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ABSTRACT: The State of Pard comprises 26% of Brazilian
Amazon region, where a large diversity of arboviruses has
been described. This study sought to assess the prevalence and
distribution of hemagglutination inhibition (HI) antibodies
againstantigens of fouralphaviruses (Togaviridae: Alphavirus) from
the species: Eastern equine encephalitis (EEEV), Western equine
encephalitis (WEEV), Mayaro virus  MAYV), and Mucambo virus
(MUCYV) in 753 serum samples of horses in Pard State, Brazil.
All investigated arboviruses were detected and indicate that horses
are susceptible to these alphaviruses, and show evidences of their
active circulation in farm animals in the Brazilian Amazon.
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RESUMO: O estado do Pard corresponde a 26% da Amazénia bra-
sileira, onde uma grande diversidade de arbovirus foi descrita. Este
estudo procurou avaliar a prevaléncia e a distribuicao de anticor-
pos inibidores da hemaglutina¢ao (IH) contra antigenos de quatro
alfavirus (Togaviridae: Alphavirus), das espécies: Virus da encefalite
equina do leste (EEEV), Virus da encefalite equina do oeste (WEEV),
Virus mayaro MAYV) e Virus mucambo (MUCV), de 753 amostras
de soro de equinos no estado do Pard, Brasil. Todos os arbovirus
pesquisados foram detectados, indicando que os equinos sdo sus-
cetiveis a esses Alphavirus e mostrando evidéncias de sua circulagao
ativa em animais de fazenda na Amazénia brasileira.
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With few exceptions, arboviruses are zoonosis, once they are main-
tained in nature by cycles of nonhuman vertebrates and hema-
tophagous arthropods; the Pan-Amazonia is the largest arbovi-
rus reservoir in the world, and the Brazilian Amazon hosts the
largest variety of known and isolated arboviruses (VAscoNCELOS
etal., 2005). In Brazil, especially in the Brazilian Amazon, there
are a large number of different species cohabitating between
hematophagous diptera and wild vertebrates. Disequilibrium
in this ecosystem is associated with factors such as deforesta-
tion, highways and dam construction (DEGALLIER et al., 1992,
VASCONCELOS, 1999), colonization and urbanization of new areas
after railway construction, and improper use of the land and sub-
soil (VascoNcCELOS et al., 2001). All of these factors contribute to
the emergence of new arboviruses and arboviral diseases.

The Togaviridae family comprises the Alphavirus and
Rubivirus genera. The genus Alphavirus infects a variety of ver-
tebrates, including humans. Eleven serotypes were associated
with human disease, and at least eight were responsible for
outbreaks: Eastern equine encephalitis virus (EEEV), Western
equine encephalitis virus (WEEV), Venezuelan equine encephali-
tis virus VEEV), Mayaro virus (MAYV), O’Nyong-nyong virus
(ONNV), Ross River virus (RRV), Chikungunya virus (CHIKV),
and Getabvirus (GEV) (CALISHER et al., 1980). Infections in
domestic herbivores by arboviruses belonging to the genus
Alphavirus manifest as systemic, encephalic, and hemorrhagic

syndromes. Encephalitis is more common in horses, which

A: collecting mun|c1pallt|es B: the division into mesoregions of Para State.

are mostly affected by EEEV, VEEV, and WEEV (WEAVER;
RE1sen, 2010).

Although 210 arboviruses have been isolated in Brazil,
the vast majority of them have been found in the Brazilian
Amazon (VAsCONCELOS et al., 2005; AzEvEDO et al., 2009),
and, to the best of our knowledge, there have been no studies
that focused on investigating the role of horses in the circulation
of alphaviruses in Brazilian Amazon. To address this question, we
have evaluated the prevalence of antibodies in horses from Pard
State, Brazil, to determine which alphaviruses are circulating.

Blood was collected throughout 2009 from animals living
in the six mesoregions of the Pard State (Figure 1). After pro-
per restraint of the animals and local asepsis, the jugular
vein was punctured, without anticoagulant, with a vacuum
system. About 5—-10 mL of blood was collected and left to
rest for approximately 90 minutes to allow coagulation and
serum separation before it was subjected to centrifugation at
2,000x g for 5 minutes. The serum samples were transported
on ice and then stored at -70°C until analyzed by serologic
testing. A total of 753 serum samples were collected by hor-
ses aged 2 years or older, without arboviruses vaccination and
born and raised at the collection sites.

The hemagglutination inhibition (HI) test was perfor-
med according to the microplate-adjusted protocol descri-
bed by SHoPE (1963). This test was performed with antigens
from EEEV, WEEV, MAYV, and MUCY isolated in Brazil.
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Figure 1. Schematic representation of the Para State indicating were collected from the domestic herbivores serum samples.
(A) Collecting municipalities, (B) The division into mesoregions of Para State.

Arg. Inst. Biol., v.83, 1-5, e0202014, 2016



Prevalence of antibodies to equine alphaviruses in the State of Para, Brazil

The criteria by RODRIGUES et al. (2010) for positivity were
chosen. Positive reactions were classified as either monotypic
reactions (MR; reaction against only one antigen or reaction
that was at least four-fold stronger against one antigen compa-
red to all other antigens of the same viral genus), heterotypic
reactions (HR; reactions against two or more viruses exhibi-
ting similar titers or the predominance of a given antigen was
less than four-fold than the others), or total reactions (TR;
monotypic reactions plus heterotypic reactions).

All horses presented high serologic prevalence to the four
alphaviruses used in this study. The prevalences for TR, HR,
and MR are presented in Table 1. The table shows that all four
viruses belonged to the genus Afphavirus, all of which have already
been isolated from arthropods and/or wild vertebrates in Brazil
and even from humans in the Western hemisphere, and only
EEEV and WEEV have been proven to cause disease in horses.

In the Brazilian Amazon, EEEV and WEEV have been iso-
lated from birds, horses, and mosquitoes in the suburbs of Belém
and Southern Par4 State, Brazil. Antibodies against these arbovi-
ruses have also been found, with a low prevalence, in wild mam-
mals (SHOPE et al., 1966) and birds (DEGALLIER et al., 1992).
The results of this study indicate a broad distribution of these
arboviruses in the Brazilian Amazon. It should be emphasized
that there is a high prevalence of HI antibodies against EEEV and
WEEYV in unvaccinated horses, which indicates frequent expo-
sure of these animals to mosquitoes that carry theses arboviruses.

Despite the lack of reports on clinical disease in horses in
Pard State, Brazil, only one epizootic episode by EEEV has been
reported in the city of Braganca in 1962 (Causey et al., 1962),
and another in Marajé Island recently (Campos etal., 2013); howe-
ver, there are no reported cases of encephalitis-like human disease
in the Amazon region caused by these arboviruses (WooDALL,
2004). Although EEEV causes neurological illness in human
beings in the North America (WeavER; Re1sen, 2010), only two
fatal cases had been reported in South America, with one being in
Brazil, in the state of the Bahia (ALICE, 1956), and the other one,
in Trinidad and Tobago (Corniou et al., 1972). AGUILAR et al.

Table 1. Prevalence of HI antibodies against antigens of four
alphaviruses in horses sera with heterotypic reactions (HR),
monotypic reactions (MR), and total reactions (TR) obtained in
State of Par4, Brazil.

Horses

N=753
Virus HR MR TR %HR 9%MR %TR
EEEV 153 74 227 2031 982 30.14
WEEV 148 24 172 19.65 3.18 22.84

MAYV 36 04 40 478 053 531
MUCV 54 09 63 77 1.19 836
Total 391 111 502 5192 1474 66.66

EEEV: Eastern equine encephalitis virus, WEEV: Western equine
encephalitis virus, MAYV: Mayaro virus, MUCV: Mucambo virus.

(2007) believe that the low incidence of severe cases of human
encephalitis in South America is probably due to low infectivity
and/or non-virulence of the isolated strains of EEEV that circu-
lates in this region.

Some epizootic strains of VEEV may be transmitted from
horse-to-mosquitoes-to-human, and the epidemic transmission
cycle of VEEV involves horses that serve as the main source
of the virus, thus being a source of infection to new hemato-
phagous mosquitoes (StoTT, 2003). The MUCYV subtype 111
of VEEV (YOUNG; JOHNSON, 1969) was isolated in Amazonia,
and it was associated with sporadic self-limited febrile syn-
dromes in humans in Brazil, Trinidad and Tobago, Surinam,
and French Guiana.

The MUCYV subtype was isolated in Southeastern Brazil, close
to the Ribeira Valley, in the State of Sao Paulo (LoPES; SACHETTA,
1978); however, there are no reports of disease in domestic ani-
mals. Nevertheless, a 10-month-old equine experimentally infected
via intramuscular route with high doses of MUCV has developed
viremia, which lasted for 3 days, with fever 24 hours later, and per-
sistent leucopenia (SHOPE et al., 1964). Additionally, IvErsson
et al. (1993) found antd-MUCYV antibodies in an equine exhibi-
ting encephalitis-like illness in the Brazilian Pantanal.

MAYYV was first isolated in Trinidad and Tobago in 1954
(ANDERSON et al., 1957) and is frequently isolated in nor-
thern South America from humans, wild vertebrates (mainly
monkeys), and mosquitoes. Outbreaks in humans caused by
this rash febrile disease virus have been frequently reported
in Amazon (AzeveDo et al., 2009). In this study, the preva-
lence of HI antibodies against MAYV was low. There are no
reports of disease caused by this virus in domestic animals;
however, the clinical syndrome showed by humans presents
symptoms that may not be perceived in horses.

The results of this study lead us to the following con-
clusions: these are preliminary evidences of active alphavirus
infections in horses in the Brazilian Amazon; these animals
must have been exposed to many thousands of mosquito
bites in locations that sometimes serve as transmission foci
for those viruses, although there was no evidence that hor-
ses are frequently exposed to arboviruses; the results obtai-
ned in this study showed evidence of such condition, which
may represent a public health risk to humans, who are sus-
ceptible to developing diseases caused by alphaviruses; and
finally, the horses showed higher prevalence of antibodies
in TR and HR, suggesting that these animals can detect the
circulation of such alphaviruses.
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