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Abstract OBJECTIVES: Borna disease virus (BDV) is an RNA virus belonging to the family

Bornaviridae. BDV is a neurotropic virus that causes changes in mood, behaviour
and cognition. Patients with psychiatric disorders have a higher incidence of BDV
positivity than healthy individuals.

METHODS: We examined the seropositivity of BDV circulating immunocomplexes
(CIC) in psychiatric patients and healthy individuals (blood donors). We examined
39 psychiatric inpatients for the presence of BDV CIC in the serum by ELISA on
day 0, 28 and 56. During the same period psychopathology was measured using
psychiatric scales (CGI, CGI-I, MADRS, SDS, PANSS). This is the first such study
performed in the Czech Republic.

RESULTS: BDV CIC positivity was detected in 66.7% of psychiatric patients
(26/39) on day 0, in 53.9% (14/26) on day 28 and in 52.9% on day 56 (9/17).
The control group was 22.2% (28/126) positive. The incidence of BDV CIC was
significantly higher in psychiatric patients than in healthy individuals (p=0.001).
The significantly higher level of BDV CIC was associated with the higher severity
of psychopathology in comparison with patients with mild or moderate psycho-
pathology (p=0.03). We did not find any association between BDV CIC positivity
and other characteristics (age, diagnosis, family, personal history, the history of
infectious diseases, contact with animals).

CONCLUSION: In our study psychiatric patients had significantly higher levels of
BDV CIC than the control group. The highest levels of BDV CIC were detected in
patients with more severe psychopathology.
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List of abbreviations:

Ag - antigen

Ab - antibody

BDV - Borna Disease Virus

cal - Clinical Global Impression

CGH - Clinical Global Impression-Improvement

cic - circulating immunocomplexes

CNS - central nervous system

EIA - enzyme immunoassay

ICD-10 - International Statistical Classification of Diseases
IFA - immunofluorescence assay

MADRS - Montgomery-Asberg Depression Rating Scale
PANSS - Positive and Negative Syndrome Scale

RNA - ribonucleic acid

SDS - Zung Self-Rating Depression Scale
INTRODUCTION

Borna disease virus (BDV) is an RNA virus that belongs
to the family Bornaviridae, order Mononegavirales.
BDV is a neurotropic virus with a high affinity to the
limbic system. BDV infects warm-blooded animals
including humans and birds.

The clinical symptoms of infected animals range
from asymptomatic, through mild symptomatology
(cognitive impairment), neurological and behavioural
changes to lethal course (meningoencephalitis non-pu-
rulenta) (Dietrich et al. 1998; Durrwald & Ludwig 1997;
Ludwig & Bode 2000).

BDV is transmitted by infected saliva or other secre-
tions through the nasal mucosa. BDV spreads intra-
axonally and trans-synaptically towards olphactoric
structures and then to the limbic system. BDV causes
persistent infection of the central nervous system (CNS)
(Solbrig et al. 2003). The activation of persistent BDV
infection is associated with several clinical symptoms
such as meningoencephalitis, and neurological, behav-
ioural and mood disturbances. This activation is due to
immune changes, stress and other factors (Durrwald &
Ludwig 1997; Ludwig & Bode 2000).

BDV influences the CNS directly (by binding of viral
proteins with neurotransmitter receptors) Dietrich et al.
1998; Solbrig et al. 2003; Stitz et al. 1998; Volmer et al.
2007) and indirectly (by immune response and inflam-
matory reactions). As a result, BDV infection is associ-
ated with psychiatric disorders in humans, especially
affective disorders and schizophrenia (Dietrich et al.
1998). Viral antigens (Ag), antibodies (Ab), circulat-
ing immunocomplexes (CIC) and viral RNA have been
detected in human tissues (plasma, serum, brain tissue,
cerebrospinal fluid). A higher prevalence of BDV infec-
tion was found in psychiatric and immunocompro-
mised patients (Cotto et al. 2003).

After activation of persistent BDV infection it is pos-
sible to detect Ag. In the second phase of acute viremia
Ag binds with Ab and forms CIC. Ag and CIC positiv-
ity are associated with acute infection and viremia. Ab
positivity means that the organism has been in contact
with BDV but does not necessarily imply active BDV
infection.

Borna disease virus and psychopathology

BDV positivity in psychiatric patients ranges from
negative to highly positive (about 90%). These differ-
ences can be caused by using various laboratory meth-
ods, biological materials, diagnosis of patients and
various regions.

BDV Ab were first detected in psychiatric patients
in 1985 using an IFA method (immunofluorescence
assay). Positivity was detected in 1 to 4% of patients,
and in 20% of acutely depressed patients (Bode et al.
1996; Bode & Ludwig 2003; Rott et al. 1985). Higher
BDV positivity based on the detection of viral Ag and
CIC has been found in psychiatric patients (between 50
and 90% positivity) compared to healthy individuals
(between 20 and 30%) (Bode & Ludwig 2003; Bode et
al. 2001). Several studies failed to detect BDV in psychi-
atric patients, and did not confirm the higher positivity
(Chalmers et al. 2005; Fukuda et al. 2001; Iwata et al.
1998; Tsuji et al. 2000). Furthermore, a pilot study car-
ried out in the Czech Republic between 2001 and 2003
found 26% BDV CIC in psychiatric inpatients and 22%
in healthy individuals (Rackova & Beran 2003).

Here we report the results of a study to detect BDV
CIC positivity in psychiatric patients. This is the first
such study performed in the Czech Republic. Our
aim was to determine the relationship between BDV
infection and other factors (psychiatric diagnosis, age,
gender, the duration and number of episodes of psychi-
atric disorder and others). We expected to detect higher
BDV CIC positivity in psychiatric patients and to find an
association between BDV CIC positivity and the phase
of psychiatric disorder. We compared our results with a
control group of healthy individuals (blood donors).

MATERIAL AND METHODS
Study population

We have examined two groups: psychiatric patients and
a control group of healthy subjects (blood donors).

Psychiatric patients

Patients who were hospitalised in the Psychiatric
Department of the University Hospital in Pilsen, Czech
Republic from 2006 to 2008 were included in this study.
These patients had to fulfill the following criteria: 1) psy-
chiatric patients hospitalised in the psychiatric depart-
ment with diagnosis of affective disorders (depressive
and bipolar disorders) or psychotic disorders (acute
psychotic disorders, schizophrenia and schizoaffective
disorders) according to ICD-10 (International Statistical
Classification of Diseases); 2) aged 18 years or older and
3) patients from whom informed consent was obtained.
We included 39 patients (13 males, 26 females) aged
from 22 to 61 years (average age 42.59 +/- 10.86 years),
29 of which had a diagnosis of affective disorders (26
with depressive and three bipolar disorders) and ten
with psychotic disorders.
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Table 1. The detection of BDV CIC positivity on day 0, 28 and 56

Da Total number  No. of BDV CIC No. No. of BDV No. No. of BDV
y (No.) positive (%) of males positive males of females positive females
Day 0 39 26 (66.67%) 13 5 26 14
Day 28 26 14 (53.85%) 1" 4 15 10
Day 56 17 9 (52.94%) 10 7 5

Control population

As the control group of healthy individuals we exam-
ined blood donors from the blood bank of the Central
Military Hospital in Prague, Czech Republic. Inclusion
criteria for blood donors were: 1) individuals aged 18
years or older; 2) those who agreed to participate in
this study and gave informed consent. We included 126
blood donors (97 males and 29 females) aged from 25
to 65 years (average age 40.31 +/- 11.32 years).

Laboratory tests

Patients were examined for BDV positivity in the serum.
Sera were determined for specific circulating immuno-
complexes by EIA (enzyme immuno assay) - CIC assay
using a washing apparatus (MRW Dynex) and ELISA
reader (MUREX MRX). This method was developed
by Bode and Ludwig and uses specific monoclonal
antibodies to trap the antigen part of the CIC (Bode et
al. 2001). The antibody part of the CIC is visualised by
enzyme reaction (alkaline phosphatase). The levels of
BDV CIC were scored as: 0 negative, + low positivity,
++ mean positivity, +++ and ++++ high positivity.

Psychiatric scales

Standard psychiatric scales were used to measure and
evaluate psychopathology and its severity in all patients:
CGI (Clinical Global Impression) and CGI-I (Clini-
cal Global Impression Improvement) for all patients;
MADRS (Montgomery-Asberg Depression Rating
Scale), SDS (Zung Self-Rating Depression Scale) for
patients with the diagnosis of depression; and PANSS
(Positive and Negative Syndrome Scale) for patients
with psychotic disorders.

Study design
All patients were examined for serum BDV CIC posi-
tivity on day 0 (the day of admission to the psychiatric
department), on day 28 and 56. At the same time psy-
chopathology was measured using psychiatric scales.
Anamnestic data (somatic disorders, the history of
infectious diseases, allergy...), psychiatric family his-
tory, and the presence of infection at the time of blood
sampling were recorded for all participants. Psychiat-
ric diagnosis according to ICD-10, the number of epi-
sodes of psychiatric disorder and contact with animals
(breeding, farming, pets) were also recorded. Data were
obtained directly from the patients and from medical
examination records.

Ethical aspects

The study was approved by the ethical committee of
the University Hospital Medical Faculty, Charles Uni-
versity in Pilsen, Czech Republic (registration number
303/2001). The purpose and the procedures of the study
were explained to all participants. Written informed
consent was obtained.

RESULTS

We examined 39 psychiatric patients on day 0 (13 males,
26 females), 26 patients on day 28 (11 males, 15 females)
and 17 patients on day 56 (10 males, 7 females).

Age differences between the group of psychiatric
patients and blood donors were not statistically sig-
nificant (p=0.16, the Wilcoxon rank-sum test). The
groups differed significantly in gender but no asso-
ciation between BDV CIC positivity and gender was
demonstrated.

Serum BDV CIC positivity indicates the presence of
BDV and its activity (the period of viremia). BDV CIC
positivity was detected in 66.7% of psychiatric patients
(26/39) on day 0, in 53.9% (14/26) on day 28 and in
52.9% on day 56 (9/17) (Table 1). BDV CIC positivity
was found in 22.2% (28/126) of the control group (blood
donors). BDV CIC positivity was significantly higher
in psychiatric patients than in blood donors (p=0.004,
contingency tables, the chi-square test). Higher levels
of BDV CIC (++ and +++) were found in psychiatric
patients in comparison with blood donors (p=0.01, the
Fisher exact test, contingency tables).

Unlike the level of BDV CIC positivity, BDV CIC
positivity was not associated with the psychopathology
(day 0 p=0.513, day 28 p=0.232, day 56 p=0.707, con-
tingency tables, the chi-square test). However, higher
levels of BDV CIC in the serum were significantly
associated with higher severity of psychiatric disorder
measured by the CGI. Patients with GGI 5-6 (mark-
edly or severely ill) had higher levels of BDV CIC than
patients with CGI 1-4 (normal, borderline, mildly or
moderately ill) (p=0.03, the Fisher exact test) at the
beginning of hospitalisation (on day 0) but not on day
28 (p=0.079, contingency tables, the chi-square test)
or day 56 (p=0.825, contingency tables, the chi-square
test).
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Table 2. The association of BDV CIC positivity and other anamnestic and demographic characteristics

Characteristics Day p Statistical methods
Gender Day 0 0.428 contingency tables, chi-square test
Day 28 0.242 contingency tables, chi-square test
Day 56 0.602 contingency tables, chi-square test
Age Day 0 0.472 Spearman test
0.49 Kendall test
Day 28 0.104 Spearman test
0.123 Kendall test
Day 56 0.491 Spearman test
0.51 Kendall test
Diagnosis Day 0 0.765 contingency tables, chi-square test
Day 28 0.822 contingency tables, chi-square test
Day 56 0.12 contingency tables, chi-square test
Psychiatric family history Day 0 0.232 contingency tables, chi-square test
Day 28 0.731 contingency tables, chi-square test
Day 56 0.333 contingency tables
Infection in the time of Day 0 0.981 Spearman test
blood sampling 0.981 Kendall test
0.838 contingency tables, chi-square test
Day 28 0.51 Spearman test
0.513 Kendall test
0.429 contingency tables, chi-square test
Day 56 0.803 Spearman test
0.805 Kendall test
0.718 contingency tables, chi-square test
Number of episodes of Day 0 0.916 Spearman test
psychiatric disorder 0.932 Kendall test
Day 28 0.517 Spearman test
0.544 Kendall test
Day 56 0.164 Spearman test
0.138 Kendall test
Contact with animals Day 0 0.505 contingency tables, chi-square test
Day 28 0.398 contingency tables, chi-square test
Day 56 0.376 contingency tables, chi-square test
DISCUSSION

Other characteristics and BDV CIC positivity

We obtained data about family and personal history,
history of infectious diseases, and infection at the time
of blood sampling, and data about psychiatric disorders
(diagnosis, duration, number of episodes) and contact
with animals from all participants. We also examined
the possible relationship with age and gender. However,
we did not find any significant association between
BDV CIC positivity and other characteristics (Table 2).

The purpose of this study was to examine BDV CIC
positivity in psychiatric patients, in comparison with
a control group of healthy individuals. A secondary
aim was to determine the association between BDV
CIC positivity and psychopathology and their changes
during two months of observation.

We detected BDV CIC positivity, which indicates the
presence of BDV in the organism and the acute phase
of infection (viremia). The EIA CIC assay was used to
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test for BDV infection due to its high sensitivity and
specificity (Bode, 2008; Bode & Ludwig 2003; Bode et
al. 2001). Complete detection of the acute phase of BDV
infection requires the detection of viral Ag. We did not
have this method at our disposal, which could explain
the lower positivity of acute BDV infection in our study
in comparison with results from German psychiatric
inpatients (Bode & Ludwig 2003; Bode et al. 2001).

BDV CIC positivity in our study was significantly
higher in psychiatric patients than in blood donors.
The same results were obtained in several other studies
(Bode & Ludwig 2003; Bode et al. 2001; Rybakowski et
al. 2001; Taieb et al. 2001; Vahlenkamp et al. 2000).

Significantly higher levels of BDV CIC were found
in psychiatric patients in comparison with blood
donors. The higher levels of BDV CIC were associated
with more severe psychopathology at the beginning of
hospitalisation but not on day 28 and 56. This finding is
consistent with German studies that reported increased
BDV CIC and Ag in severely depressed patients in
comparison with moderately depressed patients and
outpatients (Bode & Ludwig 2003; Bode et al. 2001).

Several studies have reported higher BDV positiv-
ity in younger individuals, especially in children. BDV
infection can affect the development of brain structures
(Patti et al. 2008; Scholbach & Bode 2008). We did not
find any association between age and gender in our
study population.

There was no interaction between psychiatric family
history and BDV CIC positivity. It seems that geneti-
cally predisposed patients are not at higher risk of BDV
infection.

There was no connection with personal history
(somatic disorders), the history of infectious diseases
and infection at the time of blood sampling. In some
studies patients with other infections or immune
changes had higher BDV positivity (Cotto et al. 2003).

One route of BDV infection transmission is contact
with animals. Some studies show higher BDV positivity
in people who work with animals (farming) (Weisman
et al. 1994). There was no connection between BDV
CIC positivity and contact with animals in our study.

CONCLUSIONS

We detected higher BDV CIC positivity in psychiatric
inpatients than in the control group of blood donors.
BDV CIC positivity did not significantly change over
time (on day 0, 28 and 56) but a significantly higher
level of BDV CIC was found in patients with the worst
psychopathology. We have not established any associa-
tion between BDV CIC positivity and other character-
istics. Further studies are required to measure BDV
CIC and detect Ag in psychiatric inpatients, addicted
patients and other psychopathologies.
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