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Resumo

MALQOSSI, C. D. Caracterizacdo molecular do Virus da Anemia Infecciosa Equina no
Pantanal e padronizacdo de qPCR para diagnoéstico. 2019. 139 f. Tese (Doutorado) — Instituto
de Biociéncias de Botucatu, Universidade Estadual Paulista “Julio de Mesquita Filho”,
Botucatu, S&o Paulo.

O Virus da Anemia Infecciosa Equina (VAIE) é um lentivirus que infecta equideos causando
a Anemia Infecciosa Equina. A doenca possui distribuicdo mundial e o principal método de
controle empregado é a eutanasia dos animais positivos, uma vez que ndo existe cura ou
vacina disponivel. No Brasil, a regido do Pantanal é endémica para a doenca e, somente
nessas areas, a eutanasia nao é obrigatdria. A alta variacdo genética de lentivirus durante uma
infecgdo prolongada é bem conhecida em varias espécies e também descrita em sequéncias de
VAIE de outros paises. Ndo ha sequéncia gendmica brasileira completa descrita ou mesmo
um estudo da variacdo genética do virus em um ambiente endémico como o Pantanal
Brasileiro. Com isso, este trabalho teve como objetivos a caracterizacdo molecular do VAIE
em equinos da regido do Pantanal Brasileiro, e a padronizagdo da PCR quantitativa (QPCR)
para deteccdo do DNA proviral de VAIE. Duas amostras de plasma equino positivas para
VAIE foram submetidas ao sequenciamento do genoma completo utilizando uma combinagéo
de técnicas tradicionais e de nova geracdo. O genoma a partir do RNA viral foi obtido,
anotado e comparado com sequéncias virais obtidas de animais naturalmente infectados em
outros paises. As sequéncias provenientes do Pantanal apresentaram identidade entre 75 e 77
% com sequéncias de outros paises e 88,54 % entre si, classificando-as em um clado
individual na arvore filogenética dos virus ja descritos, exibindo a maior variacdo genética
descrita entre sequéncias de um mesmo pais. Com a analise do gene do envelope viral,
observou-se que os dois animais estudados estavam infectados por diferentes quasispécies
virais. Baseado nas sequéncias obtidas, um gPCR foi padronizado para amplificar 71pb do
gene tat de VAIE. A técnica foi testada em 255 amostras de DNA total de equinos do
Pantanal e comparada com os resultados obtidos em testes sorolégicos (IDGA e ELISA) e
uma Semi Nested PCR. A gPCR apresentou melhor sensibilidade, especificidade e alta
correlagdo com os resultados da Semi Nested PCR, sendo ainda um teste com menor risco de

contaminacdo e melhor praticidade. A gPCR detectou 0 mesmo numero de amostras positivas



que o padrdo ouro IDGA, porém ambos detectaram amostras diferentes, confirmadas por
sequenciamento. Um fluxograma diagnostico foi proposto para diminuir o risco de falsos

negativos em areas endémicas, com o uso de IDGA, seguido de ELISA e gPCR.

Palavras-chave: Virus da Anemia Infecciosa Equina, Anemia Infecciosa Equina, Pantanal,

area endémica, sequenciamento gendmico, diagnéstico, equinos.



Abstract

MALQOSSI, C. D. Molecular characterization of Equine Infectious Anemia Virus from
Pantanal and qPCR standardization for diagnosis. 2019. 139 p. Thesis (Doctorade) — Botucatu
Biosciences Institute, Sdo Paulo State University “Jualio de Mesquita Filho”. Botucatu, Séo
Paulo.

Equine infectious anemia virus (EIAV) is a lentivirus that infects equids and causes equine
infectious anemia (EIA). This disease presents worldwide distribution and the main control
method is the euthanasia of positive animals, since there is no cure or vaccine available. The
Pantanal region in Brazil is endemic for the disease, and euthanasia is not mandatory in this
area. The high lentivirus genetic variation during a prolonged infection is well known in
several species and also described in EIAV sequences in other countries. There are no
Brazilian viral genomic sequences available or even a study of genetic variation in an
environment such as Brazilian Pantanal. This work aimed to characterize the EIAV complete
genome in equines from Brazilian Pantanal and to standardize a quantitative real time PCR
(gPCR) for detection of EIAV proviral DNA. Two plasma samples of EIAV positive horses
were submitted to massive sequencing by combination of Sanger and NGS sequencing. The
complete genome from viral RNA was obtained, annotated and compared with viral
sequences of naturally infected animals from other countries. Sequences from Pantanal
showed identity between 75% and 77% with other countries sequences and 88.54% with each
other, classifying them into an individual cluster in EIAV cladogram and exhibiting the
greatest genetic variation between sequences from the same country. With viral envelope gene
analysis, both Brazilian sequences were classified as two quasispecies. A gPCR based on the
sequences obtained was standardized to amplify 71 bp of tat gene of EIAV. This technique
was tested in 255 equine total DNA from Pantanal and compared with results of serological
tests (AGID and ELISA) and a Semi Nested PCR. Quantitative PCR presented better
sensitivity, specificity and high correlation with Semi Nested PCR results, still considered a
test with lower risk of contamination and better practicality.
The qPCR detected the same number of positive samples as the gold standard AGID, but both
detected different samples, confirmed by sequencing. A diagnosis flowchart was proposed to

decrease false-negative risks in endemic areas, using a sequence of AGID, ELISA and qPCR.



Key words: Equine Infectious Anemia Virus, Equine Infectious Anemia, Pantanal, endemic

area, genome sequencing, diagnosis, equine.
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1 Revisdo bibliografica

O virus da Anemia Infecciosa Equina (VAIE) é o agente etiolégico da Anemia
Infecciosa Equina (AIE), uma doenca considerada um desafio para a medicina veterinaria
desde sua descoberta. Afetando equideos em geral e sendo uma doenca persistente por toda a
vida do animal (como observado em todas as doengas acometidas por lentivirus), os estudos
até hoje realizados ainda ndo chegaram a cura ou vacina eficaz. Com isso, um diagnostico

com alta acuracia é essencial para o controle da doenca.

1.1 Historico

O primeiro relato da doenca data de 1843 na Franca (LIGNE, 1843), e em 1904 foi
relacionada com um agente filtravel que persistiam no hospedeiro equideo e era transmitida
pelo sangue (VALEE; CARRE, 1904). Portanto, o virus da anemia infecciosa equina (VAIE)
foi o primeiro retrovirus animal a ser atribuido como agente etiol6gico de uma enfermidade
viral, precedendo em alguns anos as principais descobertas de agentes filtraveis, como a
leucemia aviaria (ELLERMAN; BANG, 1908) e o sarcoma aviario (ROUS, 1910). A
transmissao mecanica de VAIE por insetos hematdfagos vetores (especificamente tabanideos)
foi demonstrada em 1942 (STEIN et al., 1942) e em 1967, o virus foi pela primeira vez
propagado em cultura de leucdcitos de equino (KOBAYASHI; KONO, 1967). A limitacdo
imposta pela falta do cultivo do virus restringiu muito o conhecimento a respeito do virus e
consequentemente da doenca (LEROUX; CADORE; MONTELARO, 2004). Dessa forma,
praticas de controle para AIE somente foram possiveis a partir de 1972 quando foi
padronizado o teste de imunodifusdo em gel de agar (IDGA) que detecta anticorpos contra o

virus usando antigeno extraido de bago de equinos infectados (COGGINS et al., 1972).

Mais de 100 anos depois da descoberta da doenca, em 1952, Manete admitiu a
ocorréncia da doenca no Brasil (REIS; LEITE, 2016). Em 1967, no Jockey Club do Rio de
Janeiro, Dupont relatou o primeiro caso no pais em exame post mortem de um equino (REIS;
LEITE, 2016) e a doenca também foi constatada no Rio Grande do Sul (GUERRERO et al.,
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1968). Em 1984, Montagnier observou que o soro de equinos positivos para AIE reconhecia
proteinas virais em soro de pacientes com HIV e descreveu a relagdo antigénica entre as
doencas (REIS; LEITE, 2016).

No Brasil, o diagndstico, as acdes de profilaxia e controle, a erradicacdo dos focos, o
controle de transito dos animais e outras normas estdo pautados na Instrucdo Normativa 45
(IN45) de 15 de junho de 2004, do Ministério da Agricultura, Pecuéria e Abastecimento
(MAPA) (BRASIL, 2004). Nela, estd determinada a notificacdo obrigatdria, marcacdo e
eutandsia de animais positivos confirmados pelo teste de IDGA em laboratérios credenciados.
As propriedades identificadas com animal(is) positivo(s) devem ser interditadas e o
isolamento dos demais deve ser realizado, bem como sorologia do efetivo equideo restante do

local. A contraprova é facultativa e ndo ha indenizacéo.

Suspeita de doenca n3o confirmada B Doenga ausente Nunca reportada

M Doenca limitada a uma ou mais regides W Doenca presente Sem informagdes

AR

e s

Figura 1: Situacdo da Anemia Infecciosa Equina reportada mundialmente de 2005 a 2018
segundo o Banco de Dados de Informacdo sobre Saude Animal Mundial (World Animal
Health Information Database - WAHIS Interface) da Organizacdo Mundial de Saude (OIE) -
Disponivel em:
<http://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Countrytimelines>.
Acesso em: 08/10/2018.
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Atualmente, equideos infectados com anemia infecciosa equina sdo encontrados no
mundo todo e reportados frequentemente em paises da Europa, Asia, Oceania e Américas. A
OIE n#o apresenta relatos recentes de AIE na Africa, exceto um caso em marco de 2013 em
Shambiko, Eritrea (OIE, 2018). Desde 2005, 55 paises reportaram a presenca da doenca no
mundo (Figura 1) (OIE, 2018).

1.2 Agente etioldgico: o virus da Anemia Infecciosa Equina

O virus da Anemia Infecciosa Equina € classificado como membro do género
Lentivirus, da subfamilia Orthoretrovirinae, familia Retroviridae e ordem Ortervirales sendo
por isso denominado muitas vezes como “‘primo-irmao” do virus da Imunodeficiéncia
Humana (HIV) (LEROUX; CADORE; MONTELARO, 2004). Dentro do mesmo género,
podemos citar além do HIV1 e HIV2, o virus da Imunodeficiéncia Bovina (BIV), o virus da
doenca de Jembrana, o virus da Artrite-Encefalite Caprina (CAEV), o virus da
Imunodeficiéncia Felina (FIV), o lentivirus de Puma, o virus da Imunodeficiéncia Simia
(SIV) e o virus Maedi-Visna (ICTV, 2018).

A andlise do virus da Anemia Infecciosa Equina por microscopia eletronica revela
uma particula oval ou circular de aproximadamente 115 nm de diametro (MATHEKA et al.,
1976; WEILAND et al., 1977). E um virus envelopado com proteinas de matriz recobrindo
externamente o nucleocapsideo icosaédrico, mediando a associagdo com a superficie interna
do envelope (COOK; LEROUX; ISSEL, 2013). Cada virion possui duas copias do genoma de
fita simples de RNA com sentido positivo. Com 8,4 kb, 0 genoma de VAIE é um dos menores
dentre os lentivirus (ISSEL et al., 2014). O DNA proviral consiste de trés principais genes
estruturais de retrovirus (gag, env e pol) com longas terminacdes repetitivas (LTR) nas pontas
5’ e 3’ da sequéncia génica. Por ser um retrovirus classificado como complexo (assim como
todo lentivirus), VAIE possui outras ORFs além das trés principais, codificando proteinas
acessorias com funcdes regulatorias, de escape do sistema imune do hospedeiro ou mesmo de
aumento da patogenicidade (ISSEL et al., 2014). Comparado a outros virus do mesmo género
0 VAIE possui 0 menor numero de ORFs acessorias (trés contra quatro em BIV e seis em

HIV). Duas delas sdo comuns a todos os lentivirus (tat e rev), enquanto uma (S2) € exclusiva
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em VAIE (ISSEL et al., 2014). O VAIE é o unico membro dos lentivirus que ndo possui uma
ORF que codifiqgue um ortélogo para vif, uma proteina dirigida contra uma defesa do
hospedeiro para retrovirus, da familia do complexo 3 da apolipoproteina P editante
(APOBEC3). A auséncia dessa proteina é inesperada, ja que equinos possuem mais genes de
APOBEC3 que qualquer outra espécie nao primata (BOGERD et al., 2008).

Envelope:
SU,gp90
TM, gp45

Viral RNA Integrase-IN, p30 ‘
Reverse '\
Transcriptase-RT, p66
Lipid Bilayer

Protease-PR, p12 |

&

4

Nucleocapsid-NC, p11 g‘
dUTPase-DU, p1

Matrix-MA, p15 Core-CA, p26

Figura 2: Estrutura do virus da Anemia Infecciosa Equina mostrando as proteinas estruturais,
RNA gendmico e envelope. Fonte: ISSEL et al. (2014).

1.2.1 Genoma de VAIE: poliproteina gag

O gene gag de VAIE codifica a matriz (MA — p15), o capsideo ou core (CA — p26), 0
nucleocapsideo (NC — p11) e a proteina p9. Estas proteinas sdo responsaveis pela montagem e
liberacdo das particulas virais da célula hospedeira. Caso expressa sozinha, a poliproteina gag
pode iniciar a montagem e o brotamento de particulas semelhantes a virus (virus like particles
- VLPs) néo infecciosas da membrana celular (HATANAKA et al., 2002). A poliproteina gag
¢ traduzida a partir do RNAm genémico, sem alteracbes de frame ou splicing, e
posteriormente é clivada pela protease viral (COOK; LEROUX; ISSEL, 2013).

A proteina de matriz MA liga-se na membrana lipidica do hospedeiro e estimula a
montagem do virus (na sua forma gag ndo processada). A agregacdo dos precursores gag na
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membrana induz a projecdo desta e virus podem realizar o brotamento (FIELDS; KNIPE;
HOWLEY, 2007). No virion maduro, o MA liga o envelope ao capsideo. A estrutura
cristalografica do MA foi determinada e mostrou que apesar de uma sequéncia primaria bem
diferente dos MA de SIV e HIV, as estruturas sdo similares, com apenas as regides N e C
terminal mais proximas (HATANAKA et al., 2002). O MA de HIV desempenha um papel na
montagem de particulas virais por ligacdo a fosfatidilinositol- 4,5-bifosfato (PIP2) localizado
no interior da membrana plasmatica da célula hospedeira, uma associacdo que é mediada pelo
miristato N-terminal. Apesar da auséncia desta modificacdo N-terminal, 0 MA de VAIE
também se prende a superficie interna das membranas, mas estudos conduzidos in vitro
sugerem que pode se ligar com maior afinidade ao fosfatidilinositol 3-fosfato (PI1P3) do que o
PIP2. O MA também contém um sinal de exportacdo nuclear rico em leucina semelhante ao
HIV-1: este sinal é possivelmente necessario para indicar a localizacdo nuclear do MA e
assegurar a disponibilidade citoplasmatica (HATANAKA et al., 2002).
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Figura 3: Esquema do genoma proviral do virus da Anemia Infecciosa Equina mostrando os
genes (italico) e as respectivas proteinas virais codificadas (negrito em preto). As regides
hipervaridveis V1 a V8 da proteina de superficie (SU/gp90) estdo indicadas em branco. Fonte:
CRAIGO; MONTELARO (2013).

A proteina de capsideo CA ¢é o componente que forma um invélucro protéico em torno
do genoma e desempenha um papel na remocdo do revestimento, montagem do virus e
brotamento (GRUND et al., 1994). O CA apresenta uma regido de similaridade com outros
lentivirus, conhecido como “regido de homologia principal” ou major homology region
(MHR) em inglés (GRUND et al., 1994). Também apresenta epitopos para linfocitos T
citotoxicos, apresentando alta imunogenicidade (CHUNG; MEALEY; MCGUIRE, 2005).
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A proteina do nucleocapsideo NC se liga a0 RNA genémico formando um complexo
que estd envolvido no brotamento do virus, importacdo e integracdo nuclear (JIN et al., 2005;
LEROUX; CADORE; MONTELARO, 2004; PAYNE; FULLER, 2010). A sequéncia de NC
contém dois dominios ligantes de zinco do tipo CCHC (CX2CX4HX4C) separados por uma
curta sequéncia de ligacdo que permite a0 NC ligar-se ao genoma viral via sinal de
empacotamento (¢) (AMODEO et al., 2006). A proteina NC também demonstrou possuir
atividade de topoisomerase, sugerindo um papel na integracdo e transcricdo de DNA apds a
entrada viral (MATSRAFI et al., 1996).

A ultima proteina codificada por gag € a proteina p9, chamada assim por apresentar 9
kDa, com correspondéncia a p6 codificada pelo gag de HIV (JIN et al., 2005). Apesar de
ainda né@o possuir funcdo conhecida, sabe-se que a p9 desempenha um papel importante na
producdo proviral e infeccdo precoce (JIN et al., 2005). A proteina p9 é variavel dentre as
sequéncias ja descritas de VAIE, no entanto o Unico dominio encontrado na proteina,
chamado YPDL tardio, é conservado em todos os isolados virais, sugerindo sua importancia
na sequéncia (PUFFER et al., 1997; PUFFER; WATKINS; MONTELARO, 1998).

1.2.2 Genoma de VAIE: poliproteina pol

O gene pol codifica a protease (PR — p12), a transcriptase reversa com atividade de
RNAse H (RT-RH — p66), a dUTPase (DU — p15) e a integrase (IN — p30). Assim como gag,
pol € codificado no RNAmM gendmico, porém em um quadro de leitura diferente de gag. Um
frame shifting ribossomal permite a mudanca de base em -1, de modo a traduzir pol apos a
traducédo de gag (COOK; LEROUX; ISSEL, 2013).

Uma vez que enzimas tendem a ser conservadas e os genes de pol em lentivirus
compartilham uma homologia de sequéncia relativamente alta, a identificagdo de motivos de
VAIE é geralmente extrapolada de trabalhos com HIV e SIV (COOK; LEROUX; ISSEL,
2013). As sequéncias de pol em VAIE conhecidas hoje derivam, em sua maioria, das
sequéncias gendmicas completas obtidas para o virus (COOK; LEROUX; ISSEL, 2013).
Dessa forma, a literatura possui menor quantidade de sequéncias descritas para pol do que
para gag e env, que sdo mais estudadas por sua funcdo no diagndstico. Essas moléculas

possuem estruturas similares, embora ndo sequéncias primarias de nucleotideos. Muitas
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dessas alteragdes de nucleotideos ndo resultam em um diferente aminoacido e, quando este é

alterado, ndo modifica muito a estrutura terciaria, quando comparado a outros retrovirus.

As proteases retrovirais sdo enzimas chave na propagacdo viral e sdo inicialmente
sintetizadas em uma poliproteina subsequentemente clivada pela atividade da protease viral
pré-existente no virion da infeccdo inicial (DUNN et al., 2002). A protease PR também é
responsavel pela clivagem de gag e pol para formar o virion maduro. Estas proteinas séo alvo
de muitas drogas anti HIV e algumas mutacgdes séo observadas em linhagens virais resistentes
a estas drogas (TOZSER, 2010). As proteases retrovirais ativas s homodimeros, com cada
dimero estruturalmente relacionado a classe maior de peptidases asparticas de cadeia simples.
Cada monémero tem quatro elementos estruturais: duas alcas distintas, uma alca larga
contendo o0 acido aspartico catalitico e uma hélice D (DUNN et al., 2002). A andlise por
cristalografia de raios X realizada na linhagem EIAVwy demonstrou que a Unica grande
diferenca entre essa poliproteina e outras proteinas retrovirais € a presenca de uma segunda
alfa-hélice dentro da regido C terminal da molécula (GUSTCHINA et al., 1996). Dentre as
linhagens de VAIE, a sequéncia de aminoacidos € muito conservada, exceto por uma
substituicdo do aminoécido 54, que é leucina (L) em EIAVwmv, isoleucina (I) em EIAVwy e
valina (V) em EIAVLiae EIAVre (DONG; COOK; ZHU, 2014).

A transcriptase reversa de VAIE compartilha diversos motivos importantes com a
mesma enzima do HIV e uma alta conservacdo de aminoacidos, particularmente aqueles com
uma carga positiva ou negativa (DONG; COOK; ZHU, 2014). Dois residuos de aspartato
potencialmente cataliticos consecutivos (RUNGROTMONGKOL; MULHOLLAND;
HANNONGBUA, 2007) nas posi¢des 185 e 186 estdo também presentes na RT de VAIE. No
entanto, o motivo DVGD em HIV-1, que também pode desempenhar um papel importante na
reacdo de polimerizacdo de nucleotideos, € substituido por DIGD em VAIE (DONG; COOK;
ZHU, 2014).

A extremidade 3’ da RT de VAIE codifica um dominio de RNAse H (RH) que catalisa
a degradacdo de RNA quando hibridizado com DNA (RNA:DNA), produzido durante a
transcrigdo reversa (FIELDS; KNIPE; HOWLEY, 2007). O HIV-1 RH contém um motivo
rico em glicina (AWVPAHKGIGGN), que é altamente conservado entre os lentivirus. As
unicas alteracfes em VAIE sdo a segunda alanina e a segunda glicina alterada para uma
glicina e tirosina, respectivamente (DONG; COOK; ZHU, 2014). Além de um motivo rico em
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glicina (posicbes de aminoécidos 534-545), os quatro residuos acidos (D443, E478, D498,
D549) que sdo altamente conservados entre os diferentes retrovirus (DAVIES et al., 1991) e
considerados essenciais para a catalise enzimatica e a ligagdo de ions metalicos na RNase H
sdo presentes nas linhagens de VAIE obtidas a campo (DONG; COOK; ZHU, 2014).

Lentivirus replicam-se em células ndo proliferativas, fato que os fez, incluindo o
VAIE, atraente como potenciais vetores de terapia génica (LIU et al., 2015). Como as células
ndo proliferativas ndo sofrem extensa sintese de DNA, elas geralmente possuem baixos niveis
de desoxinucleotideos intracelulares (ANTP), com excecdo do trifosfato de desoxiuridina
(dUTP) que se acumula devido a expressdo limitada da hidrolase de dUTP (dUTPase). A
combinacdo de concentracdes baixas de dNTP intracelular mais niveis elevados de dUTP em
células ndo proliferativas constitui um ambiente hostil para a replicacdo viral. Portanto, a
dUTPase codificada por varios lentivirus, incluindo o VAIE, pode impedir a incorporacao de
U no genoma viral (COOK; LEROUX; ISSEL, 2013). A dUTPase (DU) de VAIE apresenta
um “anel de uracila” composto por N67, G69, Q80 e 182. A ligacdo da uracila induz uma
alteracdo conformacional, que também coloca o G68 em contato com a uracila. Uma outra
regido de ligacdo interage com o grupo pentose da uracila através de Al7, 171, N72 e Y75. O
grupo fosfato interage com D26, S58, K56, E95 e K98. A ligacdo ao ion metalico envolve
possivelmente um grupo de residuos, alguns dos quais estdo também envolvidos na ligacao do
fosfato: um aglomerado de R13, D20, K56, E95 e um aglomerado carregado negativamente
de E15, D16, D72 e E73 (DAUTER et al., 1999).

A integrase (IN) é a enzima que promove a integracdo do DNA proviral no genoma do
hospedeiro, formando, junto com outras proteinas virais e celulares, o complexo de pré-
integracdo (preintegration complex - PIC) (LIU et al., 2015). Como resultado, o retrovirus
estabelece uma infecgdo latente na célula e se mantém durante todo o tempo de vida do
hospedeiro (LIU et al., 2015). A IN de VAIE contém um motivo ligante de zinco HHCC
conservado em lentivirus (H12, H16, C40, C43), residuos hidrofébicos conservados (15, A8,
L22, A33 e 136) e residuos do sitio catalitico (D64, D116 e E152) (COOK; LEROUX; ISSEL,
2013; DONG; COOK; ZHU, 2014; QUINLIVAN et al., 2013). Por ser um virus estudado
como vetor para terapia génica, a IN de VAIE teve 477 sitios de integragdo no genoma

hospedeiro mapeados e se integra em genes e regides ricas em AT, enquanto evita a
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integracdo em locais de inicio de transcrigdo (transcription start sites - TSS) (LIU et al.,
2015).

1.2.3 Genoma de VAIE: poliproteina env

O gene env codifica a glicoproteina de superficie gp90 (SU) e a glicoproteina
transmembrana gp45 (TM). Elas sdo traduzidas como uma poliproteina e clivadas por
proteases da célula hospedeira (COOK; LEROUX; ISSEL, 2013). A SU gp90 possui
aproximadamente 452 aminodcidos, enquanto a TM gp45 possui aproximadamente 415
(DONG; COOK; ZHU, 2014). Ainda ndo h& estrutura tercidria completa para tais
glicoproteinas apesar de serem muito estudadas por razdo de diagnostico; normalmente sdo
comparadas com as estruturas de gpl20 (SU) e gp42 (TM) de HIV. Assim como as
glicoproteinas do virus da imunodeficiéncia humana, gp90 é altamente glicosilada com 17
potenciais sitios de glicosilacdo ligados a N (NX[S/T]); gp45 possui 5 potenciais sitios de
glicosilagdo (LEROUX; ISSEL; MONTELARO, 1997). Juntamente com a proteina de
capsideo CA, gp90 e gp45 apresentam uma alta resposta do sistema imune do hospedeiro
(CRAIGO; MONTELARO, 2010).

A TM e a SU sdo altamente variaveis nos animais infectados, com mutagdes na gp90
sendo uma das principais responsaveis pela geracdo de mutantes de escape do sistema imune
(QUINLIVAN et al., 2013). A TM gp90 apresenta oito regides hipervariaveis (V1 - V8),
classificadas por serem regides com mais de 30 % de divergéncia com a sequéncia original
analisada EIAVpy (LEROUX; ISSEL; MONTELARO, 1997). Na regido V3 h4 a predicdo de
um loop estrutural semelhante ao encontrado na gp120 de HIV (BALL et al., 1992). Como
esta regido contém dois dos trés epitopos neutralizantes reconhecidos por anticorpos
monoclonais de camundongo, foi denominado como dominio neutralizante principal ou
principal neutralizing domain - PNDs (BALL et al., 1992). Também se observa residuos de
cisteina altamente conservados em gp90 entre as linhagens, fato esperado pois as pontes
dissulfeto resultantes séo essenciais para o dobramento correto da proteina e sua ligacdo ao
receptor (DONG; COOK; ZHU, 2014).

A glicoproteina TM, assim como SU, contém cisteinas e sitios de glicosilacdo, mas em

menor numero, por ser uma proteina mais protegida e inserida no virion. A TM contém duas
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regides hidrofdbicas: a regido proximal do terminal N, que pode desempenhar um papel na
fusdo com a membrana durante a entrada na célula, e na regido transmembrana, que ancora 0

complexo de glicoproteina ao virion (RICE et al., 1990).

1.2.4 Genoma de VAIE: genes acessorios

Os transcritos acessorios de VAIE tat (S1), S2 e rev (S3) sdo lidos em frameshift e/ou
splicing alternativo (COOK; LEROUX; ISSEL, 2013).

A proteina tat (proteina transativadora de transcricdo) de VAIE é traduzida a partir de
um RNAm que sofreu splicing alternativo (COOK; LEROUX; ISSEL, 2013). Esta proteina
auxilia na transcricdo do RNAm viral pela RNA polimerase Il celular a partir do DNA
proviral. Para esse processo é necessaria a interacdo de tat com o RNAm viral nascente
formando uma estrutura especifica de alga denominada elemento TAR (trans-activation
response) (COOK; LEROUX; ISSEL, 2013). As interacfes entre tat e TAR levam ao
recrutamento de fatores celulares, incluindo o fator de extensdo transcricional positivo b (P-
TEFb), um complexo protéico composto de CDK9 (ciclina dependente quinase 9) e ciclina T1
que aumenta a processividade pela fosforilagdo do dominio carboxila da maior subunidade da
RNA Polimerase Il (SUNE et al., 2000). O tat de VVAIE contribui para a restricdo virus-célula
hospedeira porque suas interacfes sao limitadas aos ortélogos equinos e caninos da ciclina T
(COOK; LEROUX; ISSEL, 2013). Assim como observado em outros lentivirus, o gene tat
inicia-se com um codon de iniciagdo CTG. Como tal cédon também inicia a traducdo da
proteina rev, este codon € importante para o posterior splicing alternativo em ambos
transcritos. Modificar o cdédon de iniciacdo para ATG leva a uma grande reducdo na traducéo
de rev (CARROLL; DERSE, 1993). A proteina tat de VAIE consiste em uma regido amino
terminal, uma regido central, uma regido basica e o carboxi terminal, mas ndo possui uma
regido rica em cisteina encontrada em outros lentivirus (CARROLL; MARTARANO;
DERSE, 1991). Esta molécula parece ser relativamente conservada (80% de identidade de
sequéncia de aminoacidos prevista) entre as linhagens, particularmente nos dominios amino-
terminais e regides centrais (DONG; COOK; ZHU, 2014).

A proteina acessoria rev é responsavel por facilitar a exportacdo nuclear de RNAm

viral com splicing incompleto e, quando ausente, apenas 0 RNAm bicistronico tat/rev esta
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presente no citoplasma (COOK; LEROUX; ISSEL, 2013). Esta proteina € traduzida dos
exons 3 e 4 do RNAm bicistronico tat/rev através do codon CTG (CARROLL; DERSE,
1993). Toda a sequéncia responsavel pela codificagcdo de rev estd dentro do gene de env, com
0 exon 3 no mesmo quadro de leitura de gp90, enquanto o exon 4 difere do quadro de leitura
de gp45 (Figura 3). A funcdo facilitadora de rev se da pela ligagdo ao RNA viral através do
elemento de resposta a rev (rev-response element - RRE) e entdo sofre multimerizagéo para a
passagem através da membrana nuclear via nucleoporina usando um sinal de exportacéo
nuclear (nuclear export signal - NES) (LEE et al., 2008). O rev do VAIE e do FIV utilizam
um NES atipico que difere de outras proteinas rev pela falta de um tetrdmero central e a
organizacao de residuos hidrofobicos (HARRIS et al., 1998). Outra diferenca € a presenca de
dois RRE em VAIE, RRE1 e RRE2, em vez de um RRE Unico com formato de alca
estruturada, como visto em HIV. O RREL consiste de 555 nucleotideos abrangendo o exon 3
no mMRNA bicistronico tat/rev, enquanto o RRE2 ocorre downstream e tem 1698 nucleotideos
de comprimento (COOK; LEROUX; ISSEL, 2013). O RRE1 contém o potenciador de
splicing de exon (exon splicing enhancer - ESE) rico em purinas com 57 nucleotideos que
pode ligar o rev de VAIE e mediar de forma limitada a exportacdo nuclear de RNA
incompletamente processado (BELSHAN et al., 2001). A comparacdo das sequéncias de
amino&cidos de rev revela identidades de 68% a 73% entre as linhagens EIAVwy, EIAV|grg,
EIAVLA e EIAVMIv, e apesar das sequéncias dentro do dominio N-terminal variarem entre
estas linhagens, observamos residuos hidrofébicos conservados (L36, W41 L45, L49)
necessarios para a funcdo de exportacdo nuclear de rev (BELSHAN et al., 2001; HARRIS et
al., 1998). J& nos residuos de aminoacidos C-terminais implicados na ligacdo do RNA existem
variacOes entre as linhagens (HARRIS et al., 1998; LEE et al., 2006) sugerindo que 0s virus
associados aos grupos monofiléticos separados podem apresentar diferentes sequéncias
primarias de aminoacidos para lidar com os mesmos problemas biologicos associados
replicacdo e persisténcia nos hospedeiros equideos (COOK; LEROUX; ISSEL, 2013).

A proteina S2 e exclusiva do VAIE: possui 65-68 aminoacidos e aproximadamente 7
kDa (COVALEDA et al., 2010). Embora sua funcdo ndo esteja totalmente determinada,
estudos de mutagénese demonstraram que ndo € essencial para a replicagdo in vitro (LI,
PUFFER; MONTELARO, 1998), mas € um importante determinante da viruléncia in vivo
(FAGERNESS et al., 2006; LI et al., 2000). Na auséncia de S2, as cargas virais associadas ao

plasma s&o mais baixas do que aquelas observadas em animais inoculados com virus do tipo
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selvagem, indicando alteragdo na viruléncia (LI et al., 2000). Este fenétipo atenuado resultou
em variantes de VAIE com delegcéo de S2 sendo avaliadas como vacinas vivas modificadas
(LI et al., 2003), j& que verificou-se que a linhagem da vacina atenuada de VAIE com
multiplas mutacdes no gene S2 ndo ird facilmente reverter para um fenétipo virulento (GAO
et al., 2013). Foi identificado que a proteina S2 pode interagir com duas isoformas da proteina
de osteossarcoma (OS-9) equina, mas 0s papeéis dessas proteinas celulares durante a infeccao
por VAIE ndo foram determinados (COVALEDA et al., 2010). A proteina S2 ndo é
extensivamente conservada entre diferentes linhagens, com EIAVwy compartilhando apenas
46,8%, 54,4% e 39,7% de identidade entre aminoécidos com EIAV rg, EIAVLia € EIAVMmiY
respectivamente (COOK; LEROUX; ISSEL, 2013). No entanto, as substituicbes de
aminoacidos parecem ser conservativas, e 0 motivo C terminal em S2 de todas as linhagens
apresentam uma predominancia de aminoacidos carregados positivamente (COOK;
LEROUX; ISSEL, 2013).

1.2.5 Genoma de VAIE: long terminal repeats (LTR)

A regido de repeticdo longa terminal (long terminal repeat - LTR) é responsavel pela
regulacdo da transcricdo e poliadenilacdo do genoma viral, além de auxiliar na integracao e
transcri¢do reversa. O LTR pode ser dividido em trés regides designadas U3, R e U5. O LTR
completo estéa presente apenas na forma proviral em ambas extremidades (Figura 3). Na forma
livre de RNA viral, apenas a regido R e U5 estd presente na extremidade 5' do genoma e
apenas a regido U3 e R esta presente na regido 3' do genoma (MAURY, 1998). A regido U5
de 50 nucleotideos de comprimento em VAIE é mais curta do que a observada em muitos
retrovirus (COOK; LEROUX; ISSEL, 2013). A regido R é importante para a transcri¢do por
conter o sinal para a cauda poli A e a TAR para ligar-se a tat (COOK; LEROUX; ISSEL,
2013). A regido U3 contém a regido promotora viral, que se liga a varios sitios de ligacdo do
fator de transcricdo, como o sitio de ligagdo PU.1, PU.2 e PEA1/AP1, bem como um sitio de
proteina de ligacdo ao DNA metilado (methylated DNA binding protein - MDBP) e TATA
box (CARVALHO; KIRKLAND; DERSE, 1993). A alta variabilidade da sequéncia de LTR
em VAIE é observada principalmente em uma pequena porg¢do do intensificador dentro desse
segmento (MAURY, 1998). Estudos apontam que as pressdes seletivas exercidas nas
sequéncias potenciadoras de U3 em VAIE sdo diferentes das exercidas no restante da LTR,
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mostrando que essa hipervariabilidade pode alterar a expressdo do virus em macréfagos
teciduais e, portanto, contribuir para a doenca clinica em equinos infectados (MAURY et al.,
1997). Especula-se também que o tropismo celular de VAIE esté relacionado a alteracdes no
LTR e em env, que apresentam altos niveis de variacdo genética (MAURY et al., 2005). A
alta variacdo do LTR foi observada em poneis, quando ap6s 112 dias de infeccdo
experimental nenhum virus com a sequéncia de LTR original foi encontrado
(LICHTENSTEIN et al., 1999). O alinhamento das sequéncias de LTR demonstram que seu
comprimento varia entre as linhagens de VAIE, com EIAVwy, EIAVLia, EIAVIre € EIAVMIY
possuindo comprimentos de nucleotideos de 323 pb, 316 pb, 313 pb e 306 pb,
respectivamente. Além das diferengas de tamanho, ha menos de 80% de identidade entre as
sequéncias de LTR nas quatro linhagens diferentes (COOK; LEROUX; ISSEL, 2013).

1.3 Ciclo de replicacdo do virus da Anemia Infecciosa Equina

Comparado ao virus da imunodeficiéncia humana, um lentivirus muito estudado,
muitos passos da replicacdo do virus da Anemia Infecciosa Equina ainda precisam ser melhor
elucidados. Uma caracteristica unificadora dos lentivirus é sua replicacdo em macrofagos,
mas em graus variados (FIELDS; KNIPE; HOWLEY, 2007). Os lentivirus primatas (HIV e
SIV, por exemplo) replicam-se em macrofagos, mas a maioria dos virus em um individuo
infectado se origina de células CD4 + infectadas. Os lentivirus ndo-primatas sdo mais
dependentes de macrofagos, exceto FIV e BIV, que se replicam bem em uma variedade de
células (FIELDS; KNIPE; HOWLEY, 2007). O VAIE é capaz de infectar mondcitos, mas o
virus se replica de forma muito mais eficiente quando a célula se diferencia em macréfago
(MAURY, 1994). Dessa forma, o virus usa os mondcitos para se dispersar por todo o
organismo e comeca a se replicar em alto nivel quando o mondcito entra no tecido e se
diferencia, uma caracteristica observada em outros lentivirus (FIELDS; KNIPE; HOWLEY,
2007; GENDELMAN et al., 1986).

Quando se trata de replicacdo em retrovirus, podemos dividir as diferentes fases em
estagios inicial e tardio. O estagio inicial contempla desde a entrada na célula hospedeira até a
integracdo no genoma celular, e o estagio tardio compreende da expressdo do RNA viral até a
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montagem e brotamento das particulas virais imaturas (STAKE et al., 2013). No estagio
inicial, a fusdo do envelope viral com a célula hospedeira € promovida pela ligacdo da
proteina de envelope com o receptor equino de lentivirus 1 (equine lentivirus receptor 1 -
ELR-1), presente em monaocitos e macrofagos, embora um co-receptor desconhecido também
possa estar envolvido (ZHANG et al., 2005). Essa entrada se d&a por uma via endocitica
dependente de pH baixo (BRINDLEY; MAURY, 2005; JIN et al., 2005) e mediada por
clatrina (BRINDLEY et al., 2008). Apés esse evento, a transcri¢do reversa comeca utilizando

a transcriptase reversa presente no virion.

A transcricdo reversa do genoma RNA viral para DNA de fita dupla € a marca
caracteristica dos retrovirus e deste passo deriva 0 nome do grupo. A reacdo ocorre em um
grande complexo contendo proteinas codificadas por gag, RT, IN, e o RNA viral. A
transcricdo reversa normalmente comeca logo apds a entrada do ndcleo do virion no
citoplasma da célula infectada, com o emparelhamento de um iniciador RNAt na regido U3 do
RNA viral denominada sitio de ligacdo de primer ou PBS (primer binding site) (Figura 4). O
DNA ¢ primeiro sintetizado a partir deste iniciador, utilizando o genoma de RNA de cadeia
positiva como molde para formar sequéncias de DNA de cadeia negativa. A sintese ocorre em
direcdo a extremidade 5' do RNA até CAP, gerando as sequéncias U5 e R. O primer RNAt
permanece ligado a sua extremidade 5. Esta sintese também pode ser iniciada
“prematuramente” durante a montagem e libertacdo do virion, de tal modo que as preparagdes
de virions podem conter pequenas quantidades dos intermediarios iniciais do DNA proviral
(FIELDS; KNIPE; HOWLEY, 2007).

A degradacdo do hibrido DNA:RNA é mediada pela atividade da RNase H da RT a
fim de liberar a fita de DNA para ser transferida até a extremidade 3' do genoma (FIELDS;
KNIPE; HOWLEY, 2007). A proteina NC auxilia na translocagdo do fragmento de DNA até a
outra regido R no genoma. Embora existam relatos que essa translocacdo ocorra para a regido
R do outro RNA gendmico (translocagdo em trans), a melhor evidéncia é que a transferéncia
ocorra aleatoriamente para qualquer uma das duas fitas de RNA viral (YU et al., 1998). Ao se
ligar na extremidade 3', esse fragmento de DNA cria um iniciador para a sintese do DNA
proviral pela RT, e a medida que o genoma entra na forma hibrida DNA:RNA pela acéo da
enzima, o RNA torna-se novamente suscetivel a acdo de RNase H da RT (FIELDS; KNIPE;

HOWLEY, 2007). O primer responsavel pela sintese da segunda fita de DNA ¢€ resultante da
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digestdio do RNA hibrido, pois uma regido com sequéncia rica em purinas perto da
extremidade 3' do genoma, o ppt, é relativamente resistente a atividade da RNase H. Com
isso, a fita positiva ¢ sintetizada até a extremidade 3’ do genoma usando a fita negativa de
DNA como molde. Em HIV ja foi descrito mais de um ppt no genoma, criando sitios
secundarios de iniciacdo de cadeia positiva importantes para a conclusdo adequada da
transcrigdo reversa (CHARNEAU; ALIZON; CLAVEL, 1992). O primer, uma vez que serviu
para iniciar a sintese de DNA, é rapidamente removido do DNA pela acdo da RNase H
(FIELDS; KNIPE; HOWLEY, 2007). A fita positiva é novamente transferida para a outra
regido R, de forma que a sintese da segunda fita se completa (Figura 4). O produto final da
reacdo de transcri¢do reversa é uma versdo de DNA linear de cadeia dupla de comprimento
total do genoma, flanqueada em cada extremidade por copias da LTR. Formas de DNA
proviral circularizadas com a unido do LTR podem ser encontradas também, embora ndo seja
consenso que estas possam se integrar no DNA gendmico. Este dSDNA forma o complexo
pré-integracdo (pre-integration complex - PIC) juntamente com a integrase IN e outras
proteinas virais e celulares, e este migra e entra no ndcleo com o auxilio de S2 (LI et al.,
2000).

A integracdo do DNA retroviral no genoma do hospedeiro é essencial para o ciclo de
vida de retrovirus. Mutantes incapazes de integrar ndo estabelecem a infeccdo na célula
(FIELDS; KNIPE; HOWLEY, 2007). Ndo ha mecanismo para eliminar o provirus
eficientemente uma vez que esteja estabelecido: este é passado para as células filhas durante a
divisdo celular e estabelece uma infeccao persistente (FIELDS; KNIPE; HOWLEY, 2007). A
integracdo € mediada pela IN, que ainda no PIC no citoplasma corta o dinucleotideo TT das
extremidades do DNA proviral, deixando as pontas do LTR com extremidades 3'-OH
recuadas (Figura 7). Esta primeira reacdo catalisada pela IN é chamada de processamento.
Dentro do ndcleo, a integrase promove a clivagem do DNA alvo hospedeiro com um
escalonamento de 4 a 6 pb, bem como a ligacdo das extremidades 3'-OH do DNA proviral a
fosfatos alternados do alvo no DNA hospedeiro clivado. A remog¢do dos 5’ nucleotideos ndo
complementares do DNA proviral e o reparo das lacunas no DNA do hospedeiro séo
realizados por enzimas do hospedeiro, que geram um provirus covalentemente integrado, mais
curto em 2 pb em cada extremidade e flanqueado por duplica¢6es do local alvo (ANDRAKE;
SKALKA, 2015).
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O genoma proviral integrado marca o fim da fase inicial de replicagdo do retrovirus,
que é caracterizada pela acdo das enzimas virais. Agora, 0 genoma proviral sera processado
por enzimas do hospedeiro, com etapas normais a célula, como a transcri¢do, splicing e
traducdo. Os transcritos retrovirais sdo modificados com a adicdo de uma cauda poli (A),
como 0s RNAm celulares. Uma fracdo do RNA viral é processada e exportada para fora do
nacleo para servir como RNAm para traducdo em proteinas virais. O restante do RNA viral
permanece sem ser processado e deve ser transportado do ndcleo para o citoplasma, onde ele
serve duas funcdes: (i) como o modelo para a traducao das proteinas estruturais virais, Gag e
Gag-Pol; e (ii) como o genoma viral, que é empacotado em particulas virais. A proteina rev
auxilia na exportacdo do RNAm do nucleo (STAKE et al., 2013). O RNA genémico forma
um dimero ndo covalente (duas copias) e € encapsulado por meio de uma interacdo entre a
sequéncia de empacotamento e 0 NC (nucleocapsideo). A proteina tat auxilia no aumento da
taxa transcricional com a ligacdo a TAR, localizado no LTR (TANG; KUHEN; WONG-
STAAL, 1999). As glicoproteinas de env sdo inseridas na membrana plasmatica via Golgi.

A montagem da particula retroviral para o brotamento é impulsionada principalmente
pela proteina precursora gag. O agrupamento de gag faz com que a membrana a envolva com
as glicoproteinas virais e, eventualmente, cause o brotamento (STAKE et al.,, 2013). A
localizacdo do brotamento de lentivirus parece ser especifica do virus e da célula hospedeira.
O sitio de montagem das particulas de VAIE ocorre na rede trans-Golgi, enquanto que em
HIV-1 a montagem é direcionada para a membrana plasmética (ZHANG et al., 2016). Uma
vez embalada, a protease viral cliva a poliproteina gag/pol para formar o virion maduro
(FIELDS; KNIPE; HOWLEY, 2007).
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Figura 4. Modelo de replicacdo em retrovirus. A infeccdo inicia-se com a ligacdo da
glicoproteina env viral ao receptor de superficie celular e a subsequente fusdo do envelope
viral com a membrana celular (1). O genoma viral é transcrito reversamente de RNA para
DNA (2) e o provirus €é integrado no genoma da célula hospedeira (3). A partir do genoma
proviral, o RNA viral é transcrito pela polimerase celular e parte dele sofre splicing
alternativo para traduzir a glicoproteina env e outras proteinas acessoérias (4). Uma porcao do
RNA viral sem processamento é exportado do nucleo pela proteina rev (5) para traduzir gag e
gag-pol (6). As proteinas gag de alguns retrovirus migram através do nicleo durante a
montagem (7). Foi postulado que a populacéo nuclear de gag (marcada com "?Gag") poderia
selecionar o RNA genémico (RNAQ) e transporta-lo para o citoplasma para o empacotamento.
Alternativamente, a selecdo do gRNA pode ocorrer no citoplasma (8). Em ambos os casos, 0
complexo gag-RNAg é transportado para a membrana plasméatica (9) onde moléculas
adicionais de gag se ligam para completar a montagem da particula viral imatura, que brota a
partir da membrana plasmatica (10). Modificado de STAKE et al. (2013).
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Figura 5: Esquema de incorporagdo do RNA gendmico viral no genoma do hospedeiro como DNA
proviral. (1) O RNAt celular liga-se ao sitio de ligagdo ao primer (PBS) do RNA genémico (RNAQ)
para iniciar a transcrigdo reversa até CAP. (2) RNAse H viral degrada o RNA hibridizado com o DNA.
(3) O DNA recém sintetizado é transferido e hibridizado na regido de repeti¢do do fim do genoma. (4)
O genoma completo é copiado pela transcriptase reversa. (5) RNAse H viral degrada o RNA
hibridizado com o DNA, exceto a regido ppt que resiste a degradacdo. (6) A sintese da segunda fita de
DNA inicia-se no RNA hibridizado no ppt. (7) RNAse H viral degrada o primer ppt e libera 0 RNAt
ligado ao DNA. (8) O iniciador PBS liga-se a sua sequéncia complementar no DNA sintetizado. (9) As
fitas positiva e negativa do DNA sdo sintetizadas para gerar o DNA proviral, que permanece associado
as proteinas de capsideo formando o complexo pré integracdo (pre-integration complex - PIC).
Modificado de ViralZone (https://viralzone.expasy.org/1937). Acesso em 19/01/2019.
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Figura 6: Integracédo do DNA proviral no genoma do hospedeiro. Modificado de ANDRAKE;

SKALKA (2015).
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Figura 7: Modelo esquemaético de virion imaturo (A) e virion maduro (B). As proteinas
derivadas de cap séo rearranjadas no virion maduro: MA (circulo vermelho), CA (N terminal:
triangulo verde; C terminal: circulo verde) e NC (circulo azul). Modificado de GANSER-
PORNILLOS; YEAGER; SUNDQUIST, (2008).

1.4 Patogenia e clinica

Os sinais clinicos da doenca sao inicialmente causados por citocinas pro-inflamatérias
que incluem o fator de necrose tumoral alfa (TNFa), interleucina-la e -b (IL-1a, IL-1b),
interleucina 6 (IL-6) e fator beta transformagdo de crescimento (TGFf). Essas citocinas sao
liberadas quando cargas virais atingem um nivel viral de 5x10” a 1x108 copias/mL. A IL-6 e
TNFa induzem respostas febris e aumentam a producdo de prostaglandina E2, enquanto
TNFa e TGFP contribuem para a trombocitopenia e anemia através da supressdo do
crescimento de megacaridcitos equinos e inibigcdo da eritropoiese (REIS; LEITE, 2016). A
anemia também ¢ decorrente da hemolise de natureza imunoldgica, mediada por anticorpos
especificos contra as glicoproteinas de superficie viral que se encontram ligadas aos
eritrocitos, associada a fragdo Cs do complemento (PERRYMAN et al., 1971). Além disso,
em algumas espécies, TNFa induz trombocitopenia grave estimulando a liberacdo de
agonistas de plaquetas incluindo trombina, plasmina e serotonina. A inducdo de estresse

oxidativo produzido por alteragdes na glutationa peroxidase e nos niveis de acido Urico
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também podem desempenhar um papel na patogénese das infecgdes por VAIE através da
cascata de respostas inflamatérias enquanto, simultaneamente, diminui a proliferagdo de
células imunitarias (BOLFA et al., 2012). A hepatoesplenomegalia observada em necropsias €
resultante do processo inflamatdrio desencadeado pela deposicdo de imunocomplexos e
subsequente destruicdo de plaquetas e dos eritrécitos por macrofagos hepéticos (REIS;
LEITE, 2016). Alguns animais podem apresentar leucopenia com discreta linfocitose e um

aumento do numero de mondcitos circulantes (REIS; LEITE, 2016).

O periodo de incubacdo da doenca e a clinica variam, dependendo da dose infectante,
viruléncia e susceptibilidade individual do hospedeiro. Os primeiros sinais clinicos podem
aparecer de trés dias a quatro semanas apés a infeccdo, sendo que ja houve relatos de até 70
dias apds a infeccdo (REIS; LEITE, 2016). A anemia infecciosa equina pode ter trés fases
clinicas distintas: aguda (episodio inicial da doenga), cronica (episodios de sequenciais de
viremia recorrentes) e inaparente (assintomatico). No entanto, os sinais de doenca podem
estar completamente ausentes ou limitados a leves episodios febris que ndo sdo detectados. Os
sinais clinicos mais comuns na fase aguda incluem febre, trombocitopenia e letargia. Em
casos graves, petéquias, anemia hemolitica e epistaxe podem ocorrer. No inicio da fase aguda
0s animais podem ser soronegativos, fato que justifica a normativa do MAPA em pedir
exames de animais em quarentena em 30 e 60 dias. Essa fase regride em alguns dias, podendo
o animal manifestar uma forma grave e fatal da doenga (menos de 5%) ou entrar na fase
crobnica ou na inaparente. Os sinais classicos da doenca cronica incluem anemia,
trombocitopenia, perda de peso, edema e ocasionalmente sinais neuroldgicos (ataxia e/ou
encefalite), e podem durar de meses até um ano. A maioria dos equideos naturalmente
infectados se encontra na fase assintomatica ou inaparente, sem sinais clinicos e com baixa
viremia. Esses animais quando ndo identificados mantém o virus nos plantéis, e em situacdes
de estresse ou administracdo de farmacos imunossupressores, podem entrar em viremia depois
de anos (ISSEL et al., 2014).
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Figura 8: Perfil da infeccdo clinica pelo virus da Anemia Infecciosa Equina. O diagrama
esquematico apresenta quantificacdo viral no plasma, nimero de plaquetas no sangue e
temperatura retal no decorrer dos estagios da doenca. Episodios febris sdo caracterizados por
temperatura acima de 39 °C, trombocitopenia é definida por niveis de plaquetas abaixo de
105.000 por uL de sangue e viremia é considerado acima de 10° copias de RNA/mL de
plasma. Fonte: CRAIGO; MONTELARO (2013).

Como observado em outros lentivirus, ainda ndo existe tratamento que consiga
eliminar o virus do hospedeiro. A terapia de suporte pode ser administrada para auxiliar na
recuperacdo de episddios febris e sinais clinicos associados. O tratamento com
corticosterdides é contra-indicado devido ao consequente aumento da carga viral (REIS;
LEITE, 2016).

1.5 A transmissdo da anemia infecciosa equina
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A anemia infecciosa equina € uma doenca de distribuicdo mundial cuja transmissao
envolve a transferéncia de sangue do equideo infectado para outro suscetivel. A transmissao
natural se da por meio de insetos vetores (transmissdo mecénica) ou da contaminacdo do
filhote nascido de uma fémea infectada (transmissdo vertical) (REIS; LEITE, 2016). O virus
ndo se replica nos insetos vetores, apenas contaminando o aparato bucal durante uma
alimentacdo interrompida. Os artropodes relacionados com a transmissdo sdo da ordem
Diptera, como Stomoxys calcitrans e os géneros Tabanus, Chrysops e Hybromitra (FOIL et
al., 1983). O tamanho grande desses insetos permite carregar uma quantidade significativa do
sangue infectado, 0 que o capacita como vetor mecanico. Dessa forma, esse meio de
transmissdao esta limitado ao nimero e hébitos dos insetos hematdfagos, a densidade dos
animais, a interrupcao da alimentacdo do inseto, forcando este a procurar outro animal em um
curto periodo de tempo, e a quantidade de virus circulante no equino infectado, do qual o

inseto terd que se alimentar inicialmente (ISSEL et al., 2014).

Estudos revelam que o virus permanece infectante de 30 minutos a 4 horas no inseto, e
a distdncia mé&xima que os vetores realizam o repasto sanguineo € 183 metros (REIS; LEITE,
2016). Experimentalmente foi determinado que 99% dos tabanideos estudados retornaréo ao
hospedeiro original se uma alternativa esta a mais de 50 metros (ISSEL; FOIL, 1984). Esses
dados sdo importantes para determinar a distancia de animais em quarentena, ou mesmo em
fazendas com animais positivos, manter parte do plantel em regides isoladas. Mosquitos sdo
vetores altamente improvaveis do virus, pois além de ndo poder se replicar no vetor, o
intestino do mosquito possui enzimas que impedem que ocorra a migracdo para as glandulas
salivares. Como vetores mecanicos, a pequena quantidade de sangue que permanece no
aparato bucal ndo é sequer comparavel com a quantidade em um tabanideo, o que seria
insuficiente para uma transmissdo (FOIL et al., 1987). Regides tropicais e subtropicais do
mundo todo sdo apontadas como locais de facil difusdo da doenca, pois a populacdo de
insetos hematdfagos vetores auxilia nessa transmissdo. No entanto, em muitas regides
consideradas endémicas, como o Pantanal brasileiro, apesar da presenca dos vetores estes ndo
sdo a principal via de transmissao da doenca (ROSSI; TERNES, NOGUEIRA 2015).

Atualmente, a transmissdo com intermédio humano por uso comum de materiais
contaminados com sangue infectado, como equipamentos cirdrgicos, trocarte, grosa dentaria,

arreios, pincas de casco, tatuadores, esporas e outros fomites (utensilios que podem gerar
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solugdes de continuidade e extravasamento de sangue), principalmente agulhas, € o principal
meio de transmisséo em algumas localidades (REIS; LEITE, 2016). Nesses equipamentos, a
capacidade infectante do virus pode ser de até 96 horas e, no caso de agulhas, transfere um
volume de cerca de 1.000 a 10.000 vezes maior de sangue infectado do que o inseto
hematdfago (ISSEL et al., 2014).

A transmissdo também pode ocorrer verticalmente, pela placenta de éguas com alto
titulo viral, com o contato pelo canal no parto, ou via colostro e leite para os potros. Os fetos
de fémeas positivas podem ser abortados ou nascerem ja soropositivos. Entretanto, esse meio
de transmissdo ndo é importante epidemiologicamente em areas controladas. O controle de
obtencdo de potros negativos a partir de fémeas positivas € possivel e ja é empregado no
Pantanal Brasileiro (SILVA et al. 2004).

1.6 Diagnostico

O diagndstico para anemia infecciosa equina ndo pode se basear apenas na
manifestacdo clinica ou em achados patolégicos, principalmente devido a presenca dos
animais com sintomatologia inaparente. As técnicas de diagndstico atuais para AIE dependem
da deteccdo de anticorpos especificos. Embora esta seja uma abordagem indireta e seja
incapaz de detectar infeccdes recentes, a combinacdo dos dois principais testes recomendados
pela Organizacdo Mundial de Saide Animal (World Organisation for Animal Health — OIE)
permitem uma boa sensibilidade (ensaio de imunoadsorcdo enzimética - ELISA) associada a
uma alta especificidade (teste de imunodifusdo em gel de agar - IDGA) (OIE, 2013). O
isolamento viral ndo é utilizado em diagndstico de AIE (OIE, 2013). Em muitos paises, 0
unico teste oficialmente reconhecido para o diagndstico de infecgBes por VAIE é o IDGA
(ISSEL et al., 2014).

O teste de imunodifusdo em gel de agar ou teste de Coggins detecta anticorpos contra
a principal proteina do capsideo de VAIE (p26) (COGGINS; NORCROSS; NUSBAUM,
1972). Os resultados deste teste provaram correlacionar-se positivamente com os resultados

do teste de inoculacdo em cavalo usando 250 mL de sangue total, método diagnostico
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utilizado até a década de 1960 (PEARSON et al., 1971). O teste baseia-se na migragdo do
antigeno e do anticorpo presente no soro do animal, formando uma linha de precipitacéo
visivel a olho nu. Inicialmente o antigeno para IDGA era extraido do baco de animais
infectados, mas nos dias de hoje ele ja é produzido por tecnologia recombinante (COOK;
LEROUX; ISSEL, 2013). O IDGA é recomendado pela OIE e adotado como método
principal de diagndstico pelo MAPA (BRASIL, 2004; OIE, 2013), pois apresenta uma 6tima
especificidade. Em meados de 1980, testes sorologicos baseados em ELISA foram validados
comparando resultados em amostras de referéncia e de campo com os do IDGA. O teste de
ELISA apresenta maior sensibilidade que o IDGA, sendo que ha muitos relatos de animais
negativos no IDGA e positivos no ELISA (ISSEL et al., 2014; SCICLUNA et al., 2013).

O ensaio de imunoadsor¢do enzimatica (ELISA do inglés Enzyme Linked
ImmunoSorbent Assay) também é um ensaio sorolégico que utiliza como antigeno a p26, ou
uma combinacgdo da p26 com a proteina do envelope gp45 (COOK; LEROUX; ISSEL, 2013;
SUZUKI et al., 1982). H& quatro tipos de teste de ELISA disponiveis comercialmente e
recomendados pela OIE: um competitivo e trés ndo competitivos (OIE, 2013). Apenas 0
terceiro ndo competitivo usa p26 e gp45. Um positivo no ELISA deve ser retestado pelo
IDGA e, em caso de resultados conflitantes, pode-se usar o imunoblot para averiguacao (OIE,
2013). No Brasil, um quinto ELISA utilizando um gp90 recombinante (rpg90 ELISA) foi
padronizado para corrigir possiveis falsos negativos e positivos resultantes do IDGA e ELISA
comercial (REIS et al., 2012). O teste foi comparado em 1160 amostras de soro e demonstrou
uma concordancia de 95,2 % com IDGA. Atualmente, um novo kit comercial de ELISA foi
lancado na Italia e utiliza como alvo uma proteina quimérica recombinante de gag e env
(SCICLUNA et al., 2018). Este teste mostrou uma alta especificidade e um limite de detec¢édo
maior que o IDGA.

O teste de imunoblot tem sido usado desde o final da década de 1980 (ISSEL; COOK,
1993; ROSSMANITH; HORVATH, 1989) e pode detectar anticorpos contra a p26, e
proteinas do envelope (gp90 e gp45). Inicialmente, o teste de imunoblot foi recomendado
como teste complementar ao diagnostico sorolégico convencional porque amostras de VAIE
em equideos infectados com baixos niveis de anticorpos anti-p26 (que pode ser falsamente
relatado como negativo no IDGA) geralmente apresentavam niveis mais altos de reatividade

contra as proteinas do envelope. Esta descoberta levou a uma estratégia de combinagdo dos
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pontos fortes dos testes vigentes: diagnostico de ELISA primeiro, seguido pela confirmacédo
pelo IDGA, com um teste de imunoblot caso os resultados de ELISA e IDGA ndo estivessem
de acordo (COOK; LEROUX; ISSEL, 2013; ISSEL et al., 2013). O manual de diagndstico da
OIE sugere tal abordagem e, Italia e Estados Unidos a adotam (ISSEL et al., 2013; OIE, 2013;
SCICLUNA et al., 2013).

Vaérios testes baseados na técnica de reagdo em cadeia de polimerase (PCR) foram
desenvolvidos para detectar material genético de VAIE (diretamente do DNA proviral ou
acoplado com um passo de transcrigé@o reversa para 0 RNA viral), e alguns foram usados com
sucesso com isolados de campo (CAPOMACCIO et al., 2012b; CAPPELLI et al., 2011;
CURSINO et al., 2018; DONG et al., 2012; NAGARAJAN; SIMARD, 2001; QUINLIVAN;
COOK; CULLINANE, 2007). As reacoes de PCR recomendadas pela OIE (somente como
diagnostico complementar ao sorolégico) sdo uma Nested PCR do gene gag (NAGARAJAN;
SIMARD, 2001) e uma gPCR precedida de transcri¢do reversa (RT-gPCR) (COOK et al.,
2002). Tais oligonucleotideos recomendados pela OIE falham em detectar algumas linhagens
de VAIE de campo, como ja descrito na Itdlia (CAPPELLI et al., 2011). Antes de estas
técnicas poderem ser adotadas rotineiramente, deve ser demonstrado: (1) que os primers (e as
sondas) utilizados nestes ensaios estdo localizados em regiGes altamente conservadas do
genoma viral, uma vez que a variacdo nessas sequéncias pode impedir ou reduzir
significativamente a sensibilidade diagndstica; e (2) que as técnicas baseadas em PCR sdo
sensiveis o suficiente para detectar niveis extremamente baixos de acidos nucléicos
especificos de VAIE presentes em alguns animais clinicamente inaparentes. Infelizmente, ndo
ha evidéncias conclusivas que demonstrem que qualquer um dos ensaios baseados em PCR
descritos até a presente data atende a esses critérios. Assim sendo, as técnicas de diagnostico
atuais para AIE dependem ainda da deteccdo de anticorpos especificos para VAIE. Embora
esta seja uma abordagem indireta e seja incapaz de detectar infeccdes recentes, a sorologia é a

opcao mais aceita no presente momento (ISSEL et al., 2014).

1.7 Evolugéo viral
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A descoberta de um elemento retroviral endégeno ‘‘Foamy-like’” no genoma de um
celacanto (Latimeria chalumnae) sugere que os virus da familia Retroviridae tém evoluido
com seus hospedeiros ha pelo menos 400 milhGes de anos (HAN; WOROBEY, 2012). O
género Lentivirus é considerado recente em comparacdo com o0s demais retrovirus, sendo que
a descoberta do lentivirus enddgeno K (RELIK) em coelhos e lebres demonstra que o género
possui pelo menos 12 milhdes de anos (KATZOURAKIS et al., 2007). No entanto, a gama de
hospedeiros de lentivirus conhecidos € restrita a equideos, bovinos, pequenos ruminantes,
felinos e alguns primatas, e ndo ao longo da ordem filogenética de mamiferos. Recentemente,
a descoberta de lentivirus enddgenos em lagomorfos, colugos (primatas prossimios) (HRON
et al., 2014) e furdo (Mustelidae) (CUI; HOLMES, 2012), sugere que os lentivirus podem ter
uma distribuicdo mais ampla de hospedeiro (COOK; LEROUX; ISSEL, 2013).

Um mecanismo primario de resisténcia de lentivirus é a habilidade de evoluir em
resposta a pressdes do sistema imune do hospedeiro. E um paradigma na evolucdo desses
virus que a taxa de variacdo genética esta correlacionada diretamente com os niveis de
replicacdo viral e, conjuntamente, com a taxa de erro da polimerase do virus. A transcriptase
reversa (RT) de VAIE € tdo propensa a erros como outras RT, pois pares errados de purina-
pirimidina podem ser sintetizados pela enzima mais facilmente do que purina-purina. Este
fato torna a fidelidade da enzima relacionada a sequéncia do genoma em questdo (LEROUX;
CADORE; MONTELARO, 2004). Como consequéncia da elevada taxa de erro, prevé-se que
cada ciclo de transcricdo reversa resulte na introducdo de pelo menos uma mutagdo no
genoma viral, produzindo aumentos significativos na diversidade genética. A organizacao
genbmica dos retrovirus, apresentando duas cépias de RNA viral, também permite uma
recombinacdo genética, uma vez que variantes distintas podem ser empacotadas juntas,
originadas de mutagdes pontuais ou coinfeccdo celular (SIMON-LORIERE; HOLMES,
2011). Os genes gag e pol séo, no geral, os mais conservados do genoma, enquanto env e a
ORF codificante para rev sdo as mais variaveis (COOK; LEROUX; ISSEL, 2013). As
populacbes resultantes de virus geneticamente relacionados competindo dentro de um
ambiente altamente mutagénico foram denominadas "quasispécies”. Um estudo envolvendo
apenas um cavalo mostrou uma divergéncia de nucleotideos de 2,6 % na gp90 em cinco
episodios febris durante um ano com variacdo concentrada em sete regifes varidveis
(LEROUX; ISSEL; MONTELARO, 1997). As LTRs, por outro lado, tendem a permanecer

altamente conservadas em relacdo a cepa infectante, tanto no tempo como entre 0s
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compartimentos dos tecidos (LEROUX; ISSEL; MONTELARO, 1997; MAURY et al., 2005;
REIS et al., 2003). Por outro lado, o gene rev se desenvolve em duas subpopulagdes distintas,
que exibem diferentes fenotipos em relacdo a viruléncia. Eles entdo circulam em dominancia
com cada estado de doenca (BACCAM et al., 2003).

A alta conservacgdo de p26 € aproveitada no fato de que este antigeno é a base para a
maioria dos testes sorolégicos disponiveis comercialmente para a deteccdo de equideos
infectados com VAIE (ISSEL et al., 2014). Estudos recentes sugerem que episddios ciclicos
observados durante a fase cronica da AIE estdo associados com populagdes virais distintas
gue podem ser distinguidas como variantes gendmicas e/ou antigénicas. Estas observacdes
sugerem que a natureza ciclica da fase cronica esta ligada a producéo e selecdo de variantes
de envelope viral (env), ou mutante de escape imunoldgico (LEROUX et al., 2001). Os
mutantes de escape antigénico sdo virus que por meio de mutacdes nas proteinas de superficie
produzem infeccBes persistentes, permitindo a replicacdo em um hospedeiro mesmo nha
presenca de anticorpos (FLORES, 2007). Essas conclusfes sdo suportadas pela analise das
sequéncias da proteina de superficie (SU — gp90) em cavalos e pdneis durante episédios
clinicos ciclicos e nas substitui¢des observadas em 8 dominios hipervaridveis (ZHENG et al.,
1997). A anélise da SU demonstra que as substituicdes de aminoacidos entre diferentes cepas
estdo distribuidas por toda a molécula com excecdo do terminal amino. Outra caracteristica
conservada é a presenca de residuos de cisteina, sugerindo que as pontes dissulfeto sdo
essenciais para a integridade estrutural e funcional da SU (ISSEL et al., 2014).

1.8 Genomas de VAIE sequenciados

Atualmente, sequéncias gendmicas completas de VAIE isolados a campo em cinco
paises diferentes foram publicadas: EIAVLia (China) (WANG et al., 2002) (LIU et al., 2000),
EIAVire (Irlanda) (QUINLIVAN et al., 2013), EIAVwmy (Japdo) (DONG et al., 2013),
EIAVwy (Estados Unidos) (PETROPOULOS, 1997) e EIAV ra (Italia) (CAPPELLI et al.,
2017). As quatro primeiras foram obtidas atraves da técnica de sequenciamento de Sanger
(primeira geracdo). Apenas as Ultimas e mais recentes sequéncias — EIAV ta — foram obtidas

com tecnicas combinadas de sequenciamento de Sanger e sequenciamento massivo (ou next
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generation sequencing — NGS). As sequéncias da China, Japdo, Estados Unidos e Europa
(Italia e Irlanda) compartilham aproximadamente 80% de identidade, formando quatro clados
separados, sugerindo evolugdes independentes de um ancestral comum (CAPOMACCIO et
al., 2012a; CAPPELLI et al., 2011, 2017; ISSEL et al., 2014). Tal fato dificulta abordagens
comuns a todas as regibes no que se trata de diagnostico molecular e programas de
desenvolvimento de vacinas (ISSEL et al., 2014).

N&o h& vacinas comerciais disponiveis contra VAIE atualmente. Uma vacina atenuada
foi desenvolvida na China nos anos 70 pela passagem em série de uma cepa de virus virulento
através de culturas de leucécitos de burro (WANG et al., 2016). Esta vacina foi utilizada em
cavalos chineses entre 1975 e 1990 e foi creditada como a responsavel pelo controle de AIE
na China, ap6s o qual o programa de vacinas foi descontinuado (ISSEL et al., 2014). Embora
as vacinas de VAIE atenuadas possam proteger contra viremia e doenga clinica, as cepas de
vacina podem persistir in vivo e ndo garantem que tais virus ndo possam evoluir no
hospedeiro. Devido a interferéncia com o teste de diagndstico, além do potencial dos virus
para reverter a viruléncia, a vacina¢do ndo € um componente das estratégias de controle de
AIE atuais (ISSEL et al., 2014).

1.9 VAIE no Pantanal, Brasil

O Pantanal é uma planicie sazonalmente inundavel, que ocupa 38,21% da area da
bacia do Alto Paraguai com 138.183 km?. Dezesseis municipios compdem a area fisiografica
do Pantanal, sendo sete municipios no Estado de Mato Grosso, ocupando 35,36% da area do
Pantanal, e nove municipios no Estado de Mato Grosso do Sul, ocupando 64,64% da area do
Pantanal (SILVA; ABDON, 1998). O Pantanal é dividido em 11 sub-regibes e fazendas de
criagdo extensiva de bovinos ocupam a maior parte da area. No ultimo censo realizado foram

contabilizados cerca de 9 milhdes de bovinos e 124 mil cavalos (IBGE, 2016).

Historicamente, equideos (cavalos, mulas e burros) tém sido essenciais a pecuéria
pantaneira. Baseada na utilizacdo desses animais, a producdo de gado de corte representa a

atividade econdmica de maior importancia na regido e encontra-se bem adaptada as condicGes
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locais. A participacdo dos equinos tornou-se particularmente importante pela caracteristica
extensiva da atividade, assim como pelas dificeis e peculiares condic¢Ges regionais, em funcéao
dos ciclos de cheia e seca (SILVA; ABREU; BARROS, 2001).

No Pantanal, animais soropositivos para VAIE sdo isolados e ndo eutanasiados, como
nas outras regides do Brasil (BRASIL, 2004). Segundo informacdes de fazendeiros e técnicos
que vivem na regido, a doenca teria chegado em 1974 (SILVA; ABREU; BARROS, 2001).
Hoje, os estados brasileiros do Mato Grosso e do Mato Grosso do Sul apresentam elevado
numero de casos reportados anualmente (Figura 9). Estes estados juntos representam de 10 a

40 % dos casos brasileiros, variando no ano analisado (Figura 10).
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Figura 9: Casos de AIE notificados pelo Ministério da Agricultura, de 2005 a 2017 nos
Estados brasileiros. Fonte: Base de dados do Sistema Nacional de Informacgdo Zoossanitaria -
SIZ, Ministério da  Agricultura, Pecudria e  Abastecimento - MAPA
(http://indicadores.agricultura.gov.br/saudeanimal/index.htm). Acesso em 01/08/2018.
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Figura 10: Comparativo entre 0 nimero de casos reportado no Pantanal Brasileiro e outros
estados. Fonte: Base de dados do Sistema Nacional de Informacdo Zoossanitaria - SlZ,
Ministério da Agricultura, Pecuaria e Abastecimento - MAPA

(http://indicadores.agricultura.gov.br/saudeanimal/index.htm) Acesso em: 01/08/2018.

Um primeiro estudo realizado de 1990 a 1995 pela Embrapa Pantanal envolveu 3.285
cavalos pertencentes a 28 fazendas. Observou-se uma prevaléncia média de 24,8% da AIE nos
equideos estudados, e 18,17% em animais de trabalho. A prevaléncia foi significativamente
maior nos animais que possuiam maior contato com o homem, isto é, mais manejados
(SILVA et al., 1999a).

No mesmo ano, um estudo em uma fazenda na sub-regido da Nhecolandia (MS)
avaliou a prevaléncia da AIE em 252 cavalos de servigco e 16 chucros (sem doma). A
soropositividade foi de 34,1% e 5,6% entre os animais de trabalho e o0s chucros,
respectivamente, mostrando novamente prevaléncia significativamente mais elevada nos

animais manejados pelo homem (SILVA et al., 1999b).

De setembro a novembro de 2009, outro estudo abrangeu 40 fazendas distribuidas na
area de Corumbéa (MS), e amostras de soro foram obtidas de 721 equinos e 232 muares. A
prevaléncia da AIE nesta populacdo aumentou de 18.17% para 38,60%, demonstrando a

situacdo preocupante no Pantanal Brasileiro (NOGUEIRA et al., 2017).
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Amostras de soro coletadas entre janeiro e julho de 2010 de 547 equideos na regido do
Pantanal Norte (Poconé/MT) foram avaliadas com IDGA para o VAIE. A prevaléncia do
virus em fazendas foi de 52,0% (13/25) com prevaléncia ajustada nos equideos de 31,5%. O
estudo também demonstrou que fazendas e animais em areas regularmente inundadas tinham
respectivamente 60 e 146 vezes maior chance de serem soropositivos do que fazendas e
animais localizados em areas ndo inundadas. Apesar dessa associacao, 0s dados apontam que
outros fatores além das areas inundadas, como a gestdo de praticas, por exemplo,
provavelmente desempenham um papel significativo na transmissdo de VAIE (BORGES et
al., 2013).

No Pantanal, ja foram registradas 23 espécies de tabanideos. A grande maioria dessas
espécies ataca equideos. VariacGes estacionais na umidade, pluviosidade e temperatura
influenciam ndo apenas a fauna silvestre e a flora, mas também as populacdes de vetores e 0
surgimento de doencas nos animais. Em geral picos populacionais foram observados
préximos ao inicio do periodo chuvoso (setembro-outubro), sendo o periodo até janeiro o de
maior abundancia de tabanideos na regido (BARROS; FOIL, 1999). Embora a maioria das
espécies de mutucas ocorra durante todo o ano, sua maior abundancia na primeira metade da
época chuvosa sugere que este periodo seja 0 de maior risco de transmissdo de agentes
patogénicos (incluindo o VAIE) aos equideos. Os riscos de transmissdo nesse periodo também
aumentam por causa do pico populacional de espécies de elevado potencial como vetor, tais
como o Tabanus importunus (BARROS, 2001).

Em 2015, a estimativa da incidéncia de novos contégios foi calculada para o Pantanal
Brasileiro através de modelagem matematica. Tal calculo demonstra que o efeito iatrogénico
tem o maior potencial de transmissdo que os vetores insetos ja descritos (ROSSI; TERNES,
2015).

A fim de reverter a situacdo encontrada na regido, a Embrapa Pantanal juntamente
com entidades governamentais criou o Programa de Prevencdo e Controle da Anemia
Infecciosa Equina no Pantanal do Estado do Mato Grosso do Sul (SILVA et al., 2004). O
Programa preconiza o diagnostico soroldgico inicial e segregacdo dos animais positivos, bem
como o uso de equipamentos de monta e doma separados. Também ha o objetivo de obter

potros negativos a partir de éguas positivas para uma gradativa reducdo (por mortalidade e
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pela retirada dos potros) do numero de animais positivos na fazenda, até a completa

eliminacéo.

2 Justificativa

No Brasil, bem como em outros paises, o diagndstico da AIE ¢é baseado em exames
sorologicos para detecgdo de anticorpos virais. Entretanto, como exposto, os testes utilizados
ndo sdo totalmente eficazes, havendo tanto a possibilidade de eutanasia de animais falso-
positivos, quanto de manter animais positivos (falso-negativos) como fonte de infeccdo para
outros animais. No Pantanal Brasileiro essa situacdo € mais critica: a eutanasia de animais
positivos ndo é obrigatoria, sendo que a propriedade deve seguir rigidas normas de isolamento
e manejo do plantel positivo totalmente separado do plantel negativo. O diagndstico é

principalmente baseado em IDGA, com o ELISA como teste secundario.

Tendo em vista a taxa evolutiva por mutagdes em lentivirus, uma regido endémica
como o Pantanal Brasileiro, no qual os equinos vivem anos infectados com VAIE e
posteriormente o transmitem para outros animais, deve possuir virus circulante com
caracteristicas Unicas. Considerando uma introducdo do virus em 1974 no Pantanal, ha quase
50 anos o VAIE circula livremente em um namero consideravelmente alto de equideos, tempo
suficiente para uma diferenciacdo dos demais virus observados em outros paises. A
descoberta que sugere que o quadro clinico ciclico em equinos infectados provém de
populacbes virais distintas emergentes durante a infeccdo nos da maior seguranca em dizer
gue animais positivos mantidos no plantel propiciam uma maior probabilidade de

aparecimento de mutacdes e maior diversidade genética do virus circulante na regido.

A Semi Nested PCR para deteccdo de DNA proviral de VAIE proposta por Dong e
colaboradores (2012) foi testada em estudos preliminares realizados no Laboratério de
Diagnostico Molecular, UNESP - Botucatu, para verificar sua eficacia e viabilidade para
deteccdo de cepas locais provenientes da regido do Pantanal. Obteve-se resultados
satisfatorios em algumas amostras identificadas como positivas (IDGA e ELISA), mas muitas

outras também positivas ndo amplificaram. Ao realizar o sequenciamento das amostras e
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confirmar o material amplificado como DNA proviral do VAIE, observou-se uma
variabilidade genética consideravel das amostras entre si e quando comparadas com as
sequéncias j& depositadas em bancos de dados internacionais. Assim, podemos levantar a
hipdtese de que o virus circulante no Pantanal possui sequéncia genética diferente o suficiente
para ndo ser detectado por PCRs baseadas em sequéncias de outros paises. Levando isso em
consideracdo, bem como a alta variabilidade genética de retrovirus e 0 panorama Unico ao
qual o VAIE é exposto no Pantanal, é possivel que outras regides virais utilizadas em
diagnostico (p26, gp45 e gp90) também apresentem mutacbes capazes de permitir falsos

negativos nos testes sorolégicos utilizados hoje (IDGA e ELISA).

Para auxilio destas questdes, o sequenciamento massivo (NGS) pode ser uma
ferramenta util. Ele possui a capacidade de fornecer gigabases de sequéncias de uma maneira
rapida e pratica em relagdo aos métodos de sequenciamento tradicionais utilizando o método
Sanger (MOLIKI; ROHWER; DUTILH, 2012). O NGS permite a caracterizacdo detalhada de
todo o genoma viral mesmo em presenca de acidos nucléicos do hospedeiro. Em particular,
esta tecnologia tem sido usada para examinar populacdes virais dindmicas que consistem em
um grande ndmero de quasispécies, em especial os retrovirus. A caracterizacdo de populacoes
virais na infeccdo precoce pelo HIV, a analise de padrées de evolucdo do HIV e a
identificacdo de cepas de HIV super infectantes tem sido estudada por NGS (BUZON et al.,
2011).

A caracterizagdo molecular do virus da AIE circulante no Pantanal, por meio de
técnicas de sequenciamento do material genético viral completo, determinara sua filogenia e
possibilitard o desenho de iniciadores especificos para reacdes em cadeia pela polimerase
eficazes na identificacdo do agente em amostras bioldgicas. Tais conhecimentos elucidardo
resultados discrepantes obtidos em diferentes técnicas soroldgicas e constituirdo base tedrica
fundamental para pesquisas futuras desta retrovirose.
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3 Objetivos

Este trabalho tem dois objetivos principais:

1. Sequenciar e analisar o genoma completo do virus da Anemia Infecciosa Equina em

amostras de plasma de equinos naturalmente infectados da regido do Pantanal Brasileiro;

2. Padronizar uma técnica de PCR quantitativa em tempo real (qQPCR) para deteccdo do DNA
proviral do virus da Anemia Infecciosa Equina em amostras de sangue e soro de equinos
naturalmente infectados no Pantanal, determinando sua sensibilidade e especificidade
analitica e relativa, e analisar como obter melhor acuracia no diagnéstico da AlE.
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Abstract

Equine infectious anemia virus (EIAV) is a persistent lentivirus that causes equine infectious
anemia (EIA). In Brazil, EIAV is endemic in Pantanal region and euthanasia is not mandatory
in these areas. All of the complete genomic sequences published from field viruses are from
North America, Asia, and Europe, and proviral genomic sequences are available. Sequences
of gag and LTR are currently available from the Brazilian virus. Thus, the present study
aimed to sequence EIAV’s genomic RNA for the first time in naturally infected horses from
an endemic area of Brazil. RNA from naturally infected horses plasma was used for library
preparation for next-generation sequencing (NGS), and gaps in the consensus viral sequence
obtained were completed using Sanger sequencing methodology. Complete viral genome
from two horses was obtained and annotated. Putative genes were analyzed and compared
with the previously described showing conservation in gag and pol genes, and high variations
in LTR and env. The p26 protein, used to target in diagnosis, presents amino acids alterations
in some described epitopes. Brazilian genome sequences present a nucleotide identity of
88.6% between each other, and 75.8 to 77.3% with main field strains, like EIAV Liaoning,
Wyoming, Ireland and Italy isolates. Furthermore, phylogenetic studies using EIAV
sequences against known viral strains of EIAV strongly suggests this Brazilian strain
comprise a separate monophyletic group. With these results, it is possible to better
characterize the virus circulating in Brazil and to cope with the challenges of the EIAV
diagnosis in Brazil, mainly in an endemic region where different measures of control have

been applied.

Keywords: Equine infectious anemia virus, Pantanal Brazil, endemic region, RNA genome,

equine, molecular characterization.
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Background

Equine infectious anemia virus (EIAV) is a lentivirus, with an almost worldwide
distribution, infecting equids, such as horses, mules, and donkeys. It causes a persistent
infection characterized by recurring febrile episodes associated with viremia, fever,
thrombocytopenia, and wasting clinical signs; most animals progress from a chronic stage
characterized by recurring peaks of viremia and fever to an asymptomatic stage of infection.
The inapparent carriers remain infective for life. Equine infectious anemia (EIA) is
transmitted by biting insect vectors, mainly horseflies, and stable flies, as well as by
contaminated syringes, needles, blood-contaminated instruments, and contaminated blood
used in transfusions. No effective treatment or vaccine exists for the disease (COOK;
LEROUX; ISSEL, 2013; ISSEL et al., 2014).

One of the main resistance mechanisms of lentivirus is its ability to evolve in the
response of the host’s immune system challenge. It is a paradigm in the evolution of these
viruses that the mutation rate is directly correlated with the viral replication levels and, also,
with the virus polymerase error rate. The EIAV reverse transcriptase (RT) is so prone to
errors as any other RT, with wrong pairs of purin-pyrimidine occurring more often in extent
than purine-purine. This fact makes the enzyme fidelity related to the current genome
sequence (LEROUX; CADORE; MONTELARO, 2004). The gag and pol genes are, in
general, are the most conserved genes of the genome, while env and rev are the most variable
(COOK; LEROUX; ISSEL, 2013). The core protein p26, coding by gag gene, presents a high
conservation rate, and it is useful considering that this antigen is the base for the majority of
the serological tests commercially available for the detection of equids infected with EIAV
(ISSEL et al., 2014).

Studies suggest that cycling episodes observed during EIA’s chronic phase are
associated with distinct viral populations that can be characterized as genomic and/or
antigenic variants. These observations suggest that the nature of the chronic phase is linked to
the production and selection of the viral envelope (env), or immunologic escape mutant
(LEROUX et al., 2001). The antigenic escape mutants are viruses that cause persistent

infections through mutations in the surface proteins, allowing the replication even in hosts
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with antibodies (SCHWARTZ; NANDA; MEALEY, 2015). These conclusions are supported
by the analysis of the surface protein (SU - gp90) in horses and ponies in cycle clinical
episodes and in substitutions observed in 8 hypervariable domains (ZHENG et al., 1997). The
SU analysis shows that substitutions in amino acid between different strains are distributed
through all molecules except for the amino terminal. Another conserved characteristic is the
presence of residues of cysteine, suggesting that the disulfide bonds are essential for the
structural and functional integrity of the SU (ISSEL et al., 2014).

Genomic viral sequencing is used to study viral variants, quasispecies, and protein
changes. Among the Lentivirus, we highlight the characterization of viral populations in early
HIV infection, the analysis of HIV evolution patterns and the identification of super-infective
HIV strains that have been studied by NGS (BUZON et al., 2011). Currently, complete
genomic sequences of field-isolated EIAV in five different countries were published: EIAVwy
(United States of America) (PETROPOULOS, 1997), EIAVLa (China) (LIU et al., 2000),
EIAVmiy (Japan) (DONG et al., 2013), EIAV re (Ireland) (QUINLIVAN et al., 2013), and
EIAVTa (Italy) (CAPPELLI et al., 2017). Only the last and most recent sequences - EIAV/ta
— were obtained by Sanger Sequencing combined to massive sequencing (or next-generation
sequencing - NGS), the other four complete genomic sequences were obtained by Sanger
sequencing methodology. The sequences from China, Japan, United States and Europe (ltaly
and Ireland) share approximately 80% of identity, forming four separated clades, suggesting
an independent evolution from a common ancestor (CAPOMACCIO et al., 2012a; ISSEL et
al., 2014; CAPPELLI et al., 2017). This makes common approaches difficult to all regions
when it comes to molecular diagnosis and vaccine development programs (ISSEL et al.,
2014).

In Brazil, like other countries, EIA diagnosis is based on serological exams for viral
antibodies detection: the diagnosis is primarily based on agar gel immunodiffusion (AGID),
with enzyme-linked immunosorbent assay (ELISA) as a secondary test (OIE, 2013). In
Brazilian Pantanal, this situation is critical because euthanasia of the positive animals is not
mandatory, and the property must follow straight isolation rules and positive animal
management completely separated from the negative animals. Studies in Pantanal showed a
mean prevalence of 24.8% of EIA in equids and 18.17% in working animals from 1990 to
1995 (SILVA et al., 1999a), 34.1% and 5.6% among working animals and undomesticated
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animals, specifically in the sub-region of Nhecolandia (MS) (SILVA et al., 1999b). The
prevalence was significantly higher in the animals that had more contact with humans, that is,
more frequently manipulated. In 2009, it was found that in the region of Corumba (MS) -
South Pantanal, the prevalence of the disease increased from 18.17% to 38.6% (NOGUEIRA
et al.,, 2017), and the Poconé region (MT) North Pantanal - presented 31.5% of infected
horses. The worrying situation in the Brazilian Pantanal is aggravated by the importance of
the equines in the local livestock production, presenting restricted traffic for infected animals

besides economic losses associated with the disease (SOUZA et al., 2018).

Considering the evolutionary rate due to mutations in lentivirus, an endemic region
such as Brazilian Pantanal, in which the equid remains years infected with EIAV and keep
transmitting to other animals, the circulating virus must present unique characteristics.
Admitting a virus introduction in 1974 in Pantanal (SILVA; ABREU; BARROS, 2001), for
almost 50 years the EIAV circulates freely in a considerable number of equines, enough time
for differentiation of the other viruses observed in other countries (GIFFORD, 2012). The
finding that suggests that the cyclic clinical picture in infected equines comes from distinct
viral populations emerging during the infection gives us greater assurance that positive
animals that remain in the herd (not euthanized) provide a higher probability of mutation and
increased genetic diversity of the circulating virus in the region (CAPOMACCIO et al.,
2012b).

In this study, we aimed the molecular characterization of the circulating EIAV in the
Pantanal region, through sequencing techniques of the complete viral genetic material. Our
results provide knowledge to elucidate discrepant results obtained in different serological
techniques and will constitute a fundamental theoretical basis for future research on this

retrovirus.

Material and Methods

1. Sample collection and RNA purification
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Plasma of two horses (BRA1 and BRA2) from Poconé, MT, Brazil, positive on AGID
(COGGINS; NORCROSS; NUSBAUM, 1972) and ELISA (REIS et al., 2012) was collected
for this study. BRAL was an assintomatic viral carrier, and BRA2 presented edema of low
parts, high fever and hypocorous mucous membranes. Both animals samples were tested in
Semi Nested PCR (CURSINO et al., 2018) for infection confirmation. Plasma was previously
centrifuged at 8,000 x g for 10 minutes, and 200 uL of supernatant plus the pellet were used
for RNA extraction with TRIZOL LS Reagent (Invitrogen, Carlsbad, CA, USA), according to
the manufacturer’s instructions. The RNA samples were quantified by a commercial
fluorometer (Qubit 2.0, Invitrogen, Carlsbad, CA, USA) with the RNA Assay kit (Invitrogen,
Carlsbad, CA, USA), and assessments of 260/280 and 260/230 were measured with
NanoDrop™ 1000 Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).
RNA samples were then treated with DNAse | (Sigma-Aldrich, Saint Louis, MO, USA),

according to the manufacturer’s instructions.

2. Library preparation and massive sequencing

The dsDNA library of BRA1 equine was synthesized from total RNA with Strand-
Specific RNA Library Prep Kit (Agilent Technologies, Santa Clara, CA, USA), following the
manufacturer's recommendations. Once ready, the library was quantified with the Illumina
Library Quantification Kit (KAPA Biosystems, Wilmington, MA, USA). This kit consists of a
quantitative PCR (qPCR) standardized to amplify the adapters present in the library’s
fragments. The qPCR product generated was subjected to horizontal electrophoresis in 1,5%

agarose gel. The ideal library size should be between 200 and 500 bp.

The BRA2 sample was processed with a different commercial kit, based on a different
methodology for library preparation. For this method cDNA was synthesized with Impron-11
Reverse Transcriptase System (Promega, Madison, WI, USA) and random primers, following
the manufacturer’s recommendation, and the second DNA strand was synthesized by the
following reaction: RNase H (5U/mL) (New England BioLabs, Ipswich, MA, USA), T4 DNA
Polymerase (5 U/uL) (Thermo Fisher Scientific), T4 DNA ligase (5 U/uL), 10X T4 DNA
Ligase Buffer (10 pL) (Thermo Fisher Scientific), dNTP mix (10 mM) (Promega) and

nuclease-free water to complete a final volume of 100uL reaction mix. The reaction was
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incubated at 12 °C for 60 minutes, followed by another 60 minutes at 22°C (modified from
OKAYAMA; BERG, 1982). The obtained double-strand DNA was purified with Agencourt
AMPure XP magnetic beads (Agencourt Bioscience Corporation, Beverly, MA, USA) and
quantified in Qubit 2.0 Fluorometer (Life Technologies, Carlsbad, CA, USA) with the dsSDNA
High Sensitive kit. Then, the sample was diluted to 0,2 ng/uL for library preparation with
Nextera XT DNA Library Preparation kit (Nextera XT, Illumina Inc, San Diego, CA, USA).
The protocol was followed according to the manufacturer until the third step (PCR Cleaning).
Libraries were quantified by KAPA Library Quantification Kit for the Illumina Sequencing
platform (KAPA Biosystems), according to the KAPA Biosystems manual, and the other
Nextera-XT steps were not performed (ULLMANN et al., 2015).

The library prepared with the StrandSpecific RNA Library Prep kit (BRA1) was
sequenced with the NextSeq System (lllumina) using a NextSeq 550 System High-Output kit
(1x75 cycles), and Nextera XT library (BRA2) was sequenced using a NextSeq Mid-Output
kit (2x150 cycles) (Illumina).

3. Bioinformatics analysis

A de novo analysis was performed with IDBA-UD (PENG et al., 2012) and SPAdes
programs (BANKEVICH et al., 2012). Geneious R8 v. 8.1.9 (KEARSE et al., 2012) was used
to complete the bioinformatics analysis, mapping the contigs and high quality reads to a
reference genome. EIAV genome sequences Liaoning (AF327877), Wyoming (AF033820),
Miyazaki 2011-A (JX003263), IRE F2 (JX480631), and one incomplete sequence, ITA DE
(KM247554) were aligned with NGS reads. Alignments and phylogenetic trees were built
with MEGA 7. The sequences were aligned by MUSCLE algorithm and trees were
constructed using the neighbor-joining method and the Tamura-Nei model was used to

stipulate distances with Bootstrapping to 1,000 replicates.

4. Primers design and Sanger sequencing

Primers were designed for different regions of the EIAV genome, flanking products

from 800pb to 1,300pb, based on a consensus sequence obtained by a massive sequencing to
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cover possible gaps and also to validate the obtained sequence. Primers were designed using
the Primer 3 Software (ROZEN; SKALETSKY, 2000) and analyzed by OligoAnalyzer 3.1,
available online on the Integrated DNA  Technologies - IDT site
(https://www.idtdna.com/calc/analyzer) and by = “primer Blast” software

(www.ncbi.nlm.nih.gov) (Table 1).

Table 1: Primers to cover EIAV genome regions.

Primer Sequence 5°- 3’ ggg%r:r?
AIE_GEN F 463-482 CCA GAG CAC AGG ARG ACA GG 463-482
AIE_GEN R 926-906 CCT CTG GGK GTT AAG GGT CGG 926-906

AIE_GEN R 1352-1333 TAA GGC TCT TTK GGS CCT TG 1352-1333
AIE_GEN F 1333-1352 CAA GGS CCM AAA GAG CCT TA 1333-1352
AIE_GEN R 1963-1943 TTA CTC CCA CAA ACT GCT CAG 1963-1943
AIE_GEN R 2273-2254 GCC ATT ACC AAT TGT GCC CC 2273-2254
AIE_GEN F 3878-3897 GCC AGG TCA CAA GGG CAT AT 3878-3897
AIE_GEN R 4540-4521 CCT GCA GGT CCAGAT CCY TG 4540-4521
AIE_GEN R 4974-4955 CCATGG TGT TTG KCC YCC CA 4974-4955
AIE_GEN F 5112-5132 GGG TGA TGG TGC TGT AGT GGT 5112-5132
AIE_GEN F 5934-5959 GTG TAC AGA TAG TGATCA TTG TCA AG 5934-5959
AIE_GEN R 6749-6727 GCC CGA GAA GTA ACA GGA AAA GG 6749-6727
AIE_GEN F 6823-6842 GCT ATT GCT GCT AGT GCY AC 6823-6842
AIE_GEN R 8000-7981 AGA TGT AGC TGG ATT TAR CG 8000-7981
AIE_GEN F 7751-7770 CAA AGC GAA GGA GGA AAC AT 7751-7770
AIE_GEN R 8277-8258 GGG ACT CAG ACC GCA GAATC 8277-8258

The products of PCR were amplified in a reaction for 25uL with 2x GoTaq Green
Master Mix (Promega), 0,3 mM of each primer, 5 uL of sample and nuclease-free water to
complete the reaction. The conditions of the first PCR cycles consisted of a start denaturation
for 10 minutes at 95° C, 5 repeated cycles of 30 seconds at 95°C, 30 seconds at 60°C, and 2
minutes at 72°C, 5 repeated cycles of 30 seconds at 95°C, 30 seconds at 55°C, and 2 minutes
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at 72°C, 30 repeated cycles of 30 seconds at 95°C, 30 seconds at 50°C, and 2 minutes at
72°C, followed by a 10 minutes final extension at 72°C. The PCR amplification was analyzed
by horizontal electrophoresis in 1.5% agarose gel and purified for Sanger sequencing. Internal
primers were designed to enhance the Sanger sequencing in large products. The amplify
product of env gene region (nt 5112 to 8000; see Table 1) could not be sequenced only with
PCR purification, demanding to clone in E.coli DH5-o with a pGEM-T Easy vector
(Promega), following the manufacturer's protocol. For the PCR product sequencing, we used
the kit BigDye Terminator v3.1 Cycle Sequencing (Life Technologies) with a reaction per
primer, following the manufacturer's orientation. The capillary electrophoresis and reading
were made in an automatic sequencing system ABI 3500 (Life Technologies).

5. Variant analysis

A search for variations and SNPs was performed using all the aligned reads to the
final consensus BRA1 sequence obtained. Only regions with at least 1,000 reads coverage and

0.25 variance of frequency were analyzed using Geneious R8 v. 8.1.9 program tools.

6. Molecular modeling: p26 analysis

A molecular model of the gag protein p26 was built to verify possible variations of
epitopes since such protein is used for the serological diagnosis (AGID). This molecular
model was based on the 2.7 A resolution-crystallographic structure of the p26 (1EIA) from a
previously X-ray diffraction experiment (JIN et al., 1999). Linear p26 amino acid sequences
from BRA1 and BRA2 were analyzed in HHpred program to search homology for threading
(SODING; BIEGERT; LUPAS, 2005). Modeller 9.15 was used to produce models of protein
tertiary structures (SALI et al., 1995). The best model was determined by geometry validation
in MOLProbity (CHEN et al., 2010). Epitope sequences previously described (CHONG et al.,
1991; SOUTULLO et al., 2007; HU et al., 2016) were compared with a reference model and
obtained models with a structure alignment using CHIMERA (PETTERSEN et al., 2004).


https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Tertiary_structure
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Results

1. Complete sequence of Brazilian EIAV

The massive sequencing using the lllumina platform was performed with two samples
of RNA (or cDNA) obtained from plasma samples of two naturally infected different horses.
The sequencing of the equine 1 (BRA1) was obtained using the Strand-Specific RNA Library
Prep Kit (Agilent Technologies) and yielded more reads that the sequencing of the equine 2
(BRA2), prepared with Nextera XT kit (lllumina) (Table 2). These were aligned using four
complete genomes obtained from field animals - Liaoning (AF327877), Wyoming
(AF033820), Miyazaki2011-A (JX003263), IRE F2 (JX480631) - and one incomplete
genome also from a field animal, ITA DE (KM247554), as a reference.

Table 2: Summary statistics for the two equine infectious anemia virus sequenced genomes.

Reads at Mapped Mean
Samples Raw reads least Q30 reads coverage
BRAL 18,371,626 92.7% 422,676 3,969
BRA2 10,374,696 71.2% 6,927 78.3

All consensus of the alignments with the database references had some gap in different

regions of the viral genome, especially in env gene.

In order to cover the remaining regions and to obtain the complete genomic sequence,
primers were designed from the partial consensus BRA1 and BRA2 sequences and their
sequenced products. The PCR product corresponding to the env gene did not show multiple
bands at the gel electrophoresis, however, the sequencing indicated that more than one
product had been amplified. In this case, cloning of the products was performed and many

individual colonies were sequenced.



59

The sequences obtained by Sanger were incorporated to the map to reference analysis
with each complete genome already described. Such sequences work as a guide in highly
divergent regions of the original sequence and help on the genome coverage. Lastly, the
consensus sequence obtained to BRAL has 8,016 bases from R to R (LTR) and BRA2 has
7.968 bases, ending with a poly A tail, characteristic of the retroviruses. The consensus
sequences were annotated with prediction ORFs, based in others genome annotation.

The multiple alignments of the complete sequences using MUSCLE were performed
to generate a phylogenetic tree by neighbor-joining. Identities between the described genomes
and the Brazilian obtained can be observed in Table 3. The sequences with higher identity
among themselves are from Europe, with identities varying between 98.22 and 99.42%.
Genomes from different regions show identity around 74 to 79%. Both Brazilian sequences,
BRAL1 and BRAZ2, have identity of 88.56%. The phylogenetic tree showed clades well
delimited of the viral sequences of each region (Europe, China, Japan, United States of
America and Brazil) (Figure 1). Together with a field sequence described in China, two
sequences from cellular culture propagation sequences used for the viral vaccine from China
aligned in the same clade (HM141910 e HM141922).

Table 3: Identity matrix with EIAV genomes shows the percentage of bases/residues with are

identical.

Miyazaki | BRA1 BRAZ |Wyoming | IREH3 |IREF4 |IREFZ |IREF3 | ITASA | ITADE | DLVS-7 | DV10-3 |Liaoning

Miyazaki- JX003263

BRAL 74,384

BRAZ 74,281 | 88,596

Wyoming - AFD33820 | 75,432 | 76,257 | 75,953

IRE H3 - JX480634 | 74,871 | 76.416 | 75901 | 77.794
IRE F4 -JX480633 | 74,919 | 76,476 | 75946 | 77.854 | 99,226
IRE F2 - JX480631 | 74,725 | 76,372 | 76,101 | 77,915 | 98,864 [ 99,009
IRE F3 -JX480632 | 74,988 | 76.340 | 75814 | 77,794 | 98,985 | 99,190 | 99.420
ITA SA-KM247555 | 74,729 | 76,403 | 76,259 | 77.B91 | 98.273 [ 98515 | 95,033 | 93,819
ITADE - KM247554 | 74,528 | 76.264 | 76,196 | 77,828 | 98,223 | 98,388 | 98,969 | 898.781 | 99,324
DLVO-7 - HM141922 | 76,139 | 76,127 | 76,354 | 78.162 | 77891 | 77,923 | 77887 | 77.803 [ 78.058 | 77,995
DWV10-3 - HM141910 | 77,226 | 77,036 | 77.272 | 78,750 | 78.974 | 79006 | 79,019 | 78.957 | 78,872 | 78,720 | 96.441
Liaoning - AF327877 | 77,029 | 77,108 | 77,368 | 78,871 | 79.058 | 79,090 | 79,079 | 78,994 | 78,897 | 78,784 | 96.526 | 97.791
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BRAL
BRA2
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— DV10-3 -HM141910
100
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0.04

Figure 1: Cladogram involving EIAV complete genome sequences and the sequences
obtained from BRAL1 and BRA2 from Pantanal. Used sequences: EIAV Miyazaki2011A
(Japan); EIAV BRAL and EIAV BRAZ2 (Brazil); EIAV Liaoning, EIAV DLV9-7 and EIAV
DV10-3 (China); EIAV Wyoming (USA); EIAV ITA SA, EIAV ITA DE, EIAV IRE F2,
EIAV IRE F3, EIAV IRE F4 and EIAV IRE H3 (Europe).

2. Polymorphisms on EIAV genome
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Genetic variation between the viral genomes was in the form of single nucleotide
polymorphisms (SNPs), insertions and deletions. Only BRA1 had enough coverage for
variation analysis (coverage above 1,000). In total, 33 SNPs were identified between the
BRAL reads, with 19 generating an amino acid change (Appendix A). The pol gene presents
the highest number of SNPs (21), followed by env (7) and gag (4). Only one SNP is located in
U5 LTR (Figure 2). No insertions and deletions passed in cut-off of 0.25 frequency.

Sanger cloning sequences of env were assembled to compare variations in this gene.
Sequences from the same equine show insertions and deletions from three to 24 amino acids
(1 to 6 amino acids), besides the nucleotides / amino acids substitutions (Appendix B). There
is not one single sequence covering the total gene, but PCRs fragments to complete the whole
gene sequence since Sanger sequencing presents a maximum length of 800-900 bp and the
gene is higher than this. Unfortunately, we can not say if a clone assemble corresponds to the

real sequence or if it is a chimera, but it demonstrates the variability in this gene.

Consensus

Identity SRR T T v g ——— R TR
51,172,
Coverage
0.
1 432 2 2.424 2.924 3.4 3.914 4,404 4,882 0 5,84 6269 6.607 7.082 7558 8,221

razs 297 10 5 0 . 570 . 26 .60 7558
R _primer binding Gag Pol Tat 2 Env Rev
! f | N =
| =2 - —— ey T3

BRAL

Variants: C..

Figure 2: Representative genome of EIAV BRAL. Genome annotation shows the variants
distribution, marked below in yellow. Coverage is represented in blue, and identity in dark

yellow.

3. LTR and viral genes

The genomes of Brazilian EIAV do not present a complete LTR like proviral
genomes. BRAL and BRA2 sequences contain 192 bases in U3, 76 bases in R, 39 bases in U5
and 191 bases in U3, 78 bases in R, and 40 bases in U5, respectively. In total, it will be a
complete BRAL1 LTR (U3+R+U5) with 307 bases, and a 309 bases BRA2 LTR. Brazilian
sequences of LTR were aligned with EIAV LTR from EIAV field full genome sequences and
Chinese sequences (WANG et al., 2018). BRA1 and BRA2 LTR demonstrate 92.6 % identity



62

among each other, with variation in identity between 61.91 and 72.92 % with the foreign
sequences. The most of the variation concentrates in U3 region, and the initiation site of
transcription is changed from GGG/A to AGA in Brazilian sequences. Additional conserved
motifs were found: a methylated DNA-binding protein site (MDBP, also called EF-C or EP)
with variations (BRA1 = GTTGCTAGGCAAC, BRA2 = GATGATAAGCAAC), an absent
PEA1/AP-1 site in both LTR, only two PU.1 binding sites (one site in Wyoming strain and
three in another), TATA box and the transactivation response element (TAR) without
alterations (Appendix C). An LTR phylogenetic analysis was performed to compare with full
genome one. Each monophyletic grouping comprises the same sequences’ region, with BRA1

and BRAZ together in a clade (Appendix G).

Both BRA1 and BRA2 gag genes present 1,464 nucleotides and encode 487 amino
acids of Gag polyprotein (124 aa of p15, 232 aa of p26, 79 aa of p11, and 52 aa of p9). When
compared with the world sequences, Brazilian gag sequences (BRA1l and BRA2) show
identity between 77 and 79 %, and 91.12 % among each other. However, there are more
amino acid variations between the Brazilian sequences (7 amino acids) than between the
European ones (1 amino acid), that has approximate identity of 99 % among themselves. The
leucine-rich type nuclear export signal is conserved in all p15 proteins and major homology
region (MHR) of p26 presents the same sequence than Liaoning strain
(IRQGPKEPYPEFVDRLLSQI). The first pll zinc-binding domain is conserved for all
amino acids and the second one presents a Q -> E alteration, as observed in Miyazaki strain.
The YPDL late domain in p9 presents no variations (Appendix D).

The pol is the most conserved polyprotein in retrovirus, and all sequences analyzed
show identity between 79.8 and 99.8 %. The Brazilian pol sequences present 3,414
nucleotides, and 1,137 amino acids in polyprotein, that is cleaved into five proteins: protease
(PR), reverse transcriptase (RT), RNase H (RN), dUTPase (DU), and integrase (IN). BRA1
and BRA2 show 91.747 % identity. The protease amino acids that form the substrate binding
site, DTG catalytic motif and active site flap were all conserved through all field strains and
Brazilian ones (Appendix E). Only Miyazaki and Wyoming presents an alteration of valine
(GIVG) for leucine or isoleucine, all nonpolar amino acids. The RT motifs described in HIV
were also conserved in BRA1 and BRA2 (DIGD and DD) (DONG et al., 2014). The RN

contains four invariant residues of one nucleotide, and a glycine-rich motif is conserved in all
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sequences. Out of the five conserved motifs described in DU, Brazilian sequences show
alterations in amino acids on M5 (BRA1 = RGEEGFGSTG; BRA2 = RGEKGFGSTG); the
conserved residues in M3, that is responsible for binding the uracil ring (N67, G69, Y75, Q80,
and 182), and the residue D72 is conserved in all strains. In the case of IN, the zinc-binding
HHCC motif (H12, H16, C40, C43), hydrophobic core residues (15, A8, L22, A33, and 136),
and three central catalytic core residues (D64, D116, and E152) present no alteration.

EIAV env sequence encoded the surface protein (gp90) and transmembrane protein
(gp45). BRAL env presents 2,613 nucleotides and 872 amino acids; BRA2 env presents 2,568
nt and 855 aa. This is the most variable EIAV gene, with 72.83 % identity between BRAL and
BRA2 sequences, and at least 57.33 % of identity with another field strains. The gp90 protein
variations were identified in 8 hypervariable regions (V1 to V8) and many mutation changes
were observed (Appendix F). In fact, only the first 12 amino acids from gp90 form a
conserved region in all the analyzed sequences. The cysteine residues are conserved. There
are more variations between Brazilian sequences than European ones. The gp45 protein
presents a transmembrane domain, with alteration of one amino acid between BRAL and
BRAZ2.

Phylogenetic trees were built based on the alignment of each analyzed gene: gag, env,
and pol (Appendix G). All of them present clades well delimited of the viral sequences from
each region (Europe, China, Japan, United States of America and Brazil). Together with the
field sequence from China, both sequences propagated in cell culture used for vaccine studies
(DLV9-7 and DV10-3) were aligned. Due to the high variability, the tree for env was built
through the alignment of the nucleotides and also the amino acids, and both presented similar
grouping. The phylogenetic analysis of the EIAV genes corroborated with the results
observed on the LTR and full genome tree.

4. Gag variation and p26 molecular modeling

Brazilian p26 presents 232 amino acids, where p26 BRAL presents the alteration in
positions 73 (N -> L), 77 (1 -> M), 80 (E -> D), 199 (K -> R), 210 (T -> S) and 215 (M -> L),
and p26 BRA2 presents the alteration in position 73 (N -> L), 80 (E -> D) and 215 (M -> L).
Comparing with previously described epitopes for p26, BRA1 and BRA2 have amino acids
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alterations in *NLDKIAEE® and *KNAMRHLRPEDTLEEKMYAC?! (HU et al., 2016),
and *MYACRD?® (SOUTULLO et al., 2007) (Table 4). The modified amino acid
characteristics were not altered (hydrophobic, hydrophilic, etc). Antigenic recognition might
be performed by other unmodified epitopes if any of these are not binding. The primary
sequences of p26 BRAL and BRA2 were modeled based on 1EIA (JIN et al., 1999) for
structural comparison and alignment for epitopes’ visualization. The structure of the epitopes

and the modified amino acids on the surface are observed on them (Appendix H).

Table 4: Previously described epitopes alterations for each p26 sequence obtained. Alterations

are marked in red.

Reference Epitope BRA1 BRA2

Hu et al. (2016) NLDKIAEE® BLLDKMAED® BLLDKIAED??

Hu et al. (2016) 19KNAMRHLRPEDTLEEK '*RNAMRHLRPEDSLE  *KNAMRHLRPEDTLE
MYAC?® EKLYAC?® EKLYAC?®

[ I [ | 1
Chongetal. (1991)  ™*KEPYPEFVDRLLSQI'* '8KEPYPEFVDRLLSQI '**KEPYPEFVDRLLSQI'
72

172

[ I I I
Soutullo et al. (2007) 20N AMRHL2% 20N AMRHL2% 20N AMRHL2%
[ I I I
SOU'[U”O et al (2007) 215MYACRD220 215LYACRD220 215LYACRDZ2O
Discussion

This is the first report of a complete genome of EIAV currently circulating in Brazil.
Partial sequences of Brazilian EIAV gag gene from Bahia, Brazil, are already available on
NCBI data bank, however without a reference paper (GenBank Accession: KC213783 -
KC213790). This Brazilian State is not considered an endemic area for EIA, thus euthanasia
of positive animals is mandatory, as for the other regions of the country with the exception of
Pantanal. A partial sequence of 5° LTR plus a tat fragment with a Semi Nested PCR was
amplified from equids from Pantanal, and they present variable nucleotide similarities ranging
from 93.5% to 100% (CURSINO et al., 2018). Capomaccio and collaborators (2012) mention

two Brazilian sequences but no data or specific origin is available.
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Field full sequences from other countries (except Wyoming) were described from
proviral DNA samples, and not from genomic RNA. Complete field sequences described in
USA, Japan, China, Ireland, and a partial Italian sequence were compared with the new
Brazilian sequences. While EIAVLa, EIAVirRe, EIAVmIy, and EIAVwy strains were
sequenced by Sanger method, Next Generation Sequencing (NGS) was used to obtain a
partial sequence of EIAV/ta, from the amplification of 7,841 bp of EIAV (CAPPELLI et al.,
2017). In the present study, tRNA from equines sera were prepared to NGS with library

preparation kits, without previously amplification.

Comparing StrandSpecific RNA Library Prep kit and Nextera XT kit, the first shows
1,8 times more reads that the second, this difference is more pronounced when we verify the
percentage of these reads that correspond to the virus: from 1.9% to 2.1% in Agilent kit
against 0.04% to 0.18% in Illumina Kit. This event may be related to the library preparation
methodology employed in each protocol. The most efficient Kit is based on a messenger RNA
purification through poly A tail (also present in lentivirus genome), with a subsequent
synthesis of cDNA, followed by library preparation. The Nextera XT kit works with
tagmentation (transposases) and subsequent indexing of the total double-stranded DNA
sample, and it should already have the prior preparation of cDNA and second strand synthesis
before initiating the protocol. Alternatives for sample enrichment and better viral recovery for
the Nextera XT protocol were also tested. We did not succeed in improving the RNA
purification with different kits and protocols tested, prior enzymatic treatment for host
DNA/RNA degradation, serial centrifugation cycles to isolate fractions with only viruses
present, cDNA synthesis with oligo dT primer, and/or viral capture with specific primers (data

not shown).

It was not possible to complete the viral sequence only with the reads obtained in the
NGS. In order to close the gaps, PCRs using primers designed from BRAL and BRA2
incomplete sequences amplified regions of the viral genome for Sanger sequencing. The
PCRs designed to amplify fragments of the env gene could not be sequencing by Sanger only

with the PCR product purification.

After cloning, different viral sequences were observed in the same equine, with a high-
quality rate in the electropherogram. This level of variation is common in lentiviruses, in

which the viral RT promotes insertion of errors because it does not possess a proofreading
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mechanism. This leads to a gradual accumulation of different populations of viruses that
differ slightly in their RNA sequence, resulting in a benefit in the face of natural selection
(LEROUX et al., 2001). The env gene is the most variable in lentiviruses, with mutations in
the gp90 being one of the responsible for the generation of immune system escape mutants
(QUINLIVAN et al., 2013). Due to this high variability, the alignment algorithms presented
difficulty in performing a map to reference that would provide a reliable consensus for the
region. In fact, the env gene presented low identity among the aligned reads (Figure 2), the
presence of SNPs (NGS data), insertions and deletions (Sanger data) and hypervariable
regions V1 to V8 with many alterations when compared to the reference sequence (HOWE et
al., 2002).

Studies of EIAV genomic variation during persistent infection in experimentally
infected equid verified that febrile peaks and reemergence of symptoms are clearly associated
with envelope sequences that modify antigenic properties of the virus, evidently as a result of
immune screening. The predominant site of EIAV variation during persistent infection is
gp90 (CRAIGO; MONTELARO, 2010). Variations of gp90 are identified in 8 hypervariable
regions (V1 to V8). Through these regions, it is possible to differentiate quasispecies, with
each presenting distinct signatures, especially in the V3 and V4 domains (HOWE et al.,
2002). In BRAL V3 region was found 6 SNPs (5881G>A; 5885C>G; 5912A>T; 5929C>A,
5941A>C; 5943C>T), and some nucleotides alterations, insertions and deletions in BRA1
clones (Appendix B). The V4 is a region shorter than V3, and it did not present predicted
SNPs for the region, but insertion was found among the sequenced clones of BRA2
(Appendix B). The presence of two distinct signatures in the env sequencing shows that both
equines were infected by different viral quasispecies. This fact is expected for an endemic
region, in which animals live in infected years. In positive farms, not only natural selection
generates new quasispecies through the escape of the host immune system, but there is also
the same environment living of infected animals, allowing the exchange of circulating viruses
in different equines, either by vectors action, either through human (AUTORINO et al.,
2016).

Still, in env gene, the glycoprotein gp45 (transmembrane protein) is a smaller protein
with less variation than gp90. For this reason, it is used in some ELISA tests as
complementary antigen to p26 (ISSEL et al., 2014; SCICLUNA et al., 2018). In fact, the
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Brazilian sequences of gp45 presented regions with more than 10 amino acids identical to
those observed in other strains, only one SNP with substitution of the amino acid in gp45

(region shared with the rev gene) and insertion of 3nt (1aa).

Pol gene is described as a conserved sequence. In fact, there is a high identity between
Brazilian sequences and references. It is the gene with more SNPs found. Furthermore, the
fact a majority of these were non-synonymous, suggests strong individual host-mediated
selective pressure. Quasispecies analysis of other EIAV strains shows this profile too
(CAPPELLI et al., 2017). Protein domains are conserved, ensuring functional proteins to

complete viral replication cycle.

The gag polyprotein produces four proteins (Matrix p15, Capsid p26, Nucleocapsid
pll, and the Late protein p9) by proteolytic cleavage. Of those, p26 is important for
generating the immune response detected by the gold standard diagnostic method, the AGID
(OIE, 2013). Such a gene is chosen for diagnosis because it’s well conserved in the different
studied lineages and also due to its high antigenicity. Besides AGID, the PCRs suggested by
OIE are also based on this gene amplification. Alterations on the nucleotides sequence that
result in protein structural changes may influence in serological diagnosis if protein structure
is changed. In fact, serologically silent equines have been observed in several regions of the
world (ISSEL et al., 2013; SCICLUNA et al., 2013; RICOTTI et al., 2016). Both Brazilian
p26 proteins show surface amino acids alterations in described epitopes (CHONG et al., 1991,
SOUTULLO et al., 2007; HU et al., 2016). Studies to viral genes characterization to use as
serological antigens or direct diagnosis target help in diagnosis development with better
detection and specificity. These data contribute for disease control in an endemic local as
Brazilian Pantanal, where viral evolution happens enable infected animals living for years
with EIAV.

Comparative nucleotide sequence analysis provides important information about the
extent of variation between geographically distinct EIAV strains. Here, we show two
complete sequences of EIAV genome in Brazil. These samples are from an endemic region,
and we find different viral quasispecies in each equine host analyzed. Comparison of LTR and
structural gene sequences between the novel EIAVgra1 and EIAVgraz, and field viruses show
different monophyletic groups. The viruses that are currently sequenced are separated in local
groups, indicating that EIAV could be separated into groups similar to HIV. The HIV
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classification is divided into groups and subtypes according to origin and phylogeny, and it
allows to trace outbreaks (HEMELAAR, 2012). There are no enough EIAV sequences to
classify as HIV, so this study represents a significant step forward in increasing understanding

of molecular conservation and variation in this important equine lentivirus.

Conclusions

Complete genomic sequences of Brazilian EIAV were successfully described from an
endemic area. The NGS strategy developed was able to get enough reads for a full sequence,
without pre-amplification, of the RNA equine sample. Based on sequence alignments and
similarity plot analysis, BRA1 and BRAZ2 are not closely related to any other strain reported
to date, forming a separate monophyletic group and as such can be classified as a novel EIAV
strain. With env gene analysis, different viral quasispecies could be observed in both equines.
Studies for variations on EIAV genome can help to understand the viral complexity and

evolution mechanisms of EIAV in persistent and natural infection present in an endemic area.
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Abstract

Equine infectious anemia virus (EIAV) is a lentivirus that causes equine infectious anemia
(EIA), a persistent viral infection. The recommended diagnosis method is the gold standard
agar gel immunodiffusion (AGID). Some countries use enzyme-linked immunosorbent assay
(ELISA) and immunoblot as complement. Although OIE suggests a PCR to conflicting results
of serological tests, the primers employed do not amplify the virus currently circulating in
Brazil due to the higher genetic variation. A particular case in Brazil is Pantanal areas, where
the disease is endemic and euthanasia is not mandatory. In order to find a more sensitive and
specific molecular technique to detect the viral Brazilian strain, we designed a quantitative
PCR based on EIAV sequences from Pantanal — Brazil to detect the current virus. Two
hundred fifty five equid samples were tested in AGID and ELISA and their gDNA extracted
were tested with gPCR and a previously described Semi Nested PCR. In total, 179 equids
were positive in any test, with 98 positives by Semi Nested PCR and 122 positives by gPCR,
the same positive number for AGID. We observed conflitant results for each method, with the
same equid positive for AGID, ELISA or gPCR and negative for the others. We propose a
diagnostic sequence to minimize the presence of false negatives in the Brazilian Pantanal and

help to control the disease in this endemic area.

Keywords: Equine infectious anemia virus, gPCR, Brazil, LTR variation, Equids, Diagnosis
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Background

Equine infectious anemia virus (EIAV) is a lentivirus that causes equine infectious
anemia (EIA), a persistent viral infection with almost worldwide distribution (ISSEL et al.,
2014). This disease causes fever and thrombocytopenia in an acute phase and, episodic bouts
of fever, thrombocytopenia, anemia and depressed neurologic signs in a chronic phase. If the
horse survives, the frequency of disease episodes will gradually decrease and it will progress
to an inapparent carrier state, where no clear clinical signs are observed (CAPPELLI et al.,
2017). In while world, EIA has mandatory notification and positive animals euthanasia. In
Brazil, EIAV is endemic in Pantanal region, and differently from other regions of Brazil,
euthanasia is not mandatory for positive equids. Also, in these locals, there are projects to
separate and control positive farms from negative ones (NOGUEIRA et al., 2017).

Diagnosis is the principal key to EIA control: false negative equids allow new
infections and keep the disease circulating. World Organization for Animal Health (OIE)
recommends serological tests to detect serum antibody to EIAV and to confirm the diagnosis
of EIAV infection. Agar gel immunodiffusion (AGID) test (COGGINS; NORCROSS;
NUSBAUM, 1972) is the gold standard test and enzyme-linked immunosorbent assay
(ELISA) (Suzuki et al., 1982) should be used to confirm the AGID diagnosis. The results can
also be confirmed by the immunoblot technique. EIAV diagnosis based on its in vitro
isolation is complicated as it does not easily replicate in cell cultures (HINES; MAURY,
2001). A polymerase chain reaction (PCR) assay may detect EIAV proviral DNA from the
peripheral blood of horses and OIE recomends nested PCR described by NAGARAJAN and
SIMARD (2001) or the real-time reverse-transcriptase PCR assay by COOK and
collaborators (2002). Molecular diagnosis maybe used for the detection of EIAV infection in
horses only in specific situations: i) Conflicting results on serologic tests; ii) Suspected
infection but negative or questionable serologic results; iii) Complementary test to serology
for the confirmation of positive results; iv) Confirmation of early infection, before serum
antibodies to EIAV develop; v) Ensuring that horses that are to be used for antiserum or
vaccine production or as blood donors are free of EIAV; vi) Confirmation of the status of a
foal from an infected mare (OIE, 2013). Even molecular diagnosis may have a low sensitivity
as it is influenced by the genetic heterogeneity of the virus and the temporal variation of viral
loads during infection (LEROUX; CADORE; MONTELARO, 2004; SCICLUNA et al.,
2013).
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AGID test become internationally recognized in 1976 after its use EIA control in
USA, when the positive correlation of this test and horse inoculation test was confirmed
(ISSEL et al., 2013). Ever since, this test has been the only one accepted as an official form of
diagnosis in many countries, with few using complementary serological methods (ELISA and
Western blot) or direct methods (PCR) (COOK; LEROUX; ISSEL, 2013; RICOTTI et al.,
2016). However, many countries, such Italy and Argentina, already report the presence of
false negative animals for AGID (ISSEL et al., 2013; RICOTTI et al., 2016) and question the
exclusive use of this test for diagnosis. Italy adopts ‘three-tiered’ diagnostic system, using
ELISA tests first, followed by AGIDT, and immunoblot tests where indicated (ISSEL et al.,
2013).

A reverse transcriptase nested PCR (RT-nPCR) assay for the detection of viral gag
gene sequences in plasma from EIAV-infected field horses has been described
(LANGEMEIER et al., 1996) and a nested PCR assay for proviral DNA detection using the
same gene too (NAGARAJAN; SIMARD, 2001). Another PCR and RT-PCR protocols had
already tested for EIAV diagnosis (CAPOMACCIO et al., 2012; CAPPELLI et al., 2011,
COOK et al., 2002; KUHAR et al., 2014; QUINLIVAN; COOK; CULLINANE, 2007).
Although these techniques showed greater sensitivity early in infection than the agar gel
immunodiffusion test, plasma viral RNA (viremia) may not be detected in all horses with
subclinical infections (CAPPELLI et al., 2011; ISSEL et al., 2013). The Nagarajan and
Simard nested PCR do not amplified field viruses sequences (CAPPELLI et al., 2011).
Modifications in primers from DONG and collaborators (2012) reaction can amplify Brazilian
EIAV (CURSINO et al., 2018), but this test is not used in EIA diagnostic routine in Brazil.

In this study, we develop of an EIAV-specific real-time PCR (quantitative PCR or
gPCR) assay, using primers in the tat region for the direct detection of EIA proviral DNA
from peripheral blood leukocytes of naturally infected field equids from Brazil and the
sensitivity of the assay is compared with semi-nested PCR (DONG et al., 2012), rgp90
ELISA (REIS et al., 2012) and serological Coggins test (AGID). The presented gPCR were
tested in 255 Pantanal equids from controlled farms (negative animals) and infected farms

(positive animals).
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Material and Methods
1. Sample collection

Serum and leukocyte layer were collected from 255 horses and mules from Pantanal,
Brazil (Figure 1) since 2014 until 2017. They may present EIA symptoms or not. These
equids were accompanied by EMBRAPA project for EIA control, that supervised positive and
negative farms at Pantanal region. Samples were refrigerated at 4°C and than frozen at -20°C

until used for nucleic acid extraction or serological tests.
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Figura 1: The map shows the location of the farms from which the samples were collected.

Pantanal location is showed in green, farms in orange.

2. Positive and negative controls

The positive sample used is positive for EIAV according to AGID, rgp90-ELISA,
SemiNested and qPCR. This plasma sample (BRA1) had the RNA extracted previously and
the genome completely sequenced (MALOSSI et al., 2019 — not published). The negative
sample is originated from a controlled farm, in which there are no cases of EIA. This sample
was negative according to AGID, rgp90-ELISA, SemiNested PCR e qPCR.
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3. Serological tests

Equids serum were tested with agar gel immunodiffusion (AGID) and enzyme-linked
immunosorbent assay (ELISA) in Embrapa Pantanal laboratory. AGID utilize the p26 antigen
of EIAV, like described in COGGINS; NORCROSS; NUSBAUM (1972). The ELISA used in
this study targets the recombinant gp90, based on a brazilian sequence (REIS et al., 2012).

4. DNA purification

Total equid genomic DNA was extracted from 100 uL of total blood using a Illustra
Blood GenomicPrep Mini Spin Kit (GE Healthcare Life Sciences) according to the
manufacturer’s instructions. Quality and quantity assessments of each DNA preparation were

carried out using a NanoDrop 1000 spectrophotometer.

5. SemiNested PCR analysis

Semi Nested PCR used to evaluate this samples is based on that described by Dong
and collaborators (2012), amplifying a fragment of LTR U5 region and tat gene of the EIAV
genome. Only three primers of four described was used; EIAVItr-1F do not anealle in EIAV
current in Brazil (CURSINO et al., 2018). The Semi Nested PCR consists of 20uL solution
containing 2X GoTaq Green Master Mix (Promega), 0,3 mM of each primer, sample and
nuclease-free water to complete the reaction. Two microliters of the equine total DNA was
used for the first reaction, and we used 1 uL of the amplified DNA product of the first
reaction (PCR) in second reaction. The conditions of the first PCR cycles consisted to a start
denaturation for 10 minutes at 95° C, and 35 repeated cycles of 30 seconds at 95°C, 30
seconds at 56°C, and 1 minute at 72°C, followed by a 10 minutes final extension at 72°C. At
Semi Nested PCR, the initial denaturation was at 95°C for 5 minutes, and 30 repeat cycles of
30 seconds at 95°C, 30 seconds at 58°C, and 1 minute at 72°C, followed by a 10 minutes final
extension at 72°C. The positive and negative controls were included in each reaction, plus the
reaction control (water). The PCR and Semi Nested PCR products were submitted to a
horizontal electrophoresis in 1,5% agarose gel, plus 1uL of SYBR Safe DNA gel Stain
(ThermoScientific) for each 10 mL of gel, with buffer TBE 1X pH 8,0 (44,58 M Tris-base;
0,44 M boric acid; 12,49 mM EDTA) at 100V /50mA, and visualized under ultraviolet light
(UV).
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6. Primers design and quantitative PCR

Quantitative PCR (gPCR) primer forward was designed with Primer3 software
(ROZEN; SKALETSKY, 2000) using genome sequence of Brazilian EIAV (BRAL and
BRA2) to amplify a 71 bp product together the Dong PCR reverse primer (Table 1). Primer
was analyzed by Oligo Analyzer from Integrated DNA  Technologies
(https://www.idtdna.com/calc/analyzer) and reviewed for match sequences in NCBI BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). GoTag® qPCR Master Mix (Promega) was used in
the reaction plus of each primer, 4 uL of gDNA sample (about 100 ng) and nuclease free
water to 20 uL. The thermocycling program set up in a 7500 Fast g°PCR (Applied Biosystems)
was 1 cycle at 95°C for 10 min, 40 cycles at 95°C for 15 s and 60 °C for 1 min, followed by
the standard melting curve. Equine G3PDH (GARTON et al., 2002) was amplified in each
sample comproved the DNA purification.

The positive control sample was tested in a serial dilution in nuclease-free water with
1:10 dilution factor to compare the analytical sensitivity of the proposed qPCR reactions with
the previously used Semi Nested PCR. Amplification curve of gPCR were compared with the

PCR and Semi Nested PCR products analized in a horizontal electrophoresis in 1,5% agarose

gel.

Table 1. Tested primers to SemiNested PCR and qPCR.

Primer Sequence Amplicon Reference
length

gPCR EIAV F GAA CCT GGC TGATCG TAG GA 71 bp this work
EIAV Itr-1R CAG GAA CACCTC CAG AAG AC Dong (2012)
Semi EIAV ltr-2F ATT CTG CGG TCT GAG TCC 229 bp Dong (2012)
Nested EIAV Itr-1R CAG GAA CAC CTC CAG AAG AC Dong (2012)
- EIAV Itr-2F ATT CTG CGG TCT GAG TCCCT 198-203 bp Dong (2012)
EIAV Itr-2R TAAGTT CTCCTC TGC TGT Dong (2012)

7. Sanger sequencing

Sanger sequencing was performed with BigDye Terminator v3.1 Cycle Sequencing kit
(Life Technologies) in two reactions following manufacturer's protocol, one with forward
primer, other with reverse one. Capillary electrophoresis was performed in an ABI 3500
automatic sequencing system (Life Technologies) and analyzed with MEGA 7 software
(KUMAR; STECHER; TAMURA, 2016).
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8. Statistical analysis

Sensitivity was calculated as true positive/(true positive + false negative) whereas
specificity was true negative/(true negative + false positive). The results of calculations were
expressed as percentages. The Statistical data analysis was realized by SAS (Statistical
Analysis System). Qui-Squared and Kappa were used to verify the concordance between the
gPCR and Semi Nested PCR results, both with 95% of confidence interval (CI195).

9. Flowchart sequence

Based on the results from 255 animals, it was analyzed which sequence would allow a
greater detection of positive animals and decrease the chance of a false negative. For each
sequence, it was analyzed the percentage of positive detection of the diagnostic flowchart, the

prevalence of positives according to that flowchart, and 95% CI.

Results

1. gPCR standardization

The couple of primers tested for gPCR results in a clean reaction, without nonspecific
reactions, and with a single peak melting curve with approximate Tm of 79°C. The qPCR
amplified product was sequenced and the fragment obtained present a 100% identity with the
sequence obtained on the massive sequencing, for the same sample. All analyzed samples
amplified the same viral target.

In the analytical sensitivity test, the two reactions, qPCR and Semi Nested PCR,
amplified up to the same dilution factor, demonstrating the same sensitivity (Figure 2). The
analysis of the tat region in which the primers annealed, shown that there are alterations on
the 3’ region of the primer forward that may result in an amplification difficulty of the
Miyazaki strain and the culture virus DLV9-7 (Figure 3). A degenerate primer for those
regions was analyzed but presented a delta G near to -9 kcal.mol-, which led to proceed with

the primer without degeneration.
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Figure 2. Comparation of the gPCR and Semi Nested PCR sensibility. (A) The amplification
curve shows that g°PCR amplifies to dilution 1:1000 and (B) the electrophoresis gel shows that

Semi Nested PCR amplifies to the same dilution.

2. LTR sequences show nucleotides variations

The Semi Nested PCR product allows the sequencing of approximately 200 bp of the
viral LTR. Thirty six samples amplified by Semi Nested PCR were sequenced to sequence
confirmation, and two of them (5,55%) presented sequences that do not correspond with
EIAV: one corresponding to an Equus caballus microsatellite region (GenBank Acession
FN419718.1) and the other to an Equus asinus cytochrome c oxidase assembly protein
COX19 (GenBank Acession XR_001398933.1).

Wyoming AF033820 Tat CTGTTGAACCTGGCTGATCGTAGGATCCCCGGGACAGCAGAGGAGAACTT
Miyazaki JX003263 Tat B o T....A..... TRttt
ITA SA KM247555 Tat S o TRttt
ITA DE KM247554 Tat Y TRt
IRE H3 JX480634 Tat S o TRttt
IRE F4 JX480633 Tat Y TRttt eaae e
IRE F3 JX480632 Tat S o TRttt
IRE F2 JX480631 Tat Y TRttt
DV10-3 HM141910 Tat S o TRttt
DLV9-7 HM141922 Tat oG Aovennn.. TRttt
BRA2 Tat S o TRttt

BRAl Tat G N
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Wyoming AF033820 Tat ACAGAAGTCTTCTGGAGGTGTTCCTGGCCAGAACACAGGAGGACAGCAGG
Miyazaki JX003263 Tat i C..... Coniie i TTTC
ITA SA KM247555 Tat ..... o Gevunnnn Ao.... G.AC
ITA DE KM247554 Tat  ..... Gttt e Gevnnnn Ao.... G.AC
IRE H3 JX480634 Tat ..... o Gevevnn. A..... G.AC
IRE F4 JX480633 Tat ... o Gevernn A..... G.AC
IRE F3 JX480632 Tat ... o Gevenn A..... G.AC
IRE F2 JX480631 Tat  ..... o Gevevnn. A..... G.AC
DV10-3 HMI141910 Tat i e Covinnnn A..... G.AT
DLVO-7 HM141922 Tat ettt et Covoennnnn Ao, G.AT
BRA2 Tat L. L G...... GA..... G.A.
BRALl Tat D Gooooa A..... G.A.
Wyoming AF033820 Tat AAGCAAGACCCAACTACCATTGTCAGCTGTGTTTCCTGAGGTCTCTAGGA
Miyazaki JX003263 Tat .G.ATTTC..GG....T........ Coviniiiin Covvnnt G...
ITA SA KM247555 Tat CTC..CC.GT..GT........... A..... C...T....A...T.G..
ITA DE KM247554 Tat CTC..CC.GT..GTevvvuunnn.. Ao.... C...T....A...T.G..
IRE H3 JX480634 Tat CTC..CC.GT..GT........... A..... C...T....A...T.G..
IRE F4 JX480633 Tat CTC..CC.GT..GT e eeennnnn. A..... C...T....A...T.G..
IRE F3 JX480632 Tat CTC..CC.GT..GT........... A..... C...T....A...T.G..
IRE_F2 JX480631 Tat CTC..CC.GT..GTevvvnnnn.. Ao.... C...T....A...T.G..
DV10-3 HM141910 Tat C.C..CC.GT..G...T........ Ao, A..AT.G..
DLVO9-7 HM141922 Tat C.C..CC.GT..G...T........ Ao, A..AT.G...
BRAZ Tat .GC..TC.GT..... T AL i i T.G..G
BRALl Tat .GC..CC.GT..... T e e e e CT.G..G
Wyoming AF033820 Tat ATTGATTACCTCGATGCTTCATTAAGGAAGAAGAATAAACAAAGACTGAA
Miyazaki Jx003263 Tat ........ T..T..CCAC..CC.G.A...... A..... G..G..GGCA..
ITA SA KM247555 Tat  ..... C...T.G...C.C...C.G..A........ Covnnnnn GAA
ITA DE KM247554 Tat ..... C...T.G...C.C...C.G..A........ Cooinin GAA
IRE H3 JxX480634 Tat  ..... C...T.G...C.C...C.G..Aurrnn... Covennnnn GAA
IRE F4 JX480633 Tat ..... C...T.G...C.C...C.G..A........ Cooinin GAA
IRE F3 JX480632 Tat ..... C...T.G...C.C...C.G..A........ Cooinin GAA
IRE_F2 JX480631 Tat  ..... C...T.G...C.C...C.G..Au....... Covennnnn GAA
DV10-3 HM141910 Tat  ..... C.oo.n T..CAGC..GC.G.AA........ Covnnna AA
DLV9-7 HM141922 Tat ..... C..... T..CAGC..GC.G.A......... Covinnnl A...
BRA2 Tat L. C.oonn T..CT......... Ao, G..G.A...
BRAlI Tat ... C.oonn T..CA....... G. A . i G..G.AA..
Wyoming AF033820 Tat GGCAATCCAACAAGGAAGACAACCTCAATATTTGTTATAA
Miyazaki JX003263 Tat .CALLLALLGLGT. . .CLL L Gaal i Gl Cll el
ITA SA KM247555 Tat .CA.C.G..G.G....GA...G...A....CC..C.....
ITA DE KM247554 Tat .CA.C.G..G.G....GA...G...A....CC..C.....
TRE_H3 JX480634 Tat .CA.C.G..G.G....GA...G...A....CC..C.....
IRE F4 JX480633 Tat .CA.C.G..G.G GA...G...A....CC..C.....
IRE_F3_JX480632 Tat .CA.C.G..G.G GA...G...A....CC..C.....
IRE F2 JX480631 Tat .CA.C.G..G.G....GA...G...A....CC..C.....
DV10-3 HM141910 Tat ...C A.GG.G....... C.ooo... G...C........
DLV9-7 HM141922 Tat ...C...AGGG.G. v a L C.ooo... G...C........
BRA2 Tat UL, UL, A R Y c B G.euCuovnnnnn
BRA1 Tat .CAGL.T.T..GGL.Gew e G..C..... G...

Figura 3: Alignment of tat gene from EIAV Brazilian sequences (BRA1 and BRA2), EIAV
Wyoming (AF033820), EIAV Miyazaki (JX003263), EIAV Italy (KM247554 and
KM247555), EIAV Ireland (JX480631-JX480634), EIAV DV10-3 (HM141910) and DV9-7
(HM141922). Annealing of gPCR primers are shown in yellow.
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3. gPCR presents a higher EIAV detection than SemiNested PCR.

From 255 equids (horses and mules) analyzed for the presence of EIAV infection, 98
were positive by Semi Nested PCR and 122 were positive by qPCR (Table 2). From the
positive animals in gPCR, 105 were positive in IDGA or ELISA and from the negative
animals, 57 presented positivity in AGID or ELISA. In Semi Nested PCR, 87 positive animals
were also positive in serological tests and 75 of the negative animals were positive in
AGID/ELISA. In total, 162 animals were positive in any serological tests, AGID or ELISA;
179 animals were positive in any test (serological or molecular). Of the four methods tested,
only Semi Nested PCR did not present any positive animals with this technique alone (Figure
4).

ELISA SemiNested PCR

AGID qPCR

Negatives:
76 (29,80%)

Figure 4: Representative diagram of positive samples in each method: AGID, ELISA, Semi
Nested PCR and qPCR.
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Considering the total number of positive as positive samples in at least one test, we
can establish a detection rate of 68% (122/179) for AGID, 57% (102/179) for the ELISA,
68% (122/179) for gPCR and 55% (98/179) for the Semi Nested PCR. Thus, the detection of
gPCR is equal to the OIE gold standard (AGID), although the animals detected were not the

same (Figure 4).

Table 2. Table 2 x 2 with comparation between gPCR and another tested methods: (A) Semi
Nested PCR, (B) AGID e (C) ELISA.

A
gPCR
Negative Positive Total
Negative 125 (49%) 30 (11.7%) 155 (60.7%)
Semi Nested PCR
Positive 9 (3.5%) 91 (35.6%) 100 (39.2%)
Total 134 (52.5%) 121 (47.4%) 255
B
gPCR
Negative Positive Total
Negative 95 (37.3%) 38 (14.9%) 133 (52.2%)
AGID
Positive 38 (14.9%) 84 (32.9%) 122 (47.8%)
Total 133 (52.2%) 122 (47.8%) 255
C
gPCR
Negative Positive Total
Negative 92 (36.1%) 61 (23.9%) 153 (60%0)
rgp90 - ELISA
Positive 41 (16.1%) 61 (23.9%) 102 (40%)
Total 133 (52.2%) 122 (47.8%) 255

4. Diagnostic tests comparation

The gPCR test, using AGID as gold standard reference, presents relative diagnostic
sensitivity and relative diagnostic specificity of 71.4 % and 68.9 %, respectively. The
accuracy was calculated in 70.2 %, with 95% CI between 65.4 and 76.8 %.
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Compared to Semi Nested PCR, gPCR is a more sensitive and specific test. The
concordance between qPCR and Semi Nested PCR was 91.3%, with a Kappa index of 0.78.
By the chi-square test, p was lower than 0.0001. The gPCR still detected 30 other animals that
Semi Nested had not detected, 18 positive for EIAV by IDGA and 6 positive for ELISA,
suggesting a better detection of positive animals through this molecular test.

5. EIAV diagnosis flowchart

A diagnosis serial flowchart is logical and cost-effective, with the first tests being
always the most sensitive and the second test the most specific, to eliminate false-positives.
We evaluate diverse diagnosis flowcharts using the data obtained on the four tests to eliminate
as much as possible the need to check for false negatives in an endemic area such as the
Pantanal. The Semi Nested PCR did not detect alone any animal that has not been detected for
another test, being thus removed from the flowcharts. We took into consideration the creation
of flowcharts with at least on a serological test. Using the data from this study, the diagnosis
sequence that is capable of detect 100% of the animals with less cost is AGID followed by
ELISA and ending with gPCR (Table 3). The tests were designed so as to follow the still
recommendation of AGID as the gold standard, however including more sensitive exams and

with different targets and methodologies.

Table 3: Test of diagnosis flowchart for EIAV.

n positives in some % of positive samples in

Diagnosis sequence test some test Prevalence 1C 95%
AGID-ELISA 162 91% 63.53 57,30-69,45
AGID-gPCR 160 89% 62.75 56,49-68,70

AGID-ELISA-gPCR 179 100% 70.20 64,17-75,74
ELISA-qPCR 163 91% 63.92 57,70-69,82

Discussion

After the description and validation of the AGID to EIA, its use was immediately
adopted by the international veterinary community. Despite the standardized ELISA tests and
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with good results in the diagnosis of EIA, the AGID continue to be the gold standard
serological test due to its proven correlation with results in test of horse inoculation for EIAV
and high precision (ISSEL et al., 2013). However, Brazil presents a endemic situation in
Pantanal, where there is a high prevalence of EIA and non-euthanized animals, but segregated
in controlled farms (NOGUEIRA et al., 2017). The presence of false negative animals makes
it very difficult to control the disease in the region, either on farms known to be negative, or
on animals released for transport.

In this paper 57 of 255 (22.35 %) studied animals were negative in AGID and positive
in other tests, a concerning number that keeps EIA circulating and contaminating previously
negative animals. Thus, the validation of new diagnostic methods to reduce the number of
false negatives is imperative to aid in the control of EIA in Pantanal. Researchers around the
world have already questioned the only use of AGID as a diagnostic test (COOK; LEROUX;
ISSEL, 2013; ISSEL et al., 2013; RICOTTI et al., 2016).

AGID and ELISA have already been compared for sensitivity and false-negatives of
AGID previously (ISSEL et al., 2013; RICOTTI et al., 2016). The ELISAs used for this
comparation was a test based on a recombinant p26, same target recognized by AGID.
Although the ELISA presents a better sensitivity that AGID for serological detection, the
results must be cautiously observed due to the presence of false negatives. In a control setting
where the animal will not be euthanized (Pantanal) the epidemiologic risk of a false positive is
less important than a false negative. Since AGID has a lower sensitivity than ELISA’s tests,
these have been standardized to detect animals with low antibody levels (ISSEL et al., 2013).
A current example is a recently released commercial kit in Italy that uses a chimeric protein
recombinant of gag and env as a target (SCICLUNA et al., 2018). The ELISA used in this
study targets the recombinant gp90 based on a Brazilian sequence, different from AGID’s p26
(REIS et al.,, 2012). The rgp90-ELISA has an agreement of 95.42% with agar gel
immunodiffusion test results (REIS et al., 2012). The serological detection using different
targets is interesting because, if the false negative is caused by a viral variant non-reactive to
that target, antibodies for another protein may be detected. However, the envelope
glycoprotein gp90 shows greater variation among all genes translated from the virus, which
may also present, in an endemic situation like the Pantanal, false-negative animals. In Italy,
once presented with contradictory results from AGID and ELISA, it realizes an immunoblot
for three targets (p26, gp45, and gp90) to confirm the infection (ISSEL et al., 2013). Besides
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the three tests substantially improve the diagnostic accuracy when used together, all of them
are serological exams and will present the same difficulties, for example, in foals that receive
maternal antibodies through breastfeeding or animals with recent infection

Polymerase Chain Reaction (PCR) is a direct diagnosis test that detects the genetic
material from the tested pathogen. Detecting the proviral DNA offers a more accurate
diagnostic in multiple disease stages (chronic, acute and inapparent), since the use of genomic
RNA by RT-gPCR would only allow the detection of animals in viremia (CAPPELLI et al.,
2011). Although not used in this study, one step RT-gPCR with RNA and DNA samples is
possible, in order to increase the sensitivity of the test by combining detection of the viral and
proviral genomes. Kits that perform the simultaneous extraction of the two materials are
already commercial available for such methodology.

In association with this, a study about the gene variation must be conducted to choose
the most conserved region possible. The tat gene was chosen to be amplified in a region
conserved in most lineages, in which only the Miyazaki lineage would not have
correspondence (no gPCR test with this lineage). Dong and collaborators (2012) already used
this region jointly with the U5 region of LTR for viral detection and one of their described
primers was used in our reaction.

The Semi Nested PCR derivative of primers initially described by Dong and
collaborators (2012) was standardized as a possible technique to amplify a fragment of the
proviral genome of the circulating AIEV in the Pantanal. The high risk of contamination of a
Semi Nested PCR and the practicality and sensitivity offered by quantitative PCR makes this
second a better option in terms of molecular diagnosis. Quantitative PCR showed the same
analytical sensitivity as the Semi Nested PCR and detected more positive samples (confirmed
by AGID). When compared to the AGID (gold standard), qPCR detected the same number of
positive animals as the serological test, however in different animals (Figure 4). This
demonstrates that none of the tests is detecting 100% of the positive animals in the Pantanal.

Faced with this situation of diagnostic tests with different sensitivities and
specificities, we propose a diagnostic sequence to minimize the presence of false negatives in
the Brazilian Pantanal. This sequence was designed so that the initial test was the one
recommended by the MAPA, besides being the least expensive test in the market. Positive
samples for the gold standard test are retested to confirm the diagnosis. Negative samples are

tested in the other two methods for confirmation. Positive result in any of the serological test
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IS reported as positive samples, and positive samples only in qPCR are reported as positive
requiring monitoring. The ideal situation to confirm positive cases only in gPCR should be
the sequencing of the amplified product. With this diagnostic sequence, a total of 100% of the
animals diagnosed as positive in this study would be detected (Table 3). As every animal
detected by the Semi Nested PCR were also detected by another method, this test was
withdrawn from the diagnostic sequence. With this suggested flowchart, there is a chance to
get false positives.

The euthanasia of positive animals is mandatory for other areas of Brazil where the
EIA is not endemic as Pantanal. In this case, the occurrence of false positives is not desirable.
Therefore, in cases like this, we suggest that animals are initially tested using both serological
tests, AGID and ELISA. The animal is only considered negative with the two confirmatory
results. Conflicting results should be forwarded to the gPCR test (Figure 6). Positive results
only in the ELISA can be considered as false positives. However, this study observed 7.45%
(19/255) of positive animals only in this test, a value much higher than the 3.6% false positive
rate calculated in rgp90-ELISA (REIS et al., 2012). As we do not know what places in Brazil
the animals tested in the description of this ELISA are, there is the possibility of the high
genetic variation present in an endemic environment such as the Pantanal change these values.
Thus, positive results only in the ELISA should be considered with caution in non-endemic

regions (Figure 6).

1= Step: AGID

POSItIVe ~-=-mmmmmmm oo Report as positive (monitoring)
Negative ------=-s-e-mmmmmmcmecmeene Second step

Inconclusive -----------=-=-m-emnmnmee- Second step

2w Step: rgp90-ELISA

Positive ------------- e Report as positive (monitoring)
Negative ------=-s-m-mmemmmmemecmeeeeen Third step

Inconclusive -----------=-=-m-emnmnmee- Third step

3« Step: gPCR

POSItiVe -------mmmmmmmm oo Report as positive

Negative ---------------mmmmmmmmem oo Report as negative
Inconclusive --------=--=-==m-mmmmmemee Monitoring

Figure 5. Diagnostic algorithm proposed to minimize the presence of false negatives in the
Brazilian Pantanal. Samples will be tested for AGID, ELISA, and gPCR, respectively, and a
positive for a serological test already qualifies the animal as positive, and the positive only in
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the direct examination requires a follow-up of the animal and repetition of the tests posteriorly
(6 months).

1« Step: AGID and rgp90-ELISA

Positive in both ----------mmmmm e Report as positive

Positive only in AGID -----------=--=----m-mo-—- Second step

Positive only in ELISA ----------=mmemmmmmmeeee Second step

Negative in both ---------------emsmmm e Negative

Inconclusive in some test -------------=--=----- Second step

2« Step: gPCR

AGID Positive / gPCR Positive --------------- Report as positive

AGID Positive / gPCR Negative -------------- Retest with another sample

Retest: AGID +/ qPCR +: Positive
Retest: AGID +/ gPCR - : Positive
Retest: AGID -/ gPCR +: Positive
Retest: AGID -/ qPCR - : Negative
ELISA Positive / gPCR Positive --------------- Report as positive
ELISA Positive / qPCR Negative -------------- Retest with another sample
Retest: ELISA +/ gPCR +: Positive
Retest: ELISA +/ gPCR - : Negative (monitoring)
Retest: ELISA -/ qPCR +: Positive
Retest: ELISA -/ gPCR - : Negative
Inconclusive in gPCR ----------=------m-mmmmmm- Consider the result of AGID (with two
retests)

Figure 6. Diagnostic algorithm proposed to non endemic regions in Brazil. Samples will be
tested for AGID and ELISA, if there is conflitant results, qPCR. Conflitant results with gPCR
need to be monitored for possibility of false positive. A retest with another sample is
recommended and monitoring during the property quarantine.

Conclusions

Our data indicate that a significant number of equines infected by EIAV can escape
detection if only the AGID test is performed. To actually implement an effective control plan
and minimize the chance of keeping positive animals in the middle of a controlled farm, we
suggest implementing other available tests in a diagnostic sequence. Currently, many
Brazilian laboratories have the necessary structure to perform such exams. The algorithm was
designed in order to prioritize the already well established and low-cost test, so that an initial
screening is performed and it is not necessary for all samples to pass all the tests. In spite of

the analyzes, none of the tests presented total efficiency of detection of the infection, making
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the search for new diagnostic techniques for EIAV essential for the control of the disease in
Brazil.
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6 Conclusfes finais

Neste estudo foram obtidas duas sequéncias genomicas completas do VAIE em
animais naturalmente infectados no Pantanal brasileiro, area endémica para a doenca. A
estratégia da NGS desenvolvida foi capaz de obter leituras suficientes para uma sequéncia
completa, sem pré-amplificacdo, da amostra de equideos de RNA. Com base em alinhamentos
de sequéncia e andlise da arvore filogenética, BRA1 e BRA2 ndo estdo intimamente
relacionados com qualquer outra linhagem relatada até o momento, formando um grupo
monofilético separado. A analise molecular dos genes mostrou alta variacdo de nucleotideos e
aminoécidos em LTR e env, e genes ja relatados como conservados pol e gag com menor
variacdo. Com a anélise do gene do envelope, quasispécies virais diferentes puderam ser

observados em ambos equinos.

Baseado nos dois genomas obtidos, um gqPCR amplificando o gene tat de VAIE foi
padronizado. A analise de 255 equinos com os testes diagndsticos disponiveis (IDGA, ELISA,
Semi Nested PCR e o gPCR descrito neste trabalho) mostrou que nenhum teste possui
capacidade de detectar todos os animais positivos. Um numero significativo de equinos
infectados pela VAIE pode escapar da deteccdo se apenas o teste AGID for realizado (padréo
ouro). Para realmente implementar um plano de controle efetivo e minimizar a chance de
manter animais positivos em meio a uma fazenda controlada, sugerimos a implementacéo dos

testes disponiveis em uma sequéncia de diagnostico.
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Appendix A: Table of SNPs from BRA1. Genome position number is given as BRA1L
consensus reference.

Amino

S Chame Cwerage S YURL A Cxn T cos
327 T->A 201 25.90% 1.00E-123 LTR
502 A->G 162 28.40% 8.40E-112 K->R AAG->AGG Substitution Gag
1,067 G->A 123 29.30% 3.80E-90 AAG -> AAA None Gag
1,799 G->A 241 37.30% 2.50E-239 GAG -> GAA None Gag
1,830 A->G 263 34.20% 1.10E-216 N->D AAC->GAC Substitution Gag

2,024 T->C 471 37.80% 0.00E+00 TTA->CTA None Pol
2,046 A->G 387 45.00% 0.00E+00 K->R AAG->AGG Substitution Pol
2,155 G->T 347 39.80% 0.00E+00 L->F TTG->TTT  Substitution Pol
2,157 A->G 329 48.60% 0.00E+00 K->R  AAG->AGG Substitution Pol
2,308 T->C 125 27.20% 3.40E-86 ATT -> ATC None Pol
2,364 G->A 191 34.60% 6.80E-173 R->K  AGA->AAA  Substitution Pol
2,462 A->T 649 36.70% 0.00E+00 1->L ATA ->TTA  Substitution Pol
2,478 C->T 423 33.60% 0.00E+00 A->V  GCT->GTT  Substitution Pol
2,539 A->G 433 46.70% 0.00E+00 GGA -> GGG None Pol
2,952 A->G 465 40.90% 0.00E+00 N->S AAT -> AGT  Substitution Pol
3,144 A->G 399 46.60% 0.00E+00 K->R AAA->AGA Substitution Pol
3,184 G->A 463 25.10% 1.90E-251 CAG -> CAA None Pol
3,482 A->G 1,307 48.90% 0.00E+00 |->V ATA -> GTA  Substitution Pol
3,699 G->A 1,149 28.00% 0.00E+00 R->K AGG->AAG Substitution Pol
3,727 C->T 1,131 34.80% 0.00E+00 GAC -> GAT None Pol
3,985 C->T 1,226 50.70% 0.00E+00 TAC -> TAT None Pol
4,099 A->G 1,753 47.70% 0.00E+00 GGA -> GGG None Pol
4,249 G->A 1,709 26.90% 0.00E+00 CAG -> CAA None Pol
4,273 T->C 1,589 35.40% 0.00E+00 TCT ->TCC None Pol
4,381 A->G 871 48.90% 0.00E+00 GCA -> GCG None Pol
4,693 A->G 2,881 50.20% 0.00E+00 CAA ->CAG None Pol
5,881 G->A 2,164 32.20% 0.00E+00 R->K AGA -> AAA  Substitution Env
5,885 C->G 2,104 32.70% 0.00E+00 N->K  AAC->AAG Substitution Env
5,912 A>T 1,847 32.00% 0.00E+00 K->N AAA->AAT  Substitution Env
5,929 C->A 2,105 97.10% 0.00E+00 T->N ACC -> AAC  Substitution Env
5,941 A->C 2,259 98.80% 0.00E+00 H->P CAT ->CCT Substitution Env
5,943 C->T 2,283 99.20% 0.00E+00 H->Y  CAT->TAT  Substitution Env
7,480 A->G 16,497 54.30% 0.00E+00 N->S AAT -> AGT  Substitution Env/Rev
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Appendix B: Alignment of env clone sequences of BRA1 and BRA2. The BRAL sequence
was used as reference to the alignment. Inclusions and deletions are marked in yellow.
Hipervariable region V3 is highlighted in green and V4 in pink.

1 10 20 30 40 50 60

I \ \ \ \ \ \
BRAL ATGGTCAGCATCGCGTTCTATGGGGGAATCCCAGGGGGAATCTCGACCCCTATTATTCAA
BRA1l Sequence ATGGTCAGCATCGCGTTCTATGGGGGAATCCCAGGGGGAATCTCGACCCCTATTATTCAA
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA1 Seqguence
BRA2 sequence
BRA1 Sequence
BRA2 sequence
BRA1 Sequence

NN NN

NWhRPPFPOOWOO_NNDDNORE W

BRA1 TCTTCAGAAGAAGCTAGTCACACCAAGGGGGATACAATATTTAAACCCTATTGTTCTGAT
BRA1l Sequence TCTTCAGAAGAAGCTAGTCACACCAAGGGGGATACAATATTTAAACCCTATTGTTCTGAT
BRA2 sequence
BRA1 Sequence
BRA2 sequence
BRA1 Sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1l Sequence

NN DN

NWhRPRPRPFPOODWOAO_NNDDNDU R DSW

BRAL GAAAAAAGTAACAGGAATAAAACAATGGCGGAAGAAAGAGATTCAAGAGAACGAAGAGAA
BRA1l Sequence GAAAAAAGTAACAGGAATAAAACAATGGCGGAAGAAAGAGATTCAAGAGAACGAAGAGAA
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1 Sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1l Sequence
BRA2 sequence
BRA1l Sequence

DN NN

NWdhdhREFEPFRFRPOODWOOBRNNDDNDU R SW

BRA1 GCGTACCTGAAAGAAGATGCAGAAGAAAATGCAAAGAAGAGAAACAATGACTGGTGGAAA



BRAL
BRA2
BRAL
BRA2
BRAL
BRA2
BRAZ2
BRAZ2
BRA2
BRAZ2
BRA2
BRAL
BRA2
BRAL
BRA2
BRAL

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRAZ2
BRA2
BRAZ2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence

NWdcrEFERPRPOOWUOOUNDNDNDNDOO R SW NWbhRPRPRPEPOODWOAO_NDNDNDOU R SW

NWbhRPRPRPFPOOWOO_NDNNDNDO R W

SN N O W

DN DNDDN R

NN NN

NN NN

N

GCGTACCTGAAAGAAGATGCAGAAGAAAATCCAAAGAAGAGAAACAATGACTGGTGGAAA

ATAGGTATGTTTATGCTATGTTTAATGGGAGCAACAGGAGGAATGCTCTGGTGGTATGAG
ATAGGTATGTTTATGCTATGTTTAATGGGAGCAACAGGAGGAATACTCTGGTGGTATGAG

GATGTGGCACACCCACAATATATAGGATTGATTACTGTTGGTGGGAAATTGGAAGGATCT
GATGTGGCACACCCACAATATATAGGATTGATTACTGTTGGTGGGAAATTGGAAGGATCT

GGAATGACTAGTGCTATAGAATGTTGGGGT-AAGTTTCCTGGCTGTAGACCGTTTGATAA
GGAATGACTAGTGCTATAGAATGTTGGGGTNAAGTTTCCTGGCTGTAGACCGTTTGATAA
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BRAZ2
BRA2
BRAZ2
BRAL
BRAZ2
BRAL
BRAZ2
BRAL

BRAL
BRAL
BRAZ2
BRAL
BRAZ2
BRAL
BRAZ2
BRA2
BRAZ2
BRA2
BRAZ2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRAZ2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

NWds P OYWwU

NWbhRPRPPFPOODWOAO_NNDDNDOU R SW NWdhRFERPPFPOODWOAO_NNDDND U R DSW

NWhdhREPRPRPOODWUOUDDNNDNOO R SW

N

DN NN

DN NN

DN N

TTATTTTAGTTACATGACTAACAGACGTATACATGTACAAAATAACACTGTTTCA-TTAT
TTATTTTAGTTACATGACTAACAGACGTATACATGTACAAAATAACACTGTTTCMWTTAT

TAG-AGTCATATCATAGAGAGATAACATATATATATAAAA-CAATGTGTACAGATAGTGA
TAG-AGTCATATCATAGAGAGATAACATATATATATAAAAACAATGTGTACAGATAGTGA

TCATTGTCAAGAA-TAT-GAGTGT-——————————————
TCATTGTCAAGAANTATNGAGTGT-————=—-—-=——————— YMAAGAGGGTACAACTGACTA

TCATTGTCAAGAC-TAT-GAGTGCGAAAGGGTCCAACTAAAAAACA-CTAGTAAATATA-

TCATTGTCAAGAC-TAT-GAGTGC-—————=————————— GAAAGGG--TCCAACTAAAT-
TCATTGTCAAGAC-TAT-GAGTGC————==—=-=—————— AAAAGGG--TCCAACTAAAA-
TCATTGTCAASAC-TAT-GAGTGC-—————=————————— GAAAGGG--TCCGATTAAAT-
TCATTGTCAAGAC-TAT-GAGTGC-—————=————————— AAAAGGG--TCCAACTAAAA-
TCATTGTCAAGAA-TAT-GAGTGT-—————————————— AAAAAGG--AACAACTGCCT-
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BRAL
BRAL
BRA2
BRAL
BRA2
BRAL
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRAL
BRA2
BRAL
BRA2
BRAL

BRAL
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRAZ2
BRA2
BRA2
BRA2
BRA2
BRAL
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRAL
BRA2
BRAL
BRA2
BRAL
BRA2

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence3.1l
Sequence 2

SRR OOWORNNDN O SW
DN NN

Sequence 3
sequence 4.1
Sequence 1
sequence 5.1
Sequence 2
sequence 2.1
sequence 2.2
sequence 4.2
sequence 5.2
sequence 3.2
sequence 6.2
Sequence 1
sequence 1.1
Sequence 4
sequence 3.1
Sequence 2
Sequence 3
sequence 4.1
Sequence 1
sequence 5.1
Sequence 2
sequence 2.1
sequence 2.2
sequence 4.2
sequence 5.2
sequence 3.2
sequence 6.2
Sequence 1
sequence 1.1
Sequence 4
sequence 3.1
Sequence 2

Sequence 3
sequenced.l
Sequence 1
sequenceb5.1
Sequence 2
sequence2.1l

G-—--G--——-——-- TATR----TGGGTCNAA-GTGTGACTATAAAGCTACAACG--CTA
A--——G-—--———-- TART----GGGTCAAGT-GTG-—-ACTATAA-GCTACAAC--RCTA
G-——=G--——---—- TGAG----TAGTTGTAGTGTG--AATATAA-CCTACAAC—-ACTA
T-——-A-—————-—- ATAA----ATGTGACGG-TTA--GTAATAA-TAGTGGTAATAGTG
GAGAA---—————-- TAAT----AGTGGAACT-GTG--GAGATTA-GTGGTAA--TAGCA
G----AGACTAAAAATAAT----ATAATAAAT-GTG--AGTAATA-GTGGTAA--TAGTA
G-—--G--—————-- GAATTTTAGTGATAGAA-TAA--GTGTGGA-GGATAATAATAATA
G----AGACTAAAAATAAT----ATAATAAAT-GTG--AGTAATA-GTGGTAA--TAGTA
A--——G-—--——--- TAAT----GGGTCCCGT-GTG-—-AATATAA-GCTACAACG--CTA
REACATC==AT - - - TGGAA-TTTCARATGGTT--GGTATGTAATCAAACTGAGAATCAA

GCACATC--TTAATTTGGAANTTTCAAATGGGTTGGGTATGTAATCAACTGRAGAATCAA

GCACATCTTAT----TGGAA-TTTCAAATGGTT--GGTATGTAATCAAACTGAGAATCAA
MCACATCTTAT----TGGAA-TTTCAAATGGTT--GGTATGTAATCAAAATGAGAATCAA
ACACTT---AT----TGGGA-TTTCACATGGTT--ATTATGTAATCAAACTGAGAATAAA
GCACTT---AT----TGGAA-TTTCACATGGTT--ATTATGTAATCAAACTGAGAATAAA
GCACTT---AT----TGGGA-TTTCACATGGTT--ATTATGTAATCAAGCTGAGAATACA
GCACTT---AT----TGGGA-TTTCACATGGTT--ATTATGTAATCAAACTGAGAATAAA
GCACTT---AT----TGGGA-TTTCACATGGTT--ATTATGTAATCAAGCTGAGAATACA
GCACATCTTAT----TGGAA-TTTCAAATGGTT--GGTATGTAATCAAACTGAGAATCAA

AAGGCAATTC-TTATTCCA-GAAGAG - R -
AAGGCAATTCYTTATTCCAAGAAGAAGNAAATGGTACAG---AAATGATAATAATACYTT

AAGACAATTC-TTGTTCCA-GAAGAAG-AAATGATACTG---TA-CAATGGCACCACTT-
AAGACAATTC-TTGTTCCA-GAAGAAG-AAATGATACAGTACAA-TGACAATCGCACTT-
AAGACAATTC-TTGTTCCA-GAGGAAG-AAATGCAGGAC---AG-TGACAATGGCACTT-
AAGACGATTC-TTGTTCCA-GAAGAAG-AAATGATACAGTACAA-TGACAATCGCACTT-
AAGACAATTC-TTGTTCCA-GAGGAAG-AAATGCAGGAC---AG-TGACAATGGCACTT-
AAGGCAATTC-TTATTCCA-GAAGAAG-AAATGGTACAG---AA-TGATAATAATACTT-

-GGTCCCCTAGGGGAT-GTAATAGCA--CATGGG-CAAGGGTGAAACATT-GTCC-AGCG
GGGTCCCCTAGGGGATTGTAATAGCCACCATGGGGCAAAGGGGAAACACTTGTCSAGCCA
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BRAZ2
BRA2
BRAZ2
BRA2
BRAZ2
BRAL
BRAZ2
BRAL
BRA2
BRAL

BRAL
BRAL
BRA2
BRAL
BRA2
BRAL
BRA2
BRAZ2
BRA2
BRAZ2
BRA2
BRAZ2
BRA1
BRAZ2
BRA1
BRAZ2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1
BRA2
BRA1

BRA1
BRA1
BRA2
BRA1
BRA2
BRA1
BRA2
BRA2
BRA2
BRA2
BRA2
BRA2
BRA1
BRA2
BRA1

sequence?.
sequenced.
sequenceb.
sequence3.
sequenceb6.
Sequence 1
sequencel.l
Sequence 4
sequence3.1l
Sequence 2

NN NN

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

NWhRPRPRPFPOOWOO_NDNDDNO R SW

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence
sequence
Sequence

NWbh PP OOWOO_NNDDNUO R W

Sequence
sequence
Sequence
sequence
Sequence
sequence
sequence
sequence
sequence
sequence
sequence
Sequence
sequence
Sequence

SRR OOOWOsNNDN O SW

NN NN

NN NN

NN

—-GGGCCCCTAAGGGAT-GTAATGACA--CATGGG-CAAAAGTAAAACATT-GTCC-AATG
—GGGCCCCTAAGGGAT-GTAATGACA--CATGGG-CAAAAGTAAAACATT-GTCC-AATG
—-GGGCCCCTAAGGGAT-GTAATGACA--CATGGG-CAAAAGTAAAACATT-GTCC-AATG
—GGGCCCCTAAGGGAT-GTAATGACA--CATGGG-CAAAAGTAAAACATT-GTCC-AATG
-GGGCCCCTAAGGGAT-GTAATGACA--CATGGG-CAAAAGTAAAACATT-GTCC-AATG
NGGTCCCCTAGGGGAT-GTAATAGCA--CATGGG-CAAAGGTGAAACATT-GTCC-AGCG

-GGTCCCCTAGGGGAT-GTAATAGCA--CATGGG-CAAAGGTGAAACATTTGTCCCAGCG

GAT-CTGTTGTATGGGATACATCCTATTAGGCTATGTGTGCAGCCACCATTTTTCCTGGT
GATCGGRWTCATGCGATACATCCTATAAGGCCTATGTTGTGCAGCCCACATTTTTCTGGT

GAC-TTGTTGTATGGGCTGCATCCTATTAGGTTATGTGTACAGCCACCATTTTTTCTGGT
GAC-TTGTTGTATGGGCTGCATCCTATTAGGTTATGTGTACAGCCACCATTTTTTCTGGT
GAC-TTGTTGTATGGGCTGCATCCTATTAGGTTATGTGTACAGCCACCATTTTTTCTGGT
GAC-TTGTTGTATGGGCTGCATCCTATTAGGTTATGTGTACAGCCACCATTTTTTCTGGT
GAC-TTGTTGTATGGGCTGCATCCTATTAGGTTATGTGTACAGCCACCATTTTTTCTGGT
GATTYTGTTGTATGGGATACATCCTATTAGGCTATGTGTGCAGCCACCATTTTTCCTGGT

GAT-TTGTTGTATGGGATACATCCTATTAGGCTATGTGTGCAGCCACCATTTTTCCTGGT

AAAAAATAATGATGGGAACTTCACAAATGGGAACCACACACTTAGCAACTGTGGTCCACA
AAAATATGGATTGGAACTCACGAATATGGGGAACTCAACCACTCCTA-————————————

AAGAAAAGAAGAT-—-====—————— AATCATAGCCGCACACTTAGTAATTGTGGTCCACA
AAGAAAAGAAGAT-—-————————— AATCATAGCCACACACTTAGTAATTGTGGTCCACA
AAGAAAAGAAGAT-—-====—————— AATCATAGCCGCACACTTAGTAATTGTGGTCCACA
AAGAAAAGAAGAT-—-————————— AATCATAGCCGCACACTTAGTAATTGTGGTCCACA
AAGAAAAGAAGAT-=-====—————— AATCATAGCCGCACACTTAGTAATTGTGGTCCACA

GAAAAATAATGATGGGAACTTCACAATTGGGAACCACACACTTAGCAACTGTGGTCCACA

GAAAAATAATGATGGGAACTTCACAATTGGGAACCACACACTTAGCAACTGTGGTCCACA

AATATCACTGGGGATATTAGATGAAAATAAAGCTGTTACAAGGGAGGTCAACTGCACTGT

AATATCATTAGGGATATTAGATAACAATAAAGCTGCTGTAAGAGATGCCAGCTGCCAGGT
AATATCATTAGGGATATTAGATGACAATAAAGCTGCTGTAAGAGATGCCAACTGCGTGGT
AATATCACTAGGGATATTAGATAACAATAAAGCTGCTGTAAGAAATGCCAACTGCAGCGT
AATATCATTAGGGATATTAGATAGCAATAAAGCTGCTGTAAAAGATGCCAGCTGCCAGGT
AATATCACTAGGGATATTAGATAACAATAAAGCTGCTGTAAGAAATGCCAACTGCAGCGT
AATATCACTGGGGATATTAGATGAAAATAAAGCTGTTACAAGGGGGGTCAACTGCACTGT

AATATCACTGGGGATATTAGATGAAAATAAAGCTGTTATAAGGGAGGTCAACTGCACTGT
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NWbhRPRPRPFPOOWOOAO_NNDDNDU R DSW NWbhRPRFEPOOWOOSNDNDDNO RS W

NWdhdhEFEPFRPRPOODWOAOBNNDDNDU R SW

DN DND NN

NN DN

NN NN

AATATCACTGGGGATATTAGATGAAAATAAAGCTGTTATAAGGGAGGTCAACTGCACTGT

GGCTAAAAAA-GTTTTTCATTTT---AAT---GACTATTCTGGACAGTTTATAAGTCCTA

GGAGAGAAAG-ACTGTTCAGATT---CCTAAAGAATATTCTGGACAGCTTATAGTTCCTA
GGAAAAAAAG-ACTGTTCAGATT---CCTAAAGAATATTCTGGACAGCTTATAGTTCCTA
AGAGAAAAAG-ACTGTTCAGACT---AAA---GACTATTCTGGACAGCTTATAGTTCCTA
GGAGAAAAAG-ACTTTTCAGTTTTCTAAA---GGCCATTCTGGACAGCTTATAGTTCCTA
AGAGAAAAAG-ACTGTTCAGACT---AAA---GACTATTCTGGACAGCTTATAGTTCCTA
GGCTAAAAAAAGTTTTNAATTTT---CAT---GACTATTCTGGACAGTTTATAAGCCCTA

TATTCTATAAGTGTACTATTA--—-—— CTAATCTGACAAGGTGCTATAACAACAGCTCAAC
TATTCTATAAGTGTACTATTA----- CTAATCTGACAAGGTGCAATAACGACAACTCAAC
TATTCTATAAGTGTACTATTACTGGTCTGACAAGGTGCGATAACAACAACTCAAC—————
TATTCTATAAGTGTACTATTACTAATCTGACAAGGTGCTATAACAACAGCTCAAC-—————
TATTCTATAAGTGTACTATTACTGGTCTGACAAGGTGCGATAACAACAACTCAAC———--
TATTTTATCAATGTAATCTTAGC---CTAAAACCTTGTAATGGGACAAACTCATC-—————

AATAAGTATTATCAGGTATGATGAGAAAAATGTTCAATATTTGTTATGTAAAACAAATAA
AATAAGTATTATCAGATATGATAAGGACAATGTTCAATATTTGTTATGTAAAAATAATAC
AATAAGTGTTATCAGGTATGATGAGAACAGTGTTCAATATTTGTTATGTAAAACAAATAA

AATAAGTATTATCAGGTATGATGAG-—————————————————————— AAAAA-TGTTCA
AATAAGTGTTATCAGGTATGATGAGAACAGTGTTCAATATTTGTTATGTAAAACAAATAA
AGTAAGTATTATCAGATATGATGAG-—————————————————————— AA-CACTGTTGA
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NWhRFERPRFRPOODWOAOB_NNDDNDU R SW NWdhRFERPRPFPOODWOAO_NNDDND U R DSW NDNwWbhRPRPRPFPROWOO_NDNDDNDO

WU dNNDDN U W

DD DN

DN NN
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TACAGATGCAGGTAAT === = — e e e e e e
AGATGCAGGT—————————— e
TACAGATGCAGG TAA T — === == m e e e e e
ATATTTGTTATGTAAAACAAATAATACAGATGCAGG-——————————— ) P
TACAGATGCAGGTAAT ——————— e e
ATATTTGATATGCAAGGCTAATAGCACCACTGAAAACACCACTGAAGGA-——————————

————————————————— TTTTCATGTGTAGTACAAACTTTTGGGAAAATAGGACAGGCAC
—————————————— AATTTTTCATGTGTAGTACAAACTTTTGGGAAAATAGGACAGGCAC
————————————————— TTTTCATGTGTAGTACAAACTTTTGGGAAAATAGGACAGGCAC
—————————————— AATTTTTCATGTGTAGTACAAACTTTTGGAAAAATAGGACAGGCAC
————————————————— TTTTCATGTGTAGTACAAACTTTTGGGAAAATAGGACAGGCAC
—————————————— AGCTTTTCATGTGTAGTACAAACTTTTGGAACAATAGGACAGGCAC

GCACCACTGAAGGAAACTTTTCATGTGTAGTACAAACTTTTGGAACAATAGGACAGGCAC

ATATAGAACTACCCAGAAAAAATAAAAAGATAATTGGAAACCAGTTCACACAATATAATT

ATATAGAGTTACCCAGAAACAATAAAAGGATAAGAGAGAACAAATTCACACAGTATAATT
ATATAGAGTTACCCAGAAACAATAAAAGGATAAGAGAGAACAAATTCACACAGTATAATT
ATATAGAGTTACCCAGAAACAATAAAAGGATAAGAGAGAACAAATTCACACAGTATAATT
ATATAGAGTTACCCAGAAACAATAAAAGGATAAGAGAGAACAAATTCACACAGTATAATT
ATATAGAGTTACCCAGAAACAATAAAAGGATAAGAGAGAACAAATTCACACAGTATAATT
ATATAGAACTACCCAGAAAAAATAAAAAGATAATTGGAGACCGGTTCACACAATATAATT

ATATAGAACTACCCAGAAAAAATAAAAAGATAATTGGAGACCGGTTCACACAATATAATT

GTTCAATAAATGATAAGACAGAGTTAGAAAAATGGAAGTTGGTAAAAA-GTTCAGGTATT

GTTCAATAAATAATCAGACAGAGTTAAAAGAATGGAAATTGATAAGAG-GTTCCGGTATT
GTTCAATAAATAATCAGACAGAGTTAAAAGAATGGAAATTGATAAAAG-GTTCCGGTATT
GTTCAATAAATAATCAGACAGAGTTAAAAGAATGGAAATTGATAAAAG-GTTCCGGTATT
GTTCAATAAATAATCAGACAGAGTTAAAAGAATGGAAATTGATAAAAG-GTTCCGGTATT
GTTCAATAAATAATCAGACAGAGTTAAAAGAATGGAAATTGATAAAAG-GTTCCGGTATT
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NWbhRPFPRFEPOODWAO_NNDNOUO R SW NWdhRFRPPFPROODWOAO_NNDDNDUREDSW

NWhdhREPERPRPOWOUDNNDNO R SW

DN NN

DN DNDDN R
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GTTCAATAAATAATAAGACAGAGTTAGAAAAATGGAAGTTGGTAAAAANGTTCAGGTATT

GTTCAATAAATGATAAGACAGAGTTAGAAAAATGGAAGTTGGTAAAAA-GTTCAGGTATT

ACTCCTTTTCCTGTTACTTCTCGGGCCAATACAGGACTAGTTAGATACAAAAGAGATTTT

ACTCCTATTCCTATTACTTCTCAGGCTAACACAGGATTAATTAGATACAAAAGAGATTTT
ACTCCTGTTCCTATTACTTCTCAGGCTAACACAGGATTAATTAGATACAAAAGAGATTTT
ACTCCTATTCCTATTACTTCTCAGGCTAACACAGGATTAATTAGATACAAAAGAGATTTT
ACTCCTATTCCTATTACTTCTCAGGCTAACACAGGATTAATTAGATACAAAAGAGATTTT
ACTCCTATTCCTATTACTTCTCAGGCTAACACAGGATTAATTAGATACAAAAGAGATTTT
ACTCCTTTTCCTGTTACTTCTCGGGC———= === === === === m————mm oo

GGAATATCAGCAATAGTGGCGGCAATAGTGGCTGCAACCGCTATTGCTGCTAGTGCTACC
GGAATATCAGCAATAGTGGCGGCAATAGTGGCTGCAACCGCTATTGCTGCTAGTGCTACC
GGAATATCAGCAATAGTGGCGGCAATAGTGGCTGCAACCGCTATTGCTGCTAGTGCTACC
GGAATATCAGCAATAGTGGCGGCAATAGTGGCTGCAACCGCTATTGCTGCTAGTGCTACC
GGAATATCAGCAATAGTGGCGGCAATAGTGGCTGCAACCGCTATTGCTGCTAGTGCTACC

ATGTCTTATATTGCTTTGACTGAAGCAAGTAAAGTTACTAATGCCATGAATCATACCTTT
ATGTCTTATATTGCTTTGACTGAAGCAAGTAAAGTTACTAATGCCATGAATCATACCTTT
ATGTCTTATATTGCTTTGACTGAGGCAAGTAAAGTTAGTAATGCCATGAATCATACATTT
ATGTCTTATATTGCTTTGACTGAAGCAAGTAAAGTTAGTAATGCCATGAATCATACATTT
ATGTCTTATATTGCTTTGACTGAGGCAAGTAAAGTTAGTAATGCCATGAATCATACATTT

GTAGTGGAAAATGATACAATCAGAGCAACGGAAATGATAGAAAAACAGATACATATATTA
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N

GAAGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCATATATTA
GAAGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCATATATTA
GAAGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCACATATTA
GAGGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCATATATTA
GAGGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCATATATTA
GAGGTAGAGAATAACACAATCCATGCAACAGAGATGATAGAAAAACAAATGCATATATTA

TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AGTTACTAAAAGAAAGACAAAAAAT
TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AGTTACTAAA-——————————————
TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AGTTACTAAA-———————————————
TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AGTTA-————————————————————
TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AGTTACTAAA-——————————————
TATGCAATGATTCTTCAGACCCATGCAGATGTCC-AG——————————————————(—————
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TAGAAATAATTTAGAACAGGCTATGATTACTTTTAATACACCTGATAGTATAGCTCAATT
TAGAAATAATTTAGAACAGGCTATGATTACTTTTAATACACCTGATAGTATAGCTCAATT
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AAAATATATAATAATGTTGTTATTGTGTTATGTGGTACTAACCTCTTCACCTAAGATCCT

ACACCTAGCAGGCGTAACCGGTGGATTAGAGGACAAATACAACAAGCTGAAATACTCCAA
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TTCGATGGCTATCGGCGAGACCAAGAGCGTCGCTGGGGACAATGCCCAACAAGCATCGGC
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Appendix C: Alignment of nucleotide sequences in EIAV LTR using MUSCLE. U3 is in
black, R in red, and U5 in blue. Methylated DNA-binding protein site (MDBP) is in the red
box, PEA1/AP-1 site in pink, transactivation response element (TAR) is in the green box,
Initiation site of transcription is in gray, and PU.1 binding sites is in yellow.

BRAL TGTGGGGTTAATAT-AAAATGGCTGTAGAAAAGAAAGTTGCTGATGATTATAAGTA-————————————— AATATGCTGA
BRAZ e G.—....A.A..... B C ittt PR
Liaoning ...... A...... C-..G..TCT.A..———====———————— AG. e e e m——mmmmmm L.GT......
KY411969 ...... Acooee.. -..G..TCT.A. .- —————————————— AG. v v v v v v s ammmmm e LGT.o oL
KY411970 ...... Acooee.. -..G..TCT.A. .- —————————————— AG. v v v v v v s ammmmm e €
KY411971 ...... Ao, -..G..TCT.A., . ——==——————————— AG. v mmmmmmmm e LGT..n..
KY411972 ...... Ao, -..G..TCT.A. . ——==——————————— AG. v mmmmmmmm e LGT..n..
KY411973 ...... Acoooe.. -..G..TCT.A. .- —————————————— AG. v v v v v v s ammmm e €
KY411974 ...... Acoooe.. -..G..TCT.A. .- —————————————— AG. v v v v i v s emmmmm e €
KY411975 ...... Ao, -..G..TCT.A. . ——==——————————— AG. i mmmmmmmm e LGT..n..
KY411976 ...... Ao, -..G..TCT.A. . ——==——————————— AG. i mmmmmmmm e LGT..n..
KY412097 ...... Acoooe.. -..G..TCT.A. .- —————————————— AG. v v v v v i s ammmmm e €
KY412098 ...... Ao -..G..TCT.A. .-/ —————————————— AG. v v v v v v e ammmmm e LGT.o ...
DLV9-7  ...... Ao -..G..TCT.A. .- —————————————— AG...A...G.AAGTTGCTGATGCTCTC..GT......
DV10-3  ...... Ao -..G..TCT.A. .- —————————————— AG....A..G.mmm—————————————— LGT.o oL
IRE F2  ...... A,...—-————————— ATAA.G-—-————————————— AG.AC..G...AA.GA-——————————— CTooone.
IRE F3  ...... A....—m——————— ATAA.G-—————————————— AG.AC..G...AA.GA-——————————— CT......
IRE F4  ...... A....——m———————— ATAA.G-—————————————— AG.AC..G...AA.GA-——————————— CT..o...
IRE H3  ...... A....—-————————— ATAA.G-—-————————————— AG.AC..G...AA.GA-——————————— CTooone.
Wyoming ......... TT...G.GGGGTTT.A. .- —===—————————— A, AGTAAAAAG---——- A..GT......
Miyazaki ALAL e A, ———mmm TG.AT..G..TA-——————————————— AC... ...
BRA1 TGCTCT-CATAACCGCGTGTAACCTAGAAG-CTA-GCTCATIGTTGCTAGGCAACIIAAACTGTAATAACCT-GTTAGTTCC
BRA2 ...... T ey - U B A..A.A . ). Ao, - ... -
Liaoning ...... e TTA....... C.A...Aii—viidoenn Covevvneeeenn. [C -—..T.....
KY411969 ...... e TTA....... C.AL..A...—vvefeenn. L -—..TEE. .
KY411970 ...... e TTA....... C.AL..A...—vvefeenn. L -—..TEE. .
KY411971 ...... TP TTA....... C.AL..Ac o—vvveedee et L —-—. . TE .
KY411972 ...... TP TTA....... C.AL..Ac o—vvveedee et L —-—. . TE .
KY411973 ...... e TTA....... C.AL..A...—vvefeenn. L -—..TEE. .
KY411974 ...... e TTA....... C.AL..A...—vvefeenn. L -—..TEE. .
KY411975 ...... T TTA....... C.AL..A . o—vvveidfeenn. L —-—. . TEE. .
KY411976 ...... T TTA....... C.AL..A .~ L —-—. . TEE. .
KY412097 ...... e TTA....... C.A...A...—..oooef.. C.o.Covvvviifeeeeen G.vvvnn -—..TEE..
KY412098 ...... e TTA....... C.A...A...—..oooef.. C..Covvviiifeenn. CG..C -—..TEE..
DLV9-7  ...... T TTA. . ——————————— Ao [ [C Govvnn —-—. . TEE. .
DV10-3  ...... T TTA....... C.AG..A..o—vvvfeenn. [ G.vevnn —-—. . TEE. .
IRE F2  ...... “Tooo.o.. T.A.. ... A...Gooo—on [ A..G...... -..A. 0.
IRE F3  ...... “Tooo.o.. T.A.. ... A...Gooo—on [ P 2 -..A. 0.
IRE F4  ...... -To..... T.A......... A...G...—..... [ A..G...... - ARG .
IRE H3  ...... -To..... T.A......... A...G...—..... [ A..G...... -, AL,
Wyoming ...... S TT..A..... C.AG.A. . c—eiiii e iiiiiaenaihen.. C.Civnn GCA..T..GA.
Miyazaki ...... Ao, TT..A..... C.T.TAA...G..AGGH....... A.....l G....AAT....... --A. .-
BRA1 TCATTATTGT————————————————————m—— e — TCCTGTTTTTACAC[ATATAAGTACATGTAT
BRA2 i T T e i i e e G..... G.
Liaoning ....... A, .———————————————— TCCGCTTTTGTEGACBEBEETTAAGT . . . v v v v v v v vt Gh......|. LTl
KY411969 ....... AR S ESS TCCGCTTTTGTEGABEBEETTAAGT . . v v v v v v v v vt Gh..... ... G.T.....
KY411970 ....... B\, [ coooooeecccoocos TCCGCTTTTGTEGABEBEETTAAGT . . v v v v v v v v v et G} .C.. GLTe ...
KY411971 ....... A, .———————————————— TCCGCTTTTGCTEGACEBEETTAAGT . . . v v v v v v v vt Gh......|. G.T.....
KY411972 ....... A, .———————————————— TCCGCTTTTGCTEGACBEBEETTAAGT . . . v v v v v v v vt Gh...ooof - G.T.....
KY411973 ....... A e S e TCCGCTTTTGTEBACBBEETTAAGT . « v v v v v v v v vt [€ R G.T.....
KY411974 ....... A e S e TCCGCTTTTGTEBACBBEETTAAGT . . v v v v v v v v vt Gh......f . G.T.....
KY411975 ....... A, .———————————————— TCCGCTTTTGTEGABEBEETTAAGT . . . v v v v v v v vt Gh......|. G.T.....
KY411976 ....... A, .———————————————— TCCGCTTTTGTEGABEBEETTAAGT . . . v v v v v v v vt Gh......). G.T.....
KY412097 ....... A e S e TCCGCTTTTGTEBACBBEETTAAGT . . v v v v v v v v vt Gf...... Teen
KY412098 ....... i o oo esoeesossooos TCCGCTTTTGTEBACBBEETTAAGT . . v v v v v v v v vt Gh..ooiifen. T.....
DLVO9-7  ....... A..TCCGCTTTTGTATAGTTCCGCTTTTGTEGACEEET TAAGT . . . o v v v v v v vt Gh......). G.T.....
DV10-3  ....... A, .———————————————— TCCGCTTTTGTEGABEBEETTAAGT . . . v v v v v v v vt G......| GLTo ..
IRE F2  ....... A e S e TCCGCTTTTGT] CAAA..... AlL......} C..T.....
IRE F3  ....... A e S e TCCGCTTTTGT] CAAA..... AlL...... C..T.....
IRE_ F4  ....... A, .———————————————— TCCGCTTTTGT] CAAA..... AL......| C..T.....
IRE H3  ....... A, .———————————————— TCCGCTTTTGT] CAAA..... AL......| C..T.....
Wyoming G.G-—---A..—-——————————————— TCCCCATTGGTEGACEEEBTTAACT . « v v v v v v e e e et Gf......}). G.T.....
Miyazaki CT...TAA..—-——————————————— TCCGCTTTTGTEGACEEETTAAGT. . . . . Ao, AlL......|. G.T.A




BRAL TCTGATAACAAGACACTCAGATTCTGCGGTCTGAGTCECTTCTCTGCTGGGCCTAATA--AGCCTTGA—
BRAZ2 O e Com—ii
Liaoning ..... L 0 e T-..CICT.......
KY411969 ..... L 1 T-G.CTCT.......
KY411970 ..... L T-G.CTCT.......
KY411971 ..... L T T-G.CTCT.......
KY411972 ..... L T T-G.CTCT.......
KY411973 ..... L T-G.CCCT.......
KY411974 ..... L T-G.CTCT.......
KY411975 ..... L T T-G.CTCT.......
KY411976 ..... L T T-G.CTCT.......
KY412097 ..... L T-..CTCT.......
KY412098 ..... L T-..CTCT.......
DLVO9-7  ..... L | TA..CTCT.......
DV10-3  ..... L T TA..CTCT.......
IRE_F2  ..... L 1 TA. . A-——......
IRE F3  ..... L 1 TA. . A-—-—......
IRE_ F4  ..... L 1 TA. . A-—-—......
IRE_H3  ..... L O 1 TA. . A-——......
Wyoming ..... L K e TG..A.--G.....
Miyazaki Ot 1 TA. e em =i i e
BRAL AATTCTCTA-CTCAGTCCCTTGTCTCAACTTGT--TGGTTTTAA-GATCCTACA

BRA2 ... GA. ittt iiiie i Ao, -T..A...... e e

Liaoning ........ G='viiinien GT...T.GTC...CT..T...C..-.G..TA.

KY411969 ........ G-T.....o... GT...T.GT....CT..T...C..- TA. .

KY411970 ........ G-T.....o... GT...T.GT....CT..T...C..- TA. .

KY411971 ........ G-T...vvvnn. GT...T.GT....CT..T...C..- TA.

KY411972 ........ G-T...ovvnn. GT...T.GT....CT..T...C..- TA. .

KY411973 ........ G-T.....o... GT...T.GT....CT..T...C..- TA.

KY411974 ........ G-T.....o... GT...T.GT....CT..T...C..- TA. .

KY411975 ........ G-T...ovvnn. GT...T.GT....CT..T...C..- TA.

KY411976 ........ G-T...vvvnn. GT...T.GT....CT..T...C..- TA.

KY412097 ....... CC—iiiiiiin GT...T.GTC...CT..T...C..- TA. .

KY412098 ........ Gt i GT...T.GTC...CT..T...C..- TA.

DLVO9-7  ........ G-..A....... GT...T.GT....CT..T...C..- TA. .

DV10-3  ........ G-..A....... GT...T.GT....CT..T...C..-....TA...

IRE F2  ......... e T...GTGT....... A.CTCTTGG. .o emv i e

IRE F3  ......... e T...GTGT....... A.CTCTTGG. .o o= v i i e

IRE F4  ......... e T...GTGT....... A.CTCTTGG. .o emv i iii e

IRE_ H3  ......... e T...GTGT....... A.CTCTTGG. .o o= v v

Wyoming ......... I GTCTCT.GT C-—-TG..CG.—. ..t

Miyazaki ........ G-T....ov... GTGT......... TT..C..AC.GCA.C..A...
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Appendix D: Alignment of the gag polyprotein. The proteins pl15, p26, pll and p9 are
separated by blue arrows. Amino acid variations between BRA1 and BRAZ2 are in yellow. A
leucine-rich-type nuclear export signal is in the green box (p15), major homology region is in
the red box (p26), two zinc binding domains are in the blue boxes (pl11), and YPDL late
domain is in the orange box (p9).

BRA1L MGDPVTWSKALKKLEKVTVEGSQKLNSGNCNWALSLVDLYHDTNYLKEKDWQLRNVIPLLEDVTQTLSGQ
BRA2 O . .....c0.0... H....BE........ D........ S..... L
DLV9-7 HM141922 F D..... Toooooo.. N....F....FC........ D....V...S......
DV10-3 HM141910 F D..... T N....F....FC........ Dot S......
IRE F2 JX480631  .........ieeeun... D..... KAS..L........ L....FS........ DIL...... S...T

IRE_F3 JX480632  .........c.eeun... D..... KAS..L........ L....FS........ DIL...... S...T..
IRE_F4 JX480633  ..........ceeun... D..... KAS..L........ L....FS........ DIL...... S...T..
IRE H3 JX480634  ..........ieeeun... D..... KAS..L........ L....FS........ DIL...... S...T

ITA DE KM247554  ........ofiennnnnn. D..... KAS..L........ L....FS........ DIL...... S...T

ITA SA KM247555  .........ieeenn... D..... KAS..L........ L....FS........ DIL...... S...T..
Liaoning AF327877 ————————————— oo oo
Miyazaki JX003263 ...SLN....J......... D..... QP. ...l Fo...FM....... KD........ AE....P
Wyoming AF033820 ....L.............. D..... Tl e iie e Fo...FVo. oo Dttt i i

pl5 «— > p26

BRAL EREAFEKTWWAISAVKMGMQINNVADGKASFQLLKAKYDKRD--TGKKQPEPPEEFPIMIDGAGNRNFRP
BRA2 e L....AG..oeennn.. V..E.KA-—...R....... 4 NP
DLV9-7 HM141922  ............ Ao.... L...T.
DV10-3 HM141910  ............ Ao.... L...T.
IRE F2 JX480631  .K.......... V...K
IRE F3 JX480632  .K.......... V...K
IRE F4 JX480633  .K.......... V...K.
IRE H3 JX480634  .K....R..... V...K.

K

K

.T.TI....FERKTAN.T...S.
R.TY....... ERAP--SK.QH...
R.TY....... ERAP--SK.QH..
R.TY....... ERAP--SK.QH. .
RUTY oL ERAP--SK.QH..TQ..Y|..............
ITA DE KM247554  .K...uvon... V... R
ITA SA KM247555  .K..euvon... V...K. R
Liaoning AF327877 --——--——-——————---- ..
Miyazaki JX003263 .K....R......... T.LM....
Wyoming AF033820 ...... Rooooooooe. L.....

ITY Ll ERAP--SK.QH...
[R D A ERAP--SK.QH...

[l e e e e e

. @

=] jas
<ITZooonononz=z

N0 2000000 HX
<

BRAL LTPRGYTTWVNTIQONNLLNEASVNLFGILSVDCTSEEMNAFLDVVPGQAGQKQVLLDLLDKMAEDWDNR
BRA e e e e et e e L....00
DLVO-T7 HMILA1922 ittt ittt ettt et taee e etiaaeeenaaaeeannnnn N...V..E..R.
DVI10-3 HMI41910 ittt et ettt ettt e e e e et e e ae e e N...I..E..R.
TRE_F2 JXA480631 .ottt t ittt ettt eeeaaaeaaaaaaaaaaeeenenn I.
IRE F3 JTXAB0632 1ttt ettt tte et et et e e e e e e e e e e e e E.I.
IRE F4 JTXAB0633 i ettt ettt ettt et et e et e e e e e e e e e I.
TRE_H3 JX480634 ..ttt ittt ittt ittt ittt eeeeeaeeaaaaaeeeeeeennenn I.
ITA DE KM247554 ottt ettt et ettt e e e e e et e e e e e e ettt e e e e E.
ITA SA KM24AT555 ottt et ettt et e e e e e e e e et e e e e e e E.
Liaoning AE 327877 ittt et e e e e e N...
Miyazaki JX003263 ................... S T N.E.
Wyoming AF033820 .............. T.Go.ooon L I...AI..

1010 1010 OO

HoH
[al
2s)

BRA1 HPLPNPPLVAPAQGPIPMTARFIRGLGVPRERQMEPAFDQFROQTYRQWITEAMTEGIKIMIGKPKAQNIR
BRAZ e e ettt e e e e e e e e e e ..
DLV9-7 HM141922  ..M........ =P Mu et .

DV10-3 HM141910 LMoLl Dot e e e e e e e i e .

IRE F2 JX480631  ..... A.M

IRE F3 JX480632  ..... A.M

IRE F4 Jx480633  ..... A.M.. .

IRE H3 JX480634  ..... N P .

ITA DE KM247554  ..... A.M

ITA SA KM247555  ..... A.M.. .

Liaoning AF327877 ..M........ Do e e e e e e .

Miyazaki JX003263 N.@.. ..M. ..ttt ittt ittt ittaee e tiaee e iiaaeeeeaaeeennnaeenns .

Wyoming AF033820 ..... A..... P e i i e S.... Voo,




BRA1

BRA2
DLV9-7_HM141922
DV10-3_HM141910
IRE_F2_JX480631
IRE_F3_JX480632
IRE_F4 JX480633
IRE_H3_JX480634
ITA DE_KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2

DLV9-7 HM141922
DV10-3 HM141910
IRE F2 Jx480631
IRE F3 Jx480632
IRE F4 Jx480633
IRE H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRA1

BRAZ2

DLV9-7 HM141922
DV10-3 HM141910
IRE F2 JX480631
IRE F3 JX480632
IRE F4 Jx480633
IRE H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820
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QGPKEPYPEFVDRLLSQIKSEGHPSEITKFLTDTLTIQNANEECRNAMRHLRPEDSLEEKLYACRDIGTV
........................ L o I
.......... 1 L L
........................ AD...............D.Koo oo L T MLl
........ I 0
........ D 0 P
........ D 0
........ I 0
........ I 0
........ D 0
........................ 2 O D S
........ D T L | P S1e)
S L T....M........ T
p26 «— > pll
KOKMLLLAKALOTGLAGPMKGGTMRGGPLKAKQNCYNCGKPGHLSSQCRAPKYCFKCKEPGHFSKQORAP
LMUFL L)AL L LS L W TIIKLLLPRL L e T K.L
O IFK....Gooo e Fo.o..K...1..R..Q........ . NA
F IFK..S.G... ..ot Fooo Koo 4. Qe . NA
..MOLURLLSLLL.SL L U ICKL L. N AP N IR Qe . NA
..MOLURLLSLLL.SLL LU ICKL L. N AP N IR Qe . NA
L.MoLOLRLLLSLLLWSL L LU ICK. L. = I N I Qe . NA
S.MoLLRLLS.LLWTL L U ICK. L. ST I B I Quevvnnn . NA
..MOLLRLLS.LL.SLL LU ICKL L. N AP N IR Qe . NA
LoMULLRLLSL .S L VICKL LS WP e Qe . NA
O IFK I3 Fo.o.. Koo 4.0 Qe . NA
R.o..Acooooifeen B S ) I T KON
Mocoooe e F...ALK...... P PR N IR Qe .SV
pll «—F— p9
PKNGKKGAQGRPQKQTFPVQQSSSAENKQRNTVP-TONLY PDITOMKQEYQIETKVPQDPEDLNLS SLWE
..... Q..vvvveeefb. .. .HP.KSN.GER.Q-. ...k .. .....D...GKEA. .. ...........
..... Qe . .K-G.MDKT.MEEKQ-QGT .} ...S......K.KEE--ENQ.....D...G
..... Qv . .K=G.MNKT.-EEKQ-QGT .} ...S......K.KEE--ENQ.....D.
..... Q.. .. KGQOMTQ.GGPKE-S5.G. k... . ......KL.K.SQEEV.....N..
..... Qe I. . KGQOMTQ.GGPKE-S.G. | .......KL.K.SQEEV.....N..
..... Qe I. . KGQOMTQ.GGPKE-S.G. | doee .. . .KL.K.SQEEV.....N..
..... Q.. fI.. KGQOMTQ.GGPKE-S5.G. k... . ......KL.K.SQEEV.....N..
..... Q. I, . KGQOMTQ.GGPKE-S.G.} ... ......KL.K.SQEEV.....N..
..... Queveeenee fI..KGOQOMTQ.GGPKE-S.G.} .. ... ... .KL.K.SQEEV.....N..
..... Qv . .K-E.MNKT.KEEKQ-QGT .} ...S......K.KEE--ENQ.....D....
..... N......H.K. .H.-QETA.PAKTAT.-..S.|...S....D.K.K.-—-EEV.....D...G
..... Q.vevee I, . K.QEHNKSVVQET.Q. ...} ... SEI.K..NVKE.--DQV.....D.
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Appendix E: Alignment of pol polyprotein. In PR, the catalytic motif DTG is in the red box,
substrate-binding sites are in cyan and active sites flap are in the box orange. In RT, DIGD
motif is in the purple box and DD motif is in the gray box. In RNase H, invariant residues are
in cyan and the glycine-rich motif is in the dark green box. In DU, the conserved motifs MI-
MYV are in the dark blue boxes, with the conserved residue D72 in MIII in cyan. In IN, the
zinc finger-binding motif (H12, H16, C40, C43) are in green, hydrophobic core residues (15,
A8, L22, A33 and 136) are in pink, and central catalytic core residues (D64, D116 and E152)
are in blue.

Substrate binding

DTG catalytic motif  residues Active site flap
BRA1 VGVTYNLQKRPTSIVLINDTPLSVLLIDTGADTSVLTIAHYNKLKYRGKKYQGTSIVGVGENVETFSTPVTIKKKGKQFRT
BRA2 ... Ed..Acoeeeeoooo . A b o o o P, R.o..oooo BB I S e IK.
DLVO9-7  ....... Ed..Teeeooot. N.AE-B-BIEl-B--..---. Ro.o... R...H8 /SN B i . Veeoo.. IK.
DV10-3  ....... E.o..T.ooooa.. N.E-B-BEEl-B--.----- R.o.... R.o.... N B BN Veeoo.. IK.
IRE F2  ....... E.L..TV........ N.H-B-BIEEE - - - Veeeooooo R.o.... I B P I IK.
IRE F3  ....... E.o..TV.. ... N.B-§-EE - - - Veoeooooooan R..... S0 O D, IK.
IRE F4  ....... E.o.. TV ..o N.B-§-EE - - - Veoeoooooon R..... S0 O D, IK.
IRE H3  ....... E....TV........ N.H-B-BIEEE - - - Veeeooooo R.o.... I B P I IK.
ITA DE  ....... E....TV........ N.H-B-BIEEE - - - Veeeooooo R.o.... I B S I IK.
ITA SA  ....... E.o..TV.. ... N.B-§-EE - - - Voooooo.. K.R...L. S0 O IK.
Liaoning ....... Eo..Toooo. I S T R.o.... R.o.... T P B R Vooo.o.. IK.
Miyazaki ..... K.DR...TV.I...... N.H-B-BIEEE - - - T...S....... I P IK.
Wyoming ....... Eo..Toeeooa. NG T....R..... R.o.... L I T RHIK.
—— RT
BRA1 RMLVADIPVTILGRDILQELGAQLVMAQLSKEITPKKIKIKEGMSGPKIPOQWPLTKEKLVGAKEIVQRLLSEGKISEASS
BRA2 CEN R [ 2 T i e
DLV9-7 E.-B---BB@-B---------.... N RE..L.T.TV| Voo oooon L.o..... KK..D........ D
DV10-3  [folec e cloee e e iiae i, N RE..L.T.TV| Voo oooon L.o..... KK..D.D...... D
IRE F2 ... eeea.... A V.R...L.T.TT|. .. v e e e e ns Lo L....... ED
IRE F3 L. e a.... A V.R...L.T.TT|. .. e e e e e e Lo L....... ED
IRE F4 H§.H.-.-BEE.H.-.. A V.R...L.T.TT|. .. e e e e a Lo L....... ED
IRE H3 ... e a.... S V.R...L.T.TT|. o e v e v i a Lo L.o...... ED
ITA DE [0 faee-e.-.. 2 V.R...L.T.TT|. e e v e et v i e Lo, L.o...... ED
ITA SA H.H...B.H. ... A V.R...L.T.TT|. .. v e e e e e Lo L....... ED
Liaoning veee e ool ee e, B RE..L.T.TV[...V.......... L...... KK..D.oooonn D
Miyazaki ... 0. .s I ... T..S.RR..LLPLO.Te e e T..... T D
Wyoming o.eeeileeelee e D...K..Lf....... KFR..EL...TM.............. B D
DIGD motif
BRAL ENPYNSPIFVIRKKSGKWRLIQDLRALNTIVKVGTEISRGLPHPGGLIKSNHMTVIDIGHAYFTIPLDPEFRPYTAFTVP
BRA2Z e L....V..... L L e
DLV9-7 N Kooooooon L....E..KV.Q.iiiii i it L K..Qoooot
DV10-3 N Kooooooon R Y Covevvee e K.o.Qoooonn
IRE F2 N.oooooooo. Kooooooo. L....E..KM.EL....... oo (O O L R
IRE F3 N.oooooooo. Kooooooo. L....E..KM.EL...... .. ... (O € L R
IRE_F4 Noooooooo Kooooooon L....E..KM.EL........coi... (0 O L O
IRE_H3 Noooooooo Kooooooon L....E..KM.EL........oo... (0 O L O
ITA DE N.oooooooo. Kooooooo. L....E..KM.EL...... .. .o (O 0 L R
ITA SA N.oooooooo. Kooooooo. L....E..KM.EL....... oo (O O L R
Liaoning D.......... Koot L....E..KV.Que i ii i i e Covvnnn T Ko.Qooonit
Miyazaki D..F....... K.Roo.o... L....E..KA.Q. ittt KN...MoooJeeeeeont L..R.......
Wyoming N.......... K.R.o..... L. .E..KT. Qe e i iiiiaae CK..... T I.
DD motif
BRAL SLNHQEPDKRYVWNCLPQGFVLSPYIYQKTLQEILQAFRERYPEVQLYQYMDL LFIGSNGSKAQHKELIKELRTILLEKG
2 2 2R O P V.o.o.o.. Rooooo.. N.oooooooo.
DLV9-7 e D...o.ooo. H.D.oooooododeo oot E..R..... Voo Al
DV10-3 e D H.D.oooooodode oo E..R..... VE...A......
IRE F2 T Tt e i e e HS...ooooodode oot V.. K..... Veoo.Alooo..
IRE F3 T Tt e i i e e HS...ooooodode oot V.. K..... Veoo.Alooo..
IRE F4 P T e i e HS...oo o oot N.V..K..... B
IRE H3 P T e e e HS..oooooodode oo V.. K..... Voo Al
ITA DE T Tt e i e e HS...ooooodode oot V.. K..... Veoo.Alooo..
ITA SA T Tt e i i e e HS......oodeeene V..K..... Voo Ao,
Liaoning .I......... T i i e N.o.o.o.o.o... = P R..... VE...A......
Miyazaki .I........c0iiieinnn T P..D.H...oovvodo oo E.RK..N..V....M......

Wyoming .I........... 2N = [ M...... Koooon I...A......



127

RT «—
BRA1 FETPDDKVQEEAPYNWLGYQUKPSSWKVQKMQLEMVQEPTLNDVQKLMGNITWMSSGVPGLTVKQIAATTKGCLDLNQKV
BRA2Z i LT e e e ettt e e e e e e e
DLV9-7 R S.GN......... T
DV10-3 3 S.GN......... T
IRE F2  ....... L...P.o... C.DN......... T
IRE F3  ....... L...Po..ooo C.DN......... T
IRE F4  ....... L...Po..ooo C.DN......... T
IRE H3  ....... L...P.o...o C.DN......... L
ITA DE  ....... L...P.o..o C.DN......... T
ITA SA  ....... L...Po..ooo C.DN......... T
Liaoning B S.GN......... PP
Miyazaki EE.L.D....G..... F.NN..MPTV...LAK. ... I...I...... D E.
Wyoming ....... L..VP..S...... C.EN........ Do BN ottt eeeeeeannn Toou... P E.....
BRAL TWTEEAQKELEENNEKIRNAQGLQYYDPKEEIICEIELTKNYEAIYMIKQPQGILWAGKKIMKANKGWSAAKNLMLLLOH
BRA2 A Roo.ooooe. Koooooooooooo L Hoooooooe. Roooooiiioooooo
DLV9-7 Veeeeeeeoooon. K..QE....... N.E..V..... I...... T.I...Sceiieieenn. 3
DV10-3 Veeeeeoooooon. K..QE....... N.E..V..... I...... T.I...5 .. Roooooiiioooooo
IRE_F2 I..K...T. ... Kooo.. H..N.E..T..... Toveeenn. IV..S. Koo oooiinn Roooo.o.. T
IRE F3 I..K...T......... Koo, H..N.E..T..... ITooeeen.. IVR.S.K. ..o Ro..... VV.oeeoooo.
IRE F4 I..K...T......... Koo.o.. H..N.E..T..... ITooeeen.. IVR.S.K. ..o R
IRE H3 I..K...T......... K.o.o.o.. H..N.E..T..... I....oo... IVR.S.K.. ..o Rooooo.. Tooeo.
ITA DE I..K...T......... K.o.o.o.. H..N.E..T..... I....oo... IVR.S.K.. ..o Reooooooioaoooa,
ITA SA I..K...T......... Koo, H..N.E..T..... ITooeeen.. IVR.S.K...oonn Roooooiiioioooo
Liaoning V............. K..QE....... N.E..V..... I...... T.I...5¢.cciiiinn.. R
Miyazaki N..A...Q...Q....VQK....... N.D..V....N....C..T.IV..S. i, R.TV.. ..o .
Wyoming T...eeweinennenn. Kooooooo. N.E..ML..V.I...... Y V..o,
— RN
BRA1 VATESITRVGVCPKFKVPEFTKEQVMWEMOKGWYYSWLPEITYSNQVVHDSWRMKLVEQPTAGITIYTDGGKKNGEGIAAY
22 2 Qe
DLV9-7  ...... V.I.T.oooooiooii S L DM...H..... D..L....... S. ..Q.E.. V.
DV10-3  ...... V.I.T...oii. T DM...H..... D.KL....... ST R Q.E..V...
IRE F2  ........ Teeeiii i Toeeeeoon. Ao, S...F.D.KL....... Soeee sl Qv
IRE F3  ........ I 1 Ao S...F.D.KL....... S. Qe
IRE F4  ........ I 1 Ao S...F.D.KL....... S. Qe
IRE H3  ........ Teeeiii i Toeeeooo.. Ao, S...F.D.KL....... ST U PR Qv
ITA DE  ........ Teeeiii i Toeeeeoon. Ao, S...F.D.KL....... ST Y Qv
ITA SA  ........ I, 1 Ao S...F.D.KL....... S. Qe
Liaoning ...... V.I.T.oooooiooii S DMV..H..... D.KL....... ST P - P Q.E..V...
Miyazaki ........ I.I..T....nn S. Koo oo S E.KL ELLSe oo Q..R.V...
Wyoming .......... S V.TH..... D.evvnnn. S T I Quevvnn.
Glycine-rich motif

BRA1 VTSDGKTKQRQLGLTTHQAAERIATIQMALEDIRDKQVNIVTDSYYCWKNITEGLGLEGPDSPWWPIICNIQDKDAVYEFRW
BRA2 e PV...T... V... Koooooooe B i e I.
DLV9-7 NoLLL KR..PV...T...oiinn B RA.EM.. .|..
DV10-3 PR |\ KR..PV... T, 0 RA.EM. ..
IRE F2 I..K..K..KL..PV... T S ) KT.E.I..
IRE_F3 I..K..K..KL..PV... T S KT.ELTI. .
IRE_F4 I..K..K..KL..PV... T S KT.ELTI. .
IRE H3 I..K..K..KL..PV... T S KT.E.I..
ITA DE I..K..K..KL..PV...T. ... S ) KT.E.I..
ITA _SA I..K..K..KL..PV...T. ..o S KT.ELTI. .
Liaoning NLLLL. KR..PV...T.o.oin B .RA.EM. .
Miyazaki Tl K...PV...R..M......... 4 YNLETT
Wyoming N.R...KR..PV... V... M........ Y Qi .RE.ET - -

RT €«— ——— DU Ml _
BRAL VPGHKGIYGNDLADDATKIVQEIMIAYKGTQIKEKRDEDRGFDLCIPYDMTIKVLETKITISTDVRIQVPPNSFGWVTGKS
BRA2 e, O Lo....... Pooooooo.. Kooooool) .
DLV9-7  .......... E. . TE. . J.L..Quuieenn. R II.P.S PR SR G 0] .CCIRRN A
DV10-3  .......... P A s A I O A R I.P.S...V.P...K....HKC......].
IRE F2  .......... .. .E...MSE. |.L..Q....R...... .. H..ILHTG..... P...K....0Q0.......}.
IRE F3  .......... E. . MSEL |LL..Q. . LR ..H..ILHTG..... P...K....Q0.......
IRE F4 ..........}.. EL. . MSEL |LL. Q.. LRl ..H..ILHTG..... P...K....QQ....... . .
IRE H3  .......... .E...MSE. |.L..Q....R...... .. H..ILHTG..... P...K....QQ0.......}.
ITA DE  .......... .E...MSE. |.L..Q....R...... .. H..ILHTG..... P...K....0Q0.......}.
ITA SA ..., E. . MSEL |LL. Q.. LRl JH..ILHTG..... P...K....Q0.......}.
Liaoning .......... E. TED..L..Quevvveeeee b eeef oo II.P.S V.P.. K., HKC......
Miyazaki ..........}.. E...}TE..|.L..Q....RN..K. LS. I.LH.S..... P...K..... [O]CINVT N
Wyoming .......... ELALLKEL WL Qe e L V. IM.P.SD PO Koo .
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DU «— > IN

BRAL SMAKQBLLINGHIIDEGYTGEIQVIFTNIGKSNIKLLEGQKFAQL I LOHQSNHVQPWDENKKSRGEEGFGS TGMEWVE
123220 e o et Y Yoiiaoon. I.J...K...... B
DLV9-7 .. bbbt M..Rfoeonn.. ...R..DK.I..... T.J]..DK...... v.|. .
DV10-3 ... b bl Vel Rofoueennnn ...R..DK.I..... T.]..D. ... ... v.|. .
IRE F2  ..ooobeenb o oot NeoooVoloooooo bt IR.S.N...T.J..DK...... I.|.I.
IRE F3  .ooobeen b oot NeoooVoloooooo bt IR.S.N...T.J..DK...... I.|.I.
IRE F4 ... bbbt Neoo Voot IR.S.N...T.J..DK...... T.|.I.
IRE H3 ... bbbt NeoooVofooooo oot IR...N...T.J..DK...... T.[.I.
ITA DE  .o.ooboen b oo NeoooVofoooooo bt IR.S.N...T.J..DK...... I.|.I.
ITA SA  .eovbeen bl oot NeoooVofoooooo bt IR.S.N...T.J..DK...... I.|.I.
Liaoning .....peeeebeileeeeiiiiiib et 120 ...R..DK.I..... T.J)..DK...... V.. ..
Miyazaki ..... B S ce  QGIVL L DTHQ....... H...H...... T.[..D
Wyoming ...ob e ibe i b, I L. .HUUSR..LL L. I.J..DK...... v .|. .
Mil Mmill MIv MV
Hydrophobic core residues Zinc finger binding motif
BRAL NIQERQDEHENWHTSPKILAKRYGLPIAVAKQITOEEPHETKOGSGPAGCVMRS PNHWQABCTHIENKVILTFVESNSGY
BRA2 et PP
DLVO=7 ettt et et e PP L..R..Mu.oonn...
DVI0=3  tttttetee e P L..R..M..oou....
TIRE F2 ittt 7 Veeeoiennn 15
TIRE F3 ttttteetne i PP Ve oweaean ID.eTueenennnnn.
TIRE F4 ettt et e ie i TP Ve oeeaean IDeeTueenennnnn.
IRE H3  ..... - 7 Veeeoiennn 15
ITA DE  teeveieeeieeeenenn. S PP Veeeoiennn IDe.Tuvinennnnn.
ITA SA  eeeeeeineia i, < P Ve e ID.eTueenennnnn.
Lia0Ning e vietietneeeneeneeneennnn LT e e e e et eeeeens Pttt e L..RI.M.........
Miyazaki ...Deeuviniinnnnennnn S P RL...I.M...D.....
WYOming oveuvenvinennennnnn. RN KT LT e e et te e te e et et et e e ee e 15
Central catalytic core residues

BRAL THATLLSKENALCTSLAILEWARLFSPRSLHTENGTNFIADTVQONLLRFLKITHTTGIPYHPESQGI IBRANRTLKEKIQ
BRA2 it Teee i P Veeowinannnn
DLVI=7  ttettetieeiaeaennnnn Voo Keveweunnnn V.ES.A. . Koo Ve iiniinennnnn. Veewoiennn K
DVIO=3  ttvttieneneneennnn Veeo. Keveweunnnn V.ES.A. . Koo Vi e i eineennnn. A2 K
IRE F2  ...... PP Keveweunnnn AV T QUo7 P
IRE F3  ...... PP Keveweunnnn AV T Qo) 4 A
IRE F4  ...... PP Keveweunnnn AV TN Qo) 4 AR
IRE H3  ...... PP Keveweunnnn AV T G0 )4 PP
ITA DE  ...... PP Keveweunnnn Ve B K tOVK L ettt et
ITA SA  ...... PP Keveweunnnn Ve B K tOVK L ettt et
Liaoning ... eieiiiinninnenn. Veeoo. Koo V.ES.A...K.oo Voo iiiiin e, Ve ewoiionnn K
Miyazaki ...... Po.... Hovownnn. VoIooKevuvunnonn. T.ES..... S
WYOomMing v i ittt ittt et e iaeeenn Koot V.EP.V...K 0 Veeooiiiaonn
BRAL SHRDNTQTLEAALQLALITCNKGRESMGGQTPWEVFITNQAQVIHDELLLOQAKSSKKFCFYKIPGESDWKGPTKVLWKG
BRA2 ettt e 3 Quvvnnnn. T.o.... Toeieannn
DLVO=7 e e Bttt e e et et e e e e T Eeuveennn [0 HN..... Revun.
DVLI0=3 e iBe e ta e et et et e e e T Eeuveennn (o HN..... R.....
TRE F2 ottt ettt e e e e e e e e e B ¢ T HN..... Ro....
TRE F3 ettt ettt e et e e e e e e e TeeeQueeeennennnn HN..... Revun.
TRE F4 ettt e et et e e e e e e e e e e e oo iQueeeinennnn HN..... R.....
TRE H3 ettt ettt e et e e e e et et e e oo iQueeeiaennnn HN..... Ro....
ITA DE  tenvenvnnnnn. E et et e e e TeeiQueinenennnnn HN..... Ro....
ITA SE et ettt e e e e e e e e B o J HN..... Ro....
Liaoning ... Bttt e e e e e e T..E....... [ HN..... R.....
Miyazaki vo B ettt Veeo.. T.Eeuvennnn Queveennnn V...HN..... Roo...
WYOMING ottt ittt e et e et ettt ettt et ettt e EK...... [ H.o.o.... R.....
BRA1 DGAVVVNDEGKGI IAVPLTRTKLLIKPH

BRA2 eeeieeieeeeae Metooonnnn.

DLVI-7  veuvenn.. Euereinnneennnn R.N

DV10-3  .e..en... Euveeeineeneennn R.N

IRE F2  tiiiiennenn.. Teveennnn. R.N

IRE F3  tetvenennennn. Teveennnn. R.N

IRE F4  tiiiinenennn. Teveennnn. R.N

IRE H3  teuiiiennenn.. Teveennnn. R.N

ITA DE  tevenennennnn Teveennnn. R.N

ITA SA  teveeenenennnn Teveennnn. R.N

Liaoning ......... E.oooiiioiii, R.N

Miyazaki ......... E..... N N

WYOMiINg v vttt ettt it eaen N
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Appendix F: Alignment of amino acid sequences in EIAV env gene. The surface protein and
transmembrane protein were aligned using MUSCLE. Hipervariable regions are marked with
colors: yellow - V1, green - V2, cyan - V3, blue - V4, orange - V5, purple - V6, dark green -
V7, and red - V8. While cysteine residues are with red letters.

BRAL MVSIAFYGGI PGGISTPIIQ S--SEEASHT KGD-TIFKPY CSDEKSNRNK TMAEERD---
BRA2 . L.V.AL.V. .—=P...TC. ...-...... .YNDN..KD. K...G..---
DLV9-7 HM141922 .......... Eoo.o.. T. Q--T.STDTQ HMVYQ.. .YNDSHKEE- -...A..---
DV10-3_HM141910 .......... .V....T. Q--T.STDTQ ...HMVYQ.. .YNDSHKAE- —-...A..---
IRE_F2_JX480631 .......... .VQ...V. QSEP.SKGSE .R.YE..Q.. .Y.SSYKTK- -...G..---
IRE F3 JX480632 .......... .VQ...V. OSEP.SKGSE .R.YE..Q.. .Y.SSYKTK- -...G..---
IRE F4 JX480633 .......... VQ...V. QSEP.SKGSE .R.YE..Q.. .Y.SSYKTK- -...G..---
IRE_H3_JX480634 .......... .VQ...V. QSEP.SKGSE .R.YE..Q.. .Y.SSYKTK- -...G..---
ITA DE_KM247554 .......... .VQ...V. QSEP.SKGSE .R.YE..Q.. .Y.SSYKTE- -...G..---
ITA SA KM247555 .......... .VQ...V. OSEP.SKGSE .R.YK..Q.. .Y.SSYKTE- -...G..---
Liaoning AF327877  .....iiiie cunnn... T. Q--TKSTDTQ ...HMVYQ.. .YNDSHKAE- -...A..---
Miyazaki_JX003263  .......... ........ SS E--..Q.DTD .RGPMV.Q.. .YNGSNK.R- -....GKQIP
Wyoming AF033820 .......... ........ T. Q--..KSKCE EN--.M.Q.. .YNND.KNS- -...SKE---
BRAL SRERREAYLK EDAEENAKKR NNDWWKIGMF MLCLMGATGG MLWWYEDVAH PQYIGLITVG
BRA2 P.D...MN.. ..P..K.Ru. +eovvnnnnn cunnnn T... I..... G.oo “Ruv.ii....
DLV9-7_HM141922 T.YQE.MNQ. .EK.D.--.. R.N....... L...L.T... F..... RQQ. SY....V.I
DV10-3 HM141910 T.YQE.MNR. ..K.D---.. R.N....... L...L.T... F..... GOH. SH....V.I
IRE F2 JX480631 ..YQE.MIP. .ESKGKEE.G R......... RS P N GTPD VH....VA..
IRE_F3_JX480632 ..YQE.MIP. .ESKGKEE.G R......... ..L..A.. I..... GTPD VH....VA
IRE_F4_JX480633 ..YQE.MIP. .ESKGKEE.G R......... .L..A.. I..... GAPD VH....VA..
IRE H3 JX480634 ..YQE.MIP. .ESKGKEE.G RK........ ..L..A.. I..... GTPD VH....VA.
ITA DE KM247554 ..YQE.MIP. .ESKGKEE.G R......... LA T GAPD VH....VA.
ITA SA_KM247555 ..YQE.MIP. .ESKGKEE.G R......... co..LLALL I, GAPD VH....VA.
Liaoning AF327877 T.YQE.MNR. .EK.D.--.. R.N....... L...L.T... F..... GOK. SH....V.I
Miyazaki JX003263 PE..E.LFQG .ELKK---E. R......... L...L.T... F..... GOE. SH...PVA..
Wyoming AF033820 A.DQ-.MN.. .ESK.E-—.. R......... L...A.T... I..... GLPQ QH....VAI.
BRAL GKLEGSGMTS AIECWGKFPG CRPFDNYFSY MTNRREIEVONUNISUSLLESY HREITYIYKT
BRA2 B 2 T. T E...T.QET. D.-AT..... N??2--————-
DLV9-7_HM141922 RN S. STeo... E... .DA. Q..V.N..R
DV10-3 HM141910 RN e S. T E. .DA. Q....N..R
IRE F2 JX480631 R.N..... N .o T. T K. NAL ..
IRE_F3_JX480632 R.N..... N ... T. STeo... K. NAL ..
IRE_F4_JX480633 R.N..... N ... T. B K. NAL V...
IRE H3 JX480634 R.N..... N .o T. .T...R. K. 7 S
ITA DE KM247554 R.N..... N ... T. T K. NAL V...
ITA SA_KM247555 R.N..... N ... T. STeo.. K. NAL V...
Liaoning AF327877 RNl L S. T ... E. ..DA. Q..V.N..R
Miyazaki_Jx003263 LGN ss. B E. .QA. ..K.G.L.
Wyoming AF033820 .R.N...OSN ...... S. Qo E. AL F...s
BRAL MCTDSDHCQE YECRNVOLTG NGLKVNISYN TTLDTP-==Y WNFKWLVCNQ TENQKAILIP
BRA2 e ? ...BER.R.N. -NFSDR..VE DNNNST---. .D.T..L... ...K.T..V.
DLV9-7 HM141922 S.V.euu... K .K.KQ...E- -RNSN..IM. NCSNNSCEEF .G.S..E... ..SAI...V.
DV10-3_HM141910 S Veunn.. .K.KQ...K- -ENSS..IM. NCSSNSCEEE RG.S..E... ...AIT..V.
IRE_F2_JX480631 S Veuunn.. .V.QV.DM.- -DKNNTLTIS I.GNGT--D. .G.Q..E... ...A.T.VV.
IRE_F3_JX480632 S.V....... .V.QV.DM.- -DENNTLTIS I.GNGT--D. .G.Q..E... ...A.T.VV.
IRE_F4_JX480633 S.V....... .V.Q.ISM.- -NKGSTLTI. I.G.GT--D. .G.Q..E... ...A.TMVV.
IRE_H3_JX480634 SVeun... .V.Q.ISM.- -DNGN..II- -.GNGT--D. .G.Q..E... ...A.T.VV.
ITA DE_KM247554 SVeuonn.. .V.QA.NM.- -DGGNTLTIS I.GNRT--D. .G.R..E... ...A.T.VV.
ITA SA KM247555 S.V....... .V.QV.NM.- -DRGNTLTIS I.GNGT--D. .G.Q..E... ...A.T.VV
Liaoning AF327877 S.V....... .K.KQ...R- -ENSS..IM. NCSNNSCEEF .G.S..E... ...AIT..V.
Miyazaki_ JX003263 SVeunn.. .T.QKFDADK IDNGST-TI. I.IIS.---- —- .NL.E..L ..KA.T.VV.
Wyoming AF033820 Seviinn. .Q.KK.N.NS SDSSNSVRVE DVMN.A--E. .G....E.. LF.T..V.
BRAL EEEMORNMNIREWSPRGCNS TWARVKHCPA DLLYGIHPIR LCVQPPFFLV KNNDGNETNG
BRA2 . [ | .~.K...D K.o.... Mo Lo eeiiinnn RKE.NHS---
DLV9-7 HM141922 I.KR.KK Kovuo. Mo NR.. M........ F .QD.TSNNT-
DV10-3 HM141910 J.I.KR..E .R....... Mo NR.. M........ F .Q..TSNNT-
IRE_F2_JX480631 ZWV.K...E ...... QuoV i . .DSS.DNSS
IRE_F3_JX480632 V.K...E ...... QuoV i . .DSS.DNSS
IRE F4 JX480633 V.K...E ...... Q.V i . .DSS.DNSS




IRE H3 Jx480634
ITA DE_KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2
DLV9-7_HM141922
DV10-3_HM141910
IRE F2 JX480631
IRE_F3_JX480632
IRE_F4 _JX480633
IRE_H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

V.K...E ...... Q.. V e e .DSS.DNSS
V.K...E KiiQo.V o coiiiiioor ciaa i .DSS.SNSS
WUKLLUE oLl Q..V i e .DSS.GISS
I.KR..E ......... M ...... NR.. M........ F .Q..TSNNT-
Y.K.Y.E K.o.... I il i RK.NDTN---
ILKGLUE Ll R.o.T I, ciiiin QEKGIAD.--

ISLGILDENK ANASIHES IRV QUNINNIIPENSIEOF TSP IFYQCNLS-L

M VK-DA-S. 0.F..T.0.S KGH... Al
bi0nG-s. . ieriniere - rijeugl
§AVO-NG-S. .LHRTNIKRP .-...Fiieug
N.VT-.G-.. .LHRRNINRP L-.Y..)\4aV%
§.VT-.G-.. .LHRRNINRP L-.Y.. K@
N VT-KG-.. .LH..NINRP L-.Y.. K@

VT-.G- .LHRRNINRP L-.Y. .}
.VT-.G-S. .LHRTSIYRS L-.Y..)H
. VT— G-. .LHRTNINRP L-.Y. .)NRVN
ATQ-NG-5. .LARINIRRE .-...C}ienl
TY .
E .CDYTA. . RRININRK .. T I}gerd

BRAL

BRA2 T

DLV9-7 HM141922 QS..--NG.I I.

DV10-3 HM141910 QS..--NG.I I.

IRE_F2 JX480631 S..--DD.L I.

IRE F3 JX480632 S..--ND.L I.

IRE F4 JX480633 S.D--NDPL I.

IRE_H3 JX480634 S.D--NDPL I.

ITA DE_KM247554 S..--ND.L I.

ITA SA KM247555 .S..--ND.L I.

Liaoning AF327877 QS..--NG.TI I.

Miyazaki_ JX003263 SR..QKN.KS .. NVNNEN

Wyoming AF033820 .S..--NEPI I.

BRAL FGTIGQAHIE LPEGOPIEINOFTOYNCSI NDKTELEKWK LVKSSGITPF

BRA2 U G . V. .R.RE . K/ .NQ...KE.. .I.G..... I

DLV9-7 HM141922 Ve va ..y .~....T. .N....RQ.Q ...T..... L

DV10-3 HM141910 Vee... \Z W . . . . R1.0S PKIU:N:IN N....RQ.Q ...T..... L

IRE_F2 JX480631 Tooon. L. .. SNy .SH...TV .N...MQE.Q ...T..... I

IRE_F3 JX480632 I..... L. .. SOy . SH. . . TV .N...MQE.Q ...T..... I

IRE_F4 JX480633 ........ L. .. WNEEY.SH...TV .N...MQE.Q ...T..... I

IRE H3 JX480634 I..... L. .. Ny .SH. . .TV .N...MQE.Q ...T..... I

ITA DE KM247554 I..... L. .. RN .sH...TV .N...MQE.Q ...T..... I

ITA SA KM247555 ........ L. .. N . cH...TV .N...MQE.Q ...T..... I

Liaoning AF327877 Voo va ... AH. . .T. .N....RQ.Q ...T..... L

Miyazaki JX003263 Kewnn L. .. NN . -R..... 0G.MR..T ...T..... L

Wyoming AF033820 Ve L P..R.RN QS N N..... T T.o.... L
gp90 «—— > gp45

BRAL VRYKRDFGIS AIVAAIVAAT AIAASATMSY IALTETNKMS

BRA2 T P AS.V. NA..... E.

DLV9-7 HM141922 Hodooon P V..LD G.Q....E.

DV10-3 HM141910 Hodooon B V..LD S.Q....E.

IRE_F2_JX480631 B S s P Tever cennn AS.IQ ..V...LN.

IRE_F3 JX480632 B - S O Tever cennn AS.IQ ..V...LN..

IRE_F4_JX480633 B - S O Tever cennn AS.IQ ..V...LN..

IRE_H3 JX480634 B S s P Tever cennn AS.IQ ..V...LN.

ITA DE KM247554 B - S s Tever cennn AS.IQ ..V...LN..

ITA SA KM247555 T.HeofooiLe oeiiiinen cne Tever cennn AS.IQ ..V...LN..

Liaoning AF327877 R = D A L e i e e V..LD S.Q....E.

Miyazaki JX003263 Towiionnn. B Q..HLM ..T....E..

Wyoming AF033820 T \Y V..IM E.Q....E.

BRAL EKQIHILYAM VLQTHADVQL LKERQKIEET FNLIGCVERS

BRA2 oMol Teoeiiiee e Dt et e

DLV9-7 HM141922 B 2 Qe e Tove ieiiennnn

DV10-3 HM141910 B 2 Qe e Tove ieiiennn

IRE_F2 JX480631 JR..N.. ... Tevienenn. K.QVoer vunnn. T.KT veeneennn.

IRE_F3 JX480632 R.WN.L... Toveennnn. K.QVoew vennn. T.KT oeevennn.

IRE_F4 JX480633 R.WN.L. .. Teveennnn. K.QVoer vunnn. TooT ceeeeennnn

I
.IS.
.IS.
IS, .
IS, .
IS, .
.IS..
.IS..
IS, .
.IS.
..S.
.IS.

N..

N
N
N
N
.N
.N.
N
N
N
N
S

i_.'z'z'z'm'x'whi_.m

=
<
H .
T
—

.TITN.

.TG.
.TG.
.SFN-Y
.SEFN-Y
FL-Y
FL-Y
.SFN-Y
LEFL-Y

=)
@

.LNGMDL.

HTFCHTGHPW NESWGQLNET

..... DS
..... DS
..... DS
L..DS
F..DS
L..DS
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IRE H3 Jx480634
ITA DE_KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2
DLV9-7_HM141922
DV10-3_HM141910
IRE F2 JX480631
IRE_F3_JX480632
IRE F4_JX480633
IRE H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2
DLV9-7_HM141922
DV10-3_ HM141910
IRE_F2 JX480631
IRE_F3_JX480632
IRE_F4 JX480633
IRE_H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2
DLV9-7_HM141922
DV10-3 HM141910
IRE_F2 JX480631
IRE_F3 JX480632
IRE_F4 JX480633
IRE _H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRAL

BRA2
DLV9-7_HM141922
DV10-3 HM141910
IRE_F2 JX480631
IRE_F3_JX480632
IRE_F4_JX480633
IRE H3 JX480634
ITA DE KM247554
ITA SA KM247555
Liaoning AF327877
Miyazaki JX003263
Wyoming AF033820

BRA1
BRA2

DLV9-7 HM141922
DV10-3 HM141910
TRE_F2_JX480631
IRE_F3_JX480632
IRE_F4_JX480633

..VN..
..VD..

.VD..
.VGE.
.VGE.
.VGE.
.VGE.
.VGE.
.VGE.
.VD..
.V.R.
.VS..

===

QYRIHLADAT
.SV...GV.
JHAY...E.
JHAY...E.

. SVN

. SVN

. SVN

. SVN

.GVN

. SVN

Pag<<<<

oo
<.
=

NV
.GV.

.
zZ =z

TSHLSIAIAE
ITLP.M..G.
-MGRLVTT.A
.MGHL.TT.A
ITPAF..PNV
ITPAF. .PNV
ITPAF. .PNV
ITPAF. .PNV
ITPTF..PNV
ITPTF.PPNV
.MGRLVTT.A
.. .HGTTTGA
I.QPGA..N.

WGLIIIMGRL

.EY.QD....
EN.NHD....
EN.NHD. ...
EKYNQD. ...
EKYNQD. ...
EKYNQD. ...
EKYNQD. ...
EKYNQD. ...
EKYNQD. ...
EN.NHD....
.G..H.V...

< TDTUUUUUUUuygT @ -

-NS-VSGDNA
TK.-.A....

EKK-NV.V.P
EKK-NV.E.P
KKD-AGEK.P
KKD-AGEK.P
KKD-AGEK.P
KKD-AGEK.P
KKD-AGEK.P
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Appendix G: Phylogenetic trees of Brazilian field sequences BRA1 and BRAZ2 and foreign
sequences. Each tree was performed based a genome region or gene: A. LTR; B. Gag; C. Pol,
D. Env; E. Env protein. Used sequences: Liaoning (AF327877), Wyoming (AF033820),
Miyazaki 2011-A (JX003263), IRE F2 (JX480631) IRE F3 (JX480632), IRE F4 (JX480633),
IRE H3 (JX480634), ITA SA (KM247555), ITA DE (KM247554), DLV9-7 (HM141922),
DV10-3 (HM141910), and LTR sequences from China (KY411969-76; KY412097-98).

A
— LTR BRAL

LTR BRAZ2

100

75.2

54.1

LTR Wyoming
LTR DLV9-7 - HM141922

LTR DV10-3 - HM141910
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LTR Liaoning
KY412097

99.5 KY412098

- KY411973
- KY411970

01 kva11976
KY411969

>8-8 \va11971
KY411972

Ky411974

KY411975

LTR Miyazaki
LTR IRE F3

0.04

LTR IRE H3
10

100 | LTRIRE F2

LTR IRE F4
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- BRA2 -gag

BRA1 - gag
Wyoming - AF033820 - gag
95 - IRE H3 - JX480634 - gag
100~ ITA SA - KM247555 - gag
63.5|] IRE F3 -)X480632 - gag
96.5]
ITA DE - KM247554 - gag
100 54.4
IRE F2 - JX480631 - gag
72.2
IRE F4 - JX480633 - gag
Miyazaki - JX003263 - gag
92.4

—— DLV9-7 - HM141922 - gag

100

DV10-3 - HM141910 - gag

— Liaoning - AF327877 - gag
0.04
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————— BRA2 - Pol

BRAL - Pol
Miyazaki 2011A - JX003263 - po...
Liaoning - AF327877 - pol poly...
100 100 r
DLV9-7 - HM141922 - pol CDS
66.
DV10-3 - HM141910 - pol CDS
62|3]
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642 |
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ITA DE - KM247554 - pol CDS
0.04
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— DLV9-7 - HM141922 - env

— Liaoning - AF327877 - env

— DWV10-3 - HM141910 - env

99.2

X6
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{ IRE F2 - JX480631 - env
IRE F3 - JX480632 - env

— ITA DE - KM247554 - env

100

79.2]]

— |TA SA - KM247555 - env

— IRE F4 - JX480633 - env

— IRE H3 - ]X480634 - env

53.1L

Wyoming - AF033820 - env

7418

100

Miyazaki - JX003263 - env

0.06
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BRA1 env protein

BRA2 env protein

Miyazaki JX003263 - env protei...

Wyoming AF033820 - env protein

IRE F2 JX480631 - env protein

99.6
IRE F3 JX480632 - env protein
88.4
100
IRE H3 JX480634 - env protein
91
100 ;
IRE F4 JX480633 - env protein

ITA DE KM247554 - env protein
64.1 ‘
ITA SA KM247555 - env protein
— DLV9-7 HM141922 - env protein

100

DV10-3 HM141910 - env protein
71.4 ‘

Liaoning AF327877 - env protei...

0.06
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Appendix H: Molecular modeling of BRA1 and BRA2 p26 using a p26 crystallografic
structure (PDB code 1EIA) with Modeller software. Epitopes with amino acids alterations
were compared in both models, showing surface amino acids alterations. Blue arrows point to
amino acid alteration compared to the reference.

BRA1 BRA2




