheep. The name refers to Borna, a
city in Saxony, Germany, where a large number of horses
died during an epidemic in 1894 and 1896. The
experimental transmission of the disease to animals using
brain homogenates from diseased horses together with
filtration studies documented a viral etiology for the disease
1, 2).

BDV is a neurotropic enveloped virus.
Molecular-biological studies on this virus revealed a
nonsegmented, negative-, single-stranded (NNS) RNA
genome that is similar to other viruses within the order
Mononegavirales. Replication and transcription of the
BDV genome take place in the nuclei of infected cells.
Such unique features of this virus alowed it to be classified
as anew family: Bornaviridae.

The main natural hosts of BDV are horses and
sheep. However, naturally occurring Borna disease has
been diagnosed in donkeys, goats, cattle, cats, rabbits and
dogs. Further, a variety of warm-blooded animals
including deer and zoo animals, such as vari monkeys,
doths, llamas, apacas, and pigmy hippopotamus, have
been documented to be naturally infected with BDV (3-5).
Infection with BDV in humans, especially in patients with
psychiatric disorders, was first reported by Rott et al. (6).
These researchers used horse-derived BDV as antigen to
analyze serum antibodies in these patients and in normal
subjects. Additiona  serological and molecular
epidemiological studies indicated that BDV can infect
humans and the infection may have an association with
certain neuropsychiatric disorders. However, these studies
are very controversial, as we will discuss in detail. The
purpose of this article is to review BDV infection in
humans and discuss the possible association of BDV, if
any, with certain human disorders.
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3. VIROLOGY OF BDV

3.1. BDV genome structure and viral proteins

The BDV genomic RNA is approximately 8.9 kb
in length (7, 8). As shown in figure 1, the BDV genome
encodes six open reading frames (ORF's): p40
nucleoprotein (‘N’), p24 phosphoprotein (‘P'), gpl8 or p16
matrix protein (‘M"), gp94/gp84 membrane glycoprotein
(‘G’), pl190 polymerase (‘L’), and pl0 protein with
unknown function (‘X’; refs. 9 & 10). These ORF's are
transcribed in three units: the first transcription unit with a
1.2 kb mRNA for the ‘N’ protein; the second transcription
unit with a0.8 kb mRNA for the ‘X’ and ‘P’ in overlapping
ORF's; and, the third transcription unit with severa
mRNA's generated by aternative termination of
transcription and splicing of one to three introns (11-13) for
the'M’,*G’,and ‘L’ proteins.

The ‘N, ‘P and ‘X’ are the mgjor proteins
expressed in infected cells. The ‘N’ protein exists in two
forms: 40- and 38-kDa. The latter lacks 13 N-terminal
amino acids of the 40-kDa protein, because it is trandated
from the second AUG codon of the same mRNA. In cells
independently transfected with plasmids encoding each of
thetwo ‘N’ isoforms, p40 ‘N’ and p38 ‘N’ are accumulated
in the nucleus and cytoplasm, respectively. This difference
in the subcellular distribution of the two forms is derived
from a nuclear localization signal (NLS) present in the N-
terminal of p40 ‘N’ (14, 15). Recently, p38 ‘N’ was shown
to have a role in the nucleocytoplasmic shuttling (16), as
will be described later.

The ‘X’ protein does not have a NLS, but is
localized in the nuclel of infected cells, which appears to be
mediated by interaction with ‘P’ as well as with p40 ‘N’
(17-19). The amino terminus of ‘X' contains aleucine-rich
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Figure 2. BDV expression in the nucleus of infected cells.
Uninfected and BDV-infected cells were stained by IFA
with anti-'N’ antibodies (upper panels) and ISH with anti-
BDV ‘N’ riboprobe (lower panels).
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nuclear export signal (NES)-like matif, and has been shown
to be critical for binding to ‘P’ (19, 20).

Although there is no direct evidence for the role
of the ‘P' protein in the life cycle of BDV, ‘P’ seems to
have a function smilar to that proposed for
phosphoproteins of other known NNS RNA viruses, i.e,, it
serves as an essential cofactor in virus transcription and
replication. The ‘P protein is phosphorylated
predominantly by protein kinase epsilon and, to a lesser
extent, by casein kinase Il (21). It contains two strong
NLSs (22, 23). The ‘P’ protein interacts with itself, with
‘X" and ‘N’, and co-localizes with ‘N’ and ‘X’ in distinct
areas within the nuclei of the infected cells (24). In
addition to the p24 protein, the ‘P ORF a so produces a 16-
kDa protein by trandation from the second in-frame AUG
codon (25). This 16-kDa ‘P’ has been detected in BDV-
infected cultured cells and in brains of experimentally
infected animals.

Two glycoproteins, ‘M’ and ‘G, have been
identified. ‘M’ forms stable tetramers and contains
hydrophobic sequences characteristics of membrane
spanning proteins (26). Although the role of this protein in
BDV life cycle remains to be elucidated, the ‘M’ protein
was proposed to be present on the surface of vira particles
and play a role in vira attachment to the cells (27, 28).
However, ‘M’ was recently shown to be nonglycosylated
(233). In addition, ‘G’ protein, N-glycosylated with high-
mannose and/or hybrid oligosaccharides, yields a full
length type | membrane protein (29, 30) that is cleaved, and
the C-terminal cleavage product is identified as gp43 (31).
Both gp94/gp84 and gp43 are incorporated into the virion,
while only gp43 is translocated to the cellular membrane
(31). The gp94/gp84 was proposed to be involved in the
attachment to the receptor, while gp43 is responsible for
triggering the fusion events (32). A recent pseudotype
approach based on a recombinant vesicular stomatitis virus

472

revealed that the N-terminal domain of the gp94/gp84 is
sufficient for receptor recognition and virus entry (33).

The last BDV protein is ‘L', predicted to encode
the viral RNA-dependent RNA polymerase (7, 9). The ‘L’
protein is predominantly present in the nucleé of cels
transfected with an ‘L’ expression plasmid in the absence of
other viral proteins. Recently, over-expression of recombinant
‘L’ showed interaction with ‘P and further indicated that ‘L’ is
phosphorylated by cdllular kinases (34).

3.2. BDV transcription and replication in the nucleus

BDV belonging to the order Mononegavirales
has similarity in its genome organization to other members
of this order. However, BDV has several unique features.
One of the most striking characteristics of BDV is its
location for transcription (figure 2). BDV replicates and
transcribes in the nucleus of infected cells (35). Strand-
specific probes used for in situ hybridization (ISH) showed
that there was differential localization of positive- and
negative-strand RNA’s within the nucleus and further,
within the nuclei the sense-strand RNA's were
preferentialy localized within the nucleolus regions (36).
The ‘N’ and ‘P’ proteins have nuclear localization activity,
which is mediated by single and bipartite NLS's (15, 22,
23). These experiments suggested that the nuclear
localization of the ‘N’ and ‘P’ proteins is critica for
nuclear targeting of the BDV RNA-protein complexes,
because these proteins interact with each other and are
probably essential components of the vird RNA-protein
complexes (17, 18, 35, 37). On the other hand, the NES-
like sequence of BDV has been identified in the N terminus
of the ‘X’ protein (18, 19). However, a recent study was
not able to demonstrate nuclear export activity for the ‘X’
protein, despite the fact that the consensus leucine-rich
sequence is found in the NES-like motif of the protein (20).
More recently, the NES of BDV ‘N’ contains a canonical
leucine-rich motif, and the nuclear export activity of the
protein is mediated through the chromosome region
maintenance protein pathway, indicating that BDV ‘N’ has
two contrary activities: nuclear localization and export. These
activities of ‘N’ may play a criticad role in the nuclear-
cytoplasm transport of BDV RNA-protein complexes in
combination with other vira proteins (figure 3 and ref. 16).
Interestingly, aregion of the NES of p40 and p38 ‘N’ proteins
overlaps a binding ste for the ‘P protein, suggesting that
increased level of nuclear ‘P’ protein could negatively affect
nuclear export activity mediated by the NES of ‘N'.

The BDV particles (figure 4) produced by
budding on the cell surface are spherical, enveloped, and
approximately 130 nm in diameter, and had spikes 7 nm in
length (38). A thin nucleocapsid, 4 nm in width, was present
peripheraly, which is in contrast to the thick nucleocapsid of
hemagglutinating virus of Jgpan (38). However, BDV
morphogenesislargely has not been clarified.

4. DIAGNOSISOF BDV INFECTION
4.1. Serological diagnosis

Detection of antibodies to BDV in sera and
cerebrospinal fluid (CSF) samples from infected animals
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Figure 3. Mode of nucleocytoplasmic transport of BDV RNA-protein complex. BDV genomic RNA is associated with
multiple copies of BDV p40 and p38 ‘N’. BDV p40 ‘N’ or ‘P’ isrequired for import of RNA-protein complex from cytoplasm to
nucleus by nuclear targeting. BDV ‘N’ also contains NES, which overlaps the P-binding site (PBS). It is postulated that the
nuclear export activity of BDV ‘N’ is blocked by interaction with ‘P' during its replication in the nucleus. A mechanism that
triggers export of RNA-protein complex to the cytoplasm after replication may also exist. Concentrations of each viral proteinin
the nucleus seem to play an important role as a switch mechanism of RNA-protein complex. Modified from Fig. 7 in Kobayashi

et al. (16).
and humans has manly relied on the use of
immunofluorescence assays (IFA's) (6). Many

seroepidemiological studies have used a modified IFA that
is based on double staining of BDV-infected cells using
serum or CSF samples being tested and a monoclonal
antibody (MADb) to the BDV ‘N’ or ‘P’ antigen (39). In this
test, samples showing the same staining pattern as with the
BDV-specific MAb were considered positive. However,
severa investigators have indicated that this IFA is highly
unreliable and prone to produce false positives (40),
especially when analyzing human sera which frequently
exhibit only very modest titers of BDV antibodies.
Increased sensitivity and specificity in BDV serology have
been achieved with the introduction of Western blot (WB)
assays using as antigens. BDV-infected cell extracts (40,
41), BDV proteins purified by affinity chromatography
from infected rat brains (42) or from infected rabbit kidney
(RK) cells (43), and/or recombinantly-expressed BDV
proteins (44-46). The expression and purification of large
amounts of recombinant BDV antigens has also facilitated
the establishment of enzyme-linked immunosorbent assay
(ELISA) for the detection of BDV antibodies in biological
samples (45). The use of ELISA alowed a rapid and
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quantitative analysis of BDV antibody titersin large number
of samples, which should facilitate the epidemiological
survey of BDV. Nevertheless, the reliability and
reproducibility of these assays need to be validated before
being considered as standard diagnostic tools for BDV
infection (47). Recently, new serological techniques such
as reverse-type (RT)-ELISA (47) and
electrochemiluminescence immunoassay (ECLIA) (48)
have been developed for the detection of BDV antibodies
by the use of recombinant BDV proteins. For ECLIA,
synthetic BDV peptides were also useful (49). These new
techniques aso remain for consideration as standard
diagnostic tools for BDV infection.

A recent study reported that the interplay of
BDV -specific circulating immune complexes (CIC's) with
free antibodies and plasma antigens may give rise to
detection “gaps’(50). Another point of contention is the
specificity of the BDV antibodiesin humans. Antibodiesin
human sera mainly recognize BDV ‘P’ protein, whereas
animal sera preferentially recognize the ‘N’ protein.
Sensitivity tests of immunoglobulins in up to 3 M urea
suggest that antibodies in animas have high avidity to
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microscopy. (A) Extracelular virus-like particles from
persistently BDV-infected cells (A), and its high
magnification (B) and budding profile (C). See also ref.

38. Figure courtesy of Toshiyuki Goto, Kyoto University,
Kyoto, Japan.

BDV, whereas reactive antibodies in human sera have low
avidity (51).

4.2. Molecular diagnosis
Molecular characterization of the BDV genome
(7, 8) permits the development of specific and sensitive
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reverse transcriptase-polymerase chain reaction (RT-PCR)
procedures to detect BDV RNA in biological samples. The
RT-PCR was first used to detect BDV RNA in the brains
and organs of experimentaly infected rats (52-54).
Thereafter, RT-PCR has been instrumental in detecting
BDV RNA in tissues such as brains from naturally infected
animals including horses, donkeys, sheep, cattle, and cats
(55-62).

Although BDV was initially believed to have
exclusive tropism for brain cells, it also has been detected
in non-neura tissues as well as body secretions from
infected animals (55). Early RT-PCR studies failed to
demonstrate BDV RNA in whole blood samples from adult
rats infected with BDV (52). However, BDV RNA can be
detected by RT-PCR in peripheral blood mononuclear cells
(PBMC's), bone marrow (53) and thymic stromal cells (54)
from neonatally infected rats. The RT-PCR procedures to
examine the prevalence of BDV RNA in PBMC's from
humans (44, 46, 63-83) and domestic animals (61, 83-89)
have now been applied to investigate the molecular
epidemiology of BDV infection. Most of these studies
have focused on the detection of BDV ‘N’ (p40) and ‘P
(p24) RNA sequencesin tissues. The specificity of the RT-
PCR-amplified products is then verified by Southern blot
hybridization using BDV -specific probes. However, RT-
PCR conditions, including the cell fraction from whole
blood; the starting number of cells used to extract RNA; the
amount of RNA used; the polymerases used; the number of
PCR cycles; and, the methods used to estimate the
sengitivity of the assay, greatly vary among studies
preventing direct comparison of results obtained from
different laboratories. The high sensitivity of RT-PCR also
makes it prone to artifacts due to inadvertent contamination
with laboratory sources of BDV. Moreover, the high
degree of BDV sequence conservation makes it difficult to
use sequence analysis to identify cases of contamination
(74, 90). These concerns can be addressed by following the
strict guidelines to prevent contamination during the RT-
PCR assays. However, the extremely low level of BDV
RNA inthe PBMC - close to the sensitivity threshold of the
RT-PCR - can affect the reproducibility of results between
different laboratories.

5.NATURAL ANIMAL HOSTS OF BDV INECTION

5.1. Natural Borna disease

A syndrome of progressive meningoencephalitis
was recognized 100 years ago in horses and sheep, in an
epidemic lasting from 1894 to 1896, near the town Borna,
Germany. The incidence of fatal Borna disease in horsesin
the area was 100%, from a total of about 150,000 horses
(91). However, severe cases of “classical” Borna disease
still can be detected in endemic areas, although their
incidence has remarkably decreased in the area (91, 92).
The seasona accumulation of cases is observed in the
spring and early summer with a significant decrease in late
autumn and winter (93-99).

The Borna disease in horses and sheep was
mostly restricted to Germany, Switzerland, Austria and the
Principality of Liechtenstein (97, 98, 100-111). However,
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Figure 5. Non-suppurative encephalitis in the brain from a

horse naturaly infected with BDV. The neurological
lesions are characterized by perivascular cuffing and
mononuclear cell infiltration. A, the olfactory bulb region
stained with hematoxylin and eosin. x20. B, the corpus
striatum neurons stained by ISH using BDV-‘N’ (p40)
antisense riboprobes. x60. Figure courtesy of Hiroyuki
Taniyama, Rakuno Gakuen University, Ebetsu, Hokkaido,
Japan. See also (ref. 113).

Swedish horses with BDV infection aso have been
reported (112). In addition, two cases of classical Borna
disease in horses were confirmed recently in Japan (113).
Also, BDV has been demonstrated at a high rate in
restricted regions of the brain from horses with locomotor
disease with unknown etiology in Japan (62). Thus, these
reports, together with that of subclinical cases of BDV
infection in horses and sheep in many countries around the
world, as described later, indicate that the geographical
distribution of BDV appears not to have been fully
estimated as previously thought.

The clinica manifestations and pathological
findings in naturally BDV-infected horses (figure 5) and
sheep are amost the same. However, the data reported are
mostly obtained from horses. The pathological findings of
BDV infection are usualy restricted to the central nervous
system (CNS; mainly in the gray matter), the spinal cord
and the retina.

BDV infection in horses and sheep could be
manifested as peracute, acute or subacute disease with
meningoencephalitis. The typical clinica signs vary, and
can include inappetence, simultaneous or consecutive
aterations in behavior, circling, ataxia, blindness,
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sometimes disturbances in fertility, rarely obesity, and in
late stages paralysis followed by death (1, 4, 5, 94-96, 98,
114, 115). Occasional recovery can occur spontaneously
despite a persistent infection in the CNS and sometimes a
recurrent course of the disease may be noticed (94, 97, 116,
117).

5.2. Subclinical infection

Anti-viral antibodies in serum as well as vira
nucleic acid have been detected in severa tissue samples
including PBMC's from apparently normal horses,
indicating that asymptomatic infection is more frequent
than it has been expected. BDV-specific antibodies or
RNA were demonstrated in healthy horses from al over
Germany, Holland, Poland, Sweden, France, Israel, North
Africa, USA, Japan, Iran, Bangladesh, and China (42, 48,
55, 71, 83, 84, 87, 103, 112, 118-120). However, due to
the significant differences in the senditivities of the assays
employed, the data obtained showing the prevalence of
BDV varied considerably amongst the studies.

5.3. Natural Borna-like disease in other animal species

In cattle, a neurological disease resembling the
classical clinical course and neuropathology seen in horses
and sheep already had been documented long ago (2, 121).
However, there was no etiological proof for BDV infection
in these cases. Experimenta infection of two calves with
BDV had been successful (122). Thus, it was suggested
that cattle are susceptible to BDV infection. However, it
was not until 1994, when confirmed cases of naturally
occurring Borna disease were reported in cattle, at
approximately the same time in Germany, in endemic and
unendemic areas, as well as in an endemic area in
Switzerland (123, 124). Similarly, a cattle with Borna-like
disease was recently found in Hokkaido, Japan (125) where
two cases of horses with classical Borna disease had been
found (113), as well as many subclinical cases in several
animal species (84, 85, 88), including cattle (61).

A neurological disease in cats, named “staggering
disease”, was first described in Sweden by Kronevi et al.
(126). Subsequent  serological  and  molecular
epidemiologic studies for BDV revealed high association of
BDV infection in cats with staggering disease from
Uppsda in Sweden, Berlin in Germany (127), Austria
(128), the United Kingdom (89) and Japan (86).

BDV infection was demonstrated in paretic
ostriches in lsragl (129-131). The paresis syndrome was
believed to be caused by an agent serologically related to
BDV. Dogs have never been suspected as a possible host
species for BDV infection, and neither natural nor
experimental Borna disease had ever been described in
dogs (114). However, in 1998, a dog with Bornalike
disease was reported in Vorarlberg, Austria (132), and a
second case was recently found in Japan (132a). Recently,
BDV genome was detected in the brains of red foxes in
France (120). In addition, mallards (Anas platyrhyncos)
and jackdaws (Corvus monedula) in Sweden also were
shown to be subclinically infected, and they may serve as a
natural reservoir for BDV (133).
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6. BDV INFECTION AND HUMANS

6.1. Epidemiological studies for BDV infection in
humans

Epidemiological studies to assess the association
of BDV infection with human diseases have been performed
serologically and by use of molecular techniques, in like
manner to studies of naturally occurring Borna disease in
animals described in section 5. Initialy, indirect IFA was
used in these studies. Later, severa serological methods
were developed, including the use of RT-PCR in 1995 in
molecular epidemiologic studies to detect BDV footprintsin
the PBMC's of patients. The results reported for patients
with psychiatric disorders, chronic fatigue syndrome (CFS),
and immunosuppressive state are summarized, according to
the year of the report, in table 1 for anti-BDV antibodies, in

table 2 for BDV antigens, and in table 3 for BDV RNA.

6.1.1. Psychiatric disorders

The wide host range of BDV, and the
observations that animals experimentally infected with
BDV exhibit behavioral disturbances reminiscent of some
types of affective disorders in humans, prompted studies to
investigate the association of BDV infection with human
diseases. Serologica analyses of BDV infection were carried
out in patients with mental disorders, initidly by use of horse-
derived BDV as antigens in indirect IFA. Later, other
laboratory techniques including ELISA, RT-ELISA, ECLIA,
WB and T-cel proliferative response (TCPR) assay were aso
applied to study the epidemiology of BDV infection in humans.

Accumulated seroepidemiological data from
different laboratories have shown an increased BDV
seroprevalence in neuropsychiatric patients as compared to
controls (6, 39, 40, 41, 43, 44, 46, 48, 63-65, 70, 74, 83,
134-142). However, considerable variations in the
prevalence rates have been documented in various patient
groups (table 1). These variations could be due to the
different sensitivity of the methods used to detect anti-BDV
antibodies. In contrast, several seroepidemiological studies
found no evidence of association between BDV and
neuropsychiatric disorders (47, 72, 81).

Anti-BDV seropositivity was associated with
clinical diagnosis of deficit syndrome, a schizophrenia
subgroup  characterized by  socid withdrawal,
neuroanatomic abnormalities and neurological disturbances
(138). Magnetic resonance imaging (MRI) studies have
also suggested a correlation between BDV seropositivity
and cerebral atrophy in schizophrenic patients (143).
Serologically positive reactions were shown to be
associated with negative syndromes in schizophrenic
patients (144), but not with age, age at onset, period of
hospitalization, accompanying somatic diseases, a past
history of tuberculosis, a history of transfusion, a familia
history, or doses of psychotropic drugs (70).

These serological findings should be cautiously
evaluated. In many cases, only limited information was
provided about the composition of the subject group
analyzed. Factors such as the geographic distribution, the
heterogeneity of diagnoses and clinical status of the patients
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may have significantly influenced these results. In addition,
differences in experimental procedures to detect human
serum antibodies to BDV could aso have affected the
results. Moreover, the IFA used in many of these studies is
considered to be unreliable (40, 47, 145).

BDV antibody titers in human sera are usually
very low (63), and sera from neuropsychiatric patients
frequently contain auto-antibodies that react with nuclear
structures (146, 147). Thus, the nuclear localization of
BDV antigens detected by IFA in the infected cells makes it
necessary to discriminate between BDV-specific staining
and nuclear staining due to auto-antibodies by use of
appropriate controls. The introduction of WB assays that
use either BDV-infected cell extracts (40, 43) or
recombinant BDV antigens expressed in E. coli (44) and in
baculovirus (46) has provided increased specificity and
sengitivity in BDV serology. Interestingly, results from
studies conducted using this improved serologic test still
show a significantly higher BDV seroprevalence in
neuropsychiatric patients as compared to non-psychiatric
control groups (40, 43, 46, 64, 140). Recently, TCPR assay
showed significantly higher reactivity in mood disorders
and schizophrenic patients than those by WB (142). In
contrast, as described above, anti-BDV antibodies in
humans was shown to have low avidity. It has been
proposed that these antibodies are probably not induced by
BDV, but rather by infection with an antigenically related
microorganism of unknown identity, or by exposure to other
related immunogens (51). Another interpretation for the
low titers of anti-BDV antibodies in humans is the detection
“gaps’ mediated by BDV-specific CIC's (50). Serologic
screening of 3000 sera from human patients and equines
revealed that BDV CIC’s may account for detection “gaps’,
and the infection rates may be 10 times higher than
previoudly realized by standard serology testing (50).

The finding that virus-infected cells are present in
the PBMC's of BDV-infected animals prompted studies to
investigate whether the expression of viral antigen and
RNA also could be detected in human PBMC's. Flow
cytometric analysis was used to study viral antigen
expression in PBMC's (63, 148). In addition, RT-PCR
procedures were employed to detect BDV-specific
nucleotide sequences, mostly at ‘N’ and/or ‘P’, in RNA
samples extracted from PBMC's of patients as well as of
healthy individuals (table 3). The number and nature of the
infected cellsin the PBMC's are still largely controversial.
Highly sensitive RT-PCR procedures are needed to detect
BDV RNA in PBMC's from BDV-infected animals
because of the extremely low viral load in the PBMC’s. In
persistently infected rats, the prevalence of BDV-infected

cells in PBMC’s was estimated at one per 5 x 106 cells
(54). Sauder and de la Torre (149) gave evidence
suggesting an extremely low prevalence, in the range of
one or two infected cells per 5 x 10° PBMC's from infected
rats. Also, it was suggested that in PBMC's, BDV-infected
cells have low levels of viral RNA, i.e., in the range of 100-
500 copies of ‘N’-RNA per cel (149). Although the
number of PBMC's harboring BDV RNA in infected
humans is unknown, some investigators reported that 10-
17% of the monocytes from BDV-positive patients



BDV and humans

Table 1. Detection of serum or CSF antibodies to BDV in subjects with various diseases

Reference Disease Assay Comments
Rott et al., 1985 (6) Psychiatric IFA 6% vs 0%°
Affective disorders IFA 4% vs 0%
Amsterdam et al., 1985 (134) Affective disorders IFA 4.5% vs 0%
Bode et al., 1988 (135) Psychiatric IFA 2% vs 2%
HIV-positive IFA 7.8% vs 2.0%

Rott et al., 1991 (41) Psychiatric/neurological diseases IFA/WB 4%-7% vs 1%

Bodeet al., 1992 (39) Chronic diseases” IFA/IP 13%-14% vs 2%

Bode et al., 1992 (156) CFS IFA 0%

Bechter et al., 1992 (137) Psychiatric IFA Significantly higher than controls (surgical patients)

Bodeet al., 1993 (136) Psychiatric/Affective disorders IFA 20% (increased from 2%-4% by follow-up studies)

Fuet al., 1993 (43) Affective disorders wB 38%vs16%in ‘N’; 12% vs4%in ‘P

Bode et al., 1995 (63) Psychiatric IFA 50%

Kishi et al., 1995 (64) Psychiatric wB 30%

Kishi et al., 1995 (44) Blood donors WB 1%

Waltrip et al., 1995 (40) Schizophrenia wB 8.9%vs0%in‘N’; 27.8% vs20%in ‘P

Schizophrenia IFA 16.7% vs 15%

Bechter et al., 1995 (200) Psychiatric Increased CSF/serum index for anti-BDV
antibodies in 10.5-29.0% (according to different
methodological limits) of BDV-seropositive patients

Sauder et al., 1996 (46) Psychiatric wB 14% vs 1.5%

Affective disorders wB 12% vs 1.5%

Igata-Yi et al., 1996 (65) Psychiatric IFA 24% vs 11%

Nakaya et al., 1996 (66) CFS WB 24%

Auwanit et al., 1996 (165) HIV-positive ELISA 38%-48% in STD patients infected with subtype E
8.3% in prostitutes infected with subtype E
0% in pregnant women infected with subtype E
0% in intravenous drug users infected with subtype B
0% in HIV-1-negative individuals

Kitze et al., 1996 (145) Multiple sclerosis IFA 0%

Waltrip et al., 1997 (138) Deficit schizophrenia wB 33.3%

Nondeficit schizophrenia WB 8.2%

Richt et al., 1997 (74) Schizophrenia wB 20%

Iwahashi et al., 1997 (70) Schizophrenia WB 45%

Takahashi et al., 1997 (71) Blood donors ELISA/WB 2.6%-14.8% in donors living near horse farms

Kubo et al., 1997 (72) Psychiatric IFA/WB 0%

Affective disorders IFA/WB 0%-0.8%
Schizophrenia IFA/WB 0%-1%
Controls IFA/WB 0%
Horimoto et al., 1997 (47) Schizophrenia RT-ELISA 0% vs 0%
Deuschule et al., 1998 (139) Major depression 6.3%in CSF
Multiple sclerosis 0% in CSF
Yamaguchi et al., 1999 (48) Schizophrenia ECLIA 3.08%
Mood disorders ECLIA 3.59%
Other psychiatric ECLIA 0%
Neurological disorders ECLIA 0%
CFS ECLIA 0%
HIV-positive ECLIA 1.18%
Autoimmune ECLIA 0%
Blood donors ECLIA 1.09%
Multitransfusion ECLIA 4.55%

Backmann et al., 1999 (80) HIV-positive IFA 12.5% in patients with various neurological disorders;
8.0% in patients with AIDS dementia complex

Chen et al., 1999 (140) Schizophrenia wB 12.1%

Family members wB 12.1%
Mental health workers wB 9.8%
Controls wB 2.9%

Nakaya et al., 1999 (67) CFS WB 100% in 2 family clusters

Evengard et al., 1999 (79) CFS ELISA/WB 0% vs 0%

Valenkamp et al., 2000 (83) Psychiatric IFA 17.4% vs 0%

Tsuji et al., 2000 (81) Psychiatric/Schizophrenia WB 0%

Rybakowski et al., 2001 (141) Psychiatric ECLIA 10.2% (recent onset of disease)

ECLIA 1.6% (>1 year illness)

Fukuda et al., 2001 (142) Mood disorders TCPR 9%

Schizophrenia TCPR 4%
Blood donors TCPR 2%

Abbreviations used: HIV=human immunodeficiency virus; CFS=chronic fatigue syndrome; IFA=immunofluorescence assay; WB=Western blotting;
IP=immunoprecipitation; ELISA=enzyme-linked immunosorbent assay; RT-ELISA=reverse-type ELISA; ECLIA=electrochemiluminescence immunoassay;
TCPR=T-cell proliferative response; CSF=cerebrospinal fluid; STD=sexually transmitted disease.  Chronic progressive diseases of the brain and the immune system.”
Controls.
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Table 2. Detection of BDV antigens in subjects with various diseases

Reference Disease Tissue Assay Comments

Bodeet al., 1995 (63) Psychiatric PBMC Flow cytometry 67%

delaTorreetal., 1996 (171) Hippocampal sclerosis Brain IHC 80%

Deuschule et al., 1998 (139) Major depression CSF ELISA 9.4%
Multiple sclerosis CSF ELISA 10.5%

Ferszt et al., 1999 (148) Depression PBMC Flow cytometry 37.2% vs 1.019%*

Nakamuraet al., 2000 (175) Schizophrenia Brain IHC 25% vs 0%

Bode et al., 2001 (50) Affective disorders Plasma ELISA 62% in Berlin and 52% in Hanover for CICs
Healthy controls Plasma ELISA 24% for CICs

Abbreviations used: PBMC=periphera blood mononuclear cell; CSF=cerebrospina fluid; IHC=immunohistochemistry;
ELISA=enzyme-linked immunosorbent assay; CIC=BDV-specific circulating immune complex.? Controls.

express BDV antigens (63, 150). This would suggest that
about 1% of the PBMC's are infected with BDV. If thisis
the case, detection of BDV RNA should not require the use
of the highly sensitive nested RT-PCR procedure, even one
assumes a very low vira load is present per cell. The
reasons for this apparent discrepancy remain to be
determined. Data from the rat model suggest that BDV is
present in a very small fraction of circulating stromal cell
precursors, rather than in the monocytes (54). In the human
case, there was one report describing the possibility that the
PBMC's are not the major targets, and granulocytes are the
carriers for BDV (76). The PBMC's could have become
infected during passage through the brain, or they may
represent primary targets with the ability to spread the
infection into the CNS, as proposed for other neurotropic
viruses (151). However, intravenous injection of rats with
cell-free BDV is not followed by the establishment of a
persistent infection in the CNS (152). This argues for the
hypothesis that cells within the PBMC's are not the primary
targetsfor BDV.

Using RT-PCR procedures, BDV RNA has been
detected in the PBMC's from four out of six hospitalized
psychiatric patients (63). Thisinitia study was followed by
more  comprehensive molecular epidemiological
investigations by many groups, as shown in table 3. It has
also shown that patients harboring detectable levels of viral
RNA in their PBMC's are frequently seronegative for
antibodies specific to BDV. Conversely, BDV-seropositive
individuals frequently have non-detectable levels of viral
RNA (46, 63, 64, 76). This situation is similar to that
observed in domestic animals. In sharp contrast, there are
also severa studies reporting no detection of BDV RNA in
the PBMC'’s from humans (72, 74, 78, 153, 154), or when
detected, there was no difference among patients and
healthy controls (73). Thus, the data so far obtained by
different groups are very contentious. In this regard, some
of the latter groups proposed that there is no association
between BDV infection and psychiatric patients, and that
BDV RNA signals in blood samples by RT-PCR could be
derived from artificially contaminated materials during
RNA extraction a wel as RT-PCR procedures.
Nevertheless, many of the data from the former groups
showed significantly higher prevalence of BDV infection in
patients than those in controls, indicating the possibility that
some unknown factor(s) might have affected the results.

6.1.2. Chronic fatigue syndrome
Higher prevalence of serum BDV antibodies and
vird RNA in the PBMC's as compared with those from
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controls have been detected in blood samples from Japanese
patients diagnosed with CFS (66, 68) (table 1). Since
various viral antibodies including those reactive to the
Epstein Barr (EB) virus have been reported to be high in
patients with CFS, the antibody elevations are thought to be
caused by nonspecific B-lymphocytic responses (155).
However, the elevation of antibodies to BDV seen in CFS
might be unrelated to such nonspecific polyclona B-
lymphocytic response, because there was no correlation
between the antibody titer to BDV proteins and the antibody
titers to the EB virus or human herpesvirus-6 in these
patients (68). Further, all five members in each of the two
family clusters (four members in one, and three in the other
had CFS) were shown to be positive for BDV by serological
as well as molecular analyses in follow-up studies (67). In
addition, one BDV RNA-positive case of CFS was reported
by another group in Austria (82). When retested four
months later, during a chronic stage of the disease, no BDV
nucleic acid was detected in the PBMC's of this patient. In
contrast, several studies employing IFA (156), ECLIA (48),
and ELISA as well as WB (79) reported no association
between BDV and CFS.

Patients with CFS  frequently  exhibit
neuropsychiatric symptoms, including severe depression.
The etiology of CFSis still unknown, but evidence suggests
the involvement of vira infection(s) (157). In fact, there
have been reports for the association of CFS with severa
viruses such as enterovirus (158, 159), and hespesvirus such
as EB virus (160) and human herpesvirus-6 (161, 162).
Fibromyalgia aso is a disorder that shares many clinica
features with CFS (163). A Danish study failed to detect an
association of BDV with fibromyalgia (164). Clinica signs
of CFS are quite heterogeneous. Hence, results from the
different epidemiological studies could have been affected
by the different patient groups tested.

6.1.3. Immunosuppressive disorders

Significantly increased BDV seroprevalences
have been documented in patients with human
immunodeficiency virus (HIV) infection (13.9% in patients
with lymphadenopathy), EB virus acute infection (2.7% in
adults and 8.8% in children), and parasitic infections
including malaria and schistosomiasis (6.9% in adults and
18.8% in children) (39, 135). In addition, BDV
seroprevalence was found to be very high (about 40%) in
HIV-1 clade E-infected patients with sexually transmitted
diseases (STD) in Thailand, compared to the prevalence
found in clade E-infected prostitutes (8.3%), and HIV-1-
negative blood donors (1.9%) (165). BDV seropositives
were not found among clade B-infected intravenous drug
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Table 3. Detection of BDV nucleic acids in subjects with various diseases

Reference Disease Tissue Comments
] Psychiatric PBMC 67% vs 0% (0%-3.6% divergence at ‘P’ gene)
Kishi et al., 1995 (64) Psychiatric PBMC 37%
Kishi et al., 1995 (44) Blood donor PBMC 5%
Sierra-Honigmann et al., 1995 (170) Schizophrenia Brain/lCSF/PBMC 0% vs 0%
Kishi et al., 1996 (181) Schizophrenia PBMC 3 positive cases (4.2%-9.3% divergence at ‘P gene)
Sauder et al., 1996 (46) Psychiatric PBMC 42% vs 0% (0%-4% divergence at ‘P gene)
Affective disorders PBMC 33% vs 0%
Schizophrenia PBMC 64% vs 0%
Bodeet al., 1996 (177) Psychiatric PBMC 9% vs 0%
delaTorreet al., 1996 (178) (0.07%-0.83% divergence at ‘P gene)
lgata-Yi et al., 1996 (65) Affective disorders PBMC 17% vs 0%
Schizophrenia PBMC 10% vs 0%
Nakayaet al., 1996 (66) CFS PBMC 12% (6.0%-14% divergence at ‘P gene)
Kitani et al., 1996 (68) CFS PBMC 12.3%vs 4.7%
delaTorreet al., 1996 (171) Hippocampal sclerosis Brain 80%
Czygan et al., 1999 (174) Confirmed the data of delaTorre et al., 1996 (171)
Kubo et al., 1997 (72) Psychiatric PBMC 2% vs 0%
Richt et al., 1997 (74) Psychiatric/Schizophrenia PBMC 0% vs 0%

Lieb et al., 1997 (153) Psychiatric/Schizophrenia  Whole blood/PBMC 0%

Salvatore et al., 1997 (173) Schizophrenia Brain 53%

Affective disorders Brain 40%

Alzheimer's disease Brain 0%

Parkinson'’s disease Brain 0%

Multiple sclerosis Brain 0%

No neurological control Brain 0%
Hagaet al., 1997 (172) Schizophrenia Brain 33%

Parkinson'’s disease Brain 16.7%

Healthy control Brain 6.5%
Hagaet al., 1997 (176) Healthy control Brain 6.7%
Planz et al., 1998 (75) Psychiatric PBMC one positive case
lwata et al., 1998 (73) Schizophrenia PBMC 4% vs 2% (0%-5.1% divergence at ‘P gene)
Chen et al., 1999 (77) Schizophrenia PBMC 13.5% vs 1.4%
Nakayaet al., 1999 (67) CFS PBMC 86% in 2 family clusters
Plantz et al., 1999 (76) Psychiatric (3 patients) Whole blood 100% vs 0%

Granulocytes 100% vs 0%
PBMC 67% vs 0%
Kimet al., 1999 (78) Affective disorders PBMC 0%
Evengard et al., 1999 (79) CFS PBMC 0%
Backmann et al., 1999 (80) HIV-positive PBMC/CSF 0% in patients with various neurological diseases
0% in patients with AIDS dementia complexes

Czygan et al., 1999 (174) Affective disorders Brain 0%

Schizophrenia Brain 0%
Vahlenkamp et al., 2000 (83) Psychiatric PBMC 37% vs 15.4%
Tsuji et al., 2000 (81) Schizophrenia PBMC 1.8% vs 0.6%
Nowotny et al., 2000 (82) CFS PBMC One positive case (3.8% divergence at ‘P’ gene)
Wittrup et al., 2000 (164) Fibromyalgia Serum/CSF 0%
Nakamuraet al., 2000 (175) Schizophrenia Brain 25% vs 0%

Abbreviation used: CFS=chronic fatigue syndrome; PBM C=peripheral blood mononuclear cell; CSF=cerebrospinal fluid.
Controls.
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Figure 6. Detection of BDV RNA by ISH in brain tissue
from patient P2.  Sections from hippocampus and
cerebellum from P1 and P2 cases, which were negative and
positive for BDV ‘P RNA by RT-PCR, respectively, were
subjected to ISH using a BDV ‘P’ antisense riboprobe.
Magnification, x600. Modified from figure 3 in Nakamura
et al. (175).

users and pregnant women anayzed in the same study
(165). HIV-1 clade E-infected patients with STD appear to
rapidly progress to AIDS (166, 167), suggesting that clade
E may be more virulent than clade B. These findings
suggest that strong immunosuppressive conditions, such as
infection with clade E, may favor BDV replication. This
hypothesis is supported by the finding of a high rate of
BDV RNA prevalence in brain tumors from patients with
malignant glioblastomas a grade IV (glioblastoma
multiforme), but not in patients at grades | to Il (168).
Glioblastoma multiforme are usually associated with
general and severe immunosuppressive states (169). A
study by use of ECLIA showed no apparent increase of
BDV prevdence in HIV-1-seropositive individuals,
although there was no description about HIV clade in the
subjects (48). Backmann et al. (80) focused on the
association with AIDS dementia complex and the results
were negative: 12.5% in HIV-positive patients with various
neurological disorders versus 8.0% in HIV-seropositive
patients with AIDS dementia complex by serological assay.
There also was no positive case of BDV RNA in PBMCs
and CSF detected by RT-PCR.

6.2. Molecular approach using autopsied brains
Molecular examination of human autopsied brain
samples was negative for BDV RNA in one study (170).
However, BDV antigen and/or RNA were detected in
autopsied brain samples from patients with a history of
various mental disorders in five studies (171-175), and in
one study in normal controls as well (176). The presence of
BDV RNA was first detected in brains having hippocampal
sclerosis and astrocytosis (171). Only five of 600 cases
from patients with mental disorders were identified as
having hippocampal sclerosis and astrocytosis, and BDV
antigen and RNA was detected in the brains from four of
the five patients by immunohistochemistry (IHC), RT-PCR
and ISH. Subsequently, the presence of BDV RNA in three
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of the same four brain samples, previously shown to be
positive by de la Torre et al. (171), was confirmed by
Czygan et al. (174), although the latter group could not
detect any further positive cases in the 86 autopsied brains
from patients with various psychiatric diseases [including
schizophrenia, affective disorders, and Alzheimer's
disease], or from suicide victims or in 52 brains from
healthy controls.

Two groups in the USA (173) and Japan (172,
176) examined for the presence of BDV RNA in the limbic
system, including the hippocampus, in the autopsied brains
from patients or healthy controls by RT-PCR. The results
in affective disorders and schizophrenia were high in both
groups, while the results in healthy controls were different:
no positive case (173) and several positive cases, as well as
in patients with Parkinson’s disease (172, 176).

A very recent report described the presence of
BDV in one of four autopsied brains from schizophrenic
patients with a very recent (two years) onset of disease, but
no BDV signa was detected in two autopsied brains from
healthy individuals (175). In this study, the autopsies were
performed within eight to 12 hr of death. Examination to
detect BDV RNA by RT-PCR and ISH in a total of 12
different brain regions from the above autopsied brains
revealed the presence of BDV in four brain regions [the
hippocampus, the cerebellum, the pons, and the temporal
lobe of the cerebral cortex] of a BDV-seropositive
schizophrenic patient (P2 in figure 6), but not in any brain
regions from the other three patients and two normal
controls. Several neurons in the hippocampus formation
were stained by IHC with a polyclonal serum from a BDV-
infected mouse.

Data on BDV infection from autopsied brain
samples might be greatly affected by a long post mortem
interval before processing for examination. In addition, the
duration of disease, frequency of relapses, the clinical
course of disease prior to death and autopsy could be very
important factors as well. Most of the examinations for
BDV were performed on autopsied brains from old patients.

6.3. I'solation of human BDV

An initial report suggested that a BDV-like virus
might be isolated from cell cultures inoculated with CSF
samples from patients with schizophrenia or acute
meningoencephalitis (41). These co-cultures were found to
have afew foci of BDV antigens by IFA ininitia passages,
but the signal disappeared with further passages. A rabbit
inoculated with the same CSF sample developed anti-BDV
antibodies, although no virus was isolated from this rabbit.

The detection of BDV RNA and antigens in the
PBMC's from psychiatric patients prompted studies to
investigate the possibility of isolating infectious BDV from
such PBMC’s. In one study, PBMC's from seria blood
samples, collected during acute disease episodes from 32
randomly selected hospitalized psychiatric patients, were
analyzed for the expression of BDV antigen and RNA, and
used for co-cultivation with a human oligodendroglia cell
line (OL cells) (177). BDV was rescued from PBMC's of
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three patients. Two of the patients had bipolar disorders,
and the third developed an obsessive-compulsive disorder at
age 23 and has been hospitalized for the past 14 years. RT-
PCR studies showed that the expression of vira antigens
correlated with the presence of BDV RNA in the PBMC's
(178). Isolation of human BDV required the use of PBMC
samples with strong viral antigen expression and at least 11
passages of the initial co-culture (177).

The second BDV isolation from human samples
was reported by Plantz et al. (76). Infectious BDV could be
isolated from the peripheral blood granulocyte fraction of a
psychiatric patient. Cells (107 cells) in the granulocytic
fraction were sonicated and the supernatant was incubated
with the guinea-pig cell line, CRL 1405. After the seventh
passage, the cell line became persistently infected and the
titer of BDV was determined to be 3.9 log;o focus-forming
units/ml. The third isolation of human BDV was performed
with the autopsied brain from a schizophrenic patient (175),
patient P2 in figure 6. The BDV RNA-positive brain
regions, such as the hippocampus and the cerebellum, from
patient P2 were homogenized and intracranialy inocul ated
into Mongolian gerbils that are highly sensitive to BDV
(179, 180). Subsequent inoculation of OL cells with
homogenates from the BDV RNA-positive gerbil brains
allowed the propagation and isolation of human BDV.
Virus isolation also was successful by use of Vero cells
transfected with the ribonucleoprotein complexes prepared
from BDV-positive P2 patient and gerbil brain tissues.

6.4. Sequences variability of BDV in natural animal
hosts and humans

BDV exhibits a striking sequence stability. The
two horse-derived BDV genomic sequences have more than
95% homology at the nuclectide level (7, 8), which is
remarkable for RNA virus isolates with different origin and
passage history in animals and cultured cells. Partial
sequencing data also suggest high level of sequence
conservation among isolates from naturally infected horses
of different geographic areas (58), and from different
species naturally infected with BDV (57). A maximum
nucleotide divergence of 3-4% was observed for the p40
and p24 regions (57, 58).

Anayses of the BDV ‘N’ and ‘P cDNA
sequences amplified by RT-PCR from the PBMC's of
psychiatric patients in Hamburg, Germany, revealed a high
degree of intrapatient and interpatient sequence
conservation, as well as a close genetic relationship with
animal-derived BDV sequences. Intrapatient’s divergences
at the nucleotide level were 0.2-2.05% at ‘N’ and 0-1.69%
at ‘P, whereas the corresponding interpatient’s divergences
were only dlightly higher (46). However, in another study,
a significantly higher sequence variability was reported in
the human BDV p24 sequences amplified by RT-PCR from
the PBMC's of neuropsychiatric patients (181). Analyses
of the BDV p24 cDNA clones derived from each of the
three schizophrenic patients revealed intrapatient’s
divergences at the nucleotide level of 4.2-7.3%, 4.8-7.3%,
and 2.8-7.1%, respectively. Interpatient’s divergences at
the nucleotide level were 5.9-12.7%. BDV p24 nuclectide
sequences derived from the PBMC's of patients differed
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from the horse derived sequences strain V and He/80 by 4.2
to 9.3%, respectively. The different experimental
procedures used in the RT-PCR analyses (181, 46) might
have contributed to these differences between the two
studies (46).

Sequencing of human BDV (178) isolated by
Bode et al. (177) showed striking sequence conservation
with known animal BDV strains (178). The human BDV
isolate from granulocytes of a psychiatric patient also
showed comparable sequence stability, but with slightly
higher variability in the ‘X’ region (76). The BDV isolate
from the autopsied brain samples made by Nakamura et al.
(175) was again genetically closely related to, but distinct
from, animal-derived BDV’s. Thus, the sequence data do
not indicate the presence of a human-specific BDV
subtype. The high sequence conservation, together with the
difficult procedures required to isolate the virus, however,
has raised concerns about possible contamination with
laboratory virus strains, and stresses the need for further
studies on human BDV infection to confirm these findings
(90, 92, 182, 183).

Recently, a novel genotype was reported in BDV
derived from a horse in Austria (111). This animal had
never been to a region endemic for BDV. The anima’s
clinicad and histopathological picture matched that of
classical Borna disease. This virus strain differs from all
other known strains by about 15% at the nucleotide level.
Interestingly, conservation at the amino acid level were
very high (93%-98%) for al viral proteins, except for ‘X’
that was only about 81% identical to its counterparts in
other BDV's. Primers at the ‘N’ and ‘P’ regions generaly
used for epidemiological studiesin previous reports did not
amplify by RT-PCR the sequences of thisisolate. Thus, the
results suggest that the data accumulated on BDV
sequences showing the high conservation could be due to
the initial screening by RT-PCR with such primer sets for
BDV-positive subjects. In fact, it has been demonstrated
that BDV can undergo surprising changes during passage in
animals, while persistently infected cells are resistant to
superinfection with BDV. It was hypothesized that the
BDV genome is mutating more frequently than estimated
from its invariant appearance in persistently infected
cultures, and that resistance to superinfection might
strongly select against novel variants (182, 184).

In general, viruses isolated from the CNS has
extremely low genetic variability, and this applies even to
HIV isolated from the brain (185, 186). The reason for this
isunclear, but can be multi facet: the CNSis uniquein its
response to vira infections, having no specialized
lymphatic drainage, potentially limiting and delaying viral
antigen recognition; no dendritic cells and the use of
microglia for the initial recognition and presentation of
vird antigens;, and no expresson of maor
histocompatibility complex (MHC) molecules by normal
neurons and glia cells (187). Thus, such immune
limitations could contribute to the fate of non-cytopathic vira
infectionsin the CNS, as either persistent or latent. In the case
with BDV, persgtent infection in the CNS owes, in part, to its
non-cytolytic replication and the inherent limitations in the
immune system of the CNS.
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6.5. Possible correlation between BDV infection and
human diseases

Epidemiological studies in humans mostly
reported on the association between BDV infection and
neuropsychiatric disorders including unipolar depression,
bipolar disorder and schizophrenia. Also, BDV linkage has
been focused on CFS, AIDS encephalopathy, multiple
sclerosis, motor neuron disease and brain tumors.

In 1985, IFA by use of BDV-infected cells as
antigens showed that sera from a significant proportion of
psychiatric patients contained antibodies to BDV (6, 134).
In contrast, the serum antibodies to BDV were significantly
lower in healthy controls. Thus, it was proposed that BDV
infection might be associated with human psychiatric
disorders. Table 1 shows data accumulated, by use of
various serologic techniques, by many groups in support of
this hypothesis . However, others have questioned the
association of BDV with human diseases because of the
low titers of antibodies to BDV seen in humans as
compared with those detected in naturaly and
experimentally infected animals. One group suggests that
the low titer is due to the lower avidity of the human
antibodies to BDV, and proposes that such antibodies may
not be induced by the virus, but by an antigenically related
unknown agent, or by a cellular immunogen that is up-
regulated during psychiatric disorders (51).

Molecular epidemiological analyses by use of the
highly sensitive nested RT-PCR were first performed in
1995 to detect BDV nucleic acids in the peripheral blood
samples from psychiatric patients (63, 64). Data on BDV
prevalence in patients with schizophrenia, mood disorders,
and CFS has been collected from Austria, Germany, Japan,
Korea, Sweden, Taiwan and the USA (table 3). The results
yielded very divergent percentages in patients and in
controls as well. Severa groups also reported no positive
case in the human samples studied. Autopsied brain
samples from humans aso were examined for BDV
antigens and RNA. The brain samples from patients with a
history of various mental disorders and even from
apparently normal controls gave positive signals (table 3).
Again, the positive percentages also were variable among
the different studies. Taken in total, the accumulated
results support a possible association between BDV and
human diseases.

There might be several possible explanations for
the varying BDV prevalence detected in the human
populations studied. With the RT-PCR amplification of the
BDV RNA'’s from the peripheral blood samples, the cell
populations examined were different among groups, i.e.,
whole blood, PBMC's, and granulocytes. Also, the starting
blood sample volumes were variable. This might be
critical, because the number of BDV-positive cells in blood
can be extraordinarily low. In addition, the methods of
nucleic acid extraction from the blood samples were different
among groups, and this variation can impact the results
critically. Of course, there is dways apossibility of accidenta
laboratory BDV contamination of the samples. This seems
unlikely, because most groups reported that blood samples
from patients have higher BDV prevaence than controls. In
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the studies with autopsied brains, the postmortem time for
sampling might impact the detection of the BDV signds,
especidly the vird RNA signds. Also, one of the possible
effects on the datais the stage of BDV infection: at acute phase
or later stages of the disease.

Generdly, BDV replicates dowly and establishes
persistent infection. BDV transcription and replication have
been characterized in severa types of actively dividing cell
lines, while the mgjor target cdls for BDV in vivo are
predominantly non-dividing neurona cells. Therefore, we
need more information on the status of BDV in such non-
dividing cells, especidly in those of human origin. If only ‘P
is expressed in the non-dividing normal neurond cdls, as a
kind of latency, especidly in human brains, it will overcome
the mgor critique (51) that argues againgt the association of
BDV with human diseases, i.e, only ‘P protein, its RNA or
antibody are detected predominantly as BDV signalsin human
samples (51). If BDV latency in brains can be demonstrated, it
would explain why BDV infection is difficult to detect before
disease onset in the patients, and that periodic reactivation
from latency may give positive BDV signas.

6.6. Experimental anti-viral therapies of psychiatric
patients

Oral application of amantadine was proposed for
the treatment of BDV-related psychiatric disorders (188-
191), because in vitro experiments from one study reported
that amantadine exhibited anti-BDV activity (188).
Treatment with amantadine showed clearance of BDV from
blood, simultaneously with anti-depressant effects in the
patients (188). On the contrary, several groups questioned
the anti-BDV effect of amantadine, because subsequent
experiments showed that it has no apparent impact against
BDV in cell cultures and infected animals (192-194). The
guanosine analogue, ribavirin, exhibited inhibitory effect
on the transcription of BDV in persistently infected cells
(195, 196). A likely mechanism for its activity is the
reduction of the intracellular GTP pooal, resulting in the
inhibition of transcription and capping of BDV mRNA’s
(196). However, there has been no report on its clinical
trial in BDV associated diseases.

A new therapeutic perspective in psychiatry isthe
filtration of CSF in patients with encephalitis related to
BDV (197-199). BDV-specific antigens as well as specific
1gG’'s in the CSF together with dight BDV encephalitis
were detected in psychiatric patients, suggesting a dlight
human Borna disease in these cases (200, 201). The
symptoms seen in patients with BDV encephalitis-related
schizophrenia (197, 199) and depression (198) improved
after CSF filtration. About 250-300 ml CSF were filtered
daily over a series of 5 days. As this procedure has been
performed only in a limited number of cases, additional
clinica trials with larger sample sizes are needed to
determine its efficacy.

7. BDV-INDUCED PATHOGENESIS IN MODEL
SYSTEMS

In this section, we will introduce severa results
obtained from in vitro and in vivo modd systems. The
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Figure 7. BDV infection inhibits neurite outgrowth of neural cells. Persistently BDV-infected (panels B, D, F, H, J, and L) and
uninfected (panels A, C, E, G, I, and K) C6, OL, and SK-N-SH cells were grown under normal conditions (panels A to F) or on
plates coated with laminin (2.5 ng/ml) (panels G to L). The cells were cultured for 3 to 4 hr and were then fixed and briefly
stained with hematoxylin. Modified from figure 4 in Kamitani et al. (203).

information may help to elucidate BDV pathogenesisin the
CNS and provides insight on the possible mechanisms
implicated in some human CNS disorders. This
information when taken together with those discussed in
the epidemiologica studies may help to clarify if BDV is
associated with human disorders.

7.1. Invitro systems

A wide range of host cell types and species can be
infected with BDV that usually replicates in vitro without
cell lysis, and establishes persistently infected cells
chronically producing the virus. BDV aso is tightly cell-
associated. Although BDV infects cells easily through cell-
to-cell interaction, the infectivity titers of cell-free virus in
the culture medium or even in the cell lysate are usually
very low. Interestingly, BDV replication rates are different
among cell types. As previously shown, more BDV is
produced by neuronal cell lines than by astrocytic cell lines
(202). In addition, nerve growth factor treatment can
enhance virus production (202).

Recent study has demonstrated that the BDV ‘P
protein binds specifically with the host cellular protein,
amphoterin (203). The ‘P’ protein is a nucleus-associated
phosphoprotein and is putatively a cofactor for the BDV
polymerase during replication and transcription (204, 205).
Being one of the abundantly expressed viral proteins in
infected cells, it is possible that the binding of ‘P’ to host
factor(s) would induce functional alterations in the infected
neural cell environment. Amphoterin, a high-mobility
group-1 (HMG-1) protein, is a neurite outgrowth factor of
30-kDa that is present in abundance in developing brains.
BDV infection, aswell as the purified ‘P’ protein in culture
medium, can significantly inhibit cell process outgrowth of
cells maintained on laminin (figure 7). Furthermore,
migration activity of the cells to laminin was aso decreased by
BDV infection. These results suggest that BDV infection causes
afunctiona disturbance of amphoterin in cdlls by the interaction
of the ‘P protein. This functiond disturbance may result in
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neurodevelopmental damage in the developing brain, as reported
in BDV-infected neonatd rats ~ Thus, the interaction of
amphoterin with BDV ‘P may similarly occur in the developing
brains of the persstently BDV-infected humans. However, there
has been no report on the neonatd infection or the possble
verticd trangmission of BDV in humans.

7.2. In vivo systems

Pathological findings in naturaly infected horses
and sheep are similar to those in experimentally infected
animals such as rats. Immunocompetent adult rats infected
with BDV develop severe encephdlitis and neural
dysfunction because of anti-BDV immunopathogenesis.
Initial immune cell infiltrates in the perivascular spaces are
CD8-positive and CD4-positive T cells, NK cells, and
macrophages (206-208). The encephalitic reactions in the
CNS correlate to strong immune responses, especialy
CD8-positive T-cell-mediated immune responses against
the ‘N’ proteins (209-211). Also, experimentaly infected
rats have a hyperactive movement disorder because of
abnormal dopamine activity (212, 213).

Some animals such as adult black-hooded rats and
adult BALB/c and SJL mice have limited susceptibility to
BDV-induced encephalitis (214, 215). However, such
animals exhibit significant behaviora abnormalities.
Similar behavioral abnormalities are also seen in
experimentally BDV-infected animals such as newborn
rats, adult rats with suppressed immune systems due to
thymectomy or administration of immunosuppressive
drugs, and in certain species or strains of animals (216).

Neonatal rats infected with BDV develop persistent
infection and show developmental disturbances affecting
specific areas in the brain (217-221). Neonata BDV
infection also results in a variety of behaviora
abnormalities and neuroanatomical disturbances without
generalized meningitis or encephalitis (219, 220, 222, 223).
A chronic upregulation of proinflammatory cytokines such
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as IL-1 beta has been observed in the hippocampus and
cerebellum of the neonatally infected rats (224, 225).
Recent studies have demonstrated that neonatal BDV
infection directly adters the concentrations of
neurotransmitters in the brain, including norepinephrine
and serotonin (226). Furthermore, BDV infection displays
a progressive decrease in synaptic density and plasticity,
especially in the cortex and hippocampus, which precedes a
significant dropout of the cortical neurons in the infected
rats (227). Reduced mRNA expression levels of
neurotrophin-3, brain-derived neurotrophic factor and nerve
growth factor are found in the hippocampus of newborn
infected rats (228). These observations indicate that BDV
infection has direct effects on the microenvironment of
neuronal cellsin the infected brain.

8. CONCLUDING REMARKS

Accumulated evidence indicate that the host
range and geographic distribution of BDV are widespread,
including a significant number of asymptomatic cases in
healthy domestic animals and possibly humans. BDV gene
products and antibodies can be readily detected in the CNS
and serum, respectively, of experimentally infected animals
and naturally occurring cases of Borna disease in animals.
In contrast, expression of BDV in humans appears to be
highly restricted. It is possible that factors, such as strong
immunosuppression could provide an environment that
facilitates increased expression levels of BDV. Alterations in
lymphocyte function, elevated membrane glycoconjugate (Le),
and dtered naurd killer activities have been reported in
schizophrenic (229, 230) and CFS (231) patients, respectively. It
remains unknown to what extent these immune dysfunctions
may contribute to the higher prevdence of BDV in these
patients. Stress, a common finding in neuropsychiatric patients,
can dso contribute to immunosuppresson by dtering
glucocorticoid levels (232). This, in turn, could enhance
susceptibility to infectious agents, including BDV.

BDV RNA is not always detected in the PBMC's
from BDV-seropositive individuals and vice versa (44, 46,
61, 64, 66, 76, 84, 85, 88, 175). Seropositive but RNA-
negative cases may represent BDV infection that has been
cleared by the host immune responses. Conversdly, detection of
BDV RNA in the absence of vird antibodies could reflect a
recent infection with a delayed humora response.  Follow-up
studies of these cases monitoring the presence of BDV RNA in
PBMC's and antibodies to BDV in serum will indicate whether
seroconversion occurs &t later times, and how it relates to virus
load in the PBMC's  In fact, follow-up studies often observed
such phenomenon (63, 67, 76, 82). Immune complexes,
frequently formed during virus persstent infections, may aso
mask the detection of serum antibodies to BDV, as recently
shown by CIC's(50).

The identification of the virus source and routes
of BDV infection in humans are germane issues to the
potential role of BDV in neuropsychiatric disorders.
Accumulated evidence suggests that the nose is a main site
of virus entry in animals (114). Sporadic evidence suggests
the possibility of transmission from BDV-infected animals
to humans (71, 137, 233). The close genetic relationship
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between BDV sequences derived from human and animal
strains supports this hypothesis. Recently, vertica
transmission of BDV has been demonstrated in a pregnant
mare (234). Her brain, with multiple neuronal
degeneration, necrosis and hemorrhage, and the
histologically normal brain of the fetus were both positive
for BDV RNA by ISH. Further, BDV RNA and proteins
were detected in placenta samples from 3 mares infected
with BDV, encouraging the possibility of vertica
transmission (Okamoto et al., personal communication).
On the other hand, studies on BDV infection in wild rodents
did not indicate natural infection (119, 235). Thus, the
significance of rodents as a reservoir for natural animal
hosts as well as for humans remains inquisitive. Recently,
wild birds were proposed to be natura reservoirs of BDV
(133).

Many questions arise needing exact answers. For
example, how could the same infectious agent play arolein
the complex CNS disorders in these different species? How
the same infectious agent could play arole in these different
and complex CNS disorders? For the former question, we
must wait for the answer from more extensive studies with
more samples from humans as well as naturally infected
animals, including subclinical cases. One possible
explanation for the latter question is the location of BDV
persistent infection in the CNS. Different locations for
BDV infection could affect the subsequent clinica
manifestations. The differences in the transmission route
may affect the persistent infection site of BDV. Another
point is the involvement of immune responses to BDV in
the pathogenicity in the CNS. The BDV ‘N’ protein, as
well as ‘P protein, is the first viral specific antigen
expressed early after infection as the predominant viral
proteins in the infected cells. In addition, ‘N’ is the magjor
target for both humora as well as cell-mediated immune
responses in horses naturally infected with BDV (209, 210).
According to the data obtained from experimentally
infected rats (211), such immune responses against ‘N’ are
related to the pathogenicity in the CNS (111). Also, the
MHC class |-restricted recognition of BDV ‘N’ protein may
represent the key event in the different pathogenicity in
naturally infected animals: immunopathology of Bornha
discase development or immunoprotection (211).
Variability in cytokine expression in the CNS over the
course of Borna disease may aso be important for the
modulation of the immune response (236). Also, the timing
of initial BDV infection in naturally infected animals could
affect the subsequent differences in the disease, because
BDV infection could give different effects in mature and
immature neuronal cells in the CNS. The presence of
subclinical cases in naturally infected animals may suggest
the importance of the mechanism for persistent infection in
non-dividing neuronal cells. The characterization of this
point may lead to the understanding of the difference in
virulence in different animals, which may be related to
certain viral factor(s).

Recent finding of the association between BDV
‘P protein and amphoterin (203) may suggest that BDV
persistent infection could induce abnorma neuronal
function in the CNS, even in the absence of
immunopathological brain damage. In addition, major
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human mental disorders likely involve a whole concert of
genes, with varying effectiveness among individuals, and
interacting with exogenous factors to generate a variety of
clinica phenotypes. BDV persistence in the CNS may
represent an exogenous factor contributing to these
disorders. Virad variants, even single amino acid
substitutions, may exhibit remarkably different disease
phenotypes in the same host. Similarly, genetic differences
among individuals play a critical role in the outcome of
their interaction with infectious agents. Thus, depending on
the individual’s particular hereditary vulnerability and the
properties of specific viral variants, BDV infection could
have diverse clinical consequences, manifested after a
variable period of incubation, and thus contribute to distinct
types of mental disorders. This hypothesis is supported by
the observation that BDV-infected animals display a
heterogeneous range of neurobehavioral alterations that are
associated with diverse neuropathological findings. Thus,
variable symptomatology and pathological manifestations
observed in BDV-infected animals could be influenced by
both host and viral factors. Recently, the polymorphisms of
host genes such as the HIV coreceptor and cytokine were
shown to significantly affect AIDS pathogenicity (237-239).
Thus, studies on the genetic polymorphisms in patients with
neuropsychiatric disorders may help to understand the
mechanism for the possible role, if any, of BDV
pathogenesisin the CNS. Severa studies have already been
reported in patients with Schizophrenia: association of the
IL-1 beta genetic polymorphism (240) and association of
the genetic polymorphisms at the dopamine receptor, the
serotonin receptor and neurotrophic factors, such as the
brain-derived neurotrophic factor (241).

The molecular analysis of human biological
samples to detect BDV poses considerable technica
difficulties. Comprehensive molecular epidemiological
studies aimed at determining the prevalence of BDV in
neuropsychiatric patients from different geographic areas
will help to evaluate the significance of BDV as a potential
human pathogen. These studies will require the use of
standardized methods for the detection of viral antibodies
and RNA in human biological samples, as well as uniform
criteriafor the clinical diagnoses.

9. ACKNOWLEDGMNETS

This article was supported in part by Specia
Coordination Funds for Promoting Science and Technology
from the Ministry of Education, Culture, Sports, Science
and Technology, the Japanese Government. We also thank
Dr. Hidenori Matsunaga for critica evaluation of the
manuscript.

10. REFERENCES

1. Zwick, W., O. Seifried & J. Witte: Experimentelle

Untersuchungen Uber die seuchenhafte Gehirn -und
Rickenmarksentziindung  der Pferde  (Bornasche
Krankheit). Zeitschrift flr I nfektionskrankheiten,

Parasitéare Krankheiten und Hygiene der Haustiere 30,
142-136 (1927)

485

2. Nicolau, S. & |.A. Galloway: Borna disease and enzootic
encephalomyelitis of sheep and cattle. Special Report
Series. Med Res Council 121, 7-90 (1928)

3. Ernst, W. & H. Hahn: Weitere Beitrége zur Borna schen
Krankheit der Pferde und zur Frage der Aetiologie des
bosartgen Katarrhalfiebers der Rinder. Muench Tieraerztl
Wschr 78, 85-89 (1927)

4. Zwick, W.: Bornasche Krankheit und Enzephalomyeélitis
der Tiere. In: Handbuch der Viruskrankheiten. Eds:
Gildenmeister E, Haagen E & Waldmann O, Jena: Fischer,
2, 254-354 (1939)

5. Heining, A.: Die Bornasche Krankheit der Pferde und
Schafe. In: Handbuch der Virusinfektionen bei Tieren. Ed:
Roehrer H, VEB Fisher Verlag: Jena, 4, 83-148 (1969)

6. Rott, R, S. Herzog, B. Fleischer, A. Winokur, J.
Amsterdam, W. Dyson & H. Koprowski: Detection of
serum antibodies to Borna disease virus in patients with
psychiatric disorders. Science 228, 755-756 (1985)

7. Briese, T., A. Schneemann, A.J. Lewis, Y.S. Park, S.
Kim, H. Ludwig & W.I. Lipkin: Genomic organization of
Borna disease virus. Proc Natl Acad Sci USA 91, 4352-
4356 (1994)

8. Cubhitt, B., C. Oldstone & J.C. de la Torre: Sequence and
genome organization of Borna disease virus. J Virol 68,
1382-1396 (1994)

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

10. Schneemann, A., P.A. Schneider, RA. Lamb & W.I.
Lipkin: The remarkable coding strategy of Borna disease
virus. a new member of the nonsegmented negative strand
RNA viruses. Virology 20, 1-8 (1995)

11. Schneider, P.A., A. Schneemann & W.I. Lipkin: RNA
splicing in Borna disease virus, a nonsegmented, negative-
strand RNA virus. J Virol 68, 5007-5012 (1994)

12. Cubitt, B., C. Oldstone, J. Valcarcel & J.C. delaTorre:
RNA splicing contributes to the generation of mature
MRNASs of Borna disease virus, a non-segmented negative
strand RNA virus. Virus Res 34, 69-79 (1994)

13. Tomonaga, K., T. Kobayashi, B.J. Lee, M. Watanabe,
W. Kamitani & K. lkuta: ldentification of aternative
splicing and negative splicing activity of a nonsegmented
negative-strand RNA virus, Borna disease virus. Proc Natl
Acad Sci USA 97, 12788-12793 (2000)

14. Pyper, JM. & A.E. Gartner: Molecular basis for the
differential subcellular localization of the 38- and 39-
kilodalton structural proteins of Bornadisease virus. J Virol
71, 5133-5139 (1997)



BDV and humans

15. Kobayashi, T., Y. Shoya, T. Koda, I. Takashima, P.K.
Lai, K. Ikuta, M. Kakinuma & M. Kishi: Nuclear targeting
activity associated with the amino terminal region of the
Borna disease virus nucleoprotein. Virology 243, 188-197
(1998)

16. Kobayashi, T., W. Kamitani, G. Zhang, M. Watanabe,
K. Tomonaga & K. Ikuta Borna disease virus
nucleoprotein requires both nuclear localization and export
activities for viral nucleocytoplasmic shuttling. J Virol 75,
3404-3412 (2001)

17. Malik, T.H., T. Kobayashi, M. Ghosh, M. Kishi & P.K.
Lai: Nuclear localization of the protein from the open
reading frame x1 of the Borna disease virus was through
interactions with the viral nucleoprotein. Virology 258, 65-
72 (1999)

18. Schwemmle, M., M. Salvatore, L. Shi, J. Richt, C.H.
Lee & W.I Lipkin: Interactions of the Borna disease virus
P, N, and X proteins and their functional implications. J
Biol Chem 273, 9007-9012 (1998)

19. Walff, T., R. Pfleger, T. Wehner, J. Reinhardt & JA,
Richt: A short leucine-rich sequence in the Borna disease
virus pl0 protein mediates association with the viral
phospho- and nucleoproteins. J Gen Virol 81, 939-947
(2000)

20. Malik, T.H., M. Kishi & P.K. Lai: Characterization of
the P protein-binding domain on the 10-kilodalton protein
of Bornadisease virus. J Virol 74, 3413-3417 (2000)

21. Schwemmle, M., B. De, L. Shi, A. Banerjee & W.I.
Lipkin: Borna disease virus P-protein is phosphorylated by
protein kinase Cepsilon and casein kinase 11. J Biol Chem
272, 21818-21823 (1997)

22. Shoya, Y., T. Kobayashi, T. Koda, K. lkuta, M.
Kakinuma & M. Kishi: Two prolinerich nuclear
localization signals in the amino- and carboxyl-terminal
regions of the Bornha disease virus phosphoprotein. J Virol
72, 9755-9762 (1998)

23. schwemmle, M., C. Jehle, T. Shoemaker & W.I.
Lipkin: Characterization of the magor nuclear localization
signal of the Borna disease virus phosphoprotein. J Gen
Virol 80, 97-100 (1999)

24. Wehner, T., A. Ruppert, C. Herden, K. Frese, H. Becht
& JA. Richt: Detection of a novel Borna disease virus-
encoded 10 kDa protein in infected cells and tissues. J Gen
Virol 78, 2459-2466 (1997)

25. Kobayashi, T., M. Watanabe, W. Kamitani, K.
Tomonaga & K. lkuta: Trandation initiation of a
bicistronic mMRNA of Borna disease virus: a 16-kDa
phosphoprotein is initiated at an internal start codon.
Virology 277, 296-305 (2000)

26. Stoyloff, R., A. Strecker, L. Bode, P. Franke, H.
Ludwig & F. Hucho: The glycosylated matrix protein of

486

Borna disease virus is a tetrameric membrane-bound viral
component essential for infection. Eur J Biochem 246, 252-
257 (1997)

27. Kliche, S, T. Briese, A.H. Henschen, L. Stitz & W.I.
Lipkin: Characterization of a Borna disease virus
glycoprotein, gpl8. J Virol 68, 6918-6923 (1994)

28. Hatalski, C.G., S. Kliche, L. Stitz & W.I. Lipkin:
Neutralizing antibodies in Borna disease virus-infected rats.
J Virol 69, 741-747 (1995)

28a. Kraus, |., M. Eickmann, S. Kiermayer, H. Scheffczik,
M. Fluess, JA. Richt & W. Garten: Open reading frame 11
of Borna disease virus encodes a nonglycosylated matric
protein. J Virol 75, 12098-12104 (2001).

29. Schneider, P.A., C.G. Hatalski, A.J. Lewis &W.I.
Lipkin: Biochemical and functional analysis of the Borna
disease virus G protein. J Virol 71, 331-336 (1997)

30. Richt, JA., T. Furbringer, A. Koch, I. Pfeuffer, C.
Herden, |. Bause-Niedrig & W. Garten: Processing of the
Borna disease virus glycoprotein gp94 by the subtilisin-like
endoprotease furin. J Virol 72, 4528-4533 (1998)

31. Gonzalez-Dunia, D., B. Cubitt, F.A. Grasser & J.C. de
la Torre: Characterization of Borna disease virus p56
protein, a surface glycoprotein involved in virus entry. J
Virol 71, 3208-3218 (1997)

32. Gonzalez-Dunia, D., B. Cubitt & J.C. de la Torre:
Mechanism of Borna disease virus entry into cells. J Virol
72, 783-788 (1998)

33. Perez, M., M. Watanabe, M.A. Whitt & J.C. de la
Torre: N-terminal domain of Borna disease virus G (p56)
protein is sufficient for virus receptor recognition and cell
entry. J Virol 75, 7078-7085 (2001)

34. Portlance-Waker, M., |. Jordan, T. Briese, N. Fischer
& W.I. Lipkin: Expression and characterization of the
Borna disease virus polymerase. J Virol 74, 4425-4428
(2000)

35. Cubitt, B. & J.C. de la Torre: Borna disease virus
(BDV), anonsegmented RNA virus, replicates in the nuclei
of infected cells where infectious BDV ribonucleoproteins
are present. J Virol 68, 1371-1381 (1994)

36. Pyper, JM., JE. Clements & M.C. Zink: The nucleolus
is the site of Borna disease virus RNA transcription and
replication. J Virol 72, 7697-7702 (1998)

37. Hsu, T.A., K.M. Carbone, SA. Rubin, SL.
Vonderfecht & J.J. Eiden: Borna disease virus p24 and
p38/40 synthesized in a baculovirus expression system:
virus protein interaction in insect and mammalian cells.
Virology 204, 854-859 (1994)

38. Kohno, T., T. Goto, T. Takasaki, C. Morita, T. Nakaya,
K. Ikuta, I. Kurane, K. Sano & M. Nakai: Fine structure



BDV and humans

and morphogenesis of Borna disease virus. J Virol 73, 760-
766 (1999)

39. Bode, L., S. Riegel, W. Lange & H. Ludwig: Human
infections with Borna disease virus. seroprevalence in
patients with chronic diseases and healthy individuals. J
Med Virol 36, 309-315 (1992)

40. Waltrip, RW. Il, RW. Buchanan, A. Summerfelt, A.
Breier, W.T. Carpenter, J, N.L. Bryant, SA. Rubin &
K.M. Carbone: Borna disease virus and schizophrenia
Psychiatry Res 56, 33-44 (1995)

41. Rott, R., S. Herzog, K. Bechter & K. Frese: Borna
disease, a possible hazard for man? Arch Virol 118, 143-
149 (1991)

42. Kao, M., A.N. Hamir, C.E. Rupprecht, Z.F. Fu, V.
Shanker, H. Koprowski & B. Dietzschold: Detection of
antibodies against Borna disease virus in sera and
cerebrospinal fluid of horsesin the USA. Vet Rec 132, 241-
244 (1993)

43. Fu, Z.F., JD .Amsterdam, M. Kao, V. Shankar, H.
Koprowski & B. Dietzschold: Detection of Borna disease
virus-reactive antibodies from patients with affective
disorders by western immunoblot technique. J Affect
Disord 27, 61-68 (1993)

44, Kishi, M., T. Nakaya, Y. Nakamura, M. Kakinuma, TA.
Takahashi, S. Sekiguchi, M. Uchikawa, K. Tadokoro, K.
lkeda & K. Ikuta: Prevalence of Borna disease virus RNA
in peripheral blood mononuclear cells from blood donors.
Med Microbiol Immunol 184, 135-138 (1995)

45. Briese, T., C.G. Hatalski, S. Kliche, Y.S. Park & W.I.
Lipkin: Enzyme-linked immunosorbent assay for detecting
antibodies to Borna disease virus-specific proteins. J Clin
Microbiol 33, 348-351 (1995)

46. Sauder, C., A. Muller, B. Cubitt, J. Mayer, J.
Steinmetz,. W. Trabert, B. Ziegler, K. Wanke, N. Mueller-
Lantzsch, J.C. de la Torre & F.A. Grasser: Detection of
Borna disease virus (BDV) antibodies and BDV RNA in
psychiatric  patients: evidence for high sequence
conservation of human blood-derived BDV RNA. J Virol
70, 7713-7724 (1996)

47. Horimoto, T., H. Takahashi,
Horikoshi, S. Iritani, H. Kazamatsuri, K. lkeda & M.
Tashiro: A reversetype sandwich  enzyme-linked
immunosorbent assay for detecting antibodies to Borna
disease virus. J Clin Microbiol 35, 1661-1666 (1997)

M. Sakaguchi, K.

48. Yamaguchi, K., T. Sawada, T. Naraki, R. Igata-Yi, H.
Shiraki, Y. Horii, T. Ishii, K. Ikeda, N. Asou, H. Okabe, M.
Mochizuki, K. Takahashi, S. Yamada, K. Kubo, S. Y ashiki,
R.W. Waltrip Il & K.M. Carbone: Detection of Borna
disease virusreactive antibodies from patients with
psychiatric  disorders and  from horses by
electrochemiluminescence immunoassay. Clin Diagn Lab
Immunol 6, 696-700 (1999)

487

49. Yamaguchi, K., T. Sawada, S. Yamane, S. Haga, K.
Ikeda, R. Igata-Yi, K. Yoshiki, M. Matsuoka, H. Okabe, Y.
Horii, Y. Nawa, RW Waltrip Il & KM Carbone: Synthetic
peptide-based el ectrochemiluminescence immunoassay for
anti-Borna disease virus p40 and p24 antibodies in rat and
horse serum. Ann Clin Biochem 38, 348-355 (2001)

50. Bode, L., P. Reckwald, W.E. Severus, R. Stoyloff, R.
Ferszt, D.E. Dietrich & H. Ludwig: Borna disease virus-
specific circulating immune complexes, antigenemia, and
free antibodies-the key marker triplet determining
infection and prevailing in severe mood disorders. Mol
Psychiatry 6, 481-491 (2001)

51. Allmang, U., M. Hofer, S. Herzog, K. Bechter & P.
Staeheli: Low avidity of human serum antibodies for Borna
disease virus antigens questions their diagnostic value. Mol
Psychiatry 6, 329-333 (2001)

52. Shankar, V., M. Kao, AN. Hamir, H. Sheng, H.
Koprowski & B. Dietzschold: Kinetics of virus spread and
changes in levels of severa cytokine mRNASs in the brain
after intranasal infection of rats with Borna disease virus. J
Virol 66, 992-998 (1992)

53. Siera-Honigmann, A.M., S.A. Rubin, M.G.
Estafanous, R.H. Yolken & K.M. Carbone: Borna disease
virus in peripheral blood mononuclear and bone marrow
cells of neonatally and chronically infected rats. J
Neuroimmunol 45, 31-36 (1993)

54. Rubin, S.A., A.M. SierraHonigmann, H.M. Lederman,
R.W. Waltrip I, J.J. Eiden, & K.M. Carbone: Hematologic
consequences of Borna disease virus infection of rat bone
marrow and thymus stromal cells. Blood 85, 2762-2769
(1995)

55. Richt, JA., S. Herzog, K. Haberzettl & R. Rott:
Demonstration of Borna disease virus-specific RNA in
secretions of naturaly infected horses by the polymerase
chain reaction. Med Microbiol Immunol 182, 293-304
(1993)

56. Zimmermann, W., R. Dirrwad & H. Ludwig:
Detection of Borna disease virus RNA in naturally infected
animals by a nested polymerase chain reaction. J Virol
Methods 46, 133-143 (1994)

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

58. Schneider, P.A., T. Briese, W. Zimmermann, H.
Ludwig & W.I. Lipkin: Sequence conservation in field and
experimental isolates of Bornadisease virus. J Virol 68, 63-
68 (1994)

59. Sorg, I. & A. Metzler: Detection of Borna disease virus
RNA in formalin-fixed, paraffin-embedded brain tissues by
nested PCR. J Clin Microbiol 33, 821-823 (1995)



BDV and humans

60. Lundgren, A.-L., W. Zimmermann, L. Bode, G. Czech,
G. Gosztonyi, R. Lindberg & H. Ludwig: Staggering
disease in cats; isolation and characterization of the feline
Bornadisease virus. J Gen Virol 76, 2215-2222 (1995)

61. Hagiwara, K., T. Nakaya, Y. Nakamura, S. Asahi, H.
Takahashi, C. Ishihara & K. Ikuta: Borna disease virus
RNA in peripheral blood mononuclear cells obtained from
healthy dairy cattle. Med Microbiol Immunol 185, 145-151
(1996)

62. Hagiwara, K., N. Momiyama, H. Taniyama, T. Nakaya,
N. Tsunoda, C. Ishihara, & K. lkuta: Demonstration of
Borna disease virus (BDV) in specific regions of the brain
from horses positive for serum antibodies to BDV but
negative for BDV RNA in the blood and interna organs.
Med Microbiol Immunol 186, 19-24 (1997)

63. Bode, L., W. Zimmermann, R. Ferszt, F. Steinbach &
H. Ludwig: Borna disease virus genome transcribed and
expressed in psychiatric patients. Nat Med 1, 232-236
(1995)

64. Kishi, M., T. Nakaya, Y. Nakamura, Q. Zhong, K.
Ikeda, M. Senjo, M. Kakinuma, S. Kato & K. lkuta
Demonstration of human Borna disease virus RNA in
human peripheral blood mononuclear cells. FEBS Lett 364,
293-297 (1995)

65. lgata-Yi, R., K. Yamaguchi, K. Yoshiki, S. Takemoto,
H. Yamasaki, M. Matsuoka & T. Miyakawa: Borna disease
virus and the consumption of raw horse meat. Nat Med 2,
948-949 (1996)

66. Nakaya, T., H. Takahashi, Y. Nakamura, S. Asahi, M.
Tobiume, H. Kuratsune, T. Kitani, K. Yamanishi & K.
Ikutaa Demonstration of Borna disease virus RNA in
peripheral blood mononuclear cells derived from Japanese
patients with chronic fatigue syndrome. FEBS Lett 378,
145-149 (1996)

67. Nakaya, T., H. Takahashi, Y. Nakamura, H. Kuratsune,
T. Kitani, T. Machii, K. Yamanishi & K. Ikuta: Borna
disease virus infection in two family clusters of patients
with chronic fatigue syndrome. Microbiol Immunol 43,
679-689 (1999)

68. Kitani, T., H. Kuratsune, |. Fuke, Y. Nakamura, T.
Nakaya, S. Asahi, M. Tobiume, K. Yamaguti, T. Machii, R.
Inagi, K. Yamanishi & K. lkuta: Possible correlation
between Borna disease virus infection and Japanese
patients with chronic fatigue syndrome. Microbiol Immunol
40, 459-462 (1996)

69. Fujiwara, S., H. Takahashi, T. Nakaya, Y. Nakamura,
K. Nakamura, K. Iwahashi, H. Kazamatsuri, S. Iritani, N.
Kuroki, K. Ikeda & K. Ikuta: Microplate hybridization for
Borna disease virus RNA in human peripheral blood
mononuclear cells. Clin Diagn Lab Immunol 4, 387-391
(1997)

70. lwahashi, K., M. Watanabe, K. Nakamura, H. Suwaki,
T. Nakaya, Y. Nakamura, H. Takahashi & K. lkuta:

488

Clinical investigation of the relationship between Borna
disease virus (BDV) infection and schizophrenia in 67
patients in Japan. Acta Psychiatr Scand 96, 412-415 (1997)

71. Takahashi, H., T. Nakaya, Y. Nakamura, S. Asahi, Y.
Onishi, K. Ikebuchi, T.A. Takahashi, T. Katoh, S.
Sekiguchi, M. Takazawa, H. Tanaka & K. lkuta: Higher
prevalence of Borna disease virus infection in blood donors
living near thoroughbred horse farms. J Med Virol 52, 330-
335 (1997)

72. Kubo, K., T. Fujiyoshi, M.M. Yokoyama, K. Kamei,
JA. Richt, B. Kitze, S. Herzog, M. Takigawa & S. Sonoda:
Lack of association of Borna disease virus and human T-
cell leukemia virus type 1 infections with psychiatric
disorders among Japanese patients. Clin Diagn Lab
Immunol 4, 189-194 (1997)

73. lwata, Y., K. Takahashi, X. Peng, K. Fukuda, K. Ohno,
T. Ogawa, K. Gonda, N. Mori, S. Niwa & S. Shigeta:
Detection and sequence analysis of Borna disease virus p24
RNA from peripheral blood mononuclear cells of patients
with mood disorders or schizophrenia and of blood donors.
JVirol 72, 10044-10049 (1998)

74. Richt, JA., R.C. Alexander, S. Herzog, D.C. Hooper,
R. Kean, S. Spitsin, K. Bechter, R. Schuttler, H. Feldmann,
A. Heiske, Z.F. Fu, B. Dietzschold, R. Rott, & H.
Koprowski: Failure to detect Borna disease virus infection
in peripheral blood leukocytes from humans with
psychiatric disorders. J Neurovirol 3, 174-178 (1997)

75. Planz, O., C. Rentzsch, A. Batra, H.J. Rziha & L. Stitz:
Persistence of Borna disease virus-specific nucleic acid in
blood of psychiatric patient. Lancet 352, 623 (1998)

76. Planz, O., C. Rentzsch, A. Batra, T. Winkler, M.
Buttner, H.J. Rziha & L. Stitzz Pathogenesis of Borna
disease virus: granulocyte fractions of psychiatric patients
harbor infectious virus in the absence of antiviral
antibodies. J Virol 73, 6251-6256 (1999)

77. Chen, CH., Y.L. Chiu, CK. Shaw, M.T. Tsai, A.L.
Hwang & K.J. Hsiao: Detection of Borna disease virus
RNA from peripheral blood cells in schizophrenic patients
and mental health workers. Mol Psychiatry 4, 566-571
(1999)

78. Kim, Y.K., SH. Kim, SH. Choi, Y.H. Ko, L. Kim,
M.S. Lee, K.Y. Suh, D.I. Kwak, K.J. Song, Y.J. Lee, R.
Yanagihara & JW. Song: Failure to demonstrate Borna
disease virus genome in peripheral blood mononuclear cells
from psychiatric patientsin Korea. J Neurovirol 5, 196-199
(1999)

79. Evengard, B., T. Briese, G. Lindh, S. Lee & W.I.
Lipkin: Absence of evidence of Borna disease virus
infection in Swedish patients with chronic fatigue
syndrome. J Neurovirol 5, 495-499 (1999)

80. Bachmann, S,, P. Caplazi, M. Fischer, F. Ehrensperger
& R.W. Cone: Lack of association between Borna disease
virus infection and neurological disorders among HIV-
infected individuals. J Neurovirol 5, 190-195 (1999)



BDV and humans

81. Tsuji, K., K. Toyomasu, Y. Imamura, H. Maeda & T.
Toyoda: No association of borna disease virus with
psychiatric disorders among patients in northern Kyushu,
Japan. J Med Virol 61, 336-340 (2000)

82. Nowotny, N. & J. Kolodzigjek: Demonstration of Borna
disease virus nucleic acid in a patient with chronic fatigue
syndrome. J Infect Dis 181, 1860-1862 (2000)

83. Vahlenkamp, T.W., H.K. Enbergs & H. Muller:
Experimental and natural Borna disease virus infections:
presence of viral RNA in cells of the peripheral blood. Vet
Microbiol 76, 229-244 (2000)

84. Nakamura, Y., M. Kishi, T. Nakaya, S. Asahi, S.
Tanaka, H Sentsui, K. Ikeda & K. lkuta: Demonstration of
Borna disease virus RNA in peripheral blood mononuclear
cells from healthy horses in Japan. Vaccine 13, 1076-1079
(1995)

85. Nakamura, Y., S. Asahi, T. Nakaya, M.K. Bahmani, S.
Saitoh, K. Yasui, H. Mayama, K. Hagiwara, C. Ishihara &
K. lkuta: Demonstration of Borna disease virus RNA in
peripheral blood mononuclear cells derived from domestic
catsin Japan. J Clin Microbiol 34, 188-191 (1996)

86. Nakamura, Y., M. Watanabe, W. Kamitani, H.
Taniyama, T. Nakaya, Y. Nishimura, H. Tsujimoto, S.
Machida & K. lkuta: High prevalence of Borna disease
virus in domestic cats with neurological disorders in Japan.
Vet Microbiol 70, 153-169 (1999)

87. Bahmani, M.K., I. Nowrouzian, T. Nakaya, Y.
Nakamura, K. Hagiwara, H. Takahashi, M.A. Rad & K.
Ikuta: Varied prevalence of Borna disease virus infection in
Arabic, thoroughbred and their cross-bred horses in Iran.
Virus Res 45, 1-13 (1996)

88. Hagiwara, K., S. Kawamoto, H. Takahashi, Y.
Nakamura, T. Nakaya, T. Hiramune, C. Ishihara & K.
Ikuta: High prevalence of Borna disease virus infection in
healthy sheep in Japan. Clin Diagn Lab Immunol 4, 339-
344 (1997)

89. Reeves, N.A., C.R. Helps, D.A. Gunn-Moore, C.
Blundéll, P.L. Finnermore, G.R. Pearson, & D.A. Harbour:
Natural Borna disease virus infection in cats in the United
Kingdom. Vet Rec 143, 523-526 (1998)

90. Richt, JA., I. Pfeuffer, M. Christ, K. Frese, K. Bechter
& S. Herzog: Borna disease virus infection in animals and
humans. Emerg Infect Dis 3, 343-352 (1997)

91. Bode, L. & H. Ludwig: Clinical similarities and close
genetic relationship of human and animal Borna disease
virus. Arch Virol Suppl 13, 167-182 (1997)

92. Richt, JA. & R. Rott: Borna disease virus. a mystery as
an emerging zoonotic pathogen. Vet J 161, 24-40 (2001)

93. Worz, JJ.: Die hab-acute Gehirn-Entziindung oder
Kopf-Krankheit der Pferde. Ebner & Seubert, Stuttgart
(1858)

489

94. Schmidt, J.: Untersuchungen Uber das klinische
Verhaten der seuchenhaften Gehirn-
Rickenmarksentziindung (Bornaschen Krankheit) des
Pferdes nebst Angaben Uber diesbeziigliche therapeutische
Versuche. Berl Mucnch Tieraerztl Wschr 28, 581-603
(1912)

95. Schmidt, J.: Die Bornakrankheit des pferdes. 55 Jahre
Forschung und Lehre. Arch Exp Vet Med 6, 177-187 (1952)

96. Ludwig, H., W. Kraft, M. Kao, G. Gosztony, E. Dahme
& H. Krey: Borna-Virus-Infektion (Borna-Krankheit) bei
natiirlich und experomentell infizierten Tieren: ihre
Bedeutung fir Forschung und Praxis. Tieraerztl Prax 13,
421-453 (1985)

97. Grabner, A. & A. Fischer: Symptomatology and
diagnosis of Borna encephalitis of horses. A case analysis
of thelast 13 years. Tieraerztl Prax 19, 68-73 (1991)

98. Durrwald, R. & H. Ludwig: Borna disease virus (BDV),
a (zoonatic?) worldwide pathogen. A review of the history
of the disease and the virus infection with comprehensive
bibliography. J Vet Med B 44, 147-84 (1997)

99. Richt, JA., A. Grabner & S. Herzog: Borna disease in
horses. Vet Clin North Am Equine Pract 16, 579-595
(2000)

100. Metzler, A., U. Frei & K. Danner: Virologicaly
confirmed outbreak of Borna's disease in a Swiss herd of
sheep. Schweiz Arch Tierheilk 118, 483-492 (1976)

101. Metzler, A., H.-P. Minder, X. Wegmann & W. Zindel:
Die Bornasche Krankheit, ein veterinarmedizinisches
Problem von regionaler Bedeutung. Schweiz Arch Tierheilk
121, 207-213 (1979)

102. Weelchli, R.O., F. Ehrensperger, A. Metzler & C.
Winder: Borna disease in a sheep. Vet Rec 117, 499-500
(1985)

103. Lange, H., S. Herzog, W. Herbst & T. Schliesser:
Seroepidemiologische Untersuchungen zur Bornaschen
Krankheit (Ansteckende Gehirn-Rickenmarkentziindung)
der Pferde. Tieraerztl Umschau 42, 938-946 (1987)

104. Dirrwald, R.: Die natlrliche Borna-Virus-Infektion
der Einhufer und Schafe. Untersuchungen  zur
Epidemiologie, zu neueren diagnostischen Methoden
(ELISA, PCR) und zur Antikorperkinetik bei Pferden nach
Vakzination mit Lebendimpfstoff. Inaugural Dissertation,
Freie Universitéat Berlin, Germany (1993)

105. Herzog, S., K. Frese, JA. Richt & R. Rott: Ein Beitrag
zur Epizootiologie der Bornaschen Krankheit des Pferdes.
Wien Tieraerztl Mschr 81, 374-379 (1994)

106. Bilzer, T. & L. Stitzz Immunopathogenesis of virus
diseases affecting the central nervous system. Critical Rev
Immunol 16, 145-222 (1996)



BDV and humans

107. Suchy, A., H. Weissenbdck, R. Waller, P. Schmidt &
N. Nowotny: Nachweis der Bornaschen Krankheit bei
einem Pferd in Osterreich. Wien Tieraerztl Mschr 84, 317-
321 (1997)

108. Suchy, A., H. Weissenbdck, P. Caplazi, S. Herzog &
N. Nowotny: Equine Borna disease in Austria: evidence for
anew endemic area of the natural disease. Equine Pract 22,
26-27 (2000)

109. Weissenbock, H., A. Suchy, P. Caplazi, S. Herzog &
N. Nowotny: Borna disease in Austrian horses. Vet Rec
143, 21-22 (1998)

110. Caplazi, P., K. Melzer, R. Goetzmann, A. Rohner-
Cotti, V, Bracher, K. Zlinszky & F. Ehrensperger: Borna
disease in Switzerland and in the principality of
Liechtenstein. Schweiz Arch Tierheilk 141, 521-527 (1999)

111. Nowotny, N., J. Kolodzigjek, C.O. Jehle, A. Suchy, P.
Staecheli & M. Schwemmle: Isolation and characterization
of a new subtype of Borna disease virus. J Virol 74, 5655-
5658 (2000)

112. Berg, A.-L., R. Dorries & M. Berg: Borna disease
virus infection in racing horses with behavioral and
movement disorders. Arch Virol 144, 547-559 (1999)

113. Taniyama, H., M. Okamoto, K. Hirayama, K.
Hagiwara, K. Kirisawa, W. Kamitani & K. lkuta: Equine
Bornadisease in Japan. Vet Rec 148, 480-482 (2001)

114. Rott, R. & H. Becht: Natural and experimental Borna
disease in animals. Curr Top Microbiol Immunol 190, 17-
30 (1995)

115. Herden, C., S. Herzog, T. Wehner, C. Zink, JA. Richt
& K. Frese: Comparison of different methods of diagnosing
Borna disease in horses post mortem. Equine Infect Dis 8,
286-290 (1999)

116. Mayr, A. & K. Danner: Persistent infections caused by
Bornavirus. Infection 2, 64-69 (1974)

117. Danner, K.: Borna-Virus und Borna-Infektionen Vom
Miasma zum Modédll, Stuttgart: Enke Copythek, 1-303,
(1982)

118. Khan, M.A., K. Yamaguchi, H. Miyata, A. Kazi, T.
Kamahora & S. Hino: Prevalence of anti-Borna disease
virus antibody in horses and their caretakersin Bangladesh.
Yonago Acta Medica 43, 59-67 (2000)

119. Hagiwara, K., M. Asakawa, L. Liao, W. Jiang, S. Yan,
J-J. Chal, Y. Oku, K. Ikuta & M. Ito: Seroprevalence of
Bornadisease virusin domestic animalsin Xinjiang, China.
Vet Microbiol 80, 383-389 (2001)

120. Dauphin, G., V. Legay, S. Sailleau, S. Smondack, S.
Hammoumi & S. Zientara: Evidence of Borna disease virus

490

genome detection in French domestic animals and in foxes
(Vulpes vulpes). J Gen Virol 82, 2199-2204 (2001)

121. Frankhouser, R.: Sporadische  Meningo-
Encephalomyelitis beim Rind. Schweizer Arch Tierheik
103, 225-235 (1961)

122. Matthias, D.: Der Nachweis von latent infizierten
Pferden, Schafen und Rindern und deren Bedeutung als
Virusreservoir bei der Bornaschen Krankheit. Arch Exp Vet
Med 8, 506-511 (1954)

123. Bode, L., R. Durrwald & H. Ludwig: Borna virus
infections in cattle associated with fatal neurological
disease. Vet Rec 135, 283-284 (1994)

124. Caplazi, P., A. Waldvogdl, L. Stitz, U. Braun & F.
Ehrensperger: Borna disease in naturally infected cattle. J
Comp Pathol 111, 65-72 (1994)

125. Okamoto, M., H. Furuoka, K. Hagiwara, W. Kamitani,
R. Kirisawa, K. |kuta & H. Taniyama: Borna disease in a
cattle in Japan. Vet Rec, in press.

126. Kronevi, T., M. Nordstrom, W. Moreno & P.O.
Nilsson: Feline ataxia due to non-suppurative
meningoencephal omyeélitis of unknown agtiology. Nord Vet
Med 26, 720-725 (1974)

127. Lundgren, A.-L., G. Czech, L. Bode & H. Ludwig:
Natural Borna disease in domestic animals other than
horses and sheep. Zbl Vet Med B 40, 298-303 (1993)

128. Weissenbock, H., N. Nowotny & J. Zoher: Feline
Meningoencephalomyelitis  (“Staggering Disease”) in
Osterreich. Wien Tieraerztl Mschr 81, 195-201 (1994)

129. Ashash, E., M. Madkinson, R. Meir, S. Perl & Y.
Weisman: Causes of losses including a Borna disease
paralytic syndrome affecting young ostriches of one
breeding organization over a five-year period (1989-1993).
Avian Dis 40, 240-245 (1996)

130. Makinson, M., Y. Weisman, E. Ashash, L. Bode & H.
Ludwig: Borna disease in ostriches. Vet Rec 133, 304
(1993)

131. Makinson, M., Y. Weisman, S. Perl & E. Ashash: A

Bornalike disease of ostriches in Israel. Curr Top
Microbiol Immunol 190, 31-38 (1995)
132. Weissenbtck, H., N. Nowotny, P. Caplazi, J.

Kolodzigjek & F. Ehrensperger: Borna disease in a dog
with lethal meningoencephalitis. J Clin Microbiol 36,
2127-2130 (1998)

132a. Okamoto, M., Y. Kagawa, K. Hagiwara, R. Kirisawa,
W. Kamitani, K. Ikuta & H. Taniyama: Borna Disease in a
dog in Japan. J Comp Pathoal, in press.

133. Berg, M., M. Johansson, H. Montell & A.-L. Berg:
Wild birds as a possible natural reservoir of Borna disease.
Epidemiol Infect 127, 173-178 (2001)



BDV and humans

134. Amsterdam, J.D., A. Winokur, W. Dyson, S. Herzog,
F. Gonzalez, R. Rott & H. Koprowski: Borna disease virus.
A possible etiologic factor in human affective disorders?
Arch Gen Psychiatry 42, 1093-1096 (1985)

135. Bode, L., S. Riegel, H. Ludwig, J.D. Amsterdam, W.
Lange & H. Koprowski: Borna disease virus-specific
antibodies in patients with HIV infection and with mental
disorders. Lancet 2, 689 (1988)

136. Bode, L., R. Ferszt & G. Czech: Borna disease virus
infection and affective disorders in man. Arch Virol Suppl
7, 159-167 (1993)

137. Bechter, K., S. Herzog & Schittler: Possible
significance of Borna disease for humans. Neurol Psychatr
Brain Res 1, 23-29 (1992)

138. Waltrip, RW., 1I, RW. Buchanan, W.T. Carpenter,
Jr., B. Kirkpatrick, A. Summerfelt, A. Breier, SA. Rubin &
K.M. Carbone: Borna disease virus antibodies and the
deficit syndrome of schizophrenia. Schizophrenia Res 23,
253-257 (1997)

139. Deuschule, M., L. Bode, |. Heuser, J. Schmider & H.
Ludwig: Borna disease virus proteins in cerebrospina fluid
of patients with recurrent depression and multiple sclerosis.
Lancet 352, 1828-1829 (1998)

140. Chen, C.H., Y.L. Chiu, F.C. Wel, F.J. Koong, H.C.
Liu, CK. Shaw, H.G. Hwu & K.J Hsao: High
seroprevalence of Borna virus infection in schizophrenic
patients, family members and mental health workers in
Taiwan. Mol Psychiatry 4, 33-38 (1999)

141. Rybakowski, F., T. Sawada & K. Yamaguchi: Borna
disease virusreactive antibodies and recent-onset
psychiatric disorders. Eur Psychiatry 16, 191-192 (2001)

142. Fukuda, K., K. Takahashi, Y. lwata, N. Mori, K.
Gonda, T. Ogawa, K. Osonoe, M. Sato, S. Ogata, T.
Horimoto, T. Sawada, M. Tashiro, K. Yamaguchi, S. Niwa
& S. Shigeta: Immunological and PCR analyses for Borna
disease virus in psychiatric patients and blood donors in
Japan. J Clin Microbiol 39, 419-429 (2001)

143. Bechter, K., S. Herzog, R. Schuttler & R. Rott: MRI in
psychiatric patients with serum antibodies against Borna
disease virus. Psychatry Res 29, 281-282 (1989)

144. lwahashi, K., M. Watanabe, K. Nakamura, H. Suwaki,
T. Nakaya, Y. Nakamura, H. Takahashi & K. lkuta:
Positive and negative syndromes, and Borna disease virus
infection in schizophrenia. Neuropsychobiol 37, 59-64
(1998)

145. Kitze, K., S. Herzog, P. Rieckmann, S. Poser & J.
Richt: No evidence of Borna disease virus-specific
antibodies in multiple sclerosis patients in Germany. J
Neurol 243, 660-662 (1996)

491

146. Sirota, P., M.A. Firer, K. Schild, A. Tanay, A. Elizur,
D. Meytes & H. Slor: Autoantibodies to DNA in multicase
families with schizophrenia. Biol Psychiatry 33, 450-455
(1993)

147. Ganguli, R., B.S. Rabin & J.S. Brar: Antinuclear and
gastric parieta cell autoantibodies in schizophrenic
patients. Biol Psychiatry 32, 735-738 (1992)

148. Ferszt, R., E. Severus, L. Bode, M. Brehm, K.-P.
Kuhl, H. Berzewski & H. Ludwig: Activated Borna disease
virus in affective disorders. Pharmacopsychiat 32, 93-98
(1999)

149. Sauder, C. & JC. de la Torre: Senditivity and
reproducibility of RT-PCR to detect Borna disease virus
(BDV) RNA in blood: implications for BDV epidemiology.
J Virol Methods 71, 299-305 (1998)

150. Bode, L., F. Steinbach & H. Ludwig: A novel marker
for Borna disease virus infection. Lancet 343, 297-298
(1994)

151. Esolen, L.M., B.J. Ward, T.R. Moench & D.E. Griffin:
Infection of monocytes during measles. J Infect Dis 168,
47-52 (1993)

152. Carbone, K.M., C.S. Duchaa, JW. Griffin, A.L.
Kincaid & O. Narayan: Pathogenesis of Borna disease in
rats: evidence that intra-axonal spread is the major route for
virus dissemination and the determinant for disease
incubation. J Virol 61, 3431-3440 (1987)

153. Lieb, K., W. Halensleben, M. Czygan, L. Stitz & P.
Staeheli: No Borna disease virus-specific RNA detected in
blood from psychiatric patients in different regions of
Germany. The Bornavirus Study Group. Lancet 350, 1002
(1997)

154. Selten, JP., K. van Vliet, W. Pleyte, S. Herzog, H.W.
Hoek & A.M. van Loon: Borna disease virus and
schizophrenia in  Surinamese immigrants to the
Netherlands. Med Microbiol Immunol 189, 55-57 (2000)

155. Holms, G.P., JE. Kaplan, JA. Stewart, B. Hunt, P.F.
Pinsky & L.B. Schonberger: A cluster of patients with a
chronic fatigue mononucleosis-like syndrome. Is Epstein-
Barr virus the cause? JAMA 257, 2297-2302 (1987)

156. Bode, L., L. Anthony, L. Komaroff & H. Ludwig: No
serologic evidence of Borna disease virus in patients with
chronic fatigue syndrome. Clin Infect Dis 15, 1049 (1992)

157. Hotopf, M.H. & S. Wessdly: Viruses, neurosis and
fatigue. J Psychiatr Res 38, 499-514 (1994)

158. Yousef, G.E., EJ. Bell, G.F. Mann, V. Murugesan,
D.G. Smith, RA. McCartney & J.F. Mowbray: Chronic
enterovirus infection in patients with postvira fatigue
syndrome. Lancet 1, 146-150 (1988)



BDV and humans

159. Gow, JW., W.M.H. Behan, K. Simpson, F. McGarry,
S. Keir & P.O. Behan: Studies on enterovirus in patients
with chronic fatigue syndrome. Clin Inf Dis (Suppl) 18,
S126-129 (1994)

160. Straus, S.E., G. Tosato, G. Armstrong, T. Lawley, O.
Preble, W. Henle, R. Davey, G. Pearson, J. Epstein, |. Brus
& R.M. Blaese: Persisting illness and fatigue in adults with
evidence of Epstein-Barr virus infection. Ann Intern Med
102, 7-16 (1985)

161. Josephs, S.F., B. Henry, N. Balachandran, D. Strayer,
D. Peterson, A.L. Komaroff & D.V. Ablashi: HHV-6
reactivation in chronic fatigue syndrome. Lancet 337, 1346
(1991)

162. Patnaik, M., A.L. Komaroff, E. Conley, E.A. Ojo-
Amaize & JB. Peter: Prevalence of IgM antibodies to
human herpesvirus 6 early antigen (p41/38) in patients with
chronic fatigue syndrome. J Infect Dis 172, 1364-1367
(1995)

163. Jacobsen, S.: Chronic widespread muscul oskeltal pain
— the fibromyalgia syndrome. Dan Med Bull 41, 541-564
(1994)

164. Wittrup, I.H., L.S. Christensen, B. Jensen, B.
Danneskiold-Samsee, H. Bliddal & A. Wiik: Search for
Borna disease virus in Danish fibromyalgia patients. Scand
J Rheumatol 29, 387-390 (2000)

165. Auwanit, W., P.I. Ayuthaya, T. Nakaya, S. Fujiwara,
T. Kurata, K. Yamanishi & K. lkuta: Unusualy high
seroprevalence of Borna disease virus in clade E human
immunodeficiency virus type 1-infected patients with
sexually transmitted diseases in Thailand. Clin Diagn Lab
Immunol 3, 590-593 (1996)

166. Kitayaporn, D., S. Tansuphaswadikul, P.
Lohsomboon, K. Kaewkungwal, K. Limpakarnjanarat &
T.D. Mastro: Survival of AIDS patients in the emerging
epidemic in Bangkok, Thailand. J Acqg Def Syndr 11, 77-82
(1996)

167. Kilmarx, P.H., K. Limpakarnjanarat, J. Kaswkungwal,
R. Srismith, S. Saisorn, W. Uthaivoravit, N.L. Young &
T.D. Mastro: Disease progression and survival with human
immunodeficiency virus type 1 subtype E infection among
female sex workers in Thailand. J Infect Dis 181, 1598-
1606 (2000)

168. Nakaya, T., M. Tada, H. Takahashi, S. Fujiwara, S.
Sakuma, Y. Sawamura, H. Abe & K. Ikuta: Expression of
Borna disease virus messages in clinical samples from
patients with brain malignant tumors. Proc Japan Acad 72,
157-162 (1996)

169. de Martin, R., B. Haendler, R. Hofer-Warbinek, H.
Gaugitsch, M. Wrann, H. Schlusener, JM. Seifert, S.
Bodmer, A. Fontana & E. Hofer: Complementary DNA for
human glioblastoma-derived T cell suppressor factor, a

492

novel member of the transforming growth factor-? gene
family. EMBO J 6, 3673-3677 (1987)

170. SierraHonigmann, A.M., K.M. Carbone & R.H.
Y olken: Polymerase chain reaction (PCR) search for vird
nucleic acid sequences in schizophrenia. Br J Psychiatry
166, 55-60 (1995)

171. de la Torre, J.C., D. Gonzalez-Dunia, B. Cubitt, M.
Mallory, N. Mueller-Lantzsch, F.A. Grasser, L.A. Hansen
& E. Madliah: Detection of borna disease virus antigen and
RNA in human autopsy bran samples from
neuropsychiatric patients. Virology 223, 272-282 (1996)

172. Haga, S., Y. Motoi & K. |Ikeda: Borna disease virus
and neuropsychiatric disorders. The Japan Bornavirus
Study Group. Lancet 350, 592-593 (1997)

173. Salvatore, M., S. Morzunov, M. Schwemmle & W.I.
Lipkin: Borna disease virus in brains of North American
and European people with schizophrenia and bipolar
disorder. Bornavirus Study Group. Lancet 349, 1813-1814
(1997)

174. Czygan, M., W. Hallensleben, M. Hofer, S. Pollak, C.
Sauder, T. Bilzer, 1. Blumcke, P. Riederer, B. Bogerts, P.
Fakai, M.J. Schwarz, E. Madliah, P. Staeheli, F.T. Hufert
& K. Lieb: Bornadisease virus in human brains with arare
form of hippocampal degeneration but not in brains of
patients with common neuropsychiatric disorders. J Infect
Dis 180, 1695-1699 (1999)

175. Nakamura, Y ., H. Takahashi, Y. Shoya, T. Nakaya, M
Watanabe, K. Tomonaga, K. Iwahashi, K. Ameno, N.
Momiyama, H. Taniyama, T. Sata, T. Kurata, J.C. de la
Torre & K. Ikuta: Isolation of Borna disease virus from
human brain tissue. J Virol 74, 4601-4611 (2000)

176. Haga, S., M. Yoshimura, Y. Motoi, K. Arima, T.
Aizawa, K. Ikuta, M. Tashiro & K. lkeda: Detection of
Borna disease virus genome in horma human brain tissue.
Brain Res 770, 307-309 (1997)

177. Bode, L., R. Durrwald, F.A. Rantam, R. Ferszt & H.
Ludwig: First isolates of infectious human Borna disease
virus from patients with mood disorders. Mol Psychiatry 1,
200-212 (1996)

178. de la Torre, J.C., L. Bode, R. Durrwald, B. Cubitt &
H. Ludwig: Sequence characterization of human Borna
disease virus. Virus Res 44, 33-44 (1996)

179. Nekamura, Y., T. Nakaya, K. Hagiwara, N.
Momiyama, Y. Kagawa, H. Taniyama, C. Ishihara, T. Sata,
T. Kurata & K. lkuta: High susceptibility of Mongolian
gerbil (Meriones unguiculatus) to Borna disease virus.
Vaccine 17, 480-489 (1999)

180. Watanabe, M., B.J. Lee, W. Kamitani, T. Kobayashi,
H. Taniyama, K. Tomonaga & K. lkuta: Neurological
diseases and viral dynamics in the brains of neonatally



BDV and humans

Borna disease virus-infected gerbils. Virology 282, 65-76
(2001)

181. Kishi, M., Y. Arimura, K. Ikuta, Y. Shoya, P.K. La &
M. Kakinuma: Sequence variability of Borna disease virus
open reading frame Il found in human peripheral blood
mononuclear cells. J Virol 70, 635-640 (1996)

182. Staeheli, P., C. Sauder, J. Hausmann, F. Ehrensperger
& M. Schwemmle: Epidemiology of Borna disease virus. J
Gen Virol 81, 2123-2135 (2000)

183. Lieb, K. & P. Staeheli: Borna disease virus--does it
infect humans and cause psychiatric disorders? J Clin Virol
21, 119-127 (2001)

184. Formella, S., C. Jehle, C. Sauder, P. Stacheli & M.
Schwemmle: Sequence variability of Borna disease virus:
resistance to superinfection may contribute to high genome
stability in persistently infected cells. J Virol 74, 7878-7883
(2000)

185. Korber, B.T., K.J. Kunstman, B.K. Patterson, M.
Furtado, M.M. McEvilly, R. Levy & SM. Wolinsky:
Genetic differences between blood- and brain-derived viral
sequences from human immunodeficiency virus type 1-
infected patients: evidence of conserved elementsin the V3
region of the envelope protein of brain-derived sequences.
JVirol 68, 7467-7481 (1994)

186. Monken, C.E., B. Wu & A. Srinivasan: High
resolution analysis of HIV-1 quasispecies in the brain.
AIDS9, 345-349 (1995)

187. Beatriz, P., R.H. David, W.M. Norman, C.B. Cornelia,
T.L. Mark, S.Y. Camillia & A.S. Stephen: IFN-gamma is
required for vira clearance from central nervous system
oligodendroglia. J Immunol 162, 1641-1647 (1999)

188. Bode, L., D.E. Dietrich, R. Stoyloff, H.M. Emrich &
H. Ludwig: Amantadine and human Borna disease virus in
vitro and in vivo in an infected patient with bipolar
depression. Lancet 349, 178-179 (1997)

189. Ferszt, R., K.P. Kuhl, L. Bode, EW. Severus, B.
Winzer, A. Berghofer, G. Bedlitz, B. Brodhun, B. Muller-
Oerlinghausen & H. Ludwig: Amantadine revisited: an
open tria of amantadinesulfate treatment in chronicaly
depressed patients with Borna disease virus infection.
Pharmacopsychiatry 32, 142-147 (1999)

190. Dietrich, D.E., L. Bode, C.W. Spannhuth, T. Lau, T.J.
Huber, B. Brodhun, H. Ludwig & H.M. Emrich:
Amantadine in depressive patients with Borna disease virus
(BDV) infection: an open trial. Bipolar Disord 2, 65-70
(2000)

191. Ludwig, H. & L. Bode: Borna disease virus. new
aspects on infection, disease, diagnosis and epidemiology.
Rev Sci Tech 19, 259-288 (2000)

192. Cubitt, B. & J.C. de la Torre: Amantadine does not
have antiviral activity against Borna disease virus. Arch
Virol 142, 2035-2042 (1997)

493

193. Stitz, L., O. Planz & T. Bilzer: Lack of antiviral effect
of amantadine in Borna disease virus infection. Med
Microbiol Immunol 186, 195-200 (1998)

194. Hallendeben, W., M. Zocher & P. Staeheli: Borna
disease virusis not sensitive to amantadine. Arch Virol 142,
2043-2048 (1997)

195. Mizutani, T., H. Inagaki, K. Araki, H. Kariwa, J.
Arikawa & 1. Takashima: Inhibition of Borna disease virus
replication by ribavirin in persistently infected cells. Arch
Virol 143, 2039-2044 (1998)

196. Jordan, I., T. Briese, D.R. Averett & W.I. Lipkin:
Inhibition of Borna disease virus replication by ribavirin. J
Virol 73, 7903-7906 (1999)

197. Bechter, K., S. Herzog, V. Schreiner, K.-H. Wollinsky
& R. Schittler: Cerebrospina fluid filtration in Borna-
disease-virus-encephalitis-related schizophreniaa a new
therapeutic perspective in psychiatry? Neurol Psychiatr
Brain Res 6, 85-86 (1998)

198. Bechter, K., S. Herzog, V. Schrener, K.-H. Wollinsky
& R. Schittler: Cerebrospina fluid filtration in a case of
schizophrenia related to “subclinical” Borna disease virus
encephalitis. In: Psychiatry, Psychoimmunology, and
Viruses. Ed: Miller M, Springer-Verlag: Wien, 19-35
(1999)

199. Bechter, K., S. Herzog, V. Schreiner, H. Brinkmeier,
P. Aulkemeyer, F. Weber, K.H. Wollinsky & R. Schiittler:
Borna disease virus-related therapy-resistant depression
improved after cerebrospina fluid filtration. J Psychiatr
Res 34, 393-396 (2000)

200. Bechter, K., S. Herzog, W. Behr & R. Schiittler:
Investigations of cerebrospinal fluid in Borna disease virus
seropositive psychiatric patients. Eur Psychiatry 10, 250-
258 (1995)

201. Bechter, K., S. Herzog & R. Schiittler: Borna disease
virus - possible cause of human neuropsychiatric disorders.
Neurol Psychiatry Brain Res 4, 45-52 (1996)

202. Carbone, K.M., SA. Rubin, A.M. Sierra-Honigmann
& H.M. Lederman: Characterization of a glia cell line
persistently infected with borna disease virus (BDV):
influence of neurotrophic factors on BDV protein and RNA
expression. J Virol 67, 1453-1460 (1993)

203. Kamitani, W., Y. Shoya, T. Kobayashi, M. Watanabe,
B.-J. Lee, G. Zhang, K. Tomonaga & K. lkuta: Borna
disease virus phosphoprotein binds a neurite outgrowth
factor, amphoterin/HMG-1. J Virol 75, 8742-8751 (2001)

204. Lipkin, W.I., G.H. Travis, K.M. Carbone & M.C.
Wilson: Isolation and characterization of Borna disease
agent cDNA clones. Proc Natl Acad Sci USA 87, 4184-
4188 (1990)

205. Thierer, J., H. Riehle, O. Grebenstein, T. Binz, S.
Herzog, N. Thiedemann, L. Stitz, R. Rott, F. Lottspeich &



BDV and humans

H. Niemann: The 24K protein of Borna disease virus. J
Gen Virol 73, 413-416 (1992)

206. Bilzer, T. & L. Stitz: Immune-mediated brain atrophy.
CD8+ T cells contribute to tissue destruction during Borna
disease. J Immunol 153, 818-823 (1994)

207. Hatalski, C.G., W.F. Hickey & W.I. Lipkin: Evolution
of the immune response in the central nervous system
following infection with Borna disease virus. J
Neuroimmunol 90, 137-142 (1998)

208. Richt, JA., H. Stitz, H. Wekerle & R. Rott: Borna
disease, a progressive meningoencephalomyelitis as a
model for CD4+ T cell-mediated immunopathology in the
brain. J Exp Med 170, 1045-1050 (1989)

209. Caplazi, P. & F. Ehrensperger: Spontaneous Borna
disease in sheep and horses: immunophenotyping of
inflammatory cells and detection of MHC-1 and MHC-II
antigen expression in Borna encephalitis lesions. Vet
Immunol Immunopathol 61, 203-220 (1998)

210. Berg, A.L., A. Johannisson, M. Johansson, A. Hein,
M. Berg & R. Dorries: Peripheral and intracerebral T cell
immune response in cats naturaly infected with Borna
disease virus. Vet Immunol Immunopathol 68, 241-253
(1999)

211. Planz, O. & L. Stitzz Borna disease virus
nucleoprotein (p40) is a maor target for CD8+-T-cell-
mediated immune response. J Virol 73, 1715-1718 (1999)

212. Solbrig, M.V., G.F. Koob, J.N. Joyce & W.I. Lipkin:
A neural substrate of hyperactivity in Borna disease:
changes in brain dopamine receptors. Virology 222, 332-
338 (1996)

213. Solbrig, M.V., G.F. Koob, JH. Falon, S. Reid & W.I.
Lipkin: Prefrontal cortex dysfunction in Borna disease
virus (BDV)--infected rats. Biol Psychiatry 40, 629-636
(1996)

214. Herzog, S., K. Frese & R. Rott: Studies on the genetic
control of resistance of black hooded rats to Borna disease.
J Gen Virol 72, 535-540 (1991)

215. Rubin, SA.,, RW. Waltrip, JR. Bautista & K.M.
Carbone: Borna disease virus in mice: host-specific
differences in disease expression. J Virol 67, 548-552
(1993)

216. Carbone, K.M.: Borna disease virus and human
disease. Clin Microbiol Rev 14, 513-527 (2001)

217. Bautista, JR., SA. Rubin, T.H. Moran, G.J. Schwartz
& K.M. Carbone: Developmental injury to the cerebellum
following perinatal Borna disease virus infection. Dev
Brain Res 90, 45-53 (1995)

218. Carbone, K.M., SW. Park, SA. Rubin, RW. Waltrip
Il & G.B. Vogelsang: Borna disease: association with a
maturation defect in the cellular immune response. J Virol
65, 6154-6164 (1991)

494

219. Eisenman, L.M., R. Brothers, M.H. Tran, R.B. Kean,
G.M. Dickson, B. Dietzschold & D.C. Hooper: Neonatal
Borna disease virus infection in the rat causes a loss of
Purkinje cells in the cerebellum. J Neurovirol 5, 181-189
(1999)

220. Hornig, M., H. Weissenbock, N. Horscroft & W.I.
Lipkin: An infection-based model of neurodevelopmental
damage. Proc Natl Acad Sci USA 96, 12102-12107 (1999)

221. Rubin, SA., JR. Bautista, T.H. Moran, G.J. Schwartz
& K.M. Carbone: Viral teratogenesis. brain developmental
damage associated with maturation state at time of
infection. Dev Brain Res 112, 237-244 (1999)

222. Narayan, O., S. Herzog, K. Frese, H. Scheefers & R.
Rott:  Behavioral disease in rats caused by
immunopathological responses to persistent Borna virus in
the brain. Science 220, 1401-1403 (1983)

223. Rubin, SA., P. Sylves, M. Vogel, M. Pletnikov, T.H.
Moran, G.J. Schwartz & K.M. Carbone: Borna disease
virus-induced hippocampal dentate gyrus damage is
associated with spinal leaning and memory deficits. Brain
Res Bull 48, 23-30 (1999)

224, Sauder, C. & J.C. dela Torre: Cytokine expression in
the rat centra nervous system following perinatal Borna
virus infection. J Neuroimmunol 96, 29-45 (1999)

225. PlataSadaman, C.R., SE. llyn, D. Gayle, A.
Ramanovitch & K.M. Carbone: Persistent Borna disease
virus infection of neonatal rats causes brain regional
changes of mMRNAs for cytokines, cytokine receptor
components and neuropeptides. Brain Res Bull 49, 441-451
(1999)

226. Pletnikov, M.V., SA. Rubin, G.J. Schwartz, K.M.
Carbone & T.H. Moran: Effects of neonatal rat Borha
disease virus (BDV) infection on the postnatal development
of the brain monoaminergic systems. Dev Brain Res 119,
179-185 (2000)

227. Gonzalez-Dunia, D., M. Watanabe, S. Syan, M.
Mallory, E. Madiah & J.C. delaTorre: Synaptic pathology
In Borna disease virus persistent infection. J Virol 74,
3441-3448 (2000)

228. Zocher, M., S. Czub, J. Schulte-Monting, J.C. de la
Torre & C. Sauder: Alterations in neurotrophin and
neurotrophin receptor gene expression patterns in the rat
central nervous system following perinatal Borna disease
virusinfection. J Neurovirol 6, 462-477 (2000)

229. Kokai, M., |. Hirata, M. Adachi, N. Hatotani, S.
Hakomori & T. Tachibana: Elevated Ley antigen
expression on T-lymphocytes in schizophrenic patients. Eur
Arch Psychiatry Clin Neurosci 243, 82-86 (1993)

230. Kokai, M., Y. Morita, H. Fukuda & N. Hatotani:
Immunophenotypic studies on atypica lymphocytes in
psychiatric patients. Psychiatry Res 77, 105-112 (1998)

231. Tirelli, U.,, G. Marotta, S. Improta & A. Pinto:
Immunological abnormalities in patients with chronic
fatigue syndrome. Scand J Immunol 40, 601-608 (1994)



BDV and humans

232. Munck, A. & P.M. Guyre: Glucocorticoid physiology,
pharmacology and stress. Adv Exp Med Biol 196, 81-96
(1986)

233. Weisman, Y., D. Huminer, M. Malkinson, R. Meir, S.
Kliche, W.I. Lipkin & S. Pitlik: Borna disease virus
antibodies among workers exposed to infected ostriches.
Lancet 344, 1232-1233 (1994)

234, Hagiwara, K., W. Kamitani, S. Takamura, H.
Taniyama, T. Nakaya, H. Tanaka, R. Kirisawa, H. lwai &
K. lkuta: Detection of Borna disease virus in a regnant
mare and her fetus. Vet Microbiol 72, 207-216 (2000)

235. Tsyjimura, K., T. Mizutani, H. Kariwa, K.
Y oshimatsu, M. Ogino, Y. Morii, H. Inagaki, J. Arikawa &
. Takashima: A serosurvey of Borna disease virus
infection in wild rats by a capture ELISA. J Vet Med i
61, 113-117 (1999)

236. Jordan, I. & WI. Lipkin: Borna disease virus. Rev Med
Virol 11, 37-57 (2001)

237. Michael, N.L., L.G. Louie, A.L. Rohrbaugh, K.A.
Shultz, D.E. Dayhoff, C.E. Wang & H.W. Sheppard: The
role of CCR5 and CCR2 polymorphisms in HIV-1
transmission and disease progression. Nat Med 3, 1160-
1162 (1997)

238. Winkler, C., W. Modi, M.W. Smith, G.W. Nelson, X.
Wu, M. Carrington, M. Dean, T. Honjo, K. Tashiro, D.
Yabe, S. Buchbinder, E. Vittinghoff, JJ. Goedert, T.R.
O'Brien, L.P. Jacobson, R. Detels, S. Donfield, A.
Willoughby, E. Gomperts, D. Vlahov, J. Phair & S.J.
O'Brien: Genetic restriction of AIDS pathogenesis by an
SDF-1 chemokine gene variant. ALIVE Study, Hemophilia
Growth and Development Study (HGDS), Multicenter
AIDS Cohort Study (MACS), Multicenter Hemphilia
Cohort Study (MHCS), San Francisco City Cohort (SFCC)
Science 279, 389-393 (1998)

239. Nakayama, E.E., Y. Hoshino, X. Xin, H. Liu, M.
Goto, N. Watanabe, H. Taguchi, A. Hitani, A. Kwana
Tachikawa, M. Fukushima, K. Yamada, W. Sugiura, S.I.
Oka, A. Ajisawa, H. Sato, Y. Takebe, T. Nakamura, Y.
Nagai, A. lwamoto & T. Shioda: Polymorphism in the
interleukin-4 promotor affects acquisition of human
immunodeficiency virus type 1 syncytium-inducing
phenotype. J Virol 74, 5452-5459 (2000)

240. Meisenzahl, EM., D. Rujescu, A. Kirner, I. Giegling,
N. Kathmann, G. Leinsinger, K. Maag, U. Heger, K. Hahn
& H.J. Moller: Association of an interleukin-1b genetic
polymorphism with altered brain structure in patients with
schizophrenia. Am J Psychiatry 158, 1316-1319 (2001)

241. Virgos, C., L. Martorell, J. Vaero, L. Figuera, F.
Civeira, J. Joven, A. Labad & E. Vilella: Association study
of schizophrenia with polymorphisms at six candidate
genes. Schizophr Res 49, 65-71 (2001)

495

Abbreviations: BDV:Borna disease virus; NNS:
nonsegmented, negative-, single-stranded; ORF: open
reading frame; NES:.nuclear localization signal; NES:
nuclear export signal; ISH:in situ hybridization; CSF:
cerebrospinal fluid;  IFA:immunofluorescence  assay;
MAb:monoclonal  antibody; WB:Western  blotting;
RK:rabbit kidney; ELISA:enzyme-linked immunosorbent
assay; RT-ELISA:reverse-type ELISA; ECLIA:
electrochemiluminescence immunoassay; CIC:circulating
immune complex; RT-PCRreverse  transcriptase-
polymerase chain reaction; PBMC:periphera blood
mononuclear cell; CNS:central nervous system; CFS:
chronic fatigue syndrome; TCPR:T-cell proliferative
response; MRI:magnetic resonance imaging; EB: Epstein
Barr; HIV:human immunodeficiency virus, STD :sexually
transmitted disease; IHC:immunohistochemistry;
MHC:major histocompatibility complex; HMG:high-
mobility group

Key words. Borna disease, BDV, Mononegavirales,
Psychiatric Disorders, Chronic Fatigue Syndrome, Review

Send correspondence to: Dr. K. Ikuta: Department of
Virology, Research Ingtitute for Microbial Diseases
(BIKEN), Osaka University, 3-1 Yamadaoka, Suita, Osaka
565-0871, Japan. Phone: +81 (6) 6879-8307. Fax: +81 (6)
6879-8310. E-mail: ikuta@biken.osaka-u.ac.jp



