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Abstract

Borna disease virus (BoDV) can cause neurological disease in several vertebrate species, especially in horses and sheep. The

recent cases of fatal encephalitis caused by BoDV in humans have raised concern regarding the zoonotic character of this virus.

BoDV infection in horses is endemic in Central Europe, whereas in Spain the disease is regarded as an exotic disease in horses

and serological investigations in these animals have never been performed. The aim of this study was to investigate the exposure

to BoDV in breeding and sport horses in Spain and to determine risk factors for the transmission of the virus. Serum samples

from 495 horses (260 sport horses and 235 Spanish Purebred breeding horses) were tested by an Indirect Fluorescence Antibody

Test (IFAT). From the SP breeding horses we examined factors putatively associated with seropositivity to BoDV. A total of

164 horses (33.1%; 95% CI 29.0-37.3) showed antibodies against BoDV. Factors associated with BoDV seropositivity in the

SP breeding horses were climate, age and the time of the year when the horses were sampled. This is the first report on the

presence of BoDV antibodies in apparently asymptomatic breeding and sport horses in Spain. Our results demonstrate the

need for BoDV surveillance in horses and possible reservoir hosts in this country, and suggests that BoDV should be included

in the differential diagnosis of equine and human cases of encephalitis.

First report of Borna disease virus antibodies in breeding and sport horses in Spain.

Fatima Cruz-Lopez F1*, Susanne Schmid2,4, Eliazar Camino1,3, Friedemann Weber2, Paloma Fores4, Sergio
Gonzalez1, Lucia de Juan1,3and Matthias König2.

1VISAVET Health Surveillance Centre, Universidad Complutense de Madrid (Spain).

2 Institute of Virology, Faculty of Veterinary Medicine, Justus Liebig University, Giessen, Germany.

3Departamento de Sanidad Animal, Facultad de Veterinaria, Universidad Complutense (Spain).
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Borna disease virus in horses in Spain

Summary

Borna disease virus (BoDV) can cause neurological disease in several vertebrate species, especially in horses
and sheep. The recent cases of fatal encephalitis caused by BoDV in humans have raised concern regarding
the zoonotic character of this virus. BoDV infection in horses is endemic in Central Europe, whereas in
Spain the disease is regarded as an exotic disease in horses and serological investigations in these animals
have never been performed. The aim of this study was to investigate the exposure to BoDV in breeding
and sport horses in Spain and to determine risk factors for the transmission of the virus. Serum samples
from 495 horses (260 sport horses and 235 Spanish Purebred breeding horses) were tested by an Indirect
Fluorescence Antibody Test (IFAT). From the SP breeding horses we examined factors putatively associated
with seropositivity to BoDV. A total of 164 horses (33.1%; 95% CI 29.0-37.3) showed antibodies against
BoDV. Factors associated with BoDV seropositivity in the SP breeding horses were climate, age and the
time of the year when the horses were sampled. This is the first report on the presence of BoDV antibodies
in apparently asymptomatic breeding and sport horses in Spain. Our results demonstrate the need for BoDV
surveillance in horses and possible reservoir hosts in this country, and suggests that BoDV should be included
in the differential diagnosis of equine and human cases of encephalitis.

Keywords

Borna disease virus; horse; serological survey; Spain.

Introduction

Borna disease (BD) is a sporadically occurring, usually fatal disorder caused by a neurotropic RNA virus,
the Borna disease virus (BoDV) recently renamed as mammalian orthobornavirus (Rott and Becht, 1995,
Richt, 2007, Heinig, 1969). Even though horses and sheep are the main natural hosts of BoDV, other Equidae
, farm animals and companion animals (cats, dogs) have been diagnosed with natural BD infection (Richt,
2007, Staeheli et al., 2000). Furthermore, psittacine birds can be infected with an avian Bornavirus (PaBV,
psittaciform orthobornavirus) associated with proventricular dilatation disease (Honkavuori et al., 2008).

The route of infection with BoDV occurs most likely via open nerve endings in the nasal and pharyngeal
mucosa (Dürrwald et al., 2007, Priestnall et al., 2011). Shrews have been identified as carriers of the virus,
whereas BoDV-infected horses do not seem to play a role in virus transmission (Nobach et al., 2015, Hilbe
et al., 2006, Staeheli et al., 2000).

In horses, natural infection with BoDV can take an inapparent, subacute, acute or peracute course (Richt,
2007). The incubation period ranges from 2 to several months (Schmidt, 1952). Depending on the affected
brain area, the clinical signs of classic BD in horses can range from changes in behaviour and consciousness
to slow motion eating, fever, somnolence, stupor, hyperexcitability, or aggressiveness (Richt, 2007, Bilzer et
al., 1996, Grabner and Fischer, 1991). Other signs of a more advanced stage in BD are hypokinesia, ataxia
and hyporeflexia, leading to compulsive circular walking, head tremor, blindness, or convulsions and coma
in final stages of the disease (Bilzer et al., 1996, Grabner and Fischer, 1991). The recent association of
BoDV-1 with eight cases of fatal encephalitis in humans shows the zoonotic potential of the virus (Niller
et al., 2020). The deaths of three people after a BoDV-1 infection, all of them solid organ recipients from
a single donor, suggest another way of BoDV-1 transmission (Anon, 2018). While the zoonotic potential of
BoDV is confirmed, its association with certain human psychiatric diseases remains controversial (Lieb and
Staeheli, 2001, Staeheli and Lieb, 2001, Dürrwald et al., 2007).

BoDV infection in horses is endemic in Central Europe (Germany, Austria, Switzerland and Liechtenstein),
while there are reports of sporadic clinical disease in other countries (Rott and Becht, 1995, Staeheli et al.,
2000, Dürrwald et al., 2007).

In Spain, the only animals analysed for Bornavirus infection were captive birds (psittacines), which were
tested for Avian Bornavirus (PaBV) (RNA, virus, antigen) and PaBV-specific antibodies (Heffels-Redmann
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et al., 2011); 14.3% of the samples were positive to PaBV. BoDV infection is currently regarded as an exotic
disease in horses; however, serological investigations in these animals have never been performed.

Given this background, the present work aimed to carry out a serological survey on susceptible breeding and
sport horses in Spain in order to retrospectively determine the degree of exposure to BoDV in asymptomatic
horses and to determine risk factors for the exposure to BoDV in breeding horses.

Materials and methods

Study area and sample collection:

A total of 495 samples from healthy horses resident in 9 autonomous communities in Spain were investigated.
We calculated the representative amount of samples considering a minimum of 385 horses that should be
tested, using the formula for a finite population (Thrusfield et al., 2005) of 723,496 horses in Spain in
2012 (Ministerio de Agricultura, 2012, Deloitte, 2013), an expected prevalence of 50%, with 95% confidence
and 5% precision. Table 1 shows the samples in detail: sera from 235 horses were randomly selected from
Spanish Purebred (SP) breeding horses between September 2011 and November 2013 among those collected
in previous serological studies carried out in central Spain (Cruz et al., 2015, Cruz et al., 2016a, Cruz et
al., 2016b). We also tested 260 horse sera (70 breeding and 190 sport - dressage, showjumping, endurance
or eventing) randomly selected among the sera sent from August 2015 to November 2016 to the Equine
Health Surveillance Unit (SEVISEQ) in the Centre of Veterinary Health Surveillance (VISAVET – UCM)
for pre-exportation analyses. Figure 1 represents the autonomous communities in Spain where the 495 horses
were sampled.

For the SP horse samples, a questionnaire has been completed to gather information on the main characte-
ristics and measures for the prevention and control of equine infectious diseases in the respective stud farm
(Cruz et al., 2016a, Cruz et al., 2016b).

Sample processing and serological analysis:

Serum was obtained from blood after allowing clotting at room temperature for 2-5 hours, then centrifuged
for 10 minutes at 1700x g to separate the serum from the cellular fractions. Serum samples were aliquoted
and frozen at -20ºC until subsequent analyses.

The IFAT was carried out according to the protocol in Viro Vet Diagnostik laboratory (Giessen, Germany).
Noninfected Madine Darby canine kidney (MDCK) as well as MDCK cells persistently infected with BoDV
H1766 (MDCK/-BoDV) were cultured for 3 to 4 days with medium produced in-house [4,5 g/l Dulbecco’s Mo-
dified Eagle Medium (DMEM), 200μM L-Alanine, 225μM LAspartate, 933μM Glycine, 510 μM L-Glutamate,
217 μM, L-Proline, 184 μM, Hypoxanthine, 0,1 mg/l Biotine, 44mM NaHCO3] supplemented with 10% fetal
bovine serum (FBS). Cells were trypsinized, suspended in the medium, diluted to a final amount of 10ˆ6
cells / ml and spotted onto 10-well glass slides and cultured overnight. The slides were washed with PBS,
fixed with anhydrous acetone at -20°C for 2 - 4 hours and dried. MDCK as well as MDCK/BoDV slides
were incubated with horse sera diluted 1:10, 1:40, 1:160, 1:640 and 1:2560 in a humidity chamber at 37°C
for 35 minutes. After three washes with PBS, Fluorescein isothiocyanate conjugated goat anti horse IgG
(Dianova, Germany) was added to each well and the slide was incubated in a humidity chamber at 37°C
for 35 minutes. The slides were washed with PBS and Aqua dd, mounted with PBS-glycerol under cover
slips and examined for characteristic nuclear fluorescent pattern with a fluorescence microscope. The cut-off
titre for a positive sample was 1:160, when the sample yielded no fluorescent pattern in the non-infected
MDCK cell wells (Herzog, 1980). Titres of 1:10 to 1:40 are often considered questionable; however, they were
regarded as negative for this study in order to easy the analysis of results.

Statistical analyses:

To evaluate the strength and direction of the associations of the horse and stud farm management risk
factors with the seropositivity to BoDV by IFAT in the group of 235 SP breeding horses sampled between
2011 and 2013, a multivariable logistic regression model was carried out, after checking the independence of
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the stud farm factor. Odds ratios (ORs) with their corresponding 95% confidence intervals (CIs) were used
to measure the associations. All analyses were performed with the software Small STATA version 12.0.

Possible risk factors were included as individual variables. The variables tested (n= 24) with their frequencies
are listed in the Supplementary Data. All variables showing a P value < 0.25 in the univariable screening
analysis of variables controlling for important confounders (age) were selected for inclusion in a multivariable
model, which included those confounders. The multivariable model was built using a stepwise backward
variable selection procedure in which variables with a P < 0.05 were retained in the model, or where their
removal resulted in a significant change in the effect of other variables indicating confounding. Collinearity
between variables was checked and excluded. To improve the goodness of fit, biologically plausible first-
order interactions were determined between significant and confounders variables. The possible multivariable
significant models were compared to each other by the Akaike Information Criterion (AIC) and the Bayesian
Information Criterion (BIC) (Dohoo et al., 2003). The Hosmer-Lemeshow goodness-of-fit test (Hosmer, 2000)
was used to evaluate the fitting of the proposed model and the area under the receiver operating characteristic
(ROC) curve was also calculated.

Results

Seroprevalence:

A total of 495 serum samples were included in the serological screening to determine the occurrence of
antibodies against BoDV in Spanish horses. The horses were resident in 9 autonomous communities (Figure
1). Sera were collected from 2011 to 2016, with the exception of 2014. Sampled horses included 54.9%
(272/495) males (geldings or stallions), 41.0% (203/495) mares, and 4.0% (20/495) samples with unknown
sex. Breeding horses represented 61.6% of the sampled horses whereas the sport horse sera made up 38.4%
of the samples. The majority of the horses were SP (92.5%, 458/495). The results from the BoDV IFAT for
the 495 horses are shown in Table 1.

A total of 164 horses (33.1%; 95% CI 29.0-37.3) showed antibodies specific to BoDV, with titres ranging
from 1:160 to [?]1:2560 (Table 1). The vast majority of samples showed titres from 1:320 to 1:640 (85.4%),
with a 14.6% of samples showing a high titre of [?]1:2560. Figure 2 represents a positive IFAT on a horse
with titre [?]1:2560.

Regarding the different sampling regions in Spain, there were no statistically significant differences (p=
0.87) between BoDV seroprevalences in those regions with a representative sampling (% sampled horses >
0.1% of the total population residing in the autonomous community). Catalonia was the community with
higher BoDV seroprevalence (41.7%) followed by Murcia (36.8%), Castille Leon (32.9%), Castilla La Mancha
(31.5%), Madrid (31.0%) and Extremadura (19.2%).

BoDV seroprevalence was similar and there were no statistical differences in the two sampling periods
(p=0.55): samples collected in 2011-2013 showed a seroprevalence of 34.5% whereas samples collected in
2015-2016 showed a 31.9% seropositivity to BoDV.

Regarding seropositive samples by sex, 32.3% (88/272) of male horses and 31.5% (64/203) of mares had
antibodies against BoDV.

Seroprevalence in breeding horses (35.4%) was higher than in sport horses (29.5%), although this differ-
ence was not statistically significant (p=0.17). Breeding horses sampled in 2011-2013 showed 34.5% BoDV
seropositives, and the seroprevalence in these horses increased to 38.6% in 2015-2016, although this rise was
also not statistically significant (p=0.53).

Factors associated with BoDV seropositivity in SP breeding horses:

Variables considered potentially associated with exposure to BoDV in the group of SP breeding horses
sampled from 2011 to 2013 were included in a statistical model. The results of the final model and the effect
of statistically significant variables (p¡0.05) are presented in Table 2.
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There was no clustering at the stud farm level, indicating that the between-stud variability was insufficient
to warrant necessary incorporation of a stud farm-level random effect. The Hosmer–Lemeshow goodness-of-
fit test indicated that the multivariable logistic regression model fitted the data adequately (p=0.85). The
area under the ROC curve was 0.7, indicating that the model had adequate overall predictive power. The
main risk factor associated with seropositivity to BoDV was the presence of a cold semi-arid climate (BSK
climate from the Köppen-Geiger Climate Classification) (Rubel and Kottek, 2010) in the area where the
horse resided (OR = 3.04, 95% CI 1.48 to 6.26). Factors associated with decreased odds of being BoDV
seropositive included the age and the time of the year when the horses were sampled. Adult horses, 7-14
years old, were 3.2 times less likely to be BoDV seropositive than young horses, 1-6 years old (OR= 0.31, 95%
CI 0.16 to 0.63). Horses sampled from February to June were 2.7 times less likely to be BoDV seropositive
than horses sampled from July to January (OR= 0.37, 95% CI 0.19 to 0.73).

Discussion

The present study aimed at providing a general picture of the exposure to BoDV in horses in Spain. The
aim was to collect a representative sample of autonomous communities throughout the country. However,
this was only possible in 5 of the 9 communities sampled, most of them in central Spain (a high risk area in
terms of transmission of equine infectious diseases). This might be attributable to the fact that horses being
exported to continental Europe or abroad often stop in central Spain (Cruz et al., 2016b) and because there
the majority of national and international equestrian competitions are held (Deloitte, 2013).

Up to present BoDV causing clinical disease has never been reported in horses in Spain and the only
information published is a case of an Appaloosa pony showing neurological signs and being seropositive to
EHV-1 and BoDV. However in the latter case BoDV was not isolated and no molecular tests were carried
out (Vitale et al., 2018). This is the first study to define BoDV seroprevalence in breeding and sport horses
in Spain. Even though Spain was thought to be free from BoDV, our results showed that the virus may be
endemic in this country. The determined seroprevalence (33.1%; 95% CI 29.0-37.3) was even higher than
the seroprevalence in horses from areas with clinical disease in endemic countries like Germany (22.5%)
(Richt and Rott, 2001) or other countries like USA (2.7%) (Kao et al., 1993), Finland (2.4%) (Kinnunen et
al., 2007), France (8.9%) (Galabru et al., 2000) or Turkey (4.9%) (Yesilbag et al., 2012). The high BoDV
seroprevalence found in our study contrasts with the fact that no clinical cases have been reported up to
date. This can be explained by subclinical infection (Richt, 2007) or misdiagnosed disease due to the fact
that BoDV is not considered as a possible cause for neurological signs in horses in Spain. This report would
suggest the need to test for BoDV in horses showing neurological signs, along with Equine Herpesvirus type
1 (EHV-1) or West Nile virus (WNV).

The seropositive horses in this study showed moderate to high titres, with up to 14.6% of seropositives
presenting a titre of [?]1:2560. High titres have been restricted to clinical disease, and some reports have
demonstrated that titres decrease relatively fast and are hardly detectable in a subacute or chronic disease
(Dauphin and Zientara, 2001). The high titres shown by the horses in our study would therefore either
suggest a recent (or frequent) exposure to BoDV or the fact that antibody titres against BoDV could remain
high for a long time, in agreement with a study reported in Japan, where horses were found to be continuously
seropositive for a period of four years (Inoue et al., 2002a). Further studies investigating possible hosts like
shrews or other rodents would be necessary to corroborate a high prevalence of BoDV in them (Hilbe et al.,
2006) which would enable a repeated exposure to BoDV in Spanish horses.

Regarding BoDV seroprevalence by autonomous community, no significant differences were found between
the different sampled areas (p= 0.87). The slight differences observed could be due to bias in sampling, and
in order to establish an influence of the area on BoDV seroprevalence, a more extensive sampling covering
all areas in Spain should be carried out. Furthermore, the population of shrews and other rodents in Spain
should be investigated for the presence of the virus, in order to point out risk areas in Spain for this disease
(Encarnacao et al., 2013).

The results of our study show that BoDV is endemic and stable through the years in Spain, since there were
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no significant differences between the seroprevalence in the two sampling periods (2011-2013 and 2015-2016)
(p= 0.55). Breeding horses sampled in both periods showed a slight increase in the seroprevalence in 2015-
2016, although this increase was not significant (p= 0.53) and could be a reflection of BoDV dynamics or
fluctuation in wild rodents (Richt, 2007, Encarnacao et al., 2013, Kinnunen et al., 2013).

Similarly to other studies, our results determined that BoDV seropositivity was not associated to sex (p=
0.85) (Inoue et al., 2002b, Inoue et al., 2002a). The only study that found a higher seroprevalence in
female horses was carried out in Italy using circulating immunocomplexes (CIC) ELISA tests, which are not
considered the gold standard test for BoDV diagnosis (Pisoni et al., 2007).

Even though we did not find statistically significant differences (p= 0.17), seroprevalence in breeding horses
(which are often kept in the field) was higher than in sport horses (kept in stables). Further studies would be
necessary to prove or exclude this association, since several studies have found higher BoDV seroprevalence
rates in stabled horses, probably associated to a higher presence of reservoir hosts (Richt, 2007, Inoue et
al., 2002b). A higher presence of the virus in breeding horses, already seen by Pisoni et al. (2007) in Italy
would entail the need to investigate this population and the reservoir hosts present in the fields of Spain,
since the risk of vertical transmission of the virus and the occurrence of abortion has been documented in
the literature (Hagiwara et al., 2000).

In the population of breeding horses of our study, factors associated to BoDV seropositivity were the climate,
the age and the time of the year when the horses were sampled (Table 2). Horses residing in an area with
a cold semi-arid climate (BSK climate from the Koppen-Geiger Climate Classification) (Rubel and Kottek,
2010) were 3 times more likely to be BoDV seropositive. This factor has already been reported elsewhere,
and is probably related to the living conditions for reservoir hosts, which prefer a cold climate with low
precipitations (Encarnacao et al., 2013).

Our results showed a lower seropositivity in adult horses (7 to 14 years old) (OR= 0.31, 95% CI 0.16 to 0.63)
and in older horses (15 to 24 years old) compared to young horses (1 to 6 years old), However the decrease
was not significant in the oldest horses (p = 0.69). In contrast other viruses like Equine Viral Arteritis virus
or EHV-1 showed a higher seroprevalence in older individuals in the same population (Cruz et al., 2016a,
Cruz et al., 2016b). In addition, other BoDV studies showed no association between age and seropositivity
rate (Pisoni et al., 2007, Inoue et al., 2002b). The decrease in the seroprevalence in older individuals could
be related to a decrease in the antibody titres after infection, suggesting that SP breeding horses would be
infected in the early years, when they are in the field, and not in stables.

The literature has shown that BoDV clinical disease peaks in the period between March and June due
to infection during the autumn-winter when the horses are stabled (Richt, 2007, Kinnunen et al., 2013,
Durrwald and Ludwig, 1997), and that antibodies rise late in the course of infection, along with clinical
disease (Richt et al., 2000). However, in our study, the breeding horses sampled from February to June
(supposedly the period associated to clinical disease and high antibody titres) were 2.7 times less likely to
be BoDV seropositive than horses sampled from July to January (OR= 0.37, 95% CI 0.19 to 0.73). This is
interesting and agrees with the idea that, in Spain, breeding SP horses would be more likely to encounter
BoDV when they are young, and while they are out in the fields during the spring-summer, showing a rise
in their antibodies during the autumn-winter. Therefore, further studies in order to characterise BoDV
reservoir hosts may help to elucidate BoDV transmission in horses in Spain.

Given the recent association of BoDV-1 with eight cases of fatal encephalitis in humans in areas of BoDV
endemicity in Germany (Niller et al., 2020), our results would rise the concern regarding the zoonotic potential
of this virus in Spain; therefore, BoDV should be included in the differential diagnosis of encephalitis in
humans.

In conclusion, the present study provides the first report on the endemicity of BoDV in apparently asymp-
tomatic breeding and sport horses in Spain. We suggest that Borna Disease should be considered as a
differential diagnosis to Equine Herpesvirus Myeloencephalopathy or West Nile of a horse suffering from
neurological symptoms, and that human cases of encephalitis should also be tested for BoDV. Epidemiolog-
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ical studies at the local levels are paramount to forecast disease risks and understand the transmission and
the reservoir hosts involved, in order to implement preventive measures.
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Figure captions

Figure 1. Spanish autonomous communities participating in the study and number of samples (N) received
from each of them, presented as color code. BoDV seroprevalence is represented in pie charts, only for the
autonomous communities with a sampling rate > 0.10%.

Figure 2. IFAT on MDCK cells infected with BoDV (MDCK-BoDV) in a seropositive horse with a titre of
[?]1:2560.

Tables

Table 1. Number of breeding/sport horses included in the study and results of the IFAT with the titre for
the two sampling periods.

Table 2. Output of the final multivariable logistic regression model of risk factors for BoDV in SP breeding
horses (n = 235; 81 seropositive and 154 seronegative).

Hosted file

Table 1 Borna paper.docx available at https://authorea.com/users/322731/articles/451680-

first-report-of-borna-disease-virus-antibodies-in-breeding-and-sport-horses-in-spain

Hosted file

Table 2 Borna paper.docx available at https://authorea.com/users/322731/articles/451680-

first-report-of-borna-disease-virus-antibodies-in-breeding-and-sport-horses-in-spain
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