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Equine viral arteritis (EVA) may have a high economic impact on breeding stud farms due to the occurrence of
EVA-associated abortion outbreaks and the ability of the virus to persist in carrier stallions. While the conse-
quences of EVA in premises with sport horses are usually less severe, the first confirmed outbreak of EVA in
Spain occurred in a riding club in Barcelona, but no data on the seroprevalence of EVA in sport horses have
been reported in Spain. Given the importance of both Spanish Purebred (SP) breeding horses and sport horses
for Spain's equine industry, the aim of this study was to determine and compare the seroprevalence of EVA in
these two horse populations in central Spain. Serum samples from 155 SP breeding horses residing in 16 stud
farms and 105 sport horses of different breeds housed in 12 riding clubs, collected between September 2011
and November 2013, were tested using a commercial EVA antibody ELISA test with a 100% sensitivity, and con-
firmed by seroneutralisation (SN) test. EVA seroprevalence in SP breeding horseswas higher 21.1% (95% CI 15.3–
26.8%) than that in sport horses (6.7%, 95% CI 1.89–11.45%). However, the primary use (breeding vs. sport) was
not significantly associatedwith seropositivity to Equine Arteritis Virus (EAV), suggesting that different manage-
ment factors do not affect EVA circulation in these two horse populations.

© 2017 Elsevier Ltd. All rights reserved.

Keywords:
Equine viral arteritis (EVA)
Spanish Purebred
Sport horse
Seroprevalence
Madrid
Spain

Equine viral arteritis (EVA) is a contagious disease of equidae caused
by a ribonucleic acid (RNA) virus, the equine arteritis virus (EAV)
(Bryans et al., 1957; Cavanagh, 1997; Snijder and Meulenberg, 1998).
Transmission of EAV can occur via respiratory or venereal routes, al-
though it can also occur vertically in utero and less frequently via fo-
mites (Timoney and McCollum, 1993; Bryans et al., 1957; Golnik,
1992; Vaala et al., 1992; Guthrie et al., 2003; Timoney, 2000). The
most typical clinical signs of EVA are fever, anorexia, depression, leuko-
penia, oedemas, conjunctivitis, urticaria, abortion, and fatal interstitial
pneumonia in young foals (Del Piero et al., 1997; Golnik et al., 1981;
Timoney, 2000).

EVA can be devastating in breeding stud farms since it can cause
abortion outbreaks, with morbidity rates varying between b10% and
N50%, resulting in important economic consequences (Coignoul and
Cheville, 1984; Timoney and McCollum, 1993; Vaala et al., 1992;
Timoney, 2003). Moreover, 10–70% of stallions infected with EAV

remain asymptomatic carriers of the virus in the accessory sex glands
(Timoney and McCollum, 1993; Timoney, 2000).

Even though the consequences of an EVA outbreak in premises of
(non-breeding) sport horses are usually less catastrophic, EVA out-
breaks have been reported in countries France and Spain (Miszczak et
al., 2012; Monreal et al., 1995). The latter occurred in 1992 in a riding
club in Barcelona and it was the first confirmed outbreak of EVA clinical
disease in Spain (Monreal et al., 1995).

To date, only one study has been carried out in the central region of
Spain that determined antibodies against EAV by seroneutralisation
(SN) in 16.8% of Spanish Purebred (SP) breeding horses during 2011–
2013 (Cruz et al., 2015a), but there is no information in the literature re-
garding the seroprevalence of EAV in sport horses in Spain. Here we
present the results of a cross-sectional study aimed at determining
and comparing the seroprevalence of EVA in breeding SP and sport
horses in central Spain.

The central region of Spain (comprising the province ofMadrid)was
selected as the study area, as it is considered to be representative of the
whole of Spain with regard to average SP horse density and climate
types (Cruz et al., 2015a, 2015b, 2016; Anon, 2012; Rubel and Kottek,
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2010) and it is the region of Spain where the majority of competitions
are held (Anon, 2013). Breeding SP horses registered in the study area
in 2012 (n = 7255) were considered as the reference population for
breeding SP horses, and sport horses registered in the area of Madrid
in 2013 (n = 12,608) were considered as the reference population for
sport horses (Anon, 2013). Both populations were stratified by stud
farm/riding club, and eligible premises were selected based on their
total number of horses, population density and geographical distribu-
tion (Cruz et al., 2015a, 2015b, 2016; Anon, 2012).

Between September 2011 andNovember 2013, serum sampleswere
obtained from 155 SP breeding horses housed in 16 different stud farms
as part of awider study on several equine infectious diseases (Cruz et al.,
2015a, 2015b, 2016), and from105non-breeding sport horses of several
breeds housed in 12 riding clubs in the central region of Spain (province
of Madrid). Fig. 1 shows the distribution of stud farms (white dots) and
riding clubs (black dots) sampled within the central region of Spain.

On every stud farm, 10 ml whole blood samples were obtained by
jugular venipuncture from 100% of the breeding SP stallions and from
at least 25% of the breeding SP mares, by selecting those mares that
were easiest to handle. On every riding club, the same procedure was
applied to at least 25% of the horses older than 2.5 years of age in the
premises. For each sampled horse, data on age, sex, and reproductive ac-
tivity were collected via a questionnaire completed by the stud farm
veterinarian.

Whole blood sampleswere centrifuged and serum from each animal
was stored frozen at −40 °C prior to being thawed and tested. Sera
were tested for antibodies against EAV using a commercial indirect
ELISA kit (ID Screen® Equine Viral Arteritis Confirmation; ID.Vet Inno-
vative diagnostics, Montpellier, France) with reported sensitivity of
100% and specificity of 96.75% (Anon, 2008). Equivocal and positive
samples were then tested by seroneutralisation (OIE reference tech-
nique for the serological analysis of EVA) following the OIE procedure
(Senne et al., 1985).

Association between the categorical variable “primary use”
(breeding vs. sport horse) and the seropositivity to EAV was tested
for significance using the Fisher's exact test. To assess the strength
and direction of the associations of the horse- and premises-level
factors with seropositivity for EAV based on the SN test, mixed-ef-
fects logistic regression analysis was used incorporating stud farm
as a random effect in order to account for clustering (or non-inde-
pendence) of horses living in the same premises. Associations were
measured as odds ratios (OR) with corresponding 95% confidence in-
tervals (95% CI). The ‘single-variable’ mixed-effects logistic regres-
sion model included sex, age and breed as covariates to control for

potential confounding effects. Statistical analysis and seroprevalence
calculations were performed using Stata 11.1 (StataCorp). Statistical
significance was set as p b 0.05.

The breeding SP horses included 122mares (78.7%) and 33 stallions
(21.2%), whereas the sport horses included 38 mares (36.2%), 37 geld-
ings (35.2%), and 30 stallions (28.6%).Mean age of the breeding SP hors-
es was 6.7 years ± SD 4.3 years (range 3–23 years). Mean age of the
sport horses was 6.3 years ± SD 5.7 years (range 2–25 years). Of the
sport horses sampled, none had a history of breeding. While all the
breeding horses sampled were SP horses, those within the sport horse
group were: 35 (33%) Crossbreed sport horses, 30 (29%) Thoroughbred
racehorses, 22 (21%) Warmblood horses, 16 (15%) SP horses, 1 (1%)
Connemara pony, and 1 (1%) Friesian horse.

After testing all 260 serum samples for antibodies against EAV by
ELISA followed by seroneutralisation in the positive and equivocal sam-
ples (n = 47), 39 (15.0%) were confirmed to have antibodies against
EAV. The seroprevalence of EAV among SP breeding horses in the prov-
ince of Madrid was 20.6% (95% CI 14.3%–26.9%), whereas the seroprev-
alence of EAV among sport horses in this region was 6.7% (95% CI 2.0%–
11.4%). The characteristics of both groups of horses sampled and the
percentages of EAV seropositive horses by SN within each group are
summarised in Table 1.

Our results show a higher EVA seroprevalence in the SP breeding
horse population compared to that in sport horses of this region (p =
0.002). Movements of horses in and out a breeding stud farm are ex-
pected to be lower than those in a riding club, as sport horses go to com-
petitions virtually every week. Thus, the source of EAV infection in
breeding SP stud farms is likely to be found inside the premises, e.g.
the carrier stallions.

Seropositivity to EAV was significantly associated with primary use
(Fisher's exact test p = 0.002), breed (p = 0.013) and age (p =
0.003). However, when accounting for clustering of observations at
the stud farm level in the mixed-effects logistic regression model,
these variables were not retained and only horse age showed a border-
line significant association (p = 0.056) (Table 2). There was also evi-
dence of significant clustering (lack of independence of observations)
at the stud farm level (δ = 3.21, ρ = 0.94, LRS b 0.001).

Each horse populationwas analysed separately by using twomixed-
effects logistic regression models. Similarly to a previous study (Cruz et
al., 2015b), the model predicting EAV seropositivity in the breeding SP
horse population showed significant associations with sex and age
(p = 0.03 and p = 0.008, respectively). Conversely, these variables
were not significant in the model predicting EAV seropositivity in
sport horses (p = 0.765 and p = 0.636 respectively).

Fig. 1. Distribution of the stud farms (white dots) and riding clubs (black dots) sampled in the province of Madrid.
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