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Abstract
Equine infectious anemia (EIA) has a worldwide distribution, and is widespread in Brazil. The Brazilian Pantanal presents 
with high prevalence comprising equine performance and indirectly the livestock industry, since the horses are used for cat-
tle management. Although EIA is routinely diagnosed by the agar gel immunodiffusion test (AGID), this serological assay 
has some limitations, so PCR-based detection methods have the potential to overcome these limitations and act as comple-
mentary tests to those currently used. Considering the limited number of equine infectious anemia virus (EIAV) sequences 
which are available in public databases and the great genome variability, studies of EIAV detection and characterization 
molecular remain important. In this study we detected EIAV proviral DNA from 23 peripheral blood mononuclear cell 
(PBMCs) samples of naturally infected horses from Brazilian Pantanal using a semi-nested-PCR (sn-PCR). The serological 
profile of the animals was also evaluated by AGID and ELISA for gp90 and p26. Furthermore, the EIAV PCR amplified 
DNA was sequenced and phylogenetically analyzed. Here we describe the first EIAV sequences of the 5’ LTR of the tat gene 
in naturally infected horses from Brazil, which presented with 91% similarity to EIAV reference sequences. The Brazilian 
EIAV sequences also presented variable nucleotide similarities among themselves, ranging from 93,5% to 100%. Phyloge-
netic analysis showed that Brazilian EIAV sequences grouped in a separate clade relative to other reference sequences. Thus 
this molecular detection and characterization may provide information about EIAV circulation in Brazilian territories and 
improve phylogenetic inferences.

Introduction

Equine infectious anemia (EIA) is caused by equine infec-
tious anemia virus (EIAV), a lentivirus classified within 
the Retroviridae family [1], which infects equines. The 
EIAV genome comprises approximately 8.2 kbp, formed 
by gag (group specific antigen), pol (polymerase), and 
env (envelope) genes, and flanked at both ends by long 

Handling Editor: Li Wu.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0070​5-018-3877-8) contains 
supplementary material, which is available to authorized users.

 *	 Erna Geessien Kroon 
	 ernagkroon@gmail.com; kroone@icb.ufmg.br

1	 Laboratório de Vírus, Departamento de Microbiologia, 
Instituto de Ciências Biológicas, Universidade Federal de 
Minas Gerais, Belo Horizonte, MG, Brazil

2	 Laboratório de Biologia Molecular, Microbiologia e 
Sorologia, Hospital Universitário, Universidade Federal de 
Santa Catarina, Florianópolis, SC, Brazil

3	 Viriontech do Brasil Indústria de Insumos e Serviços em 
Biotecnologia, Belo Horizonte, MG, Brazil

4	 Instituto Rene Rachou, Fiocruz-Minas, Belo Horizonte, MG, 
Brazil

5	 Embrapa Pantanal, Corumbá, MS, Brazil
6	 Departamento de Microbiologia e Imunologia, Instituto 

de Biociências e Instituto de Biotecnologia, Universidade 
Estadual Paulista, UNESP, Botucatu, SP, Brazil

7	 Laboratório de Virologia e Rickettsioses, Faculdade de 
Medicina Veterinária, Universidade Federal de Mato Grosso, 
Cuiabá, MT, Brazil

http://orcid.org/0000-0003-2721-3826
http://crossmark.crossref.org/dialog/?doi=10.1007/s00705-018-3877-8&domain=pdf
https://doi.org/10.1007/s00705-018-3877-8


2386	 A. E. Cursino et al.

1 3

terminal repeats (LTRs) [2]. EIAV possesses additional 
open reading frames (ORFs) S1, S2 and S3 [3]. S1 stands 
for tat (transcriptional transactivator), presenting two 
exons, one located between the 5’ LTR region and the 
initiation site of gag gene, and the other located in the 
intergenic region pol-env [4, 5]. The ORF S2 is located 
between the pol and env genes, overlaying the initiation 
of env gene. S3 stands for rev (regulating the expression 
of viral proteins), overlaying the env gene [6].

EIA has a worldwide distribution [7], being one of the 
eleven equine diseases requiring compulsory notification 
to the World Organisation for Animal Health (OIE) [8]. 
According to the OIE EIA diagnosis [7] is made using 
the agar gel immunodiffusion assay (AGID), described by 
Coggins and Norcross in 1970. Since then this test has 
been considered the gold standard for serological tests, 
which detect antibodies against the viral capsid protein 
p26 [9, 10]. In addition, serology involving enzyme linked 
immunosorbent assays (ELISA) has also been approved 
for EIA diagnosis. Four ELISA kits were approved by the 
United States Department of Agriculture (USDA) and 
are internationally available for EIA diagnosis. However, 
the OIE states that a positive result by ELISA should be 
retested using the AGID to confirm diagnosis, since some 
false-positive results can occur with ELISA [7, 10].

EIA is widespread in Brazilian territories, and has a 
high prevalence in the Brazilian Pantanal, as reported pre-
viously in the Poconé municipality, state of Mato Grosso, 
with a seroprevalence of 31,5% by AGID test [11]. Panta-
nal is an ecosystem characterized by a vast flooded plain, 
250.000 Km2 in size, wherein nearly 60% of the area are 
located in the Mato Grosso and Mato Grosso do Sul states, 
Brazil. EIA negatively affects the performance of equines 
affecting the livestock activity in this area, one of the 
main economic activities of this region [12, 13]. Parreira 
et al. [14], in a study with horses in the southern region 
of Pantanal, showed a positive correlation between EIAV 
infection and horses which were used for extensive cattle 
ranching.

In Brazil, according to the Ministério da Agricultura, 
Pecurária e Abastecimento (MAPA) the diagnosis of EIA 
is made using AGID [15], although the use of ELISA was 
recently approved as a diagnostic assay for EIA [16]. How-
ever, in cases of disagreement between ELISA and AGID, 
the result obtained in the AGID prevails. The Brazilian law 
requires euthanasia of EIAV positive animals and prohibi-
tion of trade activity on ranches after identification of EIA 
[15]. However, in ranches within the Brazilian Pantanal 
positive animals can be maintained for use in livestock man-
agement on the farm, however their transit is not allowed. 
Concomitantly, the diagnosis and adoption of prophylactic 
measures and control of EIA on ranches is being promoted, 
through an official state program entitled “Programa de 

Controle e Prevenção da Anemia Infecciosa Equina no Pan-
tanal Sul-Mato-Grossense (CAIEPAN)” [17, 18].

Based on experimental infection of horses with EIAV, 
EIA can be characterized by three defined stages: acute, 
chronic, and long-term asymptomatic. Initial exposure to a 
virulent strain usually results in an acute disease character-
ized by fever, diarrhea, lethargy, anemia, and thrombocyto-
penia, associated with a high level viremia in plasma. Fol-
lowing this initial clinical episode, most infections typically 
progress to chronic EIA, characterized by repeated disease 
cycles at irregular intervals, and associated with viremia 
waves. Over time the frequency of disease episodes and the 
severity of clinical signals typically decrease, thus persis-
tently infected horses become clinically asymptomatic for 
EIA indefinitely, reaching the asymptomatic carrier stage, 
remaining infected for life [19, 20].

The major transmission route of EIAV is mechanical 
through infected blood via an arthropod vector, normally 
the bite of blood sucking insects of the Diptera order or 
by contaminated fomites which can occur through blood-
contaminated instruments such as syringes, needles, surgical 
instruments and equine accessories [13, 21, 22]. Transpla-
cental transmission has also been reported [23]. The virus 
has a tropism for macrophages, and during acute infection 
it can be detected in high titers mainly in the spleen, liver 
and lymph node tissues. Lower titers can be seen in the 
macrophages of other tissues, such as the kidney, lung and 
adrenal gland [24, 25].

Several PCR methodologies have been developed for the 
detection of proviral DNA and viral RNA extracted from dif-
ferent types of clinical samples, such as plasma, peripheral 
blood mononuclear cells (PBMCs) and tissues. However, 
these PCRs were performed using samples from experimen-
tally infected equines with known infectious EIAV [26–32]. 
Some of these already described PCR assays failed to detect 
EIAV from field specimens in some countries, which indi-
cates that the designed primers may not be globally specific. 
This suggests the occurrence of mismatches during anneal-
ing of primers and their target sequence leading to failed 
PCRs and false negatives [33–35].

PCRs have been developed for the detection of partial 
regions of the EIAV genome from a variety of samples of 
naturally infected horses in Canada, Ireland, Slovenia, Italy 
and Romania. Most of these PCRs amplify the gag gene of 
EIAV, by means of a reverse transcriptase PCR (RT-PCR) 
developed for the detection of viral RNA from plasma sam-
ples, as well as a nested PCR (n-PCR) assay for the detection 
of proviral DNA from PBMC samples. In some studies, it 
was possible to detect viral RNA and proviral DNA from 
other samples, such as lymph nodes, lung, liver, spleen, 
adrenal, thymus, and kidney tissues samples; and in nasal, 
oral, conjunctival and genital swabs [33, 35–38]. Recently 
in Brazil the partial gag gene DNA sequence was amplified 
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from PBMC samples [39]. Dong et al. [34] developed a 
n-PCR that amplifies the 5’ LTR of the tat gene region of 
the EIAV genome, a highly conserved region in the genome. 
This n-PCR was used for detection of proviral DNA from 
PBMC samples.

In this study the detection of EIAV proviral DNA from 
PBMC samples of naturally infected horses from the Bra-
zilian Pantanal was made by a semi-nested PCR (sn-PCR) 
using primers that amplify the 5’ LTR to exon 1 of the tat 
gene region. Furthermore, molecular characterization of 
this amplified DNA and phylogenetic analysis was per-
formed. Considering the limited number of worldwide EIAV 
sequences and the absence of complete genome sequences 
from Brazilian EIAV available in public databases, studies 
concerning the detection and characterization molecular of 
EIAV can contribute to the knowledge of EIAV circulat-
ing in Brazil. This provides new information about EIAV 
genetic diversity and provides data on the epidemiology of 
this equine disease.

Materials and methods

Clinical samples

Whole blood samples were collected from horses used for 
working cattle herds. This was performed by jugular veni-
puncture into tubes with and without EDTA for PBMC 
fractionation and serum, respectively. Of the 23 samples, 

17 were collected in July 2008 and five in April 2015 from 
horses at two farms in Nabileque and Nhecolândia, respec-
tively, two sub-regions of the Pantanal, both belonging to 
Corumbá municipality of Mato Grosso do Sul State, Mid-
western region of Brazil (Figure 1). One sample (POCONE-
BR-01) was collected in 2015 from a horse with clinical 
signals of EIA at a farm within the limits of the Poconé 
and Nossa Senhora do Livramento counties of Mato Grosso, 
Brazil. Serum and PBMC samples were stored at -20 °C.

Compliance with ethical standards

This study was carried out in strict accordance with the rec-
ommendations of the Brazilian National Council for Control 
of Animal Research (CONCEA). The Animal Research Ethi-
cal Committee approved the experimental protocols process 
number 195/2012. All applicable international, national, 
and/or institutional guidelines for the care and use of ani-
mals were followed and welfare of the involved animals was 
observed.

Detection of proviral DNA

Nucleic acid extraction

For PBMC fractionation, whole blood was centrifuged for 
10 minutes to 1.000 xg, and the intermediate phase, cor-
responding to the fraction of mononuclear cells, between 
plasma and erythrocytes was collected. From these cells 

Fig. 1   Localization of Brazilian Pantanal in the Mato Grosso and 
Mato Grosso do Sul states – Map indicates the Brazilian state 
and counties in which the samples were collected: Nabileque and 

Nhecolândia, subregions of Corumbá, Mato Grosso do Sul state, and 
Poconé county of Mato Grosso state
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proviral DNA was extracted, using the kit NucleoSpin® 
Blood (Macherey-Nagel, Düren, Germany), according to the 
manufacturer’s instructions. The extracted DNA was stored 
at -20 °C until analysis.

Primers

For proviral DNA detection primers targeting a sequence 
covering the 5’ LTR region to exon 1 of the tat gene were 
used. The primers used were: EIAVltr-1R and EIAVltr-
2R based on the tat gene, described by Dong et al. [34], 
together with the primer EIAVltr-4F, designed in Labo-
ratório de Vírus, based on a region in the 5’ LTR (Table 1). 
The primer was designed based on the 16 whole-genome 
sequences of EIAV available in GenBank (Figure S1). The 
sequences were aligned using the Clustal W in Mega version 
6.0 [40]. Subsequently, the specific primer was designed and 
analyzed using the OligoAnalyzer 3.1 program (Integrated 
DNA Technologies) [https​://www.idtdn​a.com/calc/analy​
zer]. It was analyzed for sequence similarity with sequences 
deposited in the National Center for Biotechnology Infor-
mation (NCBI), by the tool nucleotide BLAST (nBLAST) 
within the Basic Local Alignment Search Tool program 
(BLAST) [41].

Semi‑nested‑PCR (sn‑PCR)

The PCR was performed with the outer primer set (EIAVltr-
4F and EIAVltr-1R), which amplifies a fragment of about 
210 base pairs. This PCR product was used as template 
for a semi-nested PCR (sn-PCR), that was performed with 
the outer primer EIAVltr-4F and an inner primer EIAVltr-
2R, which amplifies a fragment of about 185 base pairs 
(Table 1). The PCR and sn-PCR were made using the kit 
GoTaq® Hot Start Colorless Master Mix (Promega, Madi-
son, WI, USA). For one reaction the following concentra-
tions were used: 1X of GoTaq® Hot Start Colorless Master 
Mix, nuclease-free water, each forward and reverse primer 
to a final concentration of 0,5 µM, and template DNA at a 
concentration of ten percent of the final volume of the reac-
tion. The optimal annealing temperature of the primers was 

determined by gradient PCR with temperatures of 60 °C, and 
58 °C to 52 °C. The PCR consists of an initial denaturation 
step at 95 °C for 2 minutes, followed by 40 cycles of 94 °C 
for 30 seconds, an annealing temperature step at 58 °C for 
30 seconds, 72 °C for 30 seconds, and a final extension of 
72 °C for 3 minutes. The sn-PCR consists of an initial dena-
turation step at 95 °C for 2 minutes, followed by 35 cycles of 
94 °C for 30 seconds, an annealing temperature step at 60 °C 
for 30 seconds, 72 °C for 30 seconds, and a final extension 
of 72 °C for 5 minutes. A control was performed using the 
same reagents (except genomic DNA) in the same concen-
trations. Five micro liters of amplified DNA were analyzed 
by electrophoresis in 8% polyacrylamide gels (PAGE). For 
inference of the amplified fragments size a ladder of 100 
base pairs was used (Ludwig Biotec, Rio Grande do Sul, 
Brazil). PAGE was performed at 100V using the 1X Tris/
Borate/EDTA buffer (TBE) and stained with silver nitrate 
(Merck, Darmstadt, Germany). Reactions where an ampli-
fied DNA fragment with the expected size in the sn-PCR 
was generated were considered positive.

Sequencing

The sn-PCR generated fragments were sequenced to ensure 
their authenticity and for subsequent phylogenetic analysis. 
For sequencing, products generated in the sn-PCR were 
fractionated in a PAGE 8% and stained using SYBR® Gold 
Nucleic Acid Gel Stain (Invitrogen, CA, USA). The frag-
ment of the expected size was excised from the gel with a 
scalpel blade and purified prior to sequencing. The samples 
were sequenced using the same primers as for the sn-PCR.

The nucleotide sequences were determined according to 
the method of dideoxy described by Sanger et al. [42] in an 
automatic capillary sequencer “ABI 3730 DNA Analyzer” 
(Applied Biosystems, CA,USA), using the kit “BigDye® 
Terminator v3.1 Cycle Sequencing (Applied Biosystems, 
CA, USA), according to reaction and reading conditions 
indicated by the manufacturer. The nucleotide sequences 
obtained were analyzed, assembled and edited using the 
program SeqTrace 0.9.0 [43]. The sequences were com-
pared with deposited sequences in the National Center for 

Table 1   Primers used in semi-nested-PCR

Nucleotide sequence of primers, their annealing temperature, and the amplicon length for PCR and snPCR. *These primers were described by 
Dong et al. [34]

Primer Oligonucleotide Sequence Annealing Tempera-
ture

Amplicon 
Length 
(bp)

Outer primers
for PCR

EIAVltr-4 Forward 5’ – GTC​CCT​TCT​CTG​CTG​GGC​TA – 3’ 58 °C 210
EIAVltr-1 Reverse* 5’ – CAG​GAA​CAC​CTC​CAG​AAG​AC – 3’

Inter primers
for snPCR

EIAVltr-4 Forward 5’ – GTC​CCT​TCT​CTG​CTG​GGC​TA – 3’ 60 °C 185
EIAVltr-2 Reverse* 5’ – TAA​GTT​CTC​CTC​TGC​TGT​CC – 3’

https://www.idtdna.com/calc/analyzer
https://www.idtdna.com/calc/analyzer
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Biotechnology Information (NCBI) [http://www.ncbi.nlm.
nih.gov/] using the nucleotide BLAST (nBLAST) tool 
within the Basic Local Alignment Search Tool (BLAST) 
[41] [http://blast​.ncbi.nlm.nih.gov/Blast​.cgi]. The estimated 
nucleotide similarity between sequences was made in the 
Mega program, version 6.0 [40], employing the p-distance 
method that estimates evolutionary divergence between 
sequences.

Phylogenetic analysis

A phylogenetic tree was constructed using nucleotide 
sequences aligned by Clustal W in Mega version 6, with 16 
reference sequences representing EIAV complete genomes 
and three partial sequences of EIAV from Genbank. To 
determine the best evolutionary model the jModel test [44] 
was used. The phylogenetic analysis was performed in the 
Mega program, version 6.0 [40] employing the Maximum 
Likelihood statistical method along with the General Time 
Reversible model and Gama distributed with invariant sites. 
Bootstrap values were determined over 1000 replicates. At 
the end the phylogenetic tree was previewed in the FigTree 
version 1.4.2 – Tree Figure Drawing Toll.

Serological assays

AGID (Bruch, São Paulo, Brazil) and ELISA for p26 (Viri-
ontech do Brasil, Belo Horizonte, Brazil) (unpublished data) 
and gp90 (Biostream do Brasil, Belo Horizonte, Brazil) were 
performed for all serum samples, according to manufactur-
er’s instructions.

Results

Semi‑nested‑PCR and nucleotide sequences

Amplified DNA of the expected size in the sn-PCR was 
detected in PBMCs from naturally infected horses. Optimal 
annealing temperatures for the PCR and sn-PCR were deter-
mined as 58 °C and 60 °C, respectively. Amplified DNA was 
obtained from 23 samples and sequenced. The nucleotide 
sequences had identity with other EIAV sequences previ-
ously published in GenBank. The alignment of Brazilian 
EIAV nucleotide sequences with sequences from China, 
Japan, Ireland, United States, Italy and Mongolia showed 
conserved regions of nucleotides and short regions of nucle-
otide deletions, substitutions and insertions (Figure 2). The 
Brazilian EIAV sequences presented high nucleotide simi-
larities among themselves, ranging from 93,5% to 100%. 
Moreover, Brazilian Pantanal EIAV sequences, when com-
pared to other EIAV sequences presented variable rates of 
conservation, ranging from 85,4% to 89,1% with Wyoming, 

85,4% to 88,1% with Liaoning, 82,4% to 86,2% Miyazaki, 
87,1% to 90,7% with H3, 86,2% to 89,8% with Ita-1, 87,9% 
to 90,7% with Mongolia-1 and 84,3% to 87,1% with Mon-
golia-2 (Figure S2).

Phylogenetic analysis

The phylogenetic analysis was performed with the 23 EIAV 
sequences of about 144 nucleotides in length which were 
compared to the same region in 16 reference sequences rep-
resenting the EIAV complete genome as well as three partial 
sequences of EIAV from Genbank. The phylogenetic tree 
showed that Brazilian EAIV sequences grouped in a separate 
clade supported by a bootstrap value of 90. The sequences of 
viruses from China, United States, Ireland, Japan and Mon-
golia form five separate clades, while the Italian sequences 
grouped together with the Irish sequences. All clades were 
supported by a high bootstrap value which corroborates the 
literature [45] (Figure 3).

Serological status of the sn‑PCR positive equines

Of the 23 samples positive by snPCR, 91% were positive in 
AGID while 100% were positive by ELISA against p26 or 
gp90. Samples PAN-BR-10 and PAN-BR-12 were negative 
and undetermined for AGID, respectively, but positive for 
ELISA gp90 (Table 2).

Discussion

EIA is routinely diagnosed by the AGID test, which pre-
sent limitations for the detection of EIAV infection. The 
serodiagnosis evaluates the presence of antibodies which is 
dependent on a host response immune. False negative reac-
tions may occur as a result of recent infections, since in 
this disease stage the levels of antibodies may be very low 
or even undetectable. However, these animals may serve as 
potential sources of EIAV transmission [10, 46, 47]. There-
fore, it is essential that detection methods for EIA become 
more sensitive and specific to the virus. Molecular assays to 
detect viral RNA or provirus DNA could be used in recently 
infected equines, and also to confirm EIAV infection in ani-
mals with equivocal serological results [36, 47].

The modified sn-PCR reaction in this study (derived from 
the n-PCR developed by Dong et al. [34]) was efficient, since 
it allowed the detection of EIAV proviral DNA in PBMC 
samples from naturally infected horses in the Brazilian 
Pantanal. The primers used are those described by Dong 
et al. [34] combined with a primer designed in our labora-
tory which we showed could amplify a partial region of the 
EIAV genome, a nucleotide sequence which extends from 
the 5’ LTR region to the tat gene.

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Low viral load in plasma and target tissues during the dif-
ferent stages of disease, especially when the animal reaches 
the asymptomatic carrier stage can influence nucleic acid 
detection in molecular assays. As demonstrated by Harrold 
et al. [28] in a study with experimentally infected equines 
the acute EIA phase was associated with high levels of 

viral RNA in plasma, in contrast in the asymptomatic phase 
which was associated with undetectable or very low detect-
able levels of plasma viral RNA, as measured by RT-PCR. 
However, Cappelli et al. [33], in a study using samples from 
naturally infected horses, suggest that amplification of pro-
viral DNA extracted from whole blood samples by n-PCR 
is a more sensitive indicator of EIAV infection than viral 
RNA in plasma by RT-PCR. Dong et al. [34] also demon-
strated amplification of proviral DNA from PBMC samples 
in naturally infected horses which had no EIA clinical signs 
at the time the samples were collected, indicating that most 
if not all horses had already entered the asymptomatic car-
rier stage.

Extensive nucleotide variability in EIAV from geographi-
cally distinct viruses may favor the occurrence of mis-
matches between diagnostic primers and target sequences, 

Fig. 2   Brazilian Pantanal proviral EIAV nucleotide sequence align-
ment. Alignment of EIAV sequences of about 144 nucleotides in 
length obtained from amplification of proviral DNA from Brazil-
ian Pantanal EIAV, together with seven EIAV reference sequences: 
Wyoming (AF033820.1), Liaoning (AF327877.1), Miyazaki 2011-A 
(JX003263.1), H3 (JX480634.1), Ita1 (EU240733.1), Mongolia-1 
(LC185347.1) and Mongolia-2 (LC190840.2). The alignment was 
performed in the Mega program, version 6.0 [40]. Conserved regions 
in all sequences are boxed, while conserved regions found only in 
Brazilian Pantanal EIAV sequences are shown in grey

◂

Fig. 3   Phylogenetic analysis of Brazilian Pantanal proviral EIAV 
nucleotide sequences. Phylogenetic analysis was performed based 
on 23 Brazilian EIAV sequences of about 144 nucleotides in 
length, isolated from proviral DNA amplified by sn-PCR. The phy-
logenetic analysis was performed together with 19 EIAV com-
plete genome sequences, available in GenBank: H3 (JX480634.1), 
F4 (JX480633.1), F3 (JX480632.1), F2 (JX480631.1), Liaon-
ing (AF327877.1), Vaccine (AF327878), DV117 (HM141912.1), 
DLV18-8 (HM141923.1), DV35-20 (HM141911.1), FDDV-10 
(GU385360.1), Wyoming (AF033820.1), EIAVuk (AF016316.1), 

WSU5 (AF247394.1), V26 (AB008197.1), V70 (AB008196.1), 
Miyazaki 2011-A (JX003263.1), Ita1 (EU240733.1), Mongolia-1 
(LC185347.1) and Mongolia-2 (LC190840.2). The phylogenetic tree 
was inferred by the Maximum Likelihood statistical method along 
with the General Time Reversible model and Gama distributed with 
invariant sites using MEGA version 6.0 [40] program. Bootstrap 
values were determined over 1000 replicates. Within the tree the six 
clusters representing Brazil, China, United States, Ireland and Italy, 
Japan and Mongolia sequences are highlighted by the colors green, 
red, blue, orange, purple and yellow, respectively (color figure online)
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making it difficult to obtain a primer which could be suitable 
for global EIAV detection. This is seen as a major obstacle 
to the routine implementation of a PCR based diagnostic 
method [34, 46]. Although molecular methods represent a 
highly sensitive alternative for EIAV detection, these tech-
niques require extensive nucleotide sequence information, 
thus there is an urgent need for EIAV genome characteriza-
tion from isolates in different regions of the world [33, 48].

Although EIA was first described about 150 years ago, 
very little is known about the genetic diversity of EIAV, 
excepting for some partial sequences of the gag gene which 
have been published. To date only four EIAV complete 
genome sequences from field samples have been published, 
amongst them the EIAV Wyoming, isolated in United States 
[49]; and the EIAV Liaoning, isolated in China [50]. All the 
other EIAV complete genome sequences are clones of these 
viruses generated in the laboratory [45, 50–54]. In 2013, 
two new sequences, the Miyazaki 2011-A, isolated in Japan 
[55], and the EIAVIRE strain, isolated in Ireland [56] were 
published. Recently in 2017 Cappelli et al. [48] sequenced 
approximately 95% of the proviral DNA of an EIAV strain 
from an outbreak that occurred in Italy in 2006. Until 
now there have been no complete Brazilian EIAV genome 
sequences available in the public databases. Recently in 

2017 fifteen sequences representing 393 nucleotides of the 
gag gene from horses in Bahia-Brazil were published [39].

The 23 Brazilian EIAV nucleotide sequences we obtained 
covering the 5’ LTR region to the tat gene are the first 
such sequences described for this genomic region. These 
sequences have variable nucleotide similarity to each other, 
ranging from 93,5% to 100%. When compared to EIAV 
sequences from other regions of the world, this similarity 
ranges from 82,4% to 90,7%. Phylogenetic analysis showed 
that Brazilian Pantanal sequences clustered separately from 
these sequences. As shown in other papers examining the 
phylogenetic diversity of complete genome EIAV sequences 
from United States, China, Japan and Ireland separate mono-
phyletic groups were formed, suggesting a strong pattern of 
clustering based on geographical location [55, 56]. Similar 
patterns of clustering based on geographical location were 
also reported by Capomaccio et al. [57], using phyloge-
netic analysis of the EIAV gag gene of European, Asian 
and American sequences. Phylogenetic analysis of 22 Slo-
venian sequences covering 222 nucleotides of the 5’ LTR 
region and the gag gene, showed clustering together and the 
separation of Chinese and American sequences [37]. Also, 
phylogenetic analysis of 50 French sequences covering about 
1.400 nucleotides of the gag gene clustered separating Chi-
nese, American and Asian sequences from other European 
region sequences [58].

In contrast, phylogenetic analysis of two Mongolian 
EIAV sequences, detected using the primers described by 
Dong et al. [34] targeting the 5’ LTR region to tat gene, 
revealed sequences which were similar to European 
sequences isolated in countries such as Hungary, Slovenia 
and Ireland [59]. For the Brazilian sequences from horses in 
Bahia-Brazil the phylogenetic analysis suggested that these 
EIAV sequences grouped together with American sequences 
WSU5, UK and Wyoming [39]. Thus, these studies highlight 
the amount of genetic variation that exists between different 
samples of EIAV.

Detection of EIA through molecular methods may con-
tribute to disease incidence data, which can be underesti-
mated in regions where the disease is endemic, as well as the 
detection of new outbreaks of EIA for which control meas-
ures could be taken to avoid disease spread. The molecular 
characterization of the EIAV from different regions of the 
world will improve our knowledge of the virus genome, and 
improve primer design, which will contribute to the devel-
opment of PCRs targeting different regions of the genome.

The Brazilian Pantanal sequences will contribute to 
information on EIAV circulation in Brazilian territories. 
This work contributes significantly to new information 
about EIAV genetic diversity and provides data for epide-
miological studies of EIA incidence in Pantanal and Bra-
zil. Considering the high incidence of EIA in the Brazil-
ian Pantanal and the importance of equines for extensive 

Table 2   Results of semi-nested-PCR and serological assays

(+) indicates a positive result, (-) indicates a negative result, and (U) 
indicates an undetermined result in AGID and ELISA tests

SAMPLE sn-PCR AGID ELISA gp90 ELISA p26

PAN-BR-01 + + + +
PAN-BR-02 + + + –
PAN-BR-03 + + + +
PAN-BR-04 + + + +
PAN-BR-05 + + + +
PAN-BR-06 + + + +
PAN-BR-07 + + + +
PAN-BR-08 + + + +
PAN-BR-09 + + + +
PAN-BR-10 + – + U
PAN-BR-11 + + + +
PAN-BR-12 + U + +
PAN-BR-13 + + + +
PAN-BR-14 + + – +
PAN-BR-15 + + + +
PAN-BR-16 + + + +
PAN-BR-17 + + + +
PAN-BR-18 + + + +
PAN-BR-19 + + – +
PAN-BR-20 + + + +
PAN-BR-21 + + + +
PAN-BR-22 + + + +
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livestock activity in this region, we need more effective 
methods for EIA detection [18]. Our studies shed light on 
the circulation of EIAV in the Pantanal and provide tools 
for molecular characterization of these viruses.
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