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Abstract

Aim: Autism spectrum disorders are lifelong neurodevelopmental disorders whose pathogeneses are not fully understood. Borna disease
virus is a neurotropic virus that affects the central nervous system. Considering the neuropsychiatric and behavioral effects of the virus,
it can be suggested that it may play a role in autism spectrum disorder. However, there are insufficient evidence to support this. In this
study, we aimed to investigate the presence of Borna disease virus in patients with autism spectrum disorders and healthy controls.
Methods: This case-control study, performed in children with autism spectrum disorders and a control group, included patients with
autism who visited the Child and Adolescent Psychiatry outpatient clinic between December 2017 - December 2018. Borna virus
positivity was assayed with the ELISA method in serum samples. Data was analyzed using SPSS version 22.

Results: The study included 63 children diagnosed with autism spectrum disorder and 31 healthy controls. The age range of autism
patients was 3-14 years, their mean age was 7.83 (1.96) years, and The Childhood Autism Rating Scale score was 51.09 (5.71). The
seropositivity rate for Borna disease virus in the autism and healthy control groups were 25.39% and 25.80%, respectively (P=0.966).
For all patients, seropositivity rate was 25.53%.

Conclusion: No relationship was found between autism spectrum disorders and Borna disease virus. The clinical significance of Borna
disease virus positivity in society is unknown. We conclude that Borna disease virus is not involved in the pathogenesis of autism
spectrum disorders.

Keywords: Borna disease virus, Autism spectrum disorder, Seroprevalence, Etiology

Oz

Amag: Otizm spektrum bozukluklar1 yasam boyu nérogelisimsel bozukluklardir ve patogenezi giiniimiizde tam olarak anlagilamanustir.
Borna hastalig1 viriisii, merkezi sinir sistemini etkileyen norotropik bir viriistiir. Virlisiin noropsikiyatrik ve davranigsal etkileri goz
6niine alindiginda, otizm spektrum bozuklugunda rol oynayabilecegi ileri siiriilebilir. Ancak, bunu destekleyecek yeterli kanit yoktur. Bu
¢aligmada otizm spektrum bozukluguna sahip hastalarda ve saglikli kontrol grubunda Borna hastaligi viriisti varligimin arastirilmasi
amaglanmustir.

Yontemler: Bu galisma otizm spektrum bozuklugu tanist almis ve kontrol grubundaki gocuklarda yapilan bir vaka kontrol galismasidir.
Caligmaya Aralik 2017 - Aralik 2018 tarihleri arasinda Cocuk ve Ergen Psikiyatri poliklinigine basvuran otizmli ¢ocuklar dahil
edilmistir. Serum 6rneklerinde ELISA yontemi ile Borna viriisii pozitifligi degerlendirilmistir. Veriler SPSS siiriim 22 kullamlarak
analiz edilmistir.

Bulgular: Calismaya otizm spektrum bozuklugu tanist almis 63 gocuk ve 31 saglikli kontrol grubu dahil edildi. Otizm hastalarinin yas
aralig1 3-14 yil, ortalama yas 7,83 (1,96) ve Cocukluk Otizmini Derecelendirme Olgegi skoru ortalama 51,09 (5,71) olarak saptandi.
Otizm grubunda ve saglikli kontrol grubunda Borna hastalig1 viriisii seropozitiflik orani sirasiyla %25,39 ve %25,80 idi (P=0,966). Tiim
hastalar i¢in seropozitiflik oran1 %25,53 saptandi.

Sonug: Otizm spektrum bozuklugu ile Borna hastaligi virlisii arasinda iliski saptanmadi. Borna hastaligi virlisiiniin toplumdaki
pozitifliginin klinik 6nemi bilinmemektedir. Sonug olarak Borna hastaligi virlisiiniin, otizm spektrum bozuklugunun patogenezinde rol
oynadigini diigtinmiiyoruz.

Anahtar kelimeler: Borna hastalig: viriisii, Otizm spektrum bozuklugu, Seroprevalans, Etyoloji
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Introduction

Autism  spectrum disorders (ASD) are life-long
neurodevelopmental disorders, characterized by insufficient
social communication and limited repetitive behaviors or areas of
interest [1,2]. The prevalence of ASD is increasing at alarming
dimensions globally. Latest epidemiological studies have
reported the prevalence of ASD as 1.5% [3]. Despite several
studies explaining the etiopathogenesis of ASD, it is still not
fully understood. Though there is a high genetic effect, it is a
multifactorial disease resulting from mutual interactions with
environmental factors [4]. Among these environmental factors, it
is proposed that viral infections experienced in the early stages of
development may be causative. The mechanisms causing
neurodevelopmental disorders linked to viral infections are
proposed to include direct central nervous system (CNS)
infections, affecting other tissues in the body, triggering
pathologies in the CNS or in the immune system or a
combination of these factors. Borna virus is also among the
suspected viruses [5].

Borna disease virus (BDV) is an enveloped,
unsegmented, single-stranded RNA virus with negative polarity
belonging to the Mononegavirales order. It is a neurotropic virus
affecting the central nervous system, especially the limbic
structures [6,7]. Borna disease (BD) was first described in the
18" century as an epidemic disease in horses. Initially considered
to be a chronic progressive meningoencephalitis causing
neurological symptoms in horses and sheep, it was later
identified to affect all warm-blooded mammals. BDV may cause
behavioral abnormalities like anxiety, aggressiveness, cognitive
deficiencies, and hyperactivity without encephalitic changes in
animals [8-10]. Behavioral disease studies in animals have led to
the thought that this disease may be associated with some
neuropsychiatric diseases in humans. It is thought that BDV may
infect humans and animals by direct contact with infected
secretions, contaminated food, and vertical routes [8,11].
Serologic evidence in humans was first reported in 1985 [12].
Though the links with a variety of diseases have been topics of
study through the years, the outcomes caused in humans are not
clear [13]. In humans, BDV was associated with four cases of
encephalitis in Germany and resulted in the death of 3 [14]. The
properties of the virus and the virus genome being shown in
psychiatric diseases like schizophrenia and bipolar disease,
which affect a high proportion of the general population but have
unknown etiology, have strengthened the possibility of this
relationship  [15-18]. Whether BDV  contributes  to
neurodevelopmental disorders in children or its effects are
unknown. Young animals have been shown to be more
susceptible to persistent Bornavirus infection [19]. There is a
need for advanced studies about the effect of this neurotropic
virus in children, especially in early childhood.

Considering the neuropsychiatric and behavioral effects
of BDV, it is proposed to possibly play a role in ASD
pathogenesis. However, there are insufficient evidence to support
this. This study aimed to investigate the presence of BDV among
ASD patients and healthy controls.
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Materials and methods

Ethics

The details of the study were explained to the families
of the patients and their consents were obtained. The study was
approved by Ordu University Clinical Research Ethics
Committee (2017/126) and conducted according to the principles
of Helsinki Declaration.

Selection and description of participants

This case control study involved ASD patients admitted
to the Child and Adolescent Psychiatry outpatient clinics
between December 2017 and December 2018. The age range of
ASD patients was 3-14 years and their mean age was 7.83 (1.96)
years. The healthy control group was selected from those
attending the same department and pediatric department due to
minor complaints in the similar age range. The study included 63
ASD patients (19 females and 44 males) and 31 healthy children
(14 females and 17 males) in the control group. Patients were
diagnosed by a pediatric psychiatrist according to Diagnostic and
Statistical Manual of Mental Disorders (DSM) 5 criteria [1].
Childhood Autism Rating Scale (CARS) was applied to assess
the severity of autism in patients. Children with comorbid
diseases in the ASD group or those with unclear diagnoses were
excluded from the study.

Childhood Autism Rating Scale

Childhood Autism Rating Scale comprises 15 items and
is used to measure the severity of autism. CARS is assessed after
detailed interviews with the family and observation of the child.
The items assess relationships with people, imitation, listening
response, emotional response, object use, body use, adaptation to
change, visual response, smell, taste and touch responses, fear or
nervousness, verbal communication, non-verbal communication,
activity level, level and consistency of intellectual response and
general impression. They are scored from 1 to 4 and the total
score is calculated. Scores below 30 are normal, those between
30-36.5 indicate mild-moderate autism, while a score of 37 or
higher denote severe autism [20].

Detection of Borna Disease Virus

Ten milliliter blood samples from patients were
separated while drawing blood for routine tests. Blood samples
were centrifuged at 3000 rpm for 15 minutes. Separated serum
samples were stored under appropriate conditions (-80°C) in the
microbiology laboratory and tested for Bornavirus protein with
the human Borna disease virus (BDV) ELISA kit (Abbexa Ltd.,
Cambridge Science Park, Cambridge, CB4 OEY, UK). This kit is
pre-coated with a polyclonal 1gG antibody specific for BDV and
detects BDV protein in sera. There is no known cross-reactivity
with other proteins/viruses. The results are assessed as positive
or negative according to the manufacturer’s recommendations.

Statistical analysis

The statistical package program Statistical Package for
Social Sciences (IBM SPSS for Windows, Ver.22) was used in
the calculations. Means and standard deviations were obtained
for continuous variables while categorical variables were
summarized using frequency and percentage. The student’s t-test
was applied to assess differences between numerical variables.
Chi-square test was used to compare categorical variables.
Kruskal-Wallis test was performed to compare the means of
more than two groups. P-value <0.05 was considered statistically

L 2

Page/Sayfa|987v



Surg Med. 2020;4(11):986-989.

J

significant. Considering Cohen's chi square analysis criteria, the
average power was calculated as 0.30, alpha=0.05 and n (sample
width) =94, and the power was 0.837 [21]. G-Power 3.1.9.2
statistics program was used to power and sample size.

Results

The study included 63 ASD patients and 31 healthy
controls. The age range of the children participating in the study
was 3-12 years. The mean CARS score of ASD patients was
51.09 (5.71). Detailed information about the children is
summarized in Table 1. The seropositivity rate for BDV in the
ASD and control groups were 25.39% (n=16) and 25.80% (n=8),
respectively, which were similar (P=0.096). Borna disease virus
seroprevalences are presented in Table 2. Its incidence was
insignificantly different among females and males in the ASD
group (42.85% vs. 20.83%, respectively) (P=0.098). There was
no difference when compared to categorized age groups. The
seropositivity rate in all individuals included in the study was
25.53% (n=24). The mean titrations of the healthy individuals,
mild-heavy and severe autism patients were similar (y2=2.042,
P=0.360). Distribution of titer median values by severity of
disease is shown in Figure 1.

Table 1: Characteristics of the groups

Characteristics Total ASD patients (n=63)

Mild-moderate ASD Severe ASD  Healthy control  P-value

n=26 (%) n=37 (%) n=31 (%)
Gender, Female/Male | 4/22 (15.4/84.6) 10/27 (27/73) 14/17 (45/55)  0.173
Age mean (SD) 5.67 (1.99) 6.44 (2.60) 8.75 (2.71) 0.097
CARS mean (SD) 32.82 (3.68) 54.85 (2.7) - -
ASD: Autism spectrum disorders, CARS: Childhood Autism Rating Scale
Table 2: Borna disease virus seroprevalence of groups

Total ASD (n=63)

Mild-moderate Severe Control x2/P-

ASD ASD group value
BDV positive (n/%) | 5/19.2 11/29.7 8/25.8 0.87/0.64
BDV negative 21/80.8 26/70.3 23/74.2 0.87/0.35
(n/%) 0.160 (0.17) 0.237 (0.25)  0.270 (0.41) 2.04/0.36
Titers mean (SD)

BDV: Borna disease virus, ASD: Autism spectrum disorders

100+
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Figure 1: Distribution of titer median values according to the severity of the disease

Discussion

Neuropathology associated with BDV has been
demonstrated in animal models. Studies show that infected
neonatal rats developed autism-like behavior changes [22-24]. In
a study of rats, Hans et al. [25] showed that the virus caused
significant changes in synaptic functions, especially damaging
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neuronal functions, and noted that this may cause
neurobehavioral disease in humans. BDV’s neurotropic

characteristics and ability to create persistent noncytolytic
infections and proven outcomes in animal studies strengthen the
possibility that viral contact may cause a pathology in humans. It
is unknown whether BDV contributes to neurodevelopmental
disorders in children. There is a need for advanced studies about
the effect of this neurotropic virus in children, especially in the
early childhood period. Though BDV has been researched in the
etiology of many neuropsychiatric diseases, the number of
studies regarding autistic children are limited. No study was
observed in the literature, except for the work of Honda et al.
[26]. A study of autistic children by Honda et al. reported the
antibody prevalence against Bornavirus in children with ASD as
7.4%. In this study, positivity was higher in the 2-5 age group,
and there was no significant difference according to gender. In
our study, BDV positivity was 25.39% in the ASD group and
there was no significant difference compared to the control
group. There was no difference between age groups in our study.
Similarly, no significant difference was found between genders.
Both the number of BDV positivity and titer values were
insignificantly higher in the severe autism group compared to
those with mild-moderate autism. In another study in children,
BDV seroprevalence was investigated. Patti et al. [27] reported
59% BDV seroprevalence in healthy children aged 0-18 years.
This rate is quite high and showed the need for risk assessment in
children. Unlike our study, male gender, and positivity at the age
of 1-3 were higher. None of these studies had a control group.

Previously, Giingdr et al. [28] researched the presence
of BDV among patients with subacute sclerosing panencephalitis
in Turkey and did not identify a significant correlation but
reported similar seropositivity rates of 22% in the general
population. Determination of positive values in both the patient
and control groups are an indicator of presence of BDV contact
in our country. However, our results do not support the theory
that BDV may contribute to the pathogenesis of ASD.

Limitations

The small number of patients is a limiting aspect of our
study. Furthermore, the effects of BDV should be investigated
especially at early ages, which is a critical period in the
neurodevelopmental process.

Conclusion

In our study, BDV positivity was 25.39% in the ASD
group and there was no significant difference compared to the
control group. The clinical significance of Borna disease virus
positivity in society is unknown. We conclude that Borna disease
virus is not involved in the pathogenesis of autism spectrum
disorders.

References

1. Swedo SE, Baird C. Neurodevelopmental Disorders; Autism Spectrum Disorder. In: Kupfer DJ,
editor. American Psychiatric Association: Diagnostic and statistical manual of mental disorders.
Arlington: American Psychiatric Publishing; 2013. pp. 50-59.

2. Ekici B, Konuk FK, Dursun $S, Unay OS, Tatli B. Neuroplay method combined with home-based
Ayres sensory integration for autism: A case report. J Surg Med. 2020;4(3):246-7. doi:
10.28982/josam.613563

3. Lyall K, Croen L, Daniels J, Fallin MD, Ladd-Acosta C, Lee BK, et al. The Changing Epidemiology
of Autism Spectrum Disorders. Annu Rev Public Health. 2017;38:81-102. doi: 10.1146/annurev-
publhealth-031816-044318

4. Matsuzaki H, Iwata K, Manabe T, Mori N. Triggers for autism: genetic and environmental factors. J
Cent Nerv Syst Dis. 2012;22(4):27-36. doi: 10.4137/JCNSD.S9058

5. Libbey JE, Sweeten TL, McMahon WM, Fujinami RS. Autistic disorder and viral infections. J
Neurovirol. 2005;11(1):1-10. doi: 10.1080/13550280590900553

&
A4

Page/Sayfa|988v



J Surg Med. 2020:4(11):986-989.

6.

10.

11.

12.

1

w

1

&

15.

1

o

17.

18.

19.

2

o

2

[

2

N

2

w0

24,

2

al

2

=3

2

N

28.

Lipkin WI, Briese T, Hornig M. Borna disease virus fact and fantasy. Virus Res. 2011;162(1-2):162-
72. doi: 10.1016/j.virusres.2011.09.036

Kinnunen PM, Palva A, Vaheri A, Vapalahti O. Epidemiology and host spectrum of Borna disease
virus infections. J Gen Virol. 2013;94:247-62. doi: 10.1099/vir.0.046961-0

Richt JA, Pfeuffer I, Christ M, Frese K, Bechter K, Herzog S. Borna disease virus infection in animals
and humans. Emerg Infect Dis. 1997;3(3):343-52. doi: 10.3201/eid0303.970311

Dittrich, W, Bode L, Ludwig H, Kao M, Schneider K. Learning deficiencies in Borna disease virus
infected but clinically healthy rats. Biol Psychiatry. 1989;26:818-28. doi: 10.1016/0006-
3223(89)90122-4

Hornig, M, Weissenbock H, Horscroft N, Lipkin WI. An infection based model of
neurodevelopmental damage. Proc Natl Acad Sci. 1999;96:12102-7. doi: 10.1073/pnas.96.21.12102
Ando T, Takino T, Makita K, Tajima M, Koiwa M, Hagiwara K. Seroepidemiological analysis of
vertical transmission relative risk of Borna disease virus infection in dairy herds. J Vet Med Sci.
2016;78(11):1669-72. doi: 10.1292/jvms.16-0156

Amsterdam JD, Winokur A, Dyson W, Herzog S, Gonzalez F, Rott R, et al. Borna disease virus. A
possible etiologic factor in human affective disorders? Arch Gen Psychiatry. 1985;42(11):1093-6. doi:
10.1001/archpsyc.1985.01790340077011

. Carbone KM. Borna Disease Virus and Human Disease. Clin Microbiol Rev. 2001;14(3):513-27. doi:

10.1128/CMR.14.3.513-527.2001

. European Centre for Disease Prevention and Control. Acute encephalitis associated with infection

with Borna disease virus 1-Germany. Stockholm: ECDC; 2018.
Bode L, Zimmermann W, Ferszt R, Steinbach F, Ludwig H. Borna disease virus genome transcribed
and expressed in psychiatric patients. Nature Med. 1995;1:232-6. doi: 10.1038/nm0395-232

. de la Torre JC, Bode L, Durrwald R, Cubitt B, Ludwig H. Sequence characterization of human Borna

disease virus. Virus Res. 1996;44:33-44. doi: 10.1016/0168-1702(96)01338-x

Sauder C, Muller A, Cubitt B, Mayer J, Steinmetz J, Trabert W, et al. 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. 1996;70:7713-24. doi:
10.1128/JV1.70.11.7713-7724.1996

Kishi M, Nakaya T, Nakamura Y, Zhong Q, Ikeda K, Senjo M, et al. Demonstration of human Borna
disease virus RNA in human peripheral blood mononuclear cells. FEBS Letters. 1995;3645:293-7.
doi: 10.1016/0014-5793(95)00406-y

Hirano N, Kao M, Ludwig H. Persistent, tolerant or subacute infection in Borna disease virus infected
rats. J Gen Virol. 1983;64:1521-30. doi: 10.1099/0022-1317-64-7-1521

. Schopler E, Reichler RJ, De Vellis RF, Daly K. Toward objective classification of childhood autism:

Childhood autism rating scale (CARS). Journal of Autism and Developmental Disorders.
1980;10(1):91-103. doi: 10.1007/BF02408436

. Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York: Department of

Psychology New York University; 1988.

. Pletnikov MV, Rubin SA, Vasudevan K, Moran TH, Carbone KM. Developmental brain injury

associated with abnormal play behavior in neonatally Borna disease virus infected Lewis rats: a model
of autism. Behavioural Brain Res. 1999;100:43-50. doi: 10.1016/s0166-4328(98)00111-9

. Lancaster K, Dietz DM, Moran TH, Pletnikov MV. Abnormal social behaviors in young and adult

rats neonatally infected with Borna disease virus. Behavioural Brain Research. 2007;176:141-8. doi:
10.1016/j.bbr.2006.06.013

Li C, Xu X, Zhang X, Cheng K, Guo Y, Jie J, et al. Activation of ERK / CREB / BDNF pathway
involved in abnormal behavior of neonatally Borna virus-infected rats. Neuropsychiatr Dis Treat.
2018;15(14):3121-32. doi: 10.2147/NDT.S176399

. Hans A, Bajramovic JJ, Syan S, Perret E, Dunia |, Brahic M, et al. Persistent, noncytolytic infection

of neurons by Borna disease virus interferes with ERK 1/2 signaling and abrogates BDNF-induced
synaptogenesis. FASEB J. 2004;18(7):863-5. doi: 10.1096/f].03-0764fje

. Honda T, Sofuku K, Matsunaga H, Tachibana M, Mobhri I, Taniike M, et al. Prevalence of antibodies

against Borna disease virus proteins in Japanese children with autism spectrum disorder. Microbiol
Immunol. 2018;62:473-6. doi: 10.1111/1348-0421.12603

. Patti AM, Vulcano A, Candelori E, Donfrancesco R, Ludwig H, Bode L. Borna disease virus

infection in Italian children. A potential risk for the developing brain? APMIS Suppl. 2008;124:70-3.
doi: 10.1111/j.1600-0463.2008.00m12.x

Giingor S, Anlar B, Turan N, Yilmaz H, Helps CR, Harbour DA. Antibodies to Borna disease virus in
subacute  sclerosing  panencephalitis.  Pediatr  Infect Dis J. 2005;24(9):833-4.  doi:
10.1097/01.inf.0000178307.70429.75.

This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

Borna disease virus in autism spectrum disorder
V'S

JOSAM

v

L 2

Page/Sayfa|989v



