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Polymorphisms at Major Histocompatibility Complex (MHC) genes have been associated with resistance/
susceptibility to infectious diseases in domestic animals. The aim of this investigation was to evaluate
whether polymorphisms of the DRA gene the Equine Lymphocyte Antigen is associated with susceptibility
to Equine Arteritis Virus (EAV) infection in horses in Argentina. The equine DRA gene was screened for
polymorphisms using Pyrosequencing� Technology which allowed the detection of three ELA-DRA exon
2 alleles. Neither allele frequencies nor genotypic differentiation exhibited any statistically significant
(P-values = 0.788 and 0.745) differences between the EAV-infected and no-infected horses. Fisher’s exact
test and OR calculations did not show any significant association. As a consequence, no association could
be established between the serological condition and ELA-DRA.

� 2012 Elsevier Ltd. All rights reserved.
Several studies have been conducted to define the role of the
Major Histocompatibility Complex (MHC) polymorphisms con-
cerning susceptibility/resistance to infectious diseases in horses
(Brostrom et al., 1988; Horin et al., 2004; Chung et al., 2004). How-
ever, the extent to which the Equine Lymphocyte Antigen (ELA) in
controlling the Equine Viral Arteritis (EVA), a highly infectious dis-
ease among equids, remains unclear. In 2001, the EAV virus was
first isolated in South America from an imported stallion (Eche-
verría et al., 2003). The EAV prevalence of the disease has been rel-
atively low (0.5%) until the 2010 epidemic in Argentina (Metz et al.,
2008).

In functional MHC class II genes, exon 2 encodes amino acids
associated with the peptide-binding sites (PBS) in the first domain
of the molecule (Brown et al., 1993). Previously, DRA gene has
shown to be highly conserved in most mammalian species (Ellis
and Ballingall, 1999), by this it has not been well studied. Sequence
polymorphisms of DRA gene have been observed in water buffalo
(Sena et al., 2003), rhesus macaques (de Groot et al., 2004), and cat-
tle (Zhou et al., 2007). In Equidae however extensive polymorphism
has been reported in Equidae species (Albright-Fraser et al., 1996;
Brown et al., 2005; Díaz et al., 2008; Janova et al., 2009; Kamath
and Getz, 2011), where 17 alleles have been detected, with four
of them being exclusive to domestic horse breeds.
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To determine if an association between these DRA alleles and
EAV infection exists, we analyzed the ELA-DRA exon 2 polymor-
phisms in horses that were exposed to EAV during the epidemic
of 2002 in Argentina. Serum samples from 133 Silla Argentino
horses (NEAV infected = 84, NEAV non-infected = 49) representing
two farms in Buenos Aires and Córdoba Provinces were used in this
analysis. During the 2002 epidemic, serum samples had been sent
to the Virology laboratory for routine EAV testing using the virus
neutralization method (Timoney and McCollum, 1993). Most of
these samples had numeric code identification without any refer-
ence to pedigree, age or sex records for any of the horses. Genomic
DNA was isolated from frozen serum with DNAzol reagent (Invitro-
gen, CA, USA) and quantified using the NanoVue equipment (GE
Healthcare, USA).

ELA-DRA exon 2 Pyrosequencing� was performed using proce-
dure and conditions described previously (Díaz et al., 2008) using
a PSQTM96 System instrument and Pyrosequencing software (Bio-
tage AB). Allelic and genotypic frequencies, unbiased expected het-
erozygosity (he), observed heterozygosity (ho) and Hardy–
Weinberg equilibrium (HWE) were estimated using the Probability
Test Estimation of exact p-values of the Markov chain method
(dememorization = 10,000, batches = 20, iterations per batch =
5000). Genetic differences between the EAV-infected and no-in-
fected groups were evaluated using the GENEPOP 4.0 software pro-
gram (Rousset, 2008) and the G exact test and Woolf–Haldane odds
ratio (OR) (Bland and Altman, 2000).

Three out of four of the reported horse DRA alleles (ELA-Eqca-
DRA⁄0101, ELA-Eqca-DRA⁄0201 and Eqca-DRA⁄0301) were detected
in both the EAV-infected and EAV-non infected horses (Table 1).
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Table 1
ELA-DRA allele frequencies and association results (OR, odds ratio; CI, confidence interval) in EAV-infected and EAV-no infected horses.

Allele EAV-no infected (N = 49) EAV-infected (N = 84) OR 95% CI Fisher’s exact test (p)

FIS (a)

DRA⁄0101 0.233 (0.476) �0.044 (0.520) 0.84 0.509–1.380 –
DRA⁄0201 �0.010 (0.292) �0.407 (0.255)* 1.20 0.685–2.111 0.093
DRA⁄0301 �0.162 (0.232) �0.163 (0.225) 1.04 0.576–1.893 0.119

a Allelic frequencies between brackets. FIS was computed as in Weir and Cockerham (1984).
* p 6 0.05 was considered statistically significant for those with the allele versus those without the allele.

Table 2
ELA-DRA genic and genotypic differentiation for each population pair (exact G test).

Locus/allele EAV-no infected (N = 49) EAV-infected (N = 84)

he 0.62 0.64
ho 0.59 0.76
HWE (FIS – p value) 0.124 0.0002*

Genic differentiation 0.777a

Genotypic differentiation 0.745a

Number of individuals (N) between brackets.
a p-Values of the genic and genotypic differentiation for each population pair

(exact G test).
* p < 0.05 was considerede statistically significant.
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The association analysis did not show significant values for ELA-
DRA alleles (p values, 0.093 and 0.119). HWE was observed only
among the EAV-infected horses (p = 0.0002), while he as well as
ho estimates were not significantly different between both the in-
fected and non-infected horses (Table 2). Comparisons between
groups by the genetic and genotypic differentiation tests also did
not exhibit any significant differences (p-values, 0.788 and 0.745).

Through experimental infections, Castillo-Olivares et al., (2003)
have suggested that EAV restricts the genetic mechanism of cyto-
lytic activity. Since the T cell immune response is dependent on
antigen processing and presentation, MHC polymorphism, and T
cell recognition, class II molecules should contribute restriction
determinants for antigen-specific T cell recognition of processed
epitopes. Many factors could be the underlying causes for the lack
of association observed here between ELA-DRA polymorphisms and
EAV infection. Firstly, only six amino acid changes, four of them
within the PBS regions, occurred in the four horse alleles. Two SNPs
that were present in the three alleles that were detected produce
non-synonymous changes in PBS 47 (R/H) and 49 (A/T). These dif-
ferences among DRA alleles would not be sufficient to affect the
antigen-binding pocket structure, and therefore, their affinity to
antigenic peptides that may cause a modification in the immune
response. Selection models applied to the DRA exon 2 sequences
have revealed signs of limited selection, with amino acid site 49
being more strongly selected and site 47 being more weakly se-
lected (Janova et al., 2009).

Furthermore, class I polymorphisms could also be involved in
the response to a virus infections, but class II products may also
interact in later and specific stages of the immune response.

Our investigation focused on determining the relevance of spe-
cific ELA candidate gene polymorphisms on EAV resistance/suscep-
tibility, and we have defined the resistance as the presence of virus,
by this reason we cannot discard the role of DRA locus in the pro-
gression of the disease. Since our strategy did not include genome-
wide analysis of gene polymorphisms, it is not unexpected that
variability at other genes other than those within the MHC could
also be affecting the EAV immune response contributing to disease
susceptibility. Population heterogeneity was not evidenced in the
lack of association of DRA and the EAV serological condition. This
kind of population structure should allow easier identification of
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weaker associations between genetic variables and resistance/sus-
ceptibility. Likewise, it might be inferred that while an association
is not significant in our population of Silla Argentino horses, this
may not be true for a more mixed population.
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