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ABSTRACT: The study describes the genetic identification, clinical, and epidemiological characteristics of an outbreak of equine infectious
anemia occurring in the state of Rio Grande do Sul, Brazil. Three animals kept in the periurban region of Uruguaiana city tested positive for the
AGID test. The serology was performed as a requirement for transit. None of the animals showed clinical signs of infection, one animal was
necropsied, and the others were stolen. In the post-mortem examination, no macroscopic changes were observed, and microscopically, discrete
hemosiderosis was detected in fragments of the liver and spleen. Amplifying and sequencing a proviral DNA fragment in blood, spleen, and
mesenteric lymph node samples confirmed EIAV infection. Phylogenetic analysis of the first sequenced EIAV sample from the Rio Grande
do Sul State indicates a high similarity with other Brazilian samples. Results confirmed the viral presence in the state’s herds and described
epidemiological and virological characteristics of EIA that contribute to the maintenance and dissemination of the virus in herds.
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Identificacdo genética, aspectos clinicos e epidemiologicos de um foco de anemia infecciosa equina
no Estado do Rio Grande do Sul, Brasil

RESUMO: O estudo descreve a identificagdo genética, as caracteristicas clinicas e epidemiologicas de um foco de Anemia Infecciosa Equina
que ocorreu no Estado do Rio Grande do Sul, Brasil. Trés equinos criados na regido periurbana da cidade de Uruguaiana testaram positivos pela
prova sorologica de IDGA. O exame foi realizado como requerimento para transito dos animais. Nenhum animal apresentava sinais clinicos da
infecgdo, um cavalo foi necropsiado e os outros dois foram roubados. Na necropsia ndo obsevou-se nenhuma alteragdo e microscopicamente foi
constatada hemosiderose discreta em fragmento do figado e bago. A infecgdo foi confirmada pela amplificago e sequenciamento de um segmento
do genoma pro-viral do EIAV de amostras do sangue, bago e linfonodo mesentérico. A analise filogenética do primeiro EIAV sequenciado no Estado
do RS indica similaridade com outras amostras que circulam no Brasil. O resultado confirma a presenga do virus no rebanho equino da regido e
descreve caracteristicas clinicas e epidemioldgicas que contribuem para a manutengio e disseminagéo do virus no rebanho.

Palavras-chave: equinos, virus da anemeia infecciosa equina, epidemiologia molecular, analise filogenética, doenga transfronteirica.

INTRODUCTION Orthoretrovirinae, and genus Lentivirus (COOK et
al., 2013, LEROUX et al., 2004). During the process
of infection of the host (horses, donkeys, mules, and

zebras), the viral RNA genome is reverse transcribed

Equine infectious anemia (EIA), also
known as swamp fever, is a significant viral disease

in horses worldwide (JARA et al., 2020). The first
description of the condition occurred in 1843 in
France, and in 1904 there was the definition of viral
etiology (COOK et al., 2013). In Brazil, with an equine
herd of more than 4 million animals, the infection was
confirmed in 1968 (MAPA, 1988; IBGE, 2017).
Equine infectious anemia virus (EIAV)
belongs to the Retroviridae family, subfamily
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into DNA and inserted into the cell genome, giving
rise to the proviral DNA, especially in monocytes
and macrophage cells. Thus, the animals develop
persistent infection and are considered the primary
source of the virus to susceptible animals (COOK
et al, 2013; LEROUX et al, 2004). EIAV is
transmitted by blood transfer between animals, with
the iatrogenic route or mechanical vectors (Tabanus
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spp. and Stomxys spp.) being the most common ways
of dissemination (COOK et al., 2013, ISSEL & FOIL,
2015). The clinical presentation associated with
infection can be classified as acute, chronic, or not
apparent. The clinical signs are anemia, edema of the
ventral region, mucosal hemorrhages, and progressive
weight loss (COOK et al, 2013). Laboratory
diagnosis (gold standard) is made by serological agar
gel immunodiffusion test (AGID) performed in Brazil
by private laboratories accredited by the Official
Veterinary Service (OVS) (BRASIL, 2004; COOK et
al., 2013). The owner of a positive horse may request
a retest, performed from a new blood collection
by the OVS and tested in the reference laboratory
of MAPA (Ministério da Agricultura, Pecuaria e
Abastecimento) (BRASIL, 2004).

In 1981, the Brazilian authorities (MAPA)
instituted the official control of diagnosis and notification
of positive cases, which followed the recommendations
of the World Organization for Animal Health (WOAH)
(BRASIL, 2004). Infection is widespread throughout
the territory at varying levels, with the Pantanal (25%)
and northern regions (46%) showing the highest
prevalence; conversely, southern states show low levels
(> 1%) (ALMEIDA et al., 2006; BORGES et al., 2013;
CRUZ et al., 2020; TIGRE et al., 2017). In Rio Grande
do Sul (RS), located in the extreme south of Brazil, the
estimated prevalence of EIAV is close to 0.3% (SEAPA,
2014; BARZONI et al., 2018; REBELATTO et al.,
1992). RS has the State Equine Health Program (PESE -
SEAPDR), which follows the guidelines of the national
program and is suitable for the state’s epidemiological
situation (SEAPIL, 2018). All properties and animals
must be registered in the Agricultural Defense System
(SDA-SEAPDR). The movement of equines should
only happen upon the presentation of a negative AGID
test for EIA and the issuing of an animal transport
certificate (GTA) by the OVS. The property that presents
at least one positive animal is considered an outbreak;
the seropositive horses are sacrificed, following the
interdiction and testing of all other susceptible animals
on the property (SEAPIL, 2018).

The western border region of Rio Grande do
Sul is characterized by having a significant population
of horses used in cattle and sheep management,
breeding, and sports (rodeo, racing, and horse riding)
(COSTA et al., 2013). This region corresponds to the
extensive Brazil-Argentina-Uruguay triple border
area and concentrates a considerable portion of the
EIA outbreaks in the state (BARZONI et al., 2018;
CARDENAS et al., 2022; MACHADO et al., 2021).
These outbreaks are associated with the illegal
movement of animals between properties, difficulty

in identifying clinical cases, lack of preventive
examinations, and evenillegal cross-border movement
of animals (BARZONI et al., 2018; MACHADO et
al., 2021). The present study described the clinical,
epidemiological, and virological characteristics
observed in an Equine Infectious Anemia outbreak.
Results assist in understanding the maintenance of
EIAV in the western region of RS and can serve as a
model to understand other situations.

MATERIALS AND METHODS

Case description

Three equines, two males and one mare,
mixed breed, were diagnosed positive for EIA by AGID.
The animals were on a property located in the peri-urban
perimeter of Uruguaiana; the Rio Grande do Sul, Brazil
(Figure 1). The clinical and epidemiological data were
obtained from the official forms for disease investigation;
at the time of the first serological examination, no animal
presented clinical signs of infection.

Hematology and pathology

Blood samples were collected for
hematological analysis. An autopsy was performed on
one horse when fragments of different tissues (kidney,
lung, liver, spleen, and lymph nodes) were collected
for anatomopathological and viral analysis. According
to routine protocols, the tissue fragments were fixed in
10% formalin, processed and stained with Hematoxylin
and Eosin, and analyzed by light microscopy.

DNA extraction

Whole blood (500uL) and tissue (100mg)
samples were subjected to digestion with proteinase
K, then extracted total DNA by the phenol-chloroform
method. Total DNA was precipitated with sodium
acetate (3M) and 2.2 volumes of ethanol (100%)
(OAKS et al., 1998). After centrifugation, the pellets
were washed with 70% alcohol, solubilized in 32 pl of
TE buffer, and stored at -80 °C. DNA concentration
and purity were determined by spectrophotometry
(GE NanoVue Plus).

DNA Amplification by Nested-PCR

Total DNA (250 - 500 ng) from each
sample was subjected to amplification of proviral
DNA by Nested-PCR reaction within the LTR
region, extending to the trans-activator gene (fat)
(DONG et al., 2012). In the first reaction, the primers
5’-GTAATTGGGCGCTAAGTCTAG-3> and 5'-
CCTCTAATAAATCTTGCTGTC-3>  were  used,
generating a 246 bp product. We used the primers
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Figure 1 - Location (®) of the equine infectious anemia (EIA) outbreak in horses kept in the periurban
perimeter of the city of Uruguaiana, Rio Grande do Sul (RS), Brazil, border with Argentina.

5’-TGGGTGAATACCATACAGACA-3’ and
5’-CCAGTGGAGCATTCGGTAA-3’ in the second
round, generating an amplicon between 198 and 203
bp. The products of the reactions were resolved by
1.5% agarose gel electrophoresis and stained with
non-mutagenic reagents (Sybr Green Invitrogen) for
identification. Positive (DNA from leukocytes from
a serologically positive animal) and negative (water)
controls were included in all tests.

Sequencing and phylogenetic analysis

Phylogenetic analysis was performed
with the program Molecular Evolutionary Genetics
Analysis (MEGA) version X 20, using the Joining Tree
methodology with bootstrap values calculated using
1000 replicates. Positive PCR amplified samples
were purified (PCR Products Purification Kit Mebep
Bioscience) and sequenced by the Sanger method using
a sequencer AB-3500 (Applied Biosystems) (ACTGene
Analises Molecular Ltda, Alvorada, Rio Grande do Sul,
Brazil). The BioEdit Sequence Alignment Editor Software
suite evaluated and edited the sequences 7.0.5.3 (http:/
www.mbio.ncsu.edu/bioedit/bioedit.html) to obtain the
consensus. Subsequently, the consensus sequences
were submitted to the Basic Local Alignment Search
Tool (BLAST; http://www.ncbi.nlm.nih.gov/BLAST/)
to compare sequences already deposited in GenBank.

RESULTS AND DISCUSSION

Equine infectious anemia virus infection in
the state of Rio Grande do Sul has a low occurrence
(BARZONI et al., 2018; CARDENAS et al., 2022;
REBELATTO et al., 1992). However, in the last
five years, there has been a moderate increase in the
notification of cases of infection. At the beginning of the
2010s, there were 2 to 4 outbreaks/per year, and by the
end of the decade, there were more than ten outbreaks
per year. This situation has drawn the attention of
producers and animal health authorities (BARZONI et
al., 2018; CARDENAS et al., 2022; MACHADO et
al., 2021). Results presented here described the specific
characteristics of an outbreak that occurred in the state
region that concentrates the most significant record
of EIAV infections. This outbreak represents a unique
situation that combines clinical and epidemiological
aspects that can contribute to the maintenance and
dissemination of the virus among animals and herds.
Furthermore, knowledge of the different elements
involved contributes to understanding the epidemiology
of infection. It demonstrated possibilities that should
be considered in investigating outbreaks in the region
and serve as an alert for other situations.

In Brazil, the infection presents varying
prevalence levels among the different states and
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regions (ALMEIDA et al., 2006; BORGES et al.,
2013; CRUZ et al., 2020; TIGRE et al., 2017). The
variations are associated with regional factors such as
equine population, the form of breeding, occupation
of animals, climate, temperature, the occurrence of
mechanical vectors, cultural aspects, and control
legislation (BARZONI et al., 2018; CARDENAS et
al., 2022). Thus, identifying regional characteristics
of equine breeding and the occurrence of outbreaks
contributes to understanding the factors that influence
viral transmission in a given population.

The animals of this outbreak were
identified by AGID serological test for issuing the
animal transport permit (GTA). These animals would
participate in agglomeration event with more than
5,000 horses (parade), which would have the presence
of the inspection of the OVS. For participation, the
horses must be moved and undergo the serological
examination for EIA, which is mandatory for issuing
the GTA. Most EIA diagnoses in Rio Grande do Sul
are registered in August, September, and October.
This is due to a large number of cultural and sporting
events with the presence of horses that exist in this
period. Therefore, in this period, the highest number of
diagnoses occurs (BARZONI et al., 2018; MACHADO
et al, 2021). Thus, passive surveillance plays an
essential role in identifying infected animals since the
report of clinical cases of EIA is relatively infrequent
(BARZONI et al., 2018; REBELATTO et al., 1992).

Animal-to-animal transmission of EIAV
occurs mainly through blood transfer between equids
by iatrogenic route or mechanical vectors (Tabanus
spp- and Stomxys spp.) (ISSEL & FOIL, 2015). The
form and timing of infection of these animals have
not been identified. However, horseflies are present in
the region, and sharing injectable material is common
(BARZONI et al.,, 2018). The region’s climatic
conditions, with cold winter and hot summer, are
associated with the seasonality of tabanids, which
may limit the role of these insects in the transmission
of the agent, different from that observed in the
Brazilian Pantanal (CURSINO et al., 2018).

The property where the horses were
raised is located in the periurban region of the city
of Uruguaiana (Figure 1). The herd consisted of only
three horses, and none had clinical signs suggestive of
the infection. The animals were slightly thin, which
was associated with poor feed quality. The owner did
not inform the origin of the animals, but it is believed
to be rural (farm). After the positive serology result for
EIA (day 0), the OVS interdicted the property (day 11).
During the interdiction period, the owner is responsible
for the isolation and maintenance of positive animals,

and the transit of equines is prohibited (PESE) (SEAPI
2018). The counter-test (using the same serum sample)
conducted by the accredited laboratory confirmed the
previous result. The producer requested the retest
during the interdiction (day 11). Retesting is allowed
by the legislation, and the AGID test is performed in
the official laboratory. However, the OVS performs the
new blood collection (SEAPI, 2018). The result of the
retest (day 28) confirmed the previous findings. On the
day the OVS communicated the final retest results, the
owner informed thus that the three animals had been
stolen and were missing. The disappearance of animals
diagnosed with EIAV is a fact described and contributes
to the maintenance of a carrier animal in the population
(BARZONI et al., 2018; CRUZ et al., 2020).

The breeding and keeping horses in the
peri-urban region may contribute to the maintenance
and dissemination of EIAV (BARZONI et al., 2018;
CRUZ etal., 2020). In this situation, animals are raised
on small properties, with inadequate nutritional and
sanitary conditions, and without regular veterinary
assistance. The eventual contact of these animals
with other equids raised on farms or stud farms may
contribute to the maintenance of the virus.

On day 78, one of the stolen horses was
found and euthanized. At the time of sacrifice, the
animal was in good body condition and healthy. The
hematological examination showed mild leukocytosis
(14,500 leukocytes/uL - 5,000 - 11,000) associated
with neutrophilia (7,380 cells/uL — 2,200 — 6,100).
No macroscopic changes were detected during the
necropsy. The absence of clinical signs, hematological
changes, and visible lesions are compatible with
carrier status and are described in the literature as
the most common form of infection (BUENO et al.,
2020; COOK et al., 2013).

Histopathological evaluation of the spleen
revealed moderate hemosiderosis in the splenic
parenchyma, both free and in the cytoplasm of
reticulo-phagocytic cells. The other organs evaluated
showed no noteworthy changes. The spleen and liver
are recognized as the main reservoirs of the virus due
to the significant presence of macrophages (BUENO
et al., 2020). This microscopic change is associated
with the accumulation of ferric pigment, especially
in resident macrophages, resulting from hemoglobin
metabolism triggered after intra and extravascular
hemolysis associated with the viral infection and
expected in these diseases (BUENO et al., 2020;
COOK et al., 2013). The other two stolen horses
have remained missing and are probably still being
transported illegally. Animals in this situation serve
as a source of infection for susceptible equines as
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they stay in the herd (BARZONI et al., 2018; CRUZ
et al., 2020).

Nested-PCR detected proviral DNA in
blood, lung, and spleen samples, and a DNA fragment
(~ 203bp) corresponding to that described by DONG
etal. (2012) was amplified. Amplifying proviral DNA
in tissue samples confirms the serology result and
demonstrates that the virus is present in organs with
a high concentration of macrophages (BUENO et al.,
2020; OAKS et al., 1998). The PCR products were
sequenced and the sequences obtained (Submission
ID: ON639609) showed 98% to 100% identity with
other ETAV samples (Figure 2).

Several genetic analyses of EIA viruses
present in Bahia, Rio Grande do Norte, and Pantanal
have been performed (BUENO et al., 2020;
CURSINO et al., 2018; TIGRE et al., 2017). The Rio
Grande do Sul is the southernmost state in Brazil, and
this is the first time that an EIAV sample from this
region has been partially identified by sequencing.
Thus, comparison with other viruses circulating

in RS samples is impossible. However, further
genetic identification studies must be performed
to characterize the infection’s epidemiology. The
sequenced region refers to the terminal portion of
the LTR (long terminal repeat) and the tat (trans-
activator) gene (DONG et al., 2012; LEROUX et
al., 2004). Despite the high variability of lentiviruses
associated with geographic distribution, the LTR
region has highly conserved elements, similar to the
tat gene (DONG et al., 2012; LEROUX et al., 2004,
MALOSSI et al., 2020). Thus, the amplified region
can be used in phylogeny studies for epidemiological
research. However, other regions of the genome or
the whole genome may be more suitable for this
purpose (BUENO et al., 2020; CURSINO et al.,,
2018; MALOSSI et al., 2020; OAKS et al., 1998;
TIGRE et al., 2017).

The highest concentration of EIAV
outbreaks in RS is located in the western border region
(BARZONI et al., 2018; CARDENAS et al., 2022).
This region is characterized by extensive cattle and

77
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Figure 2 - Phylogenetic analysis of region LTR (long terminal repeat) and the tat (trans-activator) gene of the equine infectious
anemia virus sample (EIAV LV 49/17 URG) present in the lung, spleen, and blood.

NC 001413.1 Bovine immunodeficiency-like virus complete proviral genome
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sheep production and concentrates the largest equine
herd in the state (~149,000 animals, 14% of the state’s
herd) (COSTA et al., 2013). In this region, horses are
used for work on the farms and eventually participate
in sporting events and parades. Besides the animals
used for work, there are pure breed’s farms (PSI and
Crioulo) that move animals to other regions of the
state and Brazil (COSTA et al., 2013; IBGE, 2017).
On the outskirts of cities, many draft horses and
animals are raised on small farms, which EIAV can
eventually infect (CRUZ et al., 2020; MACHADO
et al., 2021). The illegal movement of animals is
frequently reported in the region (BARZONI et al.,
2018; CRUZ et al., 2020). The animals diagnosed
with EIA were kept on the outskirts of the city;
however, the owner did not inform the origin of the
animals, nor did he suspect the moment of infection.
Most likely, the animals originated from a property
located in the interior of the municipality and were
transported without examination.

The voluntary testing of animals is
relatively low. This may be due to the absence of
clinical suspicion, the costs of the examination, and
the fear that owners have about having an infected
horse sacrificed. The health certificate requirement for
transportation and the presence of inspection in events
forces producers to perform health examinations,
thus increasing the number of tests and; consequently,
identifying outbreaks (MACHADO et al., 2021).
Therefore, passive surveillance plays a crucial role
in identifying infected animals (BARZONI et al.,
2018; CRUZ et al., 2020; MACHADO et al., 2021).
Another aspect that should be reinforced is building a
relationship of trust between the producer and OVS.
This type of relationship facilitates epidemiological
investigation, clarifying the origin of the infection.
It enables measures to prevent new cases and adopt
actions that can reduce the circulation of the agent.

CONCLUSION

The results described the characteristics of
an outbreak of equine infectious anemia that occurred
in a region of Rio Grande do Sul, Brazil. A moderate
increase in the registration of cases has been observed
in the last five years. The conditions of absence of
clinical signs and carrier of the infection, associated
with the form of breeding and disappearance of two
positive animals, are characteristics that contribute to the
maintenance and dissemination of EIAV among animals
in the region. These factors alone or together create
opportunities for EIAV to perpetuate itself in herds. The
molecular identification of a sample circulating in the

Rio Grande do Sul opens the way for the phylogenetic
study of samples from other foci, helping to determine
the origin of the samples present in the State and
can assist in establishing epidemiological links in
situations of unavailability of information.

ACKNOWLEDGMENTS

JCJS is recipient of scholarship of doctoral from
Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES). This work was financed with resources from Laboratorio
de Virologia/UNIPAMPA, Pro-Reitoria de Pos-Graduagdo, Pesquisa
e Inovagao, Universidade Federal do Pampa (PROPPI/UNIPAMPA),
and was financed in part by the Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES), Brasil - Finance code
001. The authors thank the Secretaria de Agricultura, Pecudria e
Desenvolvimento Rural do Estado of the State of Rio Grande do
Sul (SEAPDR/RS), Brazil, for providing data and information.

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare no conflict of interest. Funding
sponsors had no role in the study design, collection, analysis, and
data interpretation during the writing this manuscript and in the
decision to publish the results.

AUTHORS’ CONTRIBUTION

JCJS (execution, results analysis, writing, review),
PFF, GVC, CKT, BLA (execution, results analysis, review), MCSB
(conception, results analysis, writing, review, coordinator). All authors
critically revised the manuscript and approved of the final version.

BIOETHICS AND
COMMITTEE APPROVAL

BIOSECURITY

For all due purposes, the authors of the article
“Genetic identification, clinical and epidemiological aspects of an
equine infectious anemia outbreak in the Rio Grande do Sul State,
Brazil” declare that the project that gave rise to the data of the
same was not submitted for evaluation to the Ethics Committee of
the Universidade Federal do Pampa. However, we are aware of the
content of the resolutions of the National Council for the Control
of Animal Experimentation - CONCEA “http://www.mct.gov.br/
index.php/content/view/310553.html” if it involves animals. Thus,
the authors assume full responsibility for the data presented and are
available for possible questioning, should they be required by the
competent bodies.

REFERENCES

ALMEIDA, V. M. A. et al. Equine infectious anemia: prevalence
in working equids of livestock herds, in Minas Gerais, Brazil.
Arquivo Brasileiro de Medicina Veterindria e Zootecnia, v.58,
n.2,p.141-148.2006. Available from: <http://www.scielo.br/scielo.
php?script=sci_arttext&pid=S0102-09352006000200001&Ing=pt
&tlng=pt>. Accessed: May, 04, 2020.

BARZONI, C. S. et al. Equine infectious anemia in the western
region of Rio Grande do Sul, Brazil. Ciéncia Rural, v.48,n.6,2018.

Ciéncia Rural, v.53, n.11, 2023.


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352006000200001&lng=pt&tlng=pt
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352006000200001&lng=pt&tlng=pt
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352006000200001&lng=pt&tlng=pt

Genetic identification, clinical and epidemiological aspects of an equine infectious anemia outbreak in the Rio Grande do Sul State, Brazil.7

Available from: <http://www.scielo.br/scielo.php?script=sci_
arttext&pid=S0103-84782018000600451 &Ing=en&tlng=en>.
Accessed: May, 04, 2020.

BORGES, A. M. C. M. et al. Prevalence and risk factors for equine
infectious anemia in Poconé municipality, northern Brazilian
Pantanal. Research in Veterinary Science, v.95, n.1, p.76-81,
2013. Available from: <https://linkinghub.elsevier.com/retrieve/
pii/S0034528813000659>. Accessed: May, 04, 2020.

BRASIL. Normas para prevengdo e o controle da anemia
infecciosa equina - A.LE. Instru¢do Normativa n°45, de 15 de
julho de 2004. Secretaria de Defesa Agropecudria, Ministério
da Agricultura, Pecuaria e Abastecimento. Diario Oficial da
Repiblica Federativa do Brasil, 2004. Available from: <http://
www.agricultura.rs.gov.br/upload/arquivos/201701/05142347-
pese-in-45-2004.pdf>. Accessed: Jan. 07, 2016.

BUENO, B. L. et al. Molecular detection, histopathological
analysis, and immunohistochemical characterization of equine
infectious anemia virus in naturally infected equids. Archives of
Virology, v.165, n.6, p.1333-1342, 2020. Available from: <https://
doi.org/10.1007/s00705-020-04616-4>. Accessed: Feb. 12, 2021.

CARDENAS, N. C. et al. Coupling spatial statistics with
social network analysis to estimate distinct risk areas of disease
circulation to improve risk-based surveillance. Transboundary
and Emerging Diseases, p.1-12, 2022. Available from: <https://
doi.org/10.1111/tbed.14627>. Accessed: Jun. 12 2022.

COOK, R. F. et al. Equine infectious anemia and equine infectious anemia
virus in 2013: a review. Veterinary Microbiology, v.167, n.1-2, p.181—
204, 2013. Available from: <https://www.sciencedirect.com/science/
article/pii/S0378113513004707?via%3Dihub>. Accessed: Jun. 01, 2016.

COSTA, E. et al. Horse-rearing in Rio Grande do Sul. A Hora
Veterinaria, v. 196, n. 6, p. 35-40, 2013. Available from: <https://
www.agricultura.rs.gov.br/upload/arquivos/201612/02101333-
inftec-50-panorama-da-equinocultura-no-rio-grande-do-sul.pdf>.
Accessed: Sep. 03, 2018.

CRUZ, A. P. M. et al. Seroprevalence for equine infectious anaemia in
equidae seized in the municipality of Petropolis, State of Rio de Janeiro,
Brazil, 2015/2018. Ciéncia Rural, v.50, n.4, 2020. Available from:
<http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
84782020000400452&ting=en>. Accessed: Jan. 15, 2022.

CURSINO, A. E. et al. Equine infectious anemia virus in naturally
infected horses from the Brazilian Pantanal. Archives of Virology,
v.163, n.9, p.2385-2394, 2018. Available from: <https://doi.
org/10.1007/s00705-018-3877-8>. Accessed: May, 25, 2018.

DONG, J. B. et al. Development of a nested PCR assay to detect
equine infectious anemia proviral DNA from peripheral blood of
naturally infected horses. Archives of Virology, 2012. v.157, n.11,
p-2105-2111. Available from: <https://doi.org/10.1007/s00705-
012-1406-8>. Accessed: Jan. 15, 2018.

IBGE, Instituto Brasileiro de Geografia e Estatistica. Censo
Agropecuario. [S.1.], 2017. Available from: <https://censos.ibge.

gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.
html?localidade=0&tema=75665>. Accessed: Apr. 20, 2020.

ISSEL, C. J.; FOIL, L. D. Equine infectious anaemia and mechanical
transmission: man and the wee beasties. Revue Scientifique et
Technique, v.34, n.2, p.513-523, 2015. Available from: <https://doi.
org/10.20506/rst.34.2.2376>. Accessed: May, 4, 2020.

JARA, M. et al. Phylogeography of equine infectious anemia virus.
Frontiers in Ecology and Evolution, v.8, p.000127, 2020. Available
from: <https://doi.org/10.3389/fev0.2020.00127>. Accessed: May,
05, 2020.

LEROUX, C. et al. Equine infectious anemia virus (EIAV): what
has HIV’s country cousin got tell us? Veterinary Research, v.35,
n4, p.485-512, 2004. Available from: <https://doi.org/10.1051/
vetres:2004020>. Accessed: Nov. 11, 2021.

MACHADO, G. et al. Impact of changes of horse movement
regulations on the risks of equine infectious anemia: a risk
assessment approach. Preventive Veterinary Medicine, v.190,
p.e105319, 2021. Available from: <https://linkinghub.elsevier.
com/retrieve/pii/S0167587721000635>. Accessed: May, 19, 2021.

MALOSSI, C. D. et al. High genomic variability in equine
infectious anemia virus obtained from naturally infected horses
in Pantanal, Brazil: an endemic region case. Viruses, v.12, n.2,
p-207-222, 2020. Available from: <https://www.mdpi.com/1999-
4915/12/2/207>. Accessed: Nov. 12, 2022.

MAPA. Animal diseases in Brazil. History of the first observations.
Boletim de Defesa Sanitaria Animal. Brasilia: [s.n.], 1988.
Available  from:  <https:/www.gov.br/agricultura/pt-br/assuntos/
sanidade-animal-e-vegetal/saude-animal/arquivos-sisa/as-doencas-
dos-animais-no-brasil-historico-das-primeiras-observacoes.pdf>.
Accessed: Jan. 25, 2019.

OAKS, J. L. et al. Equine infectious anemia virus is found in tissue
macrophages during subclinical infection. Journal of Virology, v.72,
n.9, p.7263-7269, 1998. Available from: <https://doi.org/10.1128/
JV1.72.9.7263-7269.1998>. Accessed: May, 12, 2021.

REBELATTO, M. C. et al. Serological diagnosis of equine
infectious anaemia virus infection in the central region of the Rio
Grande do Sul state. Ciéncia Rural, v.22, n.2, p.179-196, 1992.
Available from: <http://www.scielo.br/scielo.php?script=sci_artt
ext&pid=S0103-84781992000200012>. Accessed: Jan. 08, 2016.

SEAPA. Inquérito soroepidemiolégico da anemia infecciosa
equina no estado do Rio Grande do Sul. Secretaria da Agricultura,
Pecuaria e Desenvolvimento Rural, 2014. p.34.

SEAPI. Programa Estadual de Sanidade Equina (PESE), 2018.
Available from: <https://www.agricultura.rs.gov.br/pese>. Accessed:
Nov. 19, 2020.

TIGRE, D. M. et al. Characterization of isolates of equine infectious
anemia virus in Brazil. Archives of Virology, v.162, n.3, p.873-877,
2017. Available from: <https://doi.org/10.1007/s00705-016-3172-5>.
Accessed: Dec. 05, 2016.

Ciéncia Rural, v.53, n.11, 2023.


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782018000600451&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782018000600451&lng=en&tlng=en
https://linkinghub.elsevier.com/retrieve/pii/S0034528813000659
https://linkinghub.elsevier.com/retrieve/pii/S0034528813000659
http://www.agricultura.rs.gov.br/upload/arquivos/201701/05142347-pese-in-45-2004.pdf
http://www.agricultura.rs.gov.br/upload/arquivos/201701/05142347-pese-in-45-2004.pdf
http://www.agricultura.rs.gov.br/upload/arquivos/201701/05142347-pese-in-45-2004.pdf
https://doi.org/10.1007/s00705-020-04616-4
https://doi.org/10.1007/s00705-020-04616-4
https://doi.org/10.1111/tbed.14627
https://doi.org/10.1111/tbed.14627
https://www.sciencedirect.com/science/article/pii/S0378113513004707?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113513004707?via%3Dihub
https://www.agricultura.rs.gov.br/upload/arquivos/201612/02101333-inftec-50-panorama-da-equinocultura-no-rio-grande-do-sul.pdf
https://www.agricultura.rs.gov.br/upload/arquivos/201612/02101333-inftec-50-panorama-da-equinocultura-no-rio-grande-do-sul.pdf
https://www.agricultura.rs.gov.br/upload/arquivos/201612/02101333-inftec-50-panorama-da-equinocultura-no-rio-grande-do-sul.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782020000400452&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782020000400452&tlng=en
https://doi.org/10.1007/s00705-018-3877-8
https://doi.org/10.1007/s00705-018-3877-8
https://doi.org/10.1007/s00705-012-1406-8
https://doi.org/10.1007/s00705-012-1406-8
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://doi.org/10.20506/rst.34.2.2376
https://doi.org/10.20506/rst.34.2.2376
https://doi.org/10.3389/fevo.2020.00127
https://doi.org/10.1051/vetres:2004020
https://doi.org/10.1051/vetres:2004020
https://linkinghub.elsevier.com/retrieve/pii/S0167587721000635
https://linkinghub.elsevier.com/retrieve/pii/S0167587721000635
https://www.mdpi.com/1999-4915/12/2/207
https://www.mdpi.com/1999-4915/12/2/207
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/arquivos-sisa/as-doencas-dos-animais-no-brasil-historico-das-primeiras-observacoes.pdf
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/arquivos-sisa/as-doencas-dos-animais-no-brasil-historico-das-primeiras-observacoes.pdf
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/arquivos-sisa/as-doencas-dos-animais-no-brasil-historico-das-primeiras-observacoes.pdf
https://doi.org/10.1128/JVI.72.9.7263-7269.1998
https://doi.org/10.1128/JVI.72.9.7263-7269.1998
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84781992000200012
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84781992000200012
https://www.agricultura.rs.gov.br/pese
https://doi.org/10.1007/s00705-016-3172-5

