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RESUMO

TESE DE DOUTORADO EM BIOLOGIA PARASITARIA

Amanda de Oliveira Lopes

O Gammaherpesvirus humano 8 (HHV-8) esta associado a varias neoplasias que
podem ocorrer em individuos infectados pelo Virus da imunodeficiéncia humana (HIV),
como mulheres gravidas coinfectadas com HIV/HHV-8. Essas gestantes apresentam
alto risco de desenvolvimento de neoplasias associadas, como sarcoma de Kaposi
(SK), além de aumento da carga viral e transmissao vertical desses virus. O HHV-8
consiste em seis clados principais (A-F) com base na sequéncia genética da fase de
leitura aberta (ORF) K1. Esses clados exibem claro agrupamento entre individuos de
diferentes grupos étnicos e de diferentes regides geogréaficas. No entanto, existem
relatos conflitantes sobre a distribuicdo global dos diferentes gendtipos do HHV-8,
incluindo as informacgdes sobre os genétipos do HHV-8 que circulam atualmente no
Brasil, pais com populagdo humana que varia muito na etnia. Os objetivos deste estudo
foram (i) estimar a prevaléncia da infec¢cdo causada por HHV-8 em gestantes
portadoras de HIV no Rio de Janeiro, Brasil; (ii) caracterizar isolados de HHV-8
de pacientes com HIV/SK residindo no Brasil baseado na analise filogenética da
regido codificadora da ORF K1 e (iii) analisar as origens putativas desses isolados;
e (iv) determinar a distribuicdo mundial dos diferentes gendétipos do HHV-8 com base
na analise filogenética da regido codificadora da ORF K1. Como principais resultados,
destacamos: (i) a baixa soroprevaléncia do HHV-8 em gestantescom HIV residentes no
Brasil; (ii) aidentificacdo dos genétipos A, B e C presentes empacientes brasileiros com
HIV/SK; (iii) aidentificacdo das origens putativas desses isolados: os isolados de HHV-
8/A parecem estar associados a virus detectados da Ucrania, Russia e do grupo étnico
tartaro; os isolados de HHV-8/B parecem estar associados a virus detectados do Congo
e da Republica Democratica do Congo; e os isolados de HHV-8/C parecem estar
associados a virus detectados da Australia, Argélia, Inglaterra e Guiana Francesa; (iv)
a descricdo da distribuicdo global dos gendtipos HHV-8, no qual os genétipos A e C
estdo presentes em todos os continentes, mas séo altamenteprevalentes na Europa e
na Africa; o genotipo B € mais prevalente na Africa, mas também foi identificado na
América Central e do Sul e na Europa; o gendtipo D é raroe foi relatado no Leste Asiético
e na Oceania; o geno6tipo incomum E foi identificado em populagdes amerindias na
América do Sul; e o gendtipo F também é raro, mas foiidentificado na Africa, América e
Europa; e (v) aidentificacdo do Brasil sendo o pais com maior diversidade de gendétipos
de HHV-8 do mundo, apresentando cinco gendtipos (A, B, C, E e F). Esses resultados
fornecem novas informacgdes sobre a epidemiologia e a diversidade do HHV-8 no Brasil
e no mundo, fornecendo uma base para futuros estudos epidemioldgicos e
evolutivos do HHV-8.
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ABSTRACT

PHD THESIS IN PARASITIC BIOLOGY

Amanda de Oliveira Lopes

Human gammaherpesvirus 8 (HHV-8) is associated with several neoplasias that
may occur in individuals infected with Human immunodeficiency virus (HIV), such as
pregnant women coinfected with HIV/HHV-8. These pregnant women are at high risk of
development of neoplasias, such as Kaposi’s sarcoma (KS), increased viral load, and
vertical transmission of these viruses. HHV-8 consists of six major clades (A-F) based
on genetic sequence of open reading frame (ORF) K1. These clades exhibit clear
clustering among individuals in different ethnic groups and from different geographic
regions. However, there are few conflicting reports regarding the global distribution of
the different HHV-8 genotypes, including the information about the HHV-8 genotypes
currently circulating in Brazil, country with human population that varies greatly in
ethnicity. The objectives of this study were (i) to estimate the prevalence of infection
caused by HHV-8 in pregnant women with HIV in Rio de Janeiro, Brazil; (ii) to
characterize HHV-8 isolates from HIV/IKS patients residing in Brazil based on
phylogenetic analysis of ORF K1 coding region and (iii) to analyze the putative origins
of these isolates; and (iv) to determine the worldwide distribution of different HHV-8
genotypes based on the phylogenetic analysis of ORF K1 coding region. As main
results, we highlight (i) the low seroprevalence of HHV- 8 in pregnant women with HIV
living in Brazil; (ii) the identification of genotypes A, B and C present in Brazilian patients
with HIV/SK; (iii) the identification of putative originsof these isolates: HHV-8/A isolates
appear to be from Ukraine, Russia and the Tartar ethnic group; the HHV-8/B isolates
appear to be from Congo and the Democratic Republic of Congo; and the HHV-8/C
isolates appear to be from Australia, Algeria, England and French Guiana; (iv) the
description of global distribution of HHV-8 genotypes, which genotypes A and C are
present on all continents, but highly prevalent in Europe and Africa; genotype B is more
prevalent in Africa, but has also been identified in Central and South America and
Europe; genotype D is rare and hasbeen reported in East Asia and Oceania; the unusual
genotype E has been identified in Amerindian populations in South America; and the F
genotype is also rare, but has been identified in Africa, America and Europe; (v) the
identification of country with thegreatest genotypic diversity in the world founded in the
Brazil, presenting five HHV-8 genotypes (A, B, C, E and F). These results provide new
information on the epidemiology and diversity of HHV-8 in Brazil and in the world,
providing a basis for future epidemiological and evolutionary studies of HHV-8.
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1. INTRODUCAO

1.1. Gammaherpesvirus humano 8

O Gammaherpesvirus humano 8 (HHV-8), também conhecido como virus
associado ao sarcoma de Kaposi (KSHV), € membro da familia Herpesviridae
(que contém virus de mamiferos, aves e répteis) e € um dos nove herpesvirus que
infectamhumanos. O HHV-8 pertence ao género Rhadinovirus da subfamilia
Gammabherpesvirinae, subfamilia esta que também inclui o Gammaherpesvirus
humano 4 conhecido como virus Epstein Barr. Essa subfamilia tem como
principais caracteristicas causarem infeccdes latentes nas células linfoides
(ICTV, 2019).

O HHV-8 foi identificado em 1994 por Chang e colaboradores, que
identificaramo DNA de HHV-8 em bidpsias de sarcoma de Kaposi (SK) de pessoas
infectadas com
o Virus da imunodeficiéncia humana (HIV) que apresentavam a sindrome da
imunodeficiéncia adquirida (AIDS) (Chang et al., 1994).

Desde entédo, o HHV-8 foi associado a um amplo espectro de neoplasias
malignas reconhecidas pela Organizacdo Mundial de saude, como todas as
formas deSK, linfoma de derrame primario, doenca de Castleman multicéntrica,
linfoma difuso de grandes células B e disturbio linfoproliferativo germinotrépico.
Outras doencas vémsendo associadas ao HHV-8 e incluem: hiperplasia linféide
reativa HHV- 8-positiva, proliferacdo plasmablastica da polpa vermelha
esplénica, insuficiéncia da medula 6ssea em pacientes imunossuprimidos apés
o transplante e sindrome de citocinas inflamatoérias (Chang et al., 1994; Vega,
Miranda e Medeiros, 2020).

Na figura 1 pode-se observar uma microscopia eletrénica evidenciando a

presenca de particulas virais do HHV-8 em biépsia de SK.
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Figura 1. Particulas virais do HHV-8. Algumas particulas virais sdo evidenciadas por

setas (preto). Microscopia eletrébnica de um corte transversal de um SK do bago.

Ampliacéo original:53 000x. Fonte: (Orenstein et al., 1997)

1.2. Morfologia e ciclo replicativo do HHV-8

O HHV-8 possui 120-150 nm de diametro e consiste em trés elementos
estruturais distintos: a) o nucleocapsideo, contendo o capsideo icosaédrico e 0
DNA viral de fita dupla linear em seu interior; b) o envelope, bicamada lipidica
derivada do hospedeiro contendo as glicoproteinas virais; e ¢) o tegumento,
conjunto de proteinas e RNAs virais que ocupam 0 espaco entre o
nucleocapsideo e o envelope (Figura 2) (Li et al., 2017; Dollery, 2019).

Glicoproteinas

Envelope

Tegumento

Figura 2. Elementos estruturais do HHV-8. Desenho esquematico evidenciando um
virion do HHV-8 e suas estruturas. As glicoproteinas virais, o envelope lipidico, o
tegumento, o capsideo e o DNA s&o indicados. A direita, o capsideo é representado com
uma secdo em corte para revelar o genoma de DNA em seu interior. Adaptado de fonte:
(Dollery, 2019)



As glicoproteinas do envelope viral sdo responsaveis pelas interacdes
iniciaise entrada do HHV-8 nas células hospedeiras (Dollery, 2019). O HHV-8
apresenta diversas glicoproteinas que sdo responsaveis pelo seu vasto
tropismo celular. Assim,0 HHV-8 pode infectar células endoteliais humanas,
epiteliais, queratindcitos, mondocitos, macrofagos, células dendriticas,
linfocitos, células de fibroblastos e variostipos de células animais (Li et al., 2017,
Dollery, 2019).

As glicoproteinas inicialmente se ligam as células-alvo de uma maneira
ndo especifica através de multiplas interacdes com receptores da superficie
celular, facilitando a fixacao viral e concentrando virions na superficie da célula.
Uma vez que os virions se ligam a célula, as glicoproteinas virais ficam
suficientemente proximas as moléculas especificas que funcionam como
receptores para a endocitose da particulaviral. Apds o inicio da endocitose e a
diminuicdo do pH davesicula endocitica,ocorre a fusdo do envelope viral com a
membrana endocitica (pH dependente), permitindo a entrega do nucleocapsideo
e moléculas do tegumento no citoplasma (Figura 3) (Connolly et al., 2011,
Dollery, 2019).

Fusdo com a membrana endocitica

Figura 3. Entrada do HHV-8 nas células hospedeiras. Desenho esquematico mostrando
omecanismo de entrada do HHV-8 na célula hospedeira por fusdo com a membrana
endocitica.Setavermelhaindica afixagdo do virus nacélulahospedeira. Seta azul indica
a fusdo do envelope viral com amembrana endocitica. Adaptado de fonte: (Connolly et
al., 2011; Dollery, 2019)



As proteinas do tegumento realizam as primeiras fases de replicacao,
tambémchamada de fase litica, incluindo cessar a sintese de proteinas da célula
hospedeira e ativar os genes virais. Por meio do sistema de microtubulos, o
nucleocapsideo é levado em direcdo a membrana nuclear e é desmontado
liberando o DNA viral no interior do nucleo (Johnson e Baines, 2011). A partir de
entdo, inicia-se o processo dereplicacdo viral no nucleo, com a expresséo de
genes imediatamente iniciais, que codificam proteinas relacionadas a regulacéo
génica das proximas etapas de transcricdo. Apds isso, S80 expressos genes
precoces, que, por sua vez, codificam proteinas relacionadas a replicacdo do
DNA viral. Os ultimos a serem expressos sdo 0S genes tardios, 0s quais
codificam as proteinas estruturais, ou seja, as proteinas que formam o capsideo,

o tegumento e o envelope (glicoproteinas) (Yan et al., 2019)(Figura 4).



Célula hospedeira

Citoplasma

Nucleo

Figura 4. Ciclo de replicacdo do HHV-8. Apds a entrada do virus, liberando o
nucleocapsideo e proteinas do tegumento no citoplasma da célula hospedeira, ocorre
a migracdo do nucleocapsideo e aliberagcdo do DNA viral no nucleo. Verifica-se, entéo,
o processo de replicagdo viral com a transcricdo dos genes virais, que codificam as
proteinas imediatamente iniciais (amarelo), precoces (verde) e tardias (azul). ApGs a
replicacdo do genoma viral, ocorre a montagem do nucleocapsideo, com a
encapsidacdo do DNA viral, e obrotamento do nucleocapsideo pelas membranas
nucleares. Posteriormente este é envelopado e liberado da célula hospedeira através
de vesiculas do complexo de Golgi. Adaptado de fonte: (Coen e Schaffer, 2003)
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Depois que todas as classes de genes liticos sdo expressas e uma
guantidadesuficiente de proteinas tardias esté disponivel, a montagem do virus
comeca no nucleo: o DNA viral é empacotado para formar o nucleocapsideo
revestido por uma camada de proteinas que formam o tegumento (Johnson e
Baines, 2011; Yan et al.,, 2019). Uma vez formados, os virus realizam o
brotamento através da membrana nuclear, e s@o liberados para o citoplasma da
célula hospedeira (Johnson e Baines, 2011).

No citoplasma, os virus sdo submetidos ao envelopamento por
membranas docomplexo de Golgi ou em endossomas, produzindo particulas
virais infecciosas no interior dessas vesiculas celulares, com glicoproteinas
virais especificas na superficie dos seus envelopes. Estas vesiculas
citoplasmaticas transportam as particulas viraisaté amembrana celular, onde se

fundem liberando a progénie viral da célula (Johnsone Baines, 2011) (Figura 5).

L

Espago extracelular

Figura 5. Envelopamento e liberacdo das particulas virais. No citoplasma da célula
hospedeira, o HHV-8 é envelopado por membranas citoplasmaticas e, posteriormente,

€ secretado desta célula hospedeira. Adaptado de fonte: (Johnson e Baines, 2011)

Apos afase litica, o HHV-8 estabelece infecc¢éo latente com o genoma viral
persistindo nas células infectadas, fazendo com que o HHV-8 possa permanecer
por toda avidado hospedeiro. Nesta fase, o DNA viral se circulariza (epissomal),
para a supressao ou silenciamento da expressao dos genes liticos, e se liga ao
DNA celular,para ser replicado simultaneamente com o DNA celular e ser

precisamente passado para células filhas. Assim, na fase latente apenas uma
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pequena por¢cdo do genoma HHV-8 é transcrita, como exemplo o gene que
codifica a proteina LANA-1 (antigeno nuclear associado a laténcia 1), proteina
mais abundante em células infectadas de forma latente, e que se liga a varios
promotores liticos virais para inibir a transcricdo de genes liticos. Entretanto,
estudos recentes mostram que pode ocorrer um certo grau de expressao desses
genes de fase litica durante a infeccéo latente (Yan et al., 2019).

O estado latente da infec¢cédo por HHV-8 pode ser interrompido por fatores
fisiologicos ou um estimulo exdgeno (estresse, variagcdes hormonais, exposicao
aluzultravioleta e imunossupressao) (Perng e Jones, 2010). Assim, o virus inicia
a reativacao litica, expressando consecutivamente os genes liticos (genes
imediatos, iniciais e tardios) resultando na producdo de virions para infectar
outras células suscetiveis e para a transmissdo a um novo hospedeiro (Yan et
al., 2019). Entretanto,essa reativacdo da laténcia pode resultar em doenca,
devido a uma combinacdo dos danos celulares e teciduais causados
diretamente pela elevada replicacdo litica do virus, além das respostas

imunolégicas a replicacao litica reativada (Le, Gantt e Practice, 2013).

1.3. Diversidade genética do HHV-8

Como material genético, o HHV-8 apresenta uma dupla fita de DNA a qual
se encontralinearmente dentro da particula, com cercade 165-170 kb. O genoma
compreende uma regido codificadora central Unica de aproximadamente 145 kb
e duas repeticdes terminais altamente ricas em GC (TRs) de aproximadamente
30 kb (Figura 6) (Yan et al., 2019).
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Figura 6. Mapa genético do HHV-8. Esquema evidenciando o mapa genético do
HHV-8 na forma de epissoma (DNA circular de cadeia dupla formada apés infeccédo
celular). As ORFs que codificam proteinas da fase litica (setas azuis e vermelhas) e da
fase latente (setas verdes), os microRNAs (quadros roxos), ortélogos celulares (quadro
amarelo) e demaisproteinas codificadas sdo indicados na figura. Adaptado de fonte:
(Mesri, Cesarman e Boshoff, 2010)

O HHV-8 codifica 87 ORFs que tém papéis multiplos na infeccéo viral
(Mesri, Cesarman e Boshoff, 2010). Algumas dessas ORFs também sdo comuns a
outros herpesvirus, enquanto outras, designados com o prefixo K (K1-K15), séo
especificosdo HHV-8 (Vega, Miranda e Medeiros, 2020).

A ORF K1 codifica uma glicoproteina transmembranar, chamada K1,
possuindoum dominio extracelular, que demonstra uma homologia com a
familia de imunoglobulina, um dominio transmembranar, e uma cauda
citoplasmatica curta contendo um motivo de ativacdo do imunorreceptor
baseado em tirosina (ITAM) (Tamanaha-Nakasone et al., 2019; Choiet al., 2020).
K1 é expressa em células infectadas e esta associada ao desenvolvimento de
tumor (Cordiali-Fei et al., 2015) inibindo a apoptose, promovendo a
sobrevivéncia celular e produzindo citocinas inflamatérias e fatores pro-

angiogénicos (Choi et al., 2020).



O gene K1, presente na extremidade 5’ do genoma do HHV-8 (Figuras 6 e
7), é altamente variavel (Tamanaha-Nakasone et al., 2019) e sua regiao
codificante completa apresenta cerca de 840 pares de bases (pb) codificando
cerca de 280 aminoacidos (Figura 7) (Olp et al., 2015; Isaacs et al., 2016).

f [100 200 300 400 500 600 700 800 jo00 [1K

Figura 7. Gene K1 de HHV-8. A sequéncia da ORF K1 (em verde), o RNA
mensageiro(RNAm) (em roxo) e a regido codificante desta ORF (em vermelho) séo

indicados na figura. nt: nucleotideo; aa: aminoacido. Sequéncia de referéncia NCBI
(National Center for Biotechnology Information): NC_009333.1. Fonte: (NCBI, 2020)

Essa alta variabilidade permitiu, até o momento, a descricdo de seis
diferentesgendtipos principais (A, B, C, D, E e F) do HHV-8, cujas sequéncias
diferem em até 30% no nivel de aminoacidos (Figura 8) (Olp et al., 2015; Isaacs
et al., 2016).
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Figura 8. Diversidade genotipica do HHV-8. Arvore filogenética radial
evidenciandoos seis genétipos principais do HHV-8 (A-F) a partir da analise filogenética
da ORF K1. Fonte: (Speicher et al., 2013)



Apesar de ser de amplo conhecimento que o0s genotipos A, B e C
apresentam uma maior distribuicdo mundial, e que os gendétipos D, E e F séo
mais identificados em grupos étnicos e geograficos especificos, a distribuicdo
desses gendtipos no mundo ainda ndo é tdo clara. Os poucos estudos de
genotipagem de HHV-8 muitas vezes estdo desatualizados havendo confusao
guanto a essas informacdes (Isaacs etal., 2016; Tozetto-Mendoza et al., 2016;
Pérez e Tous, 2017).

Alguns autores propuseram que possivelmente a diversidade e
distribuicdo genotipica do HHV-8 ocorrem em conjunto com as migracoes
humanas contemporaneas. Assim, estes sugeriram, por exemplo, que o
gendtipo B, o mais ancestral (Figura 8), tenha surgido a 100 mil anos atras e se
divergiu conforme as migracdes do homem moderno, dando origem aos demais
genotipos identificados atéo momento (Hayward, 1999; Zong et al., 1999; Zong
et al., 2002). Entretanto, essas informagdes estdo desatualizadas, uma vez que
recentes estudos sobre migracdes dos humanos contemporaneos foram
realizados trazendo novas informacdes sobre oassunto (Bae, Douka e Petraglia,
2017; Chan et al., 2019; Rito et al., 2019).

No Brasil sdo poucos os estudos sobre a diversidade do HHV-8. Apé4s
genotipagem de HHV-8 baseado na regido codificante da ORF K1, Tozetto-
Mendoza e colaboradores identificaram no estado de S&o Paulo a circulacédo dos
genodtipos A, B e C em pacientes sem SK ativo, infectados com HIV/AIDS, e, além
desses gendtipos, o genétipo F também foi identificado em pacientes com SK
com HIV/AIDS (Tozetto- Mendoza et al., 2016). Além deste estudo, Biggar et al.
detectaram o gendétipo E, um novo gendtipo de HHV-8 relatado e hiperendémico
em amerindios brasileiros no Norte do pais (Biggar et al., 2000). Apesar dessa
alta diversidade genotipica do HHV-8 identificada no Brasil a origem desses

gendtipos no pais nao foiinvestigada.

1.4. Epidemiologiado HHV-8

A soroprevaléncia de HHV-8 varia muito no mundo e, de acordo com
estudos com populacdo em geral, a soroprevaléncia de HHV-8 € mais alta na
Africa Subsaariana, onde em algumas populagdes a soroprevaléncia em adultos
€ maior que 90%. No Mediterréneo, a soroprevaléncia é de 20-30%, e no norte da

Europa, Asia e EUA, a soroprevaléncia é menor que 10%. No Brasil, a taxa de
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soroprevaléncia de HHV-8 normalmente € relatada como sendo baixa, variando
de 1-5% (Cesarman et al., 2019) (Figura 9).
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Figura 9. Soroprevaléncia de HHV-8. As taxas de soroprevaléncia foram
compiladasa partir de varios estudos. Os valores representam a populagdo em geral. A
soroprevaléncia da infeccdo causada por HHV-8 no norte da Europa, Asia e EUA é
menor que 10%, mas na maior parte da Africa Subsaariana, a soroprevaléncia geral é
superior a 40%. A regido mediterranea (ou seja, Italia, Sicilia e Sardenha) tem taxas de
soroprevaléncia intermediariasde 10-30%. Adaptado de fonte: (Cesarman et al., 2019)

As razdes para a variacdo geografica na soroprevaléncia de HHV-8 ndo
sao claras, mas h& algumas evidéncias de que fatores ambientais, como a
coinfeccdo com maléria e outras infeccbes parasitarias, podem aumentar a
liberacdo de HHV-8 na saliva, aumentando assim as taxas de transmissédo deste
virus (Cesarman et al., 2019). Além disso, essa variacdo na soroprevaléncia pode
estar relacionada as rotasespecificas de transmissdo do HHV-8 nas diferentes
regides geograficas. Em areas altamente endémicas onde ainfec¢éo é adquirida
na infancia, o compartilhamento desaliva através de praticas como a pré-
mastigacao de alimentos para bebés, compartilhamento de doces entre criancas
e compartilhamento de escovas de dentes,podem ser rotas especificas de
transmissdo de HHV-8 nessas regides. Entretanto, estas vias ainda ndo sao
muito bem compreendidas (Cesarman et al., 2019). Outros fatores, como fatores
genéticos do virus e hospedeiro podem estar envolvidos nessa soroprevaléncia

néao ubiqua do HHV-8 no mundo (Liu et al., 2018). O pool genético limitado em
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grupos isolados, como em populacdes hiperendémicas para ainfec¢cao causada
por HHV-8, em alguns grupos de amerindios brasileiros por exemplo, pode
permitir a transmissdo mais frequente de um virus com baixa prevaléncia em
populacdes heterogéneas (Biggar et al., 2000).

A soroprevaléncia de HHV-8 também se apresenta maior em grupos como
emportadores do HIV (Miller et al., 2006; de Franca et al., 2011) provavelmente
devido aessa coinfecgdo. A Turquia e india apresentaram taxas intermediérias
de soroprevaléncia de HHV-8 neste grupo (254% e 26,06%, respectivamente)
(Munawwar et al., 2014; Altuglu et al., 2016). Ja outros paises, como EUA, China
e paises Africanos (Camardes e Nigéria) exibiram altas taxas de soroprevaléncia
de HHV-8 emindividuos infectados com HIV, variando de 38,1% a 62% (Ogoina et
al., 2011; Mbondji-Wonje et al., 2013; Labo et al., 2015; Li et al., 2017).

O Brasil apresenta soroprevaléncia de infeccdo causada por HHV-8 em
portadores de HIV variando de 13,9% a 30% (Pierrotti et al., 2005; de Souza et al.,
2007; Ishak et al., 2007; Batistaet al., 2009; Magriet al., 2009 Machado et al., 2015;
Cahu et al., 2016).

Além disso, apesar dos poucos estudos publicados, sabe-se que a
soroprevaléncia do HHV-8 no grupo de gestantes infectadas pelo HIV varia de
1,7%a 80,7% no mundo, sendo as maiores taxas encontradas em paises

endémicos (Rohner et al., 2016). No Brasil essa informacéo é desconhecida.

1.5. Patologia associada ao HHV-8

O HHV-8 pode ser detectado em diferentes fluidos corporais,
principalmente nasaliva (Tozetto-Mendoza et al., 2016), que contém um elevado
numero de copias viraisem individuos infectados com HHV-8. Sendo assim, a
principal via de transmissao deste herpesvirus € através da saliva (Katano, 2018)
e acredita-se ser a principal rotade transmissao em regides endémicas para a
infeccdo por HHV-8, uma vez que a deteccdo deste herpes é observada em
criancas (possivelmente pelos contatos com membros da familia infectados
com HHV-8 na infancia, principalmente o contato materno) (Li et al., 2017;
Katano, 2018).

O HHV-8 também pode ser transmitido através de secrecOes genitais,
sendo atransmissao sexual a principal rota de transmissdo em regifes nao

endémicas para ainfeccéo por HHV-8 (Li et al., 2017). J& a via de transmissao
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vertical do HHV-8 pode ocorrer na gravidez, durante o parto vaginal, com a
exposicdo do HHV-8 ao recém- nascido pelas secrecdes cervicovaginais
(Mantina et al., 2001; Lisco et al., 2006), e também através da ingestdo de leite
materno contendo particulas infecciosas deste virus (Li et al., 2017).

Além destas, a transmissdo do HHV-8 também pode ocorrer através de
transfuséo de sangue e por transplante de 6rgdos (ndo hadiretrizes formais para
atriagem clinica de bolsas de sangue e de pacientes transplantados de 6rgaos)
(Lietal., 2017; Katano, 2018).

A primo-infeccdo causada por HHV-8 ocorre com frequéncia durante a
primeira infancia nas zonas de alta prevaléncia. JA& em areas de baixa
prevaléncia, a primeira infeccdo ocorre com maior frequéncia a partir da
adolescéncia e em jovens adultos (Blauvelt et al., 1997; Mayama et al., 1998; Le,
Gantt e Practice, 2013). Além disso,a primeira infeccdo vem sendo descrita,
guando sintomatica, como tendo uma sindromesemelhante a mononucleose
infecciosa (Blauvelt, 2001), com erupc¢éo cutanea maculopapular febril, artralgia
e linfadenopatia (Katano, 2018).

ApoOs a infeccdo, o virus estabelece laténcia em seu hospedeiro,
principalmenteem linfocitos B, podendo ser reativado (Damania e Cesarman,
2013). Na célula hospedeira, o HHV-8 sintetiza proteinas que estédo associadas a
transformagéo celulare evaséo do sistemaimune do hospedeiro (Katano, 2018).
Sendo assim, o HHV-8 estaassociado a diferentes neoplasias malignas como
sarcoma de Kaposi (SK), linfoma dederrame primario ou linfoma priméario de
efus@o, doenca de Castleman multicéntrica, linfoma difuso de grandes células B
e distarbio linfoproliferativo germinotrépico (Katano, 2018; Vega, Miranda e
Medeiros, 2020).

Além destas, outras doencas estdo sendo amplamente aceitas como
doencas relacionadas ao HHV-8 como hiperplasia linfoide reativa HHV-8-
positiva, proliferacdoplasmablastica da polpa vermelha esplénica, insuficiéncia
da medula 6ssea empacientes imunossuprimidos apds o transplante e sindrome
de citocinas inflamatorias (Vega, Miranda e Medeiros, 2020).

Dentre essas doencas, o SK foi a primeira neoplasia maligha associada
ao HHV-8 e é a mais amplamente estudada (Li et al., 2017; Cesarman et al., 2019).
De acordo com dados atuais, o SK continua a ser a neoplasia mais comum

observada emindividuos que vivem com HIV de ambos os sexos (Dittmer e
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Damania, 2019), com incidéncia mundial de481,54 por 100.000 pessoas/ano (Liu
et al., 2018).

O SK foi inicialmente descrito pelo dermatologista hingaro Moritz Kaposi
em 1872 (Lietal.,2017; Cesarman et al., 2019) e é caracterizada normalmente por
lesbescutaneas disseminadas e pigmentadas, envolvendo grandes areas da
superficie do corpo, as vezes de forma simétrica, com uma aparéncia
caracteristica que varia do rosa ao roxo ou marrom e muitas vezes associada
com envolvimento visceral (trato gastrointestinal, pulmdes e linfonodos)
(Martellotta et al., 2009; La Ferla et al., 2013).Na figura 10 pode-se observar

algumas das manifestagdes clinicas associadas ao SK.

B - 0 b - ] 3 . i
Figura 10. Manifestacfes clinicas de sarcoma de Kaposi. As diferentes

manifestacdes do SK incluem (a) lesGes maculares nas costas e nédulos no braco; (b)
placasextensas de SK nas pernas com edema associado ao tumor; (c) lesGes exofiticas
de SK no pé; (d) nédulos de SK gengivais extensos; e (e) lesdes violaceas planas no
palato duro. A imagem na parte ¢ € de um paciente com SK classico; todas as outras

imagens sdo de pacientes com SK relacionado a AIDS. Fonte: (Cesarman et al., 2019)

Quatro formas epidemioldgicas principais de SK sao amplamente
reconhecidas: SK classico, SK endémico, SK iatrogénico e SK relacionado a
AIDS. OSK classico ocorre principalmente em homens idosos de ascendéncia
mediterranea ou judaica e geralmente mostra um curso clinico indolente e
prolongado, afetando principalmente a pele das pernas (Cesarman et al., 2019). O
SK endémico, que é maisagressivo do que o SK classico (Li et al., 2017), foi

descrito pela primeira vez na regidoda Africa subsaariana na década de 1940
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(Cesarman et al., 2019). O SK iatrogénico foi identificado entre pacientes
imunossuprimidos, como em receptores de transplantes de o6rgdos. O SK
relacionado a AIDS, a forma mais comum, apareceu demaneira robusta junto
com a pandemia de HIV. Os sintomas do SK variam, desde indoléncia a tumores
altamente agressivos, levando a morbidade e mortalidadesignificativas (Li et al.,
2017). Além disso, muitos casos de SK foram relatados em homens que fazem
sexo com homens (HSH) sem infeccao por HIV, e este SK esta sendo cada vez
mais reconhecido como uma possivel quinta forma distinta de SK (Cesarman et
al., 2019).

Sabe-se que uma combinacdo de infec¢cdo por HHV-8 e imunidade do
hospedeiro comprometida pode causar SK. O SK relacionado a AIDS e o SK
iatrogénico estdo associados a imunodeficiéncia bem  definida
(imunodeprimidos e imunossuprimidos, respectivamente). Atualmente a
incidéncia de SK é relatada ~200vezes maior em receptores de transplantes de
orgédos soélidos (SK iatrogénica) do quena populacdo em geral. Ja a funcao
imunoldgica prejudicada no SK classico deve estar relacionada a
‘imunosenescéncia’; ou seja, um sistema imunolégico em envelhecimento; e a
funcdo imunoldgica prejudicada no SK endémico deve estar relacionada a uma

infeccéo crbénica e desnutricdo (Cesarman et al., 2019).

1.6. Diagnoéstico, tratamento e prevencédo dainfeccao causada por HHV-8

O diagnéstico do HHV-8, assim como em outros herpesvirus que infectam
humanos, é feito avaliando as caracteristicas clinicas do paciente e as
associando as confirmagdes laboratoriais da infeccdo. Sendo assim, o
diagnéstico laboratorial tem aplicacdo complementar para as manifestacfes
clinicas caracteristicas causadas poreste virus (Varella et al., 2005; Penello et
al., 2010).

Diferentes amostras podem ser utilizadas para o diagnodstico laboratorial
da infeccdo causada pelo HHV-8, uma vez que ele pode estar presente em
diferentes fluidos corpéreos. Sao estas: saliva, soro, plasma, sangue total,
PBMC, secrecdes genitais, biopsias, entre outros (Tozetto-Mendoza et al., 2016).

N&o h&d um teste padréo ouro parao diagnoéstico dainfec¢éo pelo HHV-8, o
qguedificulta a escolha de um teste para a deteccdo deste virus (Nascimento et

al., 2007; Cahu et al., 2016). A imunohistoquimica para detec¢cdo da proteina
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LANA-1 (antigenonuclear associado a laténcia-1) de HHV-8 é realizada a partir
de bidpsias de lesbes de SK e sdo comumente expressas nessas amostras
patolégicas. Aimunohistoquimica LANA-1 demonstra um padrdo de coloracao
em forma de ponto nonucleo das células infectadas e € muito utilizado para a
deteccao de HHV-8 nessas amostras patolégicas (Figura 11) (Katano, 2018).
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Figura 11. Imunohistoquimica de LANA-1. A microscopia evidencia sinais
positivospara o LANA-1 de HHV-8 no nacleo de células tumorais de SK (laranja). Fonte:
(Katano, 2018).

O ensaio de imunofluorescénciaindireta (IFA) € um ensaio soroldgico que
realiza a deteccédo de anticorpos contra antigenos latentes (IFA-LANA) ou liticos
(IFA-liticos) do HHV-8. Para essa deteccdo sao utilizadas células de linfoma de
efusdo primario infectadas latentemente pelo HHV-8 (também chamado linfoma
de células-Bde cavidades do corpo/BCBL-1), com ou sem inducao da replicacéo
litica viral (com acetato de éster de forboltetradecanoil/TPA por exemplo)
(Tozetto-Mendoza et al., 2016). O IFA-LANA apresenta alta especificidade para
deteccdo de infeccdo por HHV-8, e juntamente com IFA-litico, sdo os testes
soroldgicos mais comumente usados (Nascimento et al., 2007; Cahu et al., 2016).
Contudo, atécnica é laboriosa (Cahu et al., 2016). Na figura 12 pode-se observar
os IFA-LANA e IFA-liticos em amostras de soro positivas para anticorpos

especificos do HHV-8.
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Figura 12. Imunofluorescéncia indireta (IFA). Padréo obtido com soros positivos
para anticorpos especificos para HHV-8 em ensaios IFA-LANA e IFA-litico. Em (a) lamina
positiva para IFA-LANA com uma fluorescéncia verde nuclear pontilhada tipica,
indicando reatividade de anticorpos a antigenos latentes; em (b) lamina IFA-litico-
positivacom um padréo citoplasmatico de fluorescénciaverde observado durante afase
liticadareplicacdo dovirus. Ampliagéo original: 400x. Adaptado de fonte: (Cunha et al.,
2005)

Outro teste soroldgico, o ensaio de imunoabsorcdo enzimatica (ELISA)
utiliza diferentes estratégias de deteccao da infec¢cdo causada por HHV-8, como
deteccao apartir de proteinas sintéticas, particula viral intacta/lisada, anticorpos
contra o antigenolatente LANA-1 ou contra produtos liticos do HHV-8. Estes
testes apresentam diferentes desempenhos e, normalmente, menor
especificidade que a IFA (Nascimento et al., 2007).

Ja as reacbes em cadeia da polimerase (PCR), como nested PCR ou PCR
em tempo real (QPCR), sdo muito utilizadas por apresentarem vantagens
adicionais no diagnostico laboratorial, principalmente por serem capazes de
detectar pequenas quantidades de genoma viral (altamente sensivel) e por
apresentarem alta especificidade e rapidez nesta detec¢cdo que, nos casos
graves e sistémicos da infecgéo tornam-se vitais (Penello et al., 2010). Além
disso, a gPCR permite a quantificacdo de acidos nucléicos nas amostras, que é
importante para o acompanhamento clinico do paciente (Bustin e Mueller, 2005).

Existem diferentes alvos para a detec¢cdo de HHV-8 por PCR (Levi et al.,
2011),sendo a ORF 26 (gene que codifica a menor proteina do capsideo) um alvo
amplamente utilizado por ser uma regido altamente conservada do genoma
deste virus (Chang et al., 1994). Estes testes moleculares também sao utilizados
em conjunto com os testes anteriores para confirmacgéo dainfecgao causada por
HHV-8 (Katano, 2018).
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No que se refere ao tratamento anti-HHV-8, as terapias disponiveis contra
0s outros herpesvirus que infectam humanos foram avaliadas para o controle da
infeccdo litica causada por HHV-8, como aciclovir, ganciclovir, foscarnet e
cidofovir. Entretanto,os resultados ndo foram satisfatorios em sua atividade
anti-HHV-8, sendo que a maioria destes apresentam altatoxicidade (Andrei e
Snoeck, 2015).

No que se refere a prevencdo da infeccdo causada por HHV-8, esta
intimamente relacionada as rotas especificas de transmissdo deste virus.
Entretanto,algumas destas rotas ainda ndo sdo bem compreendidas. Assim, nao
haintervencdesrigorosamente examinadas para a prevencao dessainfeccdo. No
geral, o aconselhamento sobre a possivel disseminacdo do HHV-8 por diferentes
vias especificas de transmissao ja conhecidas deve ser realizada através de uma
mensagem educacional para popula¢cdes em risco, como pacientes com HIV,
gestantes e HSH, para evitar comportamentos que apresentem risco de
contaminacaopelo HHV-8 (Cesarman et al., 2019).

Além disso, vacinas contra o HHV-8 estdo em desenvolvimento, mas
acredita-se ser improvavel gque uma vacina para uso em humanos esteja
disponivel em breve (Cesarman et al., 2019). Este desenvolvimento tem sido
dificultado por caracteristicasbioldgicas especificas do HHV-8, como a laténcia
e sua capacidade de evadir o sistema imunolégico do hospedeiro (Cesarman et
al., 2019). Algumas destas vacinas,por exemplo, utilizam particulas semelhantes
avirus contendo glicoproteinas de HHV-

8 (gpK8.1, gB e gH-gL) que estdo envolvidos na entrada do virus nas células
hospedeiras, e estdo na fase pré-clinica em teste em camundongos (Barasa et
al., 2017).

1.7. Individuos coinfectados com HHV-8 e HIV

O desenvolvimento de neoplasias associadas ao HHV-8 é raro em
individuos imunocompetentes (Kaspersen e Hoéllsberg, 2013). Entretanto,
individuos imunocomprometidos, como pacientes infectados pelo HIV,
apresentam maior risco de infec¢gdo causada por este herpesvirus (Rohner et al.,
2016). Estes individuos, quando coinfectados com HHV-8, apresentam maior
risco de reativacdo e de desenvolvimento de neoplasias malignas associadas,

como SK (Aneja e Yuan, 2017),ocorrendo de forma mais agressiva, com rapido
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curso e ocasionando alta mortalidade(Hengge et al., 2002; Machado et al., 2015).

Isso ocorre provavelmente devido ao deficiente controle da replicacédo do
HHV-8 pelo organismo imunocomprometido (Aneja e Yuan, 2017), ocasionando
aumento decélulas infectadas, onde poderdo desenvolver neoplasias, que, por sua
vez, ndo seraodevidamente reconhecidas e eliminadas pelo sistema imunolégico
gue esta deficiente (Ensoli, Stirzl e Monini, 2001; Paludan et al.,2011; White,
Suzanne Beard e Barton, 2012; Perse da Silva et al., 2015).

Além disso, somado a este imunocomprometimento, estudos in vitro
indicam que durante a coinfec¢cdo, mecanismos de promoc¢éo da cooperagéo
entre HIV-1 e o HHV-8 pode culminar na replicacédo e aumento da carga viral de
ambos os virus no organismo do hospedeiro, favorecendo a progresséao da AIDS
e o0 surgimento de malignidades causadas por HHV-8 (Aneja e Yuan, 2017; Qin e
Lu, 2017).

Nas gestantes infectadas com HIV, além do imunocomprometimento
causado pela infeccdo do HIV, a gravidez também pode torna-las mais
suscetiveis as doencas infecciosas e ao agravamento destas, devido as
mudancas naimunidade que ocorremdurante a gestagcéo. As evidéncias indicam
gque o sistema imune materno pode tolerar antigenos fetais por suprimir a
imunidade celular, mantendo a imunidade humoral normal. Estas modificacdes
sdo conhecidas por ocorrer localmente na interfacematerno-fetal, mas podem
também afetar as respostas imunitérias sistémicas ainfec¢cdo (Jamieson, Theiler
e Rasmussen, 2006; Lathrop, Jamieson e Danel, 2014). Por isso, € concebivel
gue a ocorréncia dessas alteracdes em gestantesimunocomprometidas com o
HIV pode diminuir a vigilancia imunoldgica contra agentes patogénicos
intracelulares e infec¢des virais (Piccinni et al., 2000; Veenstra van
Nieuwenhoven et al., 2002; Lisco et al., 2006).

Dentro desse contexto, alguns estudos ja verificaram a ocorréncia de
infeccdoprodutivade HHV-8 em PBMC (célulamononuclear de sangue periférico)
(Lisco et al.,2006) e em plasma de gestantes portadoras do HIV (llboudo et al.,
2009). Casos de gestantes com coinfeccao por HIV/HHV-8 desenvolvendo
disturbios neoplasicos causados por este herpesvirus também foram
identificados (Bryant et al., 2004; Hernandez et al., 2005; Adeyemo, Wood e
Govind, 2012; Mian et al., 2015).

Além desses riscos sobre a salde das gestantes portadoras de HIV, o
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HHV-8 possivelmente pode ser transmitido para o feto, e apesar de ndo estar bem
esclarecidoe estar sendo descrito como um evento raro durante a gravidez, a
transmissao verticalja foi relatada em alguns estudos (Mantina et al., 2001;
Brayfieldet al., 2003; Brunet- Possenti et al., 2013). A contaminacg&o intrauterina
de HHV-8 j& foi observada atravésda detec¢cdo da infec¢cdo causada por HHV-8
em células da placenta em ensaios in vitro e in vivo (Di Stefano et al., 2008;
Brunet-Possenti et al., 2013). Além disso, casosraros de SK em recém-nascidos
sugerem que a infeccdo vertical pelo HHV-8 pode levar ao SK precoce,
especialmente em criangas infectadas pelo HIV (McCarty e Bungu, 1995).

Também ja foi relatado que a transmissao vertical de HIV é maior nas
gestantes coinfectadas com HHV-8 em comparacdo com as gestantes sem
coinfeccdo HIV/HHV-8, sugerindo que a infec¢cdo por este herpesvirus pode ser
um fator de riscopara a transmisséo vertical do HIV-1 (Calabro et al., 2000).

1.8. Justificativa

O HHV-8 representa um importante problema de saude publica mundial,
sendo associado a diferentes neoplasias, que podem acometer pacientes
infectados com HIV, inclusive em gestantes coinfectadas com HIV/HHV-8.
Estima-se que 17,4 milhdes demulheres adultas estejam infectadas com o HIV
em todo o mundo (WHO, 2020). O sarcoma de Kaposi, neoplasia associada ao
HHV-8, apresenta incidéncia de 172,18 por 100.000 pessoas-ano em mulheres
HIV-positivas (Liu et al., 2018).

No Brasil, a soroprevaléncia da coinfecgao HIV/HHV-8 varia de 13,9% a
30% (Pierrotti et al., 2005; de Souza etal., 2007; Ishak et al., 2007; Batista et al.,
2009; Magri et al., 2009; Machado et al., 2015; Cahu et al., 2016) e segundo dados
do ultimo Boletim Epidemioldégico HIV/AIDS, desde 2000 até junho de 2020,
foram notificadas no pais 134.328 gestantes infectadas com o HIV (Ministério Da
Saude, 2020). Contudo, apesar do risco de desenvolvimento de neoplasias
associadas ao HHV-8 durante a gestacao, sdo poucos os estudos investigando
essa coinfeccdo em gestantes no mundo, sendo que no Brasil ndo existem
dados publicados.

Além disso, a investigacdo da circulacdo dos genotipos do HHV-8 (A-F)
baseados na regido codificadora da ORF K1 mostram que existe penetrancia

variavelem diferentes populagdes humanas de grupos étnicos e geograficos
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distintos, possivelmente devido a antigas migragcdes humanas. No entanto, as
informacdes sobre a diversidade genética do HHV-8 e sua distribuicéo
geografica no mundo, e até mesmo no Brasil sdo antigas e apresentam
informacdes desatualizadas, e com poucas amostras realizadas, nao retratando
o cenario de distribuicdo mundial e da diversidade étnica.

Dentro deste cenario, estimar a soroprevaléncia de HHV-8 em gestantes
com HIV e uma analise detalhada dos genétipos do HHV-8 podem fornecer uma
perspectiva mais atualizada e completa sobre a distribuic&o e circulacdo desses
genotipos no Brasil e no mundo, além de contribuir com informagdes relevantes

sobre a epidemiologia e evolugdo molecular.
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2. OBJETIVOS

Durante o doutorado foram publicados/submetidos sete artigos, sendo
gue nesta tese serdo abordados apenas os artigos de HHV-8. Os objetivos
especificos serdo apresentados de acordo com o0s artigos publicados.

2.1. Objetivo Geral

Investigar a epidemiologia do HHV-8 em gestantes com HIV, analisar a
diversidade genética do HHV-8 em portadores de HIV no Brasil e determinar a

distribuicdo dos gendtipos no mundo.

2.2. Objetivos Especificos

Artigo 1:

Estimar a prevaléncia da infeccdao causada por HHV-8 em gestantes
portadorasde HIV no Rio de Janeiro, Brasil;

Artigo 2:

e Caracterizar isolados de HHV-8 de pacientes com HIV/SK residindo no
Brasilbaseado na andlise filogenética da regido codificadora da ORF K1;

e Analisar as origens putativas dos isolados de HHV-8 circulando no Brasil;

Artigo 3:

Determinar a distribuicdo mundial dos diferentes gendétipos do HHV-8 com

basena analise filogenética da regido codificadora da ORF K1.
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3. RESULTADOS

Os resultados obtidos nesta tese serdo apresentados na forma de artigos
publicados, ou submetidos a publicacdo em revistas indexadas. Baseando-se
nos objetivos do presente estudo, as secdes apresentadas a seguir estao
divididas em tréseixos: (i) Investigagcdo da prevaléncia da infeccado causada por
HHV-8 em gestantes infectadas com HIV no Rio de Janeiro, Brasil; (ii)
Caracterizacao de isolados de HHV-8 de pacientes com HIV/SK residindo no
Brasil baseado na anélise filogenética da regido codificadora da ORF K1 e
analise das origens putativas desses isolados de HHV-8 no pais; e (iii)
Determinacao da distribuicdo mundial dos diferentes gendétipos do HHV-8 com
base na andlise filogenética da regido codificadora da ORF K1.

3.1. Investigacdo da prevaléncia dainfeccdo causada por HHV-8 em gestantes
infectadas com HIV no Rio de Janeiro - Brasil.

3.1.1. Artigo 1

Titulo: Low prevalence of Human gammaherpesvirus 8 (HHV-8) infection among

HIV-infected pregnant women in Rio De Janeiro, Brazil.

Autores: Amanda de O. Lopes, Lyana R. P. Lima, Tania R. Tozetto-Mendoza,

KatriniG.Martinelli, Mariza G. Morgado, José H. Pilotto & Vanessa S. de Paula.

Publicado no periédico The Journal of Maternal-Fetal & Neonatal Medicine.

Objetivo especifico: Estimar a prevaléncia da infec¢cédo causada por HHV-8 em

gestantes portadoras de HIV no Rio de Janeiro, Brasil.

Resumo: Mulheres gravidas coinfectadas com o Virus da imunodeficiéncia
humana (HIV) e o Gammaherpesvirus humano 8 (HHV-8) possuem maior risco
de desenvolvimento do sarcomade Kaposi,aumento dacargaviral etransmissao
verticaldesses virus. Um total de 131 mulheres gravidas infectadas com HIV
foram examinadas para anticorpos contra o antigeno nuclear associado a
laténcia (LANA) e antigenos liticos do HHV-8 wusando ensaios de
imunofluorescéncia. A presenca de DNA de HHV-8 foi confirmada por reagdo em
cadeia da polimerase (PCR) em temporeal e nested PCR. No geral, 0,8% (1/131)
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dos pacientes continham anticorpos para antigenos LANA e liticos de HHV-8, e

nenhum DNA deste herpesvirus foi detectado.

Este estudo, incluindo uma pequena populacdo de gestantes infectadas
pelo HIV no Brasil, indica uma baixa prevaléncia de soropositividade para HHV-
8 e auséncia de infeccao ativa neste grupo. No entanto, sugere-se um potencial
papel do HHV-8 no aumento da transmissao e atividade patogénica do HIV em
mulheres gravidas.Atencédo deve ser dada ao surgimento dainfec¢cdo pelo HHV-
8 nesse grupo populacional, a fim de evitar comorbidades e transmissé&o do HIV.
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ABSTRACT

Pregnant women coinfected with the human immunodeficiency virus (HIV) and human gamma-
herpesvirus 8 (HHV-8) are at higher risk of Kaposi's sarcoma development, increased viral load,
and vertical transmission of these viruses. A total of 131 pregnant women infected with HIV
were examined for antibodies against HHV-8 latency-associated nuclear antigen (LANA) and lytic
antigens using immunofluorescence assays. The presence of HHV-8 DNA was confirmed using
real-time polymerase chain reaction (qPCR) and nested PCR. Overall, 0.8% (1/131) of the patients
contained antibodies to HHV-8 LANA and lytic antigens, and no HHV-8 DNA was detected. This
study, including a small population of HIV-infected pregnant women in Brazil, indicates a low
prevalence of HHV-8 seropositivity and absence of active infection in this group. However, a
potential role of HHV-8 in the increased transmission and pathogenic activity of HIV in pregnant
women is suggested. Attention should be given to the emergence of HHV-8 infection in this
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population group in order to avoid comorbidities and transmission of HIV.

Introduction

Human gammaherpesvirus 8 (HHV-8) is the etiologic
agent of Kaposi’s sarcoma (KS), one of the most com-
mon cancers in individuals infected with human
immunodeficiency virus (HIV). The overall KS incidence
in HIV-infected people is 481.54 per 100,000 person-
years worldwide. The KS incidence of HIV-positive
women is reported as 172.18 per 100,000 person-years
[1]. An estimated 174 million adult women are
infected with HIV worldwide [2].

KS may develop during pregnancy [3], as changes
in the immune system during this period may contrib-
ute to increased herpesvirus viremia and subsequent
tumorigenesis. In addition, immune changes in HIV-
coinfected pregnant women may further impair immu-
nosurveillance for HHV-8 infection [3,4].

Vertical transmission of HHV-8 may occur during
pregnancy [5] and high viral load of this herpesvirus
in cervicovaginal secretions influences intrapartum
transmission [4]. Rare cases of KS in newborns suggest
that HHV-8 vertical infection could lead to early KS,
especially in children infected with HIV [6]. HHV-8

infection in pregnancy is additionally proposed to pre-
sent a risk factor for HIV-1 vertical transmission [7].

Mechanisms promoting cooperation between HIV-1
and HHV-8 may culminate in the spread of these
viruses within the host organism, AIDS progression,
and KS development [8]. The HHV-8 seroprevalence
rates range from 1.7 to 80.7% in HIV-infected pregnant
women worldwide [9]. To address the lack of data of
HHV-8 infection in this population group in Brazil, we
have investigated the prevalence of HHV-8 infection in
pregnant women with HIV in this study.

Materials and methods

This study was retrospective in design, and all 131
HIV-infected pregnant women were recruited between
April 2005 and August 2008 at the Nova Iguacu
General Hospital, Rio De Janeiro State, Brazil. This is a
referral center for the care and treatment of HIV-
infected pregnant women located on the outskirts of
Rio de Janeiro. Sociodemographic, clinical and

CONTACT Vanessa S. de Paula @ vdepaula@ioc.fiocruzbr @ Laboratory of Molecular Virology, Oswaldo Cruz Institute, Oswaldo Cruz Foundation, 4365,

Brazil Av, Manguinhos, Rio De Janeiro, Brazil
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laboratory information were abstracted from med-
ical records.

Inclusion criteria were as follows: samples collected
during the second and third trimesters of pregnancy,
HIV infection confirmed using enzyme-linked immuno-
sorbent assay, any ethnicity/color, age, marital status,
maternal education level, and family income.

The sociodemographic variables used were: ethni-
city/color (white, black, brown/mulatto, indigenous),
marital status (living with a partner or not), degree of
schooling (illiterate, incomplete elementary school,
complete elementary school, high school, and higher
education), family income (no income, up to one sal-
ary, two or three salaries, four or five salaries,
and > five salaries), maternal age at the time of HIV
diagnosis (up to 15years, 16-20years, 21-30years,
31-40years, and >41 years); and HIV diagnosis during
current gestation (yes or no).

With regard to clinical and laboratory variables, all
HIV-infected pregnant women received combined anti-
retroviral therapy, with 91.6% (120/131) patients dis-
playing cluster of differentiation CD4" T lymphocyte
counts of >200 cells/mm? of blood.

Serum samples were collected and stored at —20 °C
until testing for HHV-8 infection. Immunofluorescence
assays (IFA) were used for detection of antibodies
against HHV-8 latency-associated nuclear antigen
(LANA) and lytic antigens, as reported previously [10].
Samples were considered seropositive for HHV8-
specific antibodies in cases where at least one of the
assays (IFA-LANA or IFA-lytic) was positive.

Serum samples with HHV-8 anti-LANA and antilytic
antibodies from individuals with KS were used as posi-
tive controls and those without HHV-8 anti-LANA and
antilytic antibodies from blood donors as nega-
tive controls.

Viral DNA was extracted from homogenized sam-
ples using the High Pure Viral Nucleic Acid Kit (Roche,
NJ, USA) according to the manufacturer’s instructions.
DNA was stored at —70°C until sample analysis. Viral
DNA was analyzed in triplicate via real-time polymer-
ase chain reaction (QPCR) as described previously [11],
which amplified HHV-8 minor capsid protein gene/
open reading frame (ORF) 26 (66bp). In addition, a
synthetic standard curve (5'-TTCGTGCCCCATAAATGAC
ACATTGGCGTATATATGGCGGAACTTGATCTATGCGTTAC-
ATCATCCGGGGCCCCTGATA-3') with an initial titer of
10’ copies/mL in a dilution series (10'-107) was
designed for qPCR.

Viral DNA was analyzed via nested PCR that ampli-
fied a 233-bp fragment from HHV-8 ORF 26, as
described previously [12]. Each PCR reaction contained

500-nM primer (forward/reverse). Amplification prod-
ucts were visualized on 1.5% agarose with ethidium
bromide staining.

In both PCR assays, serum samples positive for
HHV-8 DNA from individuals with KS were used as
positive controls and serum samples without HHV-8
DNA from blood donors as negative controls.

The study was approved by the Oswaldo Cruz
Foundation Ethics Committee (number 895.159/
CAEE:28183314.7.0000.5248) and all participants
signed an informed consent form.

Descriptive statistical analyses were performed for
variables related to sociodemographic information on
HIV-positive pregnant women, with absolute and rela-
tive frequency calculations. As the prevalence of
HHV-8/HIV coinfection was extremely low, inferential
statistics, initially planned for analysis of risk factors,
could not be performed.

Results

HIV-positive pregnant women were 16years or older
with an average age of 26.3 +6.3 years. All sociodemo-
graphic data are presented in Table 1.

Antibodies against HHV-8 LANA and lytic antigens
(Figure 1) were detected in one pregnant woman
(0.8%; 1/131) aged 29years who had a CD4"

Table 1. Sociodemographic characteristics of HIV-infected
pregnant women in this study.

Variables N participants (%)
Ethnicity/color
White 38 (29)
Black 39 (29.8)
Brown/mulatto 53 (40.5)
Indigenous 01 (0.8)
Marital status
Living together with a partner 100 (76.3)
Not living with a partner 31(237)
Degree of schooling
Illiterate 03 (23)
Incomplete elementary school 76 (58)
Complete elementary school 36 (27.5)
High school 15 (11.5)
Higher education 01 (0.8)
Family income®
No income 17 (13.3)
Up to one salary 54 (42.2)
Two or three salaries 47 (36.7)
Four or five salaries 05 (3.9)
=5 salaries 05 (3.9)
Maternal age at the time of HIV diagnosis (years)
Up to 15 01 (0.8)
16-20 33 (254)
21-30 69 (53.1)
31-40 23 (17.7)
>41 04 (3.1)
HIV diagnosis in current gestation
Yes 90 (68.7)
No 41 (31.3)

N: number of participants.
“Missing variables.
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Figure 1. HHV-8-specific antibody-positive serum in IFA-LANA
and IFA-Lytic assays (100x). IFA-LANA-positive pattern with
typical speckled fluorescence in the nucleus, indicating reactiv-
ity of antibodies to latent antigens. IFA-Iytic-positive pattern
with cytoplasmic fluorescence observed during the lytic phase
of virus replication.

T lymphocyte count of 540cellsymm?® blood and
50 copies/mL HIV viral load. HHV-8 DNA was undetect-
able in all HIV-positive pregnant women.

Discussion

The low HHV-8 seroprevalence (0.8%; 1/131) detected
in HIV-infected pregnant women from our Brazilian
area corroborates with earlier data obtained by other
groups from nonendemic regions. In the USA, a coun-
try with low HHV-8 seroprevalence [13], Goedert et al.
[14] reported the presence of HHV-8 antibodies in
only 2/118 (1.7%) pregnant women with HIV infection.
In contrast, in endemic regions, such as Africa
(Ethiopia, Gambia, Uganda, Zambia, Cameroon, and
Burkina Faso), HHV-8 seroprevalence rates in HIV-
positive pregnant women were significantly higher,
ranging from 12 to 80.7% [9].

Although epidemiological data of HHV-8 infection
are still scarce in Brazil, our country is considered non-
endemic for this infection [15]. To our knowledge, this
is the first study to investigate the prevalence of HHV-
8 in pregnant women with HIV from Brazil.

We employed IFA evaluation of anti-LANA antibod-
ies, generally considered a reference assay for detect-
ing HHV-8 infection, along with IFA-lytic, which are
the most commonly used serological tests [16]. In
view of a previous report that 5.2% serum samples
from HIV-infected individuals negative for HHV-8 anti-
bodies were HHV-8 DNA-positive, we additionally
examined for the presence of HHV-8 DNA [17]. Real-
time and nested PCR disclosed no detectable HHV-8
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DNA in HIV-positive pregnant women, consistent with
IFA-based negative serological tests.

In conclusion, HHV-8 prevalence and risk of infec-
tion are low in HIV-positive pregnant women from Rio
de Janeiro, Brazil. Nevertheless, attention should be
given to the emergence of HHV-8 infection in preg-
nant women infected with HIV and their impact on
health in non-endemic countries, since HHV-8 can
reactivate during pregnancy and contribute to KS
development, increased viral load and vertical trans-
mission of both viruses.
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3.2. Caracterizacao de isolados de HHV-8 de pacientes com HIV/SK residindo
no Brasil baseado na analise filogenética da regido codificadora da ORF

K1 e analise das origens putativas desses isolados de HHV-8 no pais.

3.2.1. Artigo 2

Titulo: Introduction of Human gammaherpesvirus 8 genotypes A, B, and C

intoBrazil from multiple geographic regions.

Autores: Amanda de Oliveira Lopes, Natalia Spitz, Katrini Guidolini Martinelli,

Anderson Vicente de Paula, Ana Luiza de Castro Conde Toscano, Paulo
Henrique Braz-Silva, Juliana dos Santos Barbosa Netto, Tania Regina Tozetto-

Mendoza, Vanessa Salete de Paula.

Publicado no periédico Virus Research.

Objetivo especifico: Caracterizar isolados de HHV-8 de pacientes com HIV/SK
residindo no Brasil baseado na anédlise filogenética da regido codificadora da
ORF K1;e analisar as origens putativas dos isolados de HHV-8 circulando no

Brasil.

Resumo: Variagcdes na sequéncia do gene de fase de leitura aberta (ORF) K1 do
Gammaherpesvirus humano 8 (HHV-8) levaram a identificacdo de 6 clados
genotipicos principais (A, B, C, D, E e F) em espécimes isolados ao redor o
mundo. Esses clados exibem um claro agrupamento entre individuos de
diferentes grupos étnicos e de diferentes regides geograficas. A populacao
humana do Brasil varia muitona etnia devido a varios eventos de imigracdo da
Africa, Europa, Asia e comunidades indigenas. No entanto, ha poucas
informacdes sobre os gendétipos do HHV-8 que circulam atualmente no Brasil.
Neste estudo foi descrito a diversidade genotipica do HHV-8 em isolados de
pacientes brasileiros infectados pelo HIV que vivem com sarcomade Kaposi (SK)
por analise da regido codificadora da ORF K1. Também foramidentificadas as
origens geograficas mais provaveis desses diferentes genotiposbrasileiros. O
DNA do HHV-8 foi extraido de 24 amostras positivas, provenientes de individuos

com HIV/SK dos estados de Sao Paulo e Rio de Janeiro, posteriormente ogene
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ORF K1 foi amplificado por nested PCR (cerca de 870 pares de bases), seguido
de sequenciamento e andlise filogenética. Por fim, foram calculadasas
distancias genéticas médias das sequéncias brasileiras a partir de sequéncias
de outras regidesdo mundo (523 sequéncias analisadas). A analise filogenética
mostrou que os genétipos C, A e B estavam presentes em 45,8%, 29,2% e 25% dos
isolados do Brasil, respectivamente. Esses isolados agruparam em clados
separados, em vez de um Unico clado monofilético. Andalises de distancia
genética meédia sugeriram que esses genoétipos foram introduzidos no Brasil
varias vezes de diferentes regides geograficas.Os isolados de HHV-8/A parecem
ser da Ucrania, Russiae do grupo étnico tartaro; osisolados de HHV-8/B parecem
ser do Congo e da Republica Democratica do Congo; eos isolados de HHV-8/C
parecem ser da Australia, Argélia, Inglaterra e Guiana Francesa. Esses
resultados contribuem para um melhor entendimento da diversidadegenética e
da origem das cepas do HHV-8 em circulagcdo no Brasil, e servirdao de basepara

futuros estudos epidemioldgicos e evolutivos do HHV-8.
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ARTICLE INFO ABSTRACT

Variations in the open reading frame (ORF) K1 gene of human pesvirus 8 (HHV-8) has led to
the identification of 6 major genotypic clades (A, B, C, D, E, and F) in specimens isolated from around the world.
These clades exhibit clear clustering among individuals in different ethnic groups and from different geographic
regions. The human population of Brazil varies greatly in ethnicity because of multiple immigration events from
Africa, Europe, Asia, and indigenous communities. However, there is scant information about the HHV-8 gen-
otypes currently circulating in Brazil. Here, we describe HHV-8 genotypic diversity in isolates from Brazilian
HIV-infected patients living with Kaposi’s sarcoma (KS) by analysis of the complete ORF-K1 region. We also
identified the most likely geographic origins of these different Brazilian genotypes. We extracted HHV-8 DNA
(24 positive samples) from individuals with HIV/KS from the states of Sao Paulo and Rio de Janeiro, amplified
the ORF-K1 gene using nested PCR (about 870 base pairs), performed sequencing and phylogenetic analysis, and
then calculated the mean genetic di of Brazilian from in other regions of the world
(523 seq yzed). Phyl ic analysis showed that genotypes C, A, and B were present in 45.8 %, 29.2
% and 25 % of the isolates from Brazil, respectively. These isolates grouped into separate clades, rather than a
single monophyletic cluster. Mean genetic distance analyses suggested that these genotypes were introduced into
the Brazil multiple times from different geographical regions. HHV-8/A isolates appear to be from Ukraine,
Russia, and the Tartar ethnic group; HHV-8/B isolates appear to be from Congo and Democratic Republic of the
Congo; and HHV-8/C isolates appear to be from Australia, Algeria, England, and French Guiana. These results
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Genetic distance

contribute to a better understanding of the genetic diversity and origins of HHV-8 strains circulating in Brazil,

and will provide a found

for further

ical and evolutionary studies of HHV-8.

1. Introduction

Kaposi’s sarcoma-associated herpesvirus (KSHV), also called human
gammaherpesvirus 8 (HHV-8), is in the Herpesviridae family, the
G herpesvirinae ily, and the Rhadinovirus genus. This virus
is the etiologic agent for all forms of the vascular neoplasm known as
Kaposi’s sarcoma (KS), a cancer that is common in patients with HIV/
AIDS (Pérez and Tous, 2017).

HHV-8 has a highly conserved double-stranded DNA genome of
approximately 140 kilobases. However, both ends of the genome show
significant variability, allowing categorization of HHV-8 into different
genotypes (Isaacs et al., 2016; Olp et al., 2015). The 5’end has a highly
variable open reading frame (ORF) of about 870 base pairs (bp) (called
ORF-K1) that codes for a transmembrane protein composed of 289
amino acid (aa) residues. ORF-K1 has multiple roles in cellular signal
transduction, viral reactivation, endothelial cell immortalization, and
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Table 1

Virus Research 276 (2020) 197828

Primers, probe, and synthetic standard used for detection and quantification of HHV-8.

HHV-8 Sequence (5°—3")

Primers Forward - GGGCCCCGGATGATGTA
Reverse — GCCCCATAAATGACACATTGG

Probe FAM-AGATCAAGTTCCGCCATAT-MGB

Synthetic standard

TTCGTGCCCCATAAATGACACATTGGCGTATATATGGCGGAACTTGATCTATGCGTTACATCATCCGGGGCCCCTGATA

HHV-8: Human gammaherpesvirus 8, A: adenine, T: thymine, C: cytosine, G: guanine, FAM: 5(6)-carboxyfluorescein, MGB: minor groove binder.

host immune recognition (Lee et al., 2003).

Phylogenetic studies based on the highly variable HHV-8 ORF-K1
identified six major genotypes (A, B, C, D, E, and F) whose sequences
differ by up to 30 % at the aa level (Isaacs et al., 2016; Olp et al., 2015).
These different genotypes have variable penetrance in different human
populations, and all exhibit clear clustering with different ethnic and
geographic groups, possibly due to ancient human migrations (Isaacs
et al., 2016). Thus, genotypes A and C occur predominantly in Europe,
the United States, most parts of Asia, and the Middle East; genotype B is
predominant in Africa; the rare genotype D was only reported in the
Pacific islands and Taiwan; genotype E was reported in Amerindian
populations of Brazil, French Guiana, and Ecuador; and genotype F, the
most recently identified form, was reported in Uganda and Brazil
(Tozetto-Mendoza et al., 2016).

Brazil has significant ethnic diversity because of multiple migratory
flows from Africa, Europe, Asia, and indigenous communities, but there
is scant information about HHV-8 genetic diversity in Brazil. The aim of
this study was to characterize HHV-8 isolates from HIV/KS patients
living in Brazil based on phylogenetic analysis of the complete ORF-K1
gene.

2. Materials and methods
2.1. Ethics statement

The present study protocol was approved by the Ethics and Research
Committee of the School of Medicine from Sao Paulo University and
Emilio Ribas Infectology Institute (number 1.560.798), and the
Oswaldo Cruz Foundation Ethics Committee (number 0032.0.009.000-
1). This study also complied with the ethical standards of the
Declaration of Helsinki. All patients signed written informed consent
agreements before participation. Clinical and epidemiological in-
formations were collected from medical records.

2.2. Samples

This study was retrospective, and fourteen saliva samples were
collected between August 2016 and February 2018 from HIV/KS pa-
tients who were enrolled at the outpatient clinic of the HIV/AIDS
Patient Care Extension Service (SEAP HIV/AIDS) of the Clinical
Division of Infectious and Parasitic Diseases, University of Sao Paulo-
School of Medicine Clinical Hospital (ICHCFMUSP), and at Dia
Hospital, Emilio Ribas Infectology Institute, Sao Paulo City. Ten serum
samples were collected between January 2017 and August 2018 from
HIV/KS patients who were enrolled at the National Institute of
Infectology Evandro Chagas (INI), Oswaldo Cruz Foundation
(FIOCRUZ), Rio de Janeiro City. Both Institutes are referral centers for
the care and treatment of individuals with HIV/KS in these states.

As saliva collection from HIV/KS patients is routine in these hos-
pitals from Sao Paulo, we chose these samples for HHV-8 detection.
However, this collection is not routine at the Evandro Chagas National
Institute of Infectious Diseases from Rio de Janeiro. For this reason, we
obtained serum samples from patients with HIV/KS for this detection.
All HIV-infected patients received combined antiretroviral therapy.

Inclusion criteria were as follows: HIV infection confirmed using

enzyme-linked immunosorbent assay, KS confirmed by biopsy, any
gender, ethnicity/color, age, CD4 + T lymphocyte count (CD4+
Count), and HIV load. The variables used were: gender (female, male),
ethnicity/color (white, black/ brown/mulatto), age (20-29 years,30-39
years, 40-49 years, and = 50 years), CD4 + Count (< 200 cells/mm? of
blood, 200 e 350 cells/mm® of blood, 351 e 500 cells/mm® of blood),
and HIV load (Mean = SD in copies/mL).

Saliva samples were collected as described by Beyari et al. (Beyari
et al., 2003) and Tozetto-Mendoza (Tozetto-Mendoza et al., 2018), and
stored at —70°C until analyses. Serum samples were collected and
stored at —20 °C until analyses.

Viral DNA was extracted from homogenized samples using the High
Pure Viral Nucleic Acid Kit (Roche, New Jersey, EUA) according to the
manufacturer's instructions. DNA was stored at —70 °C until analyses.
The quantity and quality of DNA samples were assessed as previously
described (Saiki et al., 1985).

All samples were suitable for viral DNA amplification. A quantita-
tive (real-time) polymerase chain reaction (qPCR) with HHV-8 ORF26-
specific primers and a probe was performed to confirm the presence of
HHV-8 in all samples, as reported previously (Levi et al., 2011). In
addition, a synthetic standard curve (Lopes et al., 2019), with initial
titer of 107 copies/mL and a dilution range of 10 to 107 was used for
this qPCR assay (Table 1). All samples were tested in triplicate, and all
samples were successfully amplified. Results are expressed as copies per
mL.

2.3. ORF-K1 amplification

The ORF-K1 sequence (about 870 bp) was amplified to identify
HHV-8 genotypes. PCR reactions and cycling parameters were adapted
from Lacoste et al. (Lacoste et al., 2000a) and Poole et al. (Poole et al.,
1999) and were according to the protocol of Mendoza et al. (Tozetto-
Mendoza et al., 2016).

Briefly, semi-nested PCR reactions were performed in a 25 L re-
action mixture containing 100-200 ng of DNA template, 2 mM MgCl,,
0.2mM of each dNTP, 0.4 uM of each primer (Table 2), 1X of 10XPCR
buffer minus Mg, and 1 U/uL of Platinum Taq DNA Polymerase (In-
vitrogen Life Technologies, Carlsbad, CA).

The PCR thermal conditions for the first and second rounds were as
follows: initial 3 min denaturation at 95 °C; 45 cycles of 95 °C for 30's,
61.5°C for 50 s, and 72 °C for 1 min; and a final extension at 72 °C for
3min. PCR products were visualized on 1.5 % agarose gels that were
stained with ethidium bromide. A UV transilluminator and the Low
DNA Mass Ladder (Gibco) were used to identify PCR products.

All laboratory procedures were performed under stringent condi-
tions to avoid contamination. Four separate rooms were used, one for
extraction, another to prepare amplification mixes, another to apply
DNA to the mix tubes, and a fourth room where amplicons were han-
dled. DNAs isolated from saliva and serum samples that were HHV-8
positive and negative were used as controls.

2.4. ORF-K1 purification and sequencing

ORF-K1 PCR products were purified using the High Pure PCR
Product Purification kit (Roche, New Jersey, EUA) according to the
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Table 2
Primers used in amplification and sequencing of HHV-8 ORF-K1.
Round PCR Primers Sequences (5'-37) Nucleotide positions’ References
First Forward GTTCTGCCAGGCATAGTC 21-38 Poole et al., 1999
LGH2089
First Reverse AGGCCATGCTGTAAGTAGCACGGTT 1094-1118 Lacoste et al., 2000a,b
K1AG1200AS
Second Forward GTTCTGCCAGGCATAGTC 21-38 Poole et al., 1999
LGH2089
Second Reverse AATAAGTATCCGACCTCAT 1037-1055 Poole et al., 1999
LG112088

# NCBI Reference Sequence: NC_009333.1.

Table 3
Clinical and epidemiological characteristics of HIV/KS patients living in Sao Paulo and Rio de Janeiro, Brazil.
Variables Total Sao Paulo Rio de Janeiro (N = 10) P-value*
(N =24) (N =14)
n % n % n %
Gender
Female 01 42 00 00 01 10.0 -
Male 23 95.8 14 100 09 90.0
Ethnicity/color
White 07 29.2 04 286 03 30.0 0.939
Black/Brown/mulatto 17 708 10 714 07 70.0
Age
20-29 years 06 25.0 03 214 03 30.0 0.297
30-39 years 05 20.8 04 286 01 10.0
40-49 years 08 333 03 214 05 50.0
= 50 years 05 208 04 286 01 10.0
CD4+ Count (cells/mm*)**
<200 14 63.6 08 57.1 06 75.0 -
200 e 350 06 27.3 04 286 02 25.0
351 e 500 02 9.1 02 14.3 00 0.0
Mean * SD Mean *+ SD Mean + SD P-value®
HIV load (copies/mL) 1.65*10° = 1.96*10° 1.64*10° = 1.74*10° 1.69*10° + 2.43*10° 0.962
HHV-8 load (copies/mL) 5.29*10° = 1.59*10° 1.59*107 = 3.87*107 1.25*10° + 2.34*10° 0.131

Note: N, number of participants; **Missing variables; * Chi-square test, Fisher’s exact test; Student's t-test; SD, standard deviation.

manufacturer's instructions. Purification products were visualized on
1.5 % agarose gels that were stained with ethidium bromide. A UV
transilluminator and the Low DNA Mass Ladder (Gibco) were used to
identify purification products.

The DNA sequencing of purified PCR products (~20ng) was per-
formed at the Platform of Technological Development Program in
Materials for Health (PDTIS) of Fiocruz (Oswaldo Cruz Foundation, Rio
de Janeiro) using the ABI Kit BigDye Terminator version 3.1 cycle se-
quencing kit (Applied Biosystems, Foster City, CA, USA) according to
the manufacturer’s instructions, and ABI 3730x] Automated Sequencers
(Applied Biosystems) for both complementary strands. Second-round
semi-nested PCR primers were used during this stage (Table 1).

2.5. Phylogenetic analysis

Fifty-nine complete HHV-8 ORF-K1 sequences from GenBank
(http://www.ncbi.nlm.nih.gov/) were used as references for analysis.
Reference sequences and Brazilian sequences from this study were
aligned using MUSCLE software (Edgar, 2004), and manually edited
with the MEGA program, version 7 (Kumar et al., 2016). A phylogenetic
tree was constructed in MEGA using the maximum likelihood method
(ML), with the GTR + G +1 model of rate heterogeneity. Bootstrapping
was performed with 500 replicates, and a bootstrap value above 70 %
was used to confirm the robustness of each major branch.

2.6. Mean genetic distance

between 1

ORF-K1

The mean genetic di

from Brazil and other regions of the world were examined to identify
the possible geographic origins of the genotypes identified in this study.
A total of 523 complete ORF-K1 sequences that corresponded to gen-
otypes A, B, and C and were deposited in GenBank were collected for
these analyzes. The mean genetic distances between groups were esti-
mated using MEGA, version 7 (Kumar et al., 2016), with the Kimura
two-parameter model (Kimura, 1980).

2.7. Statistical analysis

Descriptive statistics of the qualitative variables was determined by
frequency distribution. Afterwards, the Chi-square test was used for
categorical variables at 95 % confidence intervals (CIs) and p value <
0.05 to compare proportions between Sao Paulo and Rio de Janeiro
groups. The Student's t-test was used to compare the mean (SD) be-
tween Sao Paulo and Rio de Janeiro groups also using 95 % CI and p-
value =0.05.0ne-Way ANOVA was used to compare the viral load of
HIV and HHV8 between the three genotypes (A, B and C), followed by
Tukey's test for multiple comparisons between means (SD), 95 % CI and
p-value =0.05.

3. Results

The clinical and epidemiological characteristics of 24 HIV/KS pa-
tients living in Sao Paulo and Rio de Janeiro are presented in Table 3.
We did not find any statistical difference between these groups, prob-
ably due to the small sample size.

We successfully amplified all samples for sequencing of the
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complete HHV-8 ORF-K1 sequence. Fig. 1 shows the phylogenetic re-
construction of new sequences from the 24 HIV/KS individuals from
Brazil (including 14 from the state of Sao Paulo and 10 from the state of
Rio de Janeiro), and 59 reference sequences from GenBank.

This phylogenetic analysis (Fig. 1) clearly distinguishes the six
known genotypic clades (A, B, C, D, E, F), and all these branches have
high bootstrap values. Among all of our 24 samples from Brazil, gen-
otype C was predominant (11, 45.8 %), followed by genotype A (7, 29.2
%) and genotype B (6, 25 %). The proportion of genotypes A, B, and C
were 28.6 %, 28.6 % and 42.8 % in the SP group, and 30 %, 20 % and
50 % in the RJ group. By comparing the genotypic distribution of HHV-
8 between the states of Sao Paulo and Rio de Janeiro, no statistical
difference was observed (Chi-square test, Fisher’s exact test,
P = 0.885).

There was no statistical difference in the genotypic distribution of
HHV-8 between clinical and epidemiological characteristics (Chi-square
test, p-value > 0.05). No statistical difference was observed in the
genotypic distribution of HHV-8 between viral load of HHV-8 and HIV
(One-Way ANOVA, Tukey's test, P = 0.852 and P = 0.531, respec-
tively).

Table 4 summarizes the HHV-8 data of each of the 24 samples
collected from Brazil, including clinical samples, year of collection,
viral load, genotype, and GenBank accession number.

We also calculated mean genetic distances between ORF-K1 se-
quences from different geographical regions (Supplementary Table) and
Brazil using Kimura’s two parameter model (Table 5). This distance
ranged from 1.9 to 4.9 % for clade A, 1.9-5.3% for clade B, and
2.0-5.0% for clade C.

The lowest genetic distances for Brazilian HHV-8/A isolates were in
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Fig. 1. Phylogenetic analysis of HHV-8 ORF-K1

sequences using the maximum-likelihood

method. GenBank accession numbers for the
£

;? N A are: genotype A,
T & 8 KT215095, KT215096, FI884625, FJ884612,
@Y' ;S‘Y?*} FJ884626, FJ884615, GU097431, AF133038,
S KT215107, AF201847, DQ394057, AY204645,

& RS AF178807, KT215109, FJ884608, KT215108,
SRS FJ884611, FJ884613, AF178799, AF178823,
P KT215097, AF387369, GU097427, FI884607,

09,@‘ FJ884624; genotype B, AF178825, AF171056,

?‘\»"0’5 l3'13’5' @ AF178818, AF130259, AF178792, KT215118,
RN «a  KT215116, AF133040, AY953887, KT215102;
:\J“ﬂ 1880 A% conotype €,  DQ394058,  KT215119,

ush” 0er2X'  DQ394048, AF133041, GU097423, DQ394055,

BRKIZE GA3KI  FUBB4614, DQ394041, DQ394034, KT215124,
GRFJsss wsAzkt  AF133042, DQ394040, KT215122, KT215105;

BRKT21 genotype D, JF966750, AF133043, AF133044;

= &Fx?’iﬁm K1 genotype E, AY320025, AY320024, AF220293,
ITF“B“GHA AF220292; and genotype F, FJ884616,
%1845778799 Ki AF178810, KT215106. The HHV-8 genotypes
8 k:Fng?a A3k are indicated in the figure. Reference sequences
<4 4:275097 A5 Ky are indicated by the country or origin (BR,
%, Sty Brazil; CAR, Central African Republic; CD,

Democratic Republic of the Congo; CM,
Cameroon; EC, Ecuador; FR, France; GM,
Gambia; GY, Guiana; GR, Greece; IT, Italy; KE,
Kenya; MA, Morocco; NC, New Caledonia; NZ,
New Zealand; RU, Russia; SN, Senegal; TW,
Taiwan; UG, Uganda; US, United States of
America; ZA, South Africa) followed by acces-

(3 sion number, genotype, and gene sequenced

% (ORF-K1). New sequences from this study are
denoted “BR”, followed by the location and
code, and a symbol indicating location within
Brazil (filled circle: Sao Paulo, SP; filled square:
Rio de Janeiro, RJ). Values at internal nodes
indicate percentages of 500 bootstrap re-
plicates that support the branch.

Table 4
Characteristics of HHV-8 samples collected from HIV/KS individuals in Brazil
based on phylogenetic analysis of the HHV-8 K1 gene.

Sample code Clinical Year of Viral load Genotype  GenBank
samples collection (copies/mL) accession
number

BR SP 10 saliva 2016 251%10° C MN318222
BRSSP 15 saliva 2016 113x10° C MN318223
BR SP 16 saliva 2016 352x10° A MN318207
BR SP 18 saliva 2016 659x10° A MN318208
BR SP 21 saliva 2016 2.72x10° C MN318224
BR SP 23 saliva 2016 5.56 x 10° A MN318209
BR SP 25 saliva 2016 9.29x10° C MN318225
BR SP 26 saliva 2016 9.71x10° C MN318226
BR SP 29 saliva 2016 571x10° B MN318213
BR RJ 322424  serum 2017 2.9 % 107 C MN318220
BR RJ 30736 serum 2017 4.4 x 107 B MN318212
BR RJ 32063 serum 2017 3.6 x 10° B MN318211
BR RJ 31722 serum 2017 226%10° C MN318219
BRRJ 32345  serum 2017 3.6 x 10° A MN318206
BRRJ 07 serum 2017 3.8 x 107 C MN318221
BRRJ 32103  serum 2017 355x107 C MN318218
BR SP 33 saliva 2017 352x10° B MN318214
BR SP 39 saliva 2017 827 x10° C MN318227
BR SP 42 saliva 2017 1.22x10° A MN318210
BR SP 48 saliva 2017 581x10° B MN318215
BR RJ 31424 serum 2018 7.09%x10° A MN318205
BRRJ 31617  serum 2018 9.92x 107 A MN318204
BRRJ 33854  serum 2018 146 x10° C MN318217
BR SP 50 saliva 2018 1.40 x 10° B MN318216
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Table 5
Mean genetic distances between HHV-8 (ORF-K1) isolates from Brazil and other geographic regions.
Country sequences Genotypes
n
A B C
n Mean genetic distance n Mean genetic distance n Mean genetic distance
Algeria 1 0 - 0 - 1 21
Argentina 22 3 28 4 2.2 15 3.4
Australia 12 Lk 23 0 - 3 2
Botswana 1 1 39 0 - ) -
Cameroon 6 6 34 0 = 0 -
Central African Republic 12 5 3.6 5 28 2 33
Congo 1 0 - 14 1.7 0 -
Cuba 20 14 4.9 5 3.9 1 39
Democratic Republic of the Congo 1 0 = 1 1.9 0 =
England 10 5 24 i 2 4 2:1;
France 14 1 28 0 - 13 22
French Guiana 1 4 32 6 3.4 1 21
Gambia 9 0 - 9 4.1 0 -
Greece 8 4 29 0 < 4 4.4
Iceland 2 1 27 0 - i 5
Iran 4 0 - 0 - 4 3.4
Italy 30 18 31 0 - 12 37
Japan 12 5 23 0 - b 29
Kenya 13 12 29 0 - 1 4.4
Mauritania 1 1 2.7 0 - 0 -
Morocco 35 5 4.4 0 s 30 23
Russia 32 26 22 0 - 6 32
Saudi Arabia 13 10 47 0 - 3 35
Senegal 2 0 - 1 3.7 1 22
South Africa 102 58 31 44 3.9 0 -
Spain 2 2 31 0 - 0 -
Tartar (Russia) 2 2 19 0 - 0 -
Togo 1 0 - 1 5.3 0 -
Tunisia 2 0 - 0 - 2 23
“Turkey 1 1 26 0 - 0 -
Uganda 67 36 3.3 27 3.5 4 45
Ukraine 3 2 22 0 - 1 3.8
United States 18 12 25 0 - 6 35
Brazil 53 (249 14 (7 = 20 (69 = 19 (119 =
Total 523 257 125 141
i ilian HHV-8 d in this study.

TARTAR
(RUSSIA)

@ cenorveea
@ cenorvees
@ cenorveec

Fig. 2. Possible geographic origins of HHV-8 genotypic clades A, B, and C in Brazil based on calculation of genetic distances from previously described HHV-8
isolates. The lowest mean genetic distance between ORF-K1 sequences from Brazil and other regions are indicated in rectangles. Genotype A: blue; genotype B: red;
genotype C: pink.
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Ukraine, Russia, and the Tartar ethnic group. The lowest distances for
Brazilian HHV-8/B isolates were in Congo and Democratic Republic of
the Congo. The lowest distances for Brazilian HHV-8/C isolates were in
Australia, Algeria, England, and French Guiana (Table 5). These genetic
distance data led to our hypotheses about the possible geographic ori-
gins of these different genotypic clades in Brazil (Fig. 2).

4. Discussion

In this study, we characterized isolates of HHV-8 from HIV/KS pa-
tients living in Brazil in an effort to better understand the molecular
epidemiological characteristics of HHV-8 in this country. The initial
molecular classification of HHV-8 strains was based on ORF26 and
ORF75 genes. However, analyses using these sequences were limited
because of the very low variation of these genes (Fouchard et al., 20005
Pérez and Tous, 2017), which are highly conserved structural genes
(Cook et al., 1999). On the other hand, the use of more variable
genomic regions, such as ORF-K1, is now widely accepted in molecular
studies of the epidemiology of HHV-8 for determination of the origin,
genetic evolution, transmissibility, and disease associations of this virus
(Fouchard et al., 2000; Pérez and Tous, 2017).

The ORF-K1 gene has very high variability. These variations are
concentrated in the central region which has two hypervariable regions
(VR1 and VR2) (Lacoste et al., 2000a), and with up to 85 % of nu-
cleotide changes in these regions producing amino acid changes (Isaacs
et al., 2016; Zong et al., 2007, 1999). Therefore, epidemiologists regard
ORF-K1 as a marker of strain diversity and use it to investigate HHV-8
epidemiological spread. This virus is now grouped into six main gen-
otypic clades (A to F) that have distinct distributions among different
geographic and ethnic groups, and appear to migrate with the human
populations (Hayward, 1999; Isaacs et al., 2016; Liu et al., 2017; Zong
et al., 1999).

Evolutionary analysis indicated that genotype B appeared about
100,000 years ago in Africa; genotypes D and E arose about 60,000
years ago on the Pacific Islands and in Amerindian populations, re-
spectively; and genotypes A and C appeared about 35,000 years ago in
Eurasia (Marashi et al., 2018; Zong et al., 2002). In agreement with this
scenario, genotypes A and C are currently predominant in Europe, the
United States, most parts of Asia, and the Middle East, and genotype B is
predominant in Africa. The more rare genotypes D, E, and F have only
been reported in the Pacific Islands and Taiwan, Amerindian popula-
tions of Latin America, and Uganda and Brazil, respectively (Tozetto-
Mendoza et al., 2016).

Our phylogenetic analysis of the K1 gene in 24 isolates from Brazil
indicated that genomes clustered with genotype A (29.2 %), genotype B
(25 %), and genotype C (45.8 %), rather than as a single monophyletic
cluster. This suggests that these genotypes were introduced into Brazil
at multiple times and from multiple locations (Fig. 1).

Our analysis of the putative origins of HHV-8 genotypes in this
study was based on calculations of mean genetic distance. Thus, the
putative origins of HHV-8/A isolates were the Tartar ethnic group,
Russia, and Ukraine (1.9, 2.2, and 2.2, respectively; Table 5 and Fig. 2).
Notably, during the late nineteenth and early twentieth centuries,
Brazil received a large influx of immigrants from different countries,
including these regions (Spitz et al., 2017), where genotype A is
common (Kadyrova et al., 2003; Lacoste et al., 2000b).

The putative origins of HHV-8/B isolates were Congo and
Democratic Republic of the Congo (1.7 and 1.9, respectively) (Table 5
and Fig. 2). It is possible that these HHV-8 B strains were brought by
African slaves during the colonial period of Brazil (16™ century), and
that their circulation has increased since then.

Genotype C is common in European countries (England and France)
(Cook et al., 1999; Lacoste et al., 2000a)and regions subsequently oc-
cupied or colonized by these countries (Australia, Algeria, French
Guiana) (Augustyn et al., 2019; Democracy, 2019; Lacoste et al., 2000a;
Meng et al., 1999; Sutton et al., 2019). The Brazilian C sequences had
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the lowest genetic distances for C sequences from Australia, Algeria,
England, and French Guiana (2.0, 2.1, 2.1, and 2.1, respectively)
(Table 5 and Fig. 2). Therefore, it is likely that the Brazilian C strains
were brought into Brazil by immigrants of these countries.

Our findings are thus consistent with the early history of Portuguese
colonization in Brazil during the early 16th century, when most re-
sidents were African slaves, and the subsequent history when there
were waves of migration mainly from Europe, Asia, and the Middle
East. Overall, immigrants from more than 60 countries arrived in Brazil
before 1930 (Wejsa and Lesser, 2019). Nevertheless, as the samples
were obtained from HIV infected individuals the route of transmission
could have been more recent through sexual contact on a trip or sex
with tourist visiting the country. Further studies including phylogeo-
graphy analysis could clarify the rout of transmission of HHV-8 in
Brazil.

Previous HHV-8 genotyping using the K1 gene has employed dif-
ferent strategies, such as analysis of the complete ORF-K1 region (ap-
proximately 870 bp) including both hypervariable regions (VR1 and
VR2); separate analysis of the two hypervariable regions to produce two
phylogenetic trees; and analysis of the VR1 region only (Pérez and
Tous, 2017; Tozetto-Mendoza et al., 2016).Previous molecular epide-
miological studies in Brazil have exploited the genetic diversity of HHV-
8 ORF-K1 (partial and/or complete K1 gene) and showed a wide
spectrum of genotypes circulating in the Brazil, including genotypes A,
B, C, E, and F (Biggar et al., 2000; Nascimento et al., 2005; Ramos da
Silva et al., 2011; Tozetto-Mendoza et al., 2016).

However, mismatches within the sites of the primers for VR1 and
VR2 were observed after analysis of the alignment containing reference
sequences of HHV-8. This may have led to biased genotyping if certain
primers preferentially amplified one genotype over another. For ex-
ample, the VR2 assay can lead to underestimation of HHV-8 genotype B
(Tozetto-Mendoza et al., 2016).Therefore, phylogenetic analysis based
on the whole ORF-K1 sequence is more reliable (Ramos da Silva et al.,
2011), because the sites of the primers used for amplification are more
conserved (located at both ends of the K1 gene) (Lacoste et al., 2000a;
Poole et al., 1999). Thus, we analyzed the complete K1 gene and
identified 7 new Brazilian sequences for genotype A, 6 new Brazilian
sequences for genotype B, and 11 new Brazilian sequences for genotype
C. These new sequences provide new information for future studies of
the epidemiology and evolution of HHV-8 in Brazil and elsewhere.

Previous studies proposed that different HHV-8 genotypes may have
different pathogenic and tumorigenic potential (Hayward, 1999;
Schwartz, 1996). Although we did not study this topic, other studies
have confirmed this relationship (Boralevi et al., 1998; Cordiali-Fei
et al., 2015; Isaacs et al., 2016; Mancuso et al., 2008; Marshall et al.,
2010; Tozetto-Mendoza et al., 2016). However, there are conflicting
data in the literature, and the nature of these relationships is still un-
clear (Kouri et al., 2012; Nascimento et al., 2005; Tornesello et al.,
2010). Future studies of the genotypic diversity of HHV-8 may help to
clarify this issue.

In this study, we used different samples (serum from patients from
Rio de Janeiro, and saliva from patients from Sao Paulo) for HHV-8
detection. It is well known that HHV-8 can be detected in different body
fluids, especially in saliva. Although this detection is reported to be less
common in serum (de Franca et al., 2011), we identified high HHV-8
load average in this fluid (1.25%10° copies/mL) (Table 3). This can be
explained mainly because these patients were immunocompromised.
We found that 75 % of these patients from Rio de Janeiro had CD4 + T
lymphocyte count < 200 cells/mm?® blood and HIV load average of
1.69%10° copies/mL (Table 3). In addition, cooperation mechanisms
between HIV-1 and HHV-8 may culminate in this HHV-8 spread in the
host organism (Lopes et al., 2019).

5. Conclusion

In conclusion, this study allowed us to identify the possible origins
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of HHV-8 genotypes A, B, and C in Brazil, and provides new insights
about the geographic circulation of HHV-8 genotypes in the world. The
HHV-8 ORF-K1 sequences reported here will provide a basis for future
studies of the molecular epidemiology and genetic evolution of HHV-8.
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Material Suplementar

GenBank
accession  Genotype Country Reference*
number

KU950281 A Argentina (Pérez and Tous, 2017)

AF278824 A Australia (Meng et al., 1999)

JN613419 A Australia (Speicher et al., 2013)

JN800483 A Australia Unpublished

JN800488 A Australia Unpublished

JN800491 A Australia Unpublished

KT215095

A Brazil (Tozetto-Mendoza et al., 2016)

KT215097 A Brazil (Tozetto-Mendoza et al., 2016)

KT215108 A Brazil (Tozetto-Mendoza et al., 2016)

KT215123 A Brazil (Tozetto-Mendoza et al., 2016)

AF178784 A Cameroon (Fouchard et al., 2000)

FJ884607 A Cameroon (Tornesello et al., 2010)

GU097432 A Cameroon (Tornesello et al., 2010)

AF178779 A CAR (Lacoste et al., 2000a)

AF178798 A CAR (Lacoste et al., 2000a)

AY623768 A Cuba Unpublished

AY623771 A Cuba Unpublished
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AY623773 A Cuba Unpublished

AY623776

>

Cuba Unpublished

AY623779

>

Cuba Unpublished

AY623782

»

Cuba Unpublished

AY623787

>

Cuba Unpublished

AF130295 A England (Cook et al., 1999)

AF130297

>

England (Cook et al., 1999)

AF130303 A England (Cook et al., 1999)

AF178778 A French Guiana (Lacoste et al., 2000a)

AF178819 A French Guiana (Lacoste et al., 2000a)

FJ884608

>

Greece (Tornesello et al., 2010)

GU097419 A Greece (Tornesello et al., 2010)

AF130272

>

Iceland (Cook et al., 1999)

AF130282

>

Ttaly (Cook et al., 1999)

AF130284

>

Italy (Cook et al., 1999)

FJ884611

>

Italy (Tornesello et al., 2010)

FJ884613

>

Ttaly (Tornesello et al., 2010)

Italy (Tornesello et al., 2010)

GU097421

>

>

HQ391919 Italy (Mancuso et al., 2011)

HQ391923

>

(Mancuso et al., 2011)

HQ391934 A Italy (Mancuso et al., 2011)

HQ391950 A Italy (Mancuso et al., 2011)




AF278838

>

Japan (Meng et al., 2001)

AF278851

>

Japan (Meng et al., 2001)

GU097427

>

Kenya (Tornesello et al., 2010)

GU097435

>

Kenya (Tornesello et al., 2010)

JN800493 Kenya Unpublished

JN800495 Kenya Unpublished

JN800497 Kenya Unpublished

JN800499 Kenya Unpublished

AF178812

>

Mauritania (Lacoste et al., 2000a)

DQ394038

>

Marocco (Duprez et al., 2006)

DQ394064

>

Marocco (Duprez et al., 2006)

AF201847

>

Russia (Lacoste et al., 2000b)

AF201849

>

Russia (Lacoste et al., 2000b)

AF201852

>

Russia (Lacoste et al., 2000b)

AY204643

>

Russia (Kadyrova et al., 2003)

AY204645 A Russia (Kadyrova et al., 2003)

AY204648 A Russia (Kadyrova et al., 2003)

AY204652 A Russia (Kadyrova et al., 2003)

AY204654 A Russia (Kadyrova et al., 2003)

AY204660 A Russia (Kadyrova et al., 2003)

AY204663 A Russia (Kadyrova et al., 2003)



AY204665 A Russia (Kadyrova et al., 2003)

AY204668 A Russia (Kadyrova et al., 2003)

KJ130029

>

Russia (Shirokov et al., 2007)

AMA423127

»

Saudi Arabia (Al-Otaibi et al., 2007)

AM423129

>

Saudi Arabia (Al-Otaibi et al., 2007)

AM423132 A Saudi Arabia (Al-Otaibi et al., 2007)

AM423134

>

Saudi Arabia (Al-Otaibi et al., 2007)

AM423138 A Saudi Arabia (Al-Otaibi et al., 2007)

AF387369 A South Africa (Treurnicht et al., 2002)

KP997040 A South Africa (Isaacs et al., 2016)

KP997044

>

South Africa (Isaacs et al., 2016)

KP997048 A South Africa (Isaacs et al., 2016)

KP997051

>

South Africa (Isaacs et al., 2016)

KP997053

>

South Africa (Isaacs et al., 2016)

KP997057

>

South Africa (Isaacs et al., 2016)

KP997059

>

South Africa (Isaacs et al., 2016)

KP997063

>

South Africa (Isaacs et al., 2016)

KP997070

>

South Africa (Isaacs et al., 2016)

KP997075

>

South Africa (Isaacs et al., 2016)

KP997083

>

South Africa (Isaacs et al., 2016)

KP997086

>

South Africa (Isaacs et al., 2016)

KP997088 A South Africa (Isaacs et al., 2016)




KP997090

A

South Africa (Isaacs et al., 2016)

KP997092

>

South Africa (Isaacs et al., 2016)

KP997097

>

South Africa (Isaacs et al., 2016)

KP997099

>

South Africa (Isaacs et al., 2016)

KP997103 A South Africa (Isaacs et al., 2016)

KP997106 A South Africa (Isaacs et al., 2016)

KP997109 A South Africa (Isaacs et al., 2016)

KP997111 A South Africa (Tsaacs et al., 2016)

KP997113

>

South Africa (Isaacs et al., 2016)

KP997118

>

South Africa (Isaacs et al., 2016)

KP997121

>

South Africa (Isaacs et al., 2016)

KP997124

>

South Africa (Isaacs et al., 2016)

KP997126

>

South Africa (Isaacs et al., 2016)

KP997131

>

South Africa (Isaacs et al., 2016)

KP997133

>

South Africa (Isaacs et al., 2016)

AF130305 A spain (Cook et al., 1999)

AY204646 A Tartar (Kadyrova et al., 2003)

AF178829 A (Lacoste et al., 2000a)

AF130289 A Uganda (Cook et al., 1999)

AF278831 A Uganda (Meng et al., 1999)

AY042951 A Uganda (Kakoola et al., 2001)
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AY042953 A Uganda (Kakoola et al., 2001)

FJ884623

>

Uganda (Tornesello et al., 2010)

FJ884625

>

Uganda (Tornesello et al., 2010)

GU097428

»

Uganda (Tornesello et al., 2010)

MH632204

>

Uganda (Zong et al., 1999)

MH632207 A Uganda (Zong et al., 1999)

MH632210

>

Uganda (Zong et al., 1999)

MH632214 A Uganda (Zong et al., 1999)

MH632218 A Uganda (Zong et al., 1999)

MH632225 A Uganda (Zong et al., 1999)

MH632229

>

Uganda (Zong et al., 1999)

MH632232 A Uganda (Zong et al., 1999)

MH632235

>

Uganda (Zong et al., 1999)

MH632238

>

Uganda (Zong et al., 1999)

MH632240

>

Uganda (Zong et al., 1999)

AY204657

>

Ukrainia (Kadyrova et al., 2003)

AF133039

>

United States (Nicholas et al., 1998)

AF178799

>

United States (Lacoste et al., 2000a)

AF278827

>

United States (Meng et al., 1999)

AF278829

>

United States (Meng et al., 1999)

FJ884626

>

United States (Tornesello et al., 2010)

U86667

>

United States (Lagunoff and Ganem, 1997)




KU950276 B Argentina (Pérez and Tous, 2017)

KU950295 B Argentina (Pérez and Tous, 2017

KT215099 B Brazil (Tozetto-Mendoza et al., 2016)

KT215101 B Brazil (Tozetto-Mendoza et al., 2016)

KT215110 B Brazil (Tozetto-Mendoza et al., 2016)

KT215112 B Brazil (Tozetto-Mendoza et al., 2016)

KT215114 B Brazil (Tozetto-Mendoza et al., 2016)

KT215116 B Brazil (Tozetto-Mendoza et al., 2016)

KT215118 B Brazil (Tozetto-Mendoza et al., 2016)

AF178792 B CAR (Lacoste et al., 2000a)

AF178801 B CAR (Lacoste et al., 2000a)

AF178783 B Congo (Lacoste et al., 2000a)

AY623775 B Cuba Unpublished

AY623784 B Cuba Unpublished

AF133040 B Democratic Republic of the Congo (Nicholas et al., 1998)

AF178782 B French Guiana (Lacoste et al., 2000a)

AF178821 B French Guiana (Lacoste et al., 2000a)

AF178825 B French Guiana (Lacoste et al., 2000a)

AF130259 B Gambia (Cook et al., 1999)

AF130261 B Gambia (Cook et al., 1999)

AF130263 B Gambia (Cook et al., 1999)
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AF130265 B Gambia (Cook et al., 1999)

AF130306 B Gambia (Cook et al., 1999)

KP997034 B South Africa (Isaacs et al., 2016)

KP997037 B South Africa (Isaacs et al., 2016)

KP997039 B South Africa (Isaacs et al., 2016)

KP997043 B South Africa (Isaacs et al., 2016)

KP997047 B South Africa (Isaacs et al., 2016)

KP997055 B South Africa (Isaacs et al., 2016)

KP997060 B South Africa (Isaacs et al., 2016)

KP997064 B South Africa (Isaacs et al., 2016)

KP997067 B South Africa (Isaacs et al., 2016)

KP997069 B South Africa (Isaacs et al., 2016)

KP997072 B South Africa (Isaacs et al., 2016)

KP997077 B South Africa (Isaacs et al., 2016)

KP997080 B South Africa (Isaacs et al., 2016)

KP997082 B South Africa (Isaacs et al., 2016)

KP997094 B South Africa (Isaacs et al., 2016)

KP997096 B South Africa (Isaacs et al., 2016)

KP997102 B South Africa (Isaacs et al., 2016)

KP997108 B South Africa (Isaacs et al., 2016)

KP997115 B South Africa (Isaacs et al., 2016)

KP997119 B South Africa (Isaacs et al., 2016)




KP997128 South Africa (Isaacs et al., 2016)

KP997130 South Africa (Isaacs et al., 2016)

AF178804 B Togo (Lacoste et al., 2000a)

AF130292 B Uganda (Cook et al., 1999)

AF151689 B Uganda (Meng et al., 1999)

AY042941 B Uganda (Kakoola et al., 2001)

AY 042944 B Uganda (Kakoola et al., 2001)

AY042946 Uganda (Kakoola et al., 2001)

AY042948 Uganda (Kakoola et al., 2001)

FJ884618 B Uganda (Tornesello et al., 2010)

MH632208 B Uganda (Zong et al., 1999)

MH632213 Uganda (Zong et al., 1999)

MHG632219 B Uganda (Zong et al., 1999)

MH632221 B Uganda (Zong et al., 1999)

MH632226 B Uganda (Zong et al., 1999)

MH632230 B Uganda (Zong et al., 1999)

AF178805 (& Algeria (Lacoste et al., 2000a)

KU950274 C Argentina (Pérez and Tous, 2017)

KU950278 C Argentina (Pérez and Tous, 2017)

KU950280 C Argentina (Pérez and Tous, 2017)

KU950287 C

Argentina (Pérez and Tous, 2017)
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KU950290 C Argentina (Pérez and Tous, 2017)

KU950292 C Argentina (Pérez and Tous, 2017)

KU950294 &) Argentina (Pérez and Tous, 2017)

AF278823 C Australia (Meng et al., 1999)

JIN800489 C Australia Unpublished

KT215104 C Brazil (Tozetto-Mendoza et al., 2016)

KT215119 C Brazil (Tozetto-Mendoza et al., 2016)

KT215121 C Brazil (Tozetto-Mendoza et al., 2016)

KT215124 € Brazil (Tozetto-Mendoza et al., 2016)

AF178789 C CAR (Lacoste et al., 2000a)

AF130298 C England (Cook et al., 1999)

AF130302 C England (Cook et al., 1999)

AF042370 (& France (Morand et al., 1999)

AF178774 (& France (Lacoste et al., 2000a)

AF178781 C France (Lacoste et al., 2000a)

AF178793 C France (Lacoste et al., 2000a)

AF178800 C France (Lacoste et al., 2000a)

AF178806 C France (Lacoste et al., 2000a)

AF178828 C France (Lacoste et al., 2000a)

AF130267 @ Greece (Cook et al., 1999)

GU097417 C Greece (Tornesello et al., 2010)

AF130273 C Iceland (Cook et al., 1999)




JN242287 (& Iran (Jalilvand et al., 2012)

JN242289 (& Tran (Jalilvand et al., 2012)

AF130271 g Italy (Cook et al., 1999)

AF130286 C Italy (Cook et al., 1999)

GU097425 C Ttaly (Tornesello et al., 2010)

HQ391939 C Italy (Mancuso et al., 2011)

HQ391943 C Italy (Mancuso et al., 2011)

HQ391946 € Ttaly (Mancuso et al., 2011)

AF278841 C Japan (Meng et al., 2001)

AF278847 C Japan (Meng et al., 2001)

AF278849 (6] Japan (Meng et al., 2001)

GU097418 (& Kenya (Tornesello et al., 2010)

DQ394035 C Marocco (Duprez et al., 2006)

DQ394039 C Marocco (Duprez et al., 2006)

DQ394041 (&) Marocco (Duprez et al., 2006)

DQ394043 C Marocco (Duprez et al., 2006)

DQ394045 & Marocco (Duprez et al., 2006)

DQ394047 C Marocco (Duprez et al., 2006)

DQ394049 C Marocco (Duprez et al., 2006)

DQ394051 (& Marocco (Duprez et al., 2006)

DQ394053 C

Marocco (Duprez et al., 2006)
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DQ394055 (& Marocco (Duprez et al., 2006)

DQ394058 (& Marocco (Duprez et al., 2006)

DQ394060 C Marocco (Duprez et al., 2006)

DQ394062 C Marocco (Duprez et al., 2006)

DQ394065 C Marocco (Duprez et al., 2006)

DQ394067 C Marocco (Duprez et al., 2006)

AY204642 C Russia (Kadyrova et al., 2003)

AY204661 C Russia (Kadyrova et al., 2003)

AY204669 € Russia (Kadyrova et al., 2003)

AM423135 C Saudi Arabia (Al-Otaibi et al., 2007)

AF178820 C Senegal (Lacoste et al., 2000a)

AY766083 (@ Tunisia Unpublished

GU097424 C Uganda (Tornesello et al., 2010)

MH632233 (& Uganda (Zong et al., 1999)

AF133041 C United States (Nicholas et al., 1998)

AF151686 C United States (Meng et al., 1999)

AF278826 C United States (Meng et al., 1999)

Note: CAR, Central African Republic. ¥Unpublished: Sequences unpublished on Pubmed.
Informations collected from Genbank.
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3.3. Determinacéo da distribuicdo mundial dos diferentes genotipos do HHV-

8 com base na analise filogenética da regido codificadora da ORF K1.

3.3.1. Artigo 3

Titulo: Update of the global distribution of human gammaherpesvirus 8

genotypes.

Autores: Amanda de Oliveira Lopes, Natéalia Spitz, Christian Robson de Souza

Reis,Vanessa Salete de Paula.

Publicado no periédico Scientific Reports.

Objetivo especifico: Determinar a distribuicdo mundial dos diferentes gendétipos

do HHV-8 com base na analise filogenética da regido codificadora da ORF K1.

Resumo: O Gammaherpesvirus humano 8 (HHV-8) consiste em seis clados
principais(A-F) com base na sequéncia genética da fase de leitura aberta (ORF)
K1. Existem alguns relatérios conflitantes sobre a distribuicdo global dos
diferentes gendétipos HHV-8. Este estudo objetivou determinar a distribuicéo
global dos diferentes genétipos HHV-8 com base na analise filogenética da
regido codificadora da ORF K1 usando sequéncias publicadas no GenBank
durante 1997-2020 e construida uma arvore filogenética usando o algoritmo de
maxima verossimilhanca com o modelo de substituicdo de nucleotideo GTR + 1 +
G. Um total de 550 sequénciasde 38 paises/origens foram analisadas neste
estudo. Os gendtipos A e C apresentaram distribui¢cdes globais semelhantes e
foram prevalentes na Africa e na Europa. O genétipo B foi prevalente na Africa.
Dos genotipos raros, o genotipo D foi relatado no Leste Asiatico e na Oceania e
0 gendtipo E na América do Sul, enquantoo genétipo F foi prevalente na Africa.
A maior diversidade genotipica foi relatada no continente americano, com o
Brasil abrigando cinco genétipos do HHV-8 (A, B, C, E eF). Neste estudo
apresentamos a distribuicdo global dos gendétipos do HHV-8 fornecendo uma
base para futuros estudos epidemiolégicos e evolutivos do HHV-8.
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Human gammaherpesvirus 8 (HHV-8) consists of six major clades (A-F) based on the genetic
sequence of the open reading frame (ORF)-K1.There are a few conflicting reports regarding the global
distribution of the different HHV-8 genotypes.This study aimed to determine the global distribution
of the different HHV-8 genotypes based on phylogenetic analysis of the ORF-K1 coding region using
sequences published in the GenBank during 1997-2020 and construct a phylogenetic tree using the
maximum likelihood algorithm with the GTR +| +G nucleotide substitution model. A total of 550
sequences from 38 countries/origins were analysed in this study. Genotypes A and C had similar global
distributions and were prevalent in Africa and Europe. Genotype B was prevalent in Africa. Of the rare
genotypes, genotype D was reported in East Asia and Oceania and genotype E in South America, while
genotype F was prevalent in Africa.The highest genotypic diversity was reported in the American
continent, with Brazil housing five HHV-8 genotypes (A, B, C, E, and F).In this study, we present
update of the global distribution of HHV-8 genotypes, providing a basis for future epidemiological and
evolutionary studies of HHV-8.

Human gammaherpesvirus 8 (HHV-8) is known to cause Kaposi's sarcoma, which is one of the most common
cancers in human immunodeficiency virus-infected patients’, and the most common form of neoplasia in chil-
dren from endemic regions, such as the Central, Eastern, and Southern Africa’. Kaposi’s sarcoma is responsible
for significant morbidity and mortality, with 41,799 new cases and 19,902 deaths reported worldwide in 2018°.
HHV-8 infection is also associated with other malignancies, including primary effusion lymphoma, multicentric
Castleman disease, HHV-8 positive diffuse large B-cell lymphoma, and germinotropic lymphoproliferative disor-
der. These cancers usually occur in immunodeficient patients, but may also affect immunocompetent individuals.

HHV-8 has a highly conserved double-stranded DNA genome of approximately 140 kilobases; however,
both ends of the genome show significant variability. Phylogenetic studies based on the highly variable open
reading frame (ORF)-K1 from the 5" end to the 3’ end led to the identification of six main clades, namely A, B,
C, D, E, and E The ORF-K1 coding region is composed of approximately 870 base pairs (bp) whose sequences
differ by up to 30% at the amino acid level>-’. This region encodes a transmembrane protein of approximately
289 amino acid residues, which has multiple roles in cellular signal transduction, viral reactivation, endothelial
cell immortalisation, and host immune recognition”.

Studies have reported that the different genotypes have variable penetrance in different human populations of
distinct ethnic and geographic groups™’. However, there are only a few studies that have reported the geographic
distribution of the different HHV-8 genotypes, these studies are old with outdated information, and phylogenetic
analyses were performed with a smaller number of sequences. In this study, we aimed to determine the worldwide
distribution of different HHV-8 genotypes based on phylogenetic analysis of the ORF-K1 coding region using a
greater number of sequences published in GenBank. This study is an update and expansion of previous efforts
to generate a global distribution of HHV-8 genotypes based on the ORF-K1 coding region.

Methods

Previous publications that have reported different HHV-8 genotypes based on the sequence of the ORF-K1 cod-
ing region and sequences of the ORF-K1 coding region deposited in the GenBank (http://www.ncbi.nlm.nih.gov/)
were used to obtain a database of sequences of the different HHV-8 genotypes (A to F). A literature search was
performed using the search terms: HHV-8 genotype ORF-K1, HHV-8 genotyping ORF-K1, HHV-8 molecular
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Figure 1. Number of HHV-8 ORF-K1 coding region sequences published per country/origin. Sequences were
collected from GenBank. (CAR, Central African Republic; COD, Democratic Republic of the Congo).

epidemiology, and HHV-8 genetic diversity. The sequences were found in the GenBank using the search words:
HHV-8, ORF-K1, K1, and gene. All sequences published from 1997 to August 2020 were included to build the
database. ORF-K1 sequences smaller than 730 bp and sequences without information about country or origin
were excluded from the analysis.

All sequences from this study were aligned using MUSCLE software'® included in the MEGA program
(version 7)''. The origin of each sequence was designated according to the locality from where the sample was
collected. HHV-8 genotypes reported in a previous study or submitted to GenBank were taken as is.

A phylogenetic tree was inferred using the online version of the PhyML program'? using the maximum
likelihood method under the GTR + I+ G nucleotide substitution model selected by the Smart Model Selection
in PhyML". A heuristic tree search was performed using the subtree pruning-re-grafting branch-swapping algo-
rithm, and the reliability of the phylogenies was estimated with aLRT"* based on a Shimodaira-Hasegawa-like
procedure (SH-aLRT). We used iToL to view phylogenetic tree and GraphPad Prism 8 to compute and graph
the diversity of HHV-8 genotypes present in each country/origin.

Results

Based on a literature review using PubMed, we identified 30 studies from 1997 to 2020 that had published
sequences of the ORF-K1 coding region. These sequences deposited in GenBank from these studies were com-
bined with other sequences from this database, resulting in a total of 550 sequences from 38 countries/origins
(Supplementary material 1). Figure 1 shows the number of sequences of the HHV-8 ORF-K1 coding region
published per country/origin.

We performed a phylogenetic reconstruction using the 550 sequences to confirm the presence of the six
known HHV-8 genotypes and estimate the evolutionary relationships between them. Figure 2 (and Supplemen-
tary material 2) shows the HHV-8 phylogenetic tree constructed using the ORF-K1 coding region sequences.
The phylogenetic analysis clearly distinguished the six known clades (A, B, C, D, E, and F), and all the branches
had high approximate likelihood-ratio test (aLRT) values.

As shown in Table 1, among the 550 sequences, genotype A showed the highest prevalence (262, 47.6%), fol-
lowed by genotype C (141, 25.6%), genotype B (125, 22.7%), genotype F (10, 1.8%), genotype D (7, 1.3%), and
genotype E (5, 0.9%). Most of the sequences had originated in Africa (258; 46.9%), followed by America (135;
12.4%), Europe (108; 19.6%), Asia (34; 6.2%), and Oceania (15; 2.7%). In the Table 1, the data in bold indicates
the distribution of HHV-8 genotypes by continent and globe.
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Figure 2. Phylogenetic analysis of multiple HHV-8 sequences based on the sequence of ORF-K1 coding region
using the maximum-likelihood method. GenBank accession numbers for all sequences are presented in the
supplementary material 1. The colours indicating the different genotypes and continents are shown in the key
for the figure. The colour light blue refers to the subgenotype A5. The sequences are indicated by the genotype
followed by country or origin (CAR, Central African Republic; COD, Democratic Republic of the Congo), and
accession number. The filled circle symbol indicates location of all Brazilian sequences. In this phylogenetic tree
are indicated all the values at internal nodes likelihood-ratio test value for the branch. The tree is rooted in the
midpoint and was viewed using iToL.

HHV-8 sequences were found in all continents except Antarctica (Table 1). Genotypes A and C were identi-
fied in all continents and showed a similar global distribution. Both genotypes were prevalent in Africa and
Europe, followed by America, Asia, and Oceania (Fig. 3A,C). The subgenotype A5 was responsible by the greater
prevalence of genotype A in the African continent, and was also found in Europe and America. Genotypes B and
F were prevalent in Africa, but were also identified in America and Europe (Fig. 3B,F). Genotype D was only
reported in East Asia and Oceania, while genotype E was reported only in America (Fig. 3D,E).

The American continent exhibited the highest genotypic diversity with five genotypes (A, B, C, E, and F)
(Fig. 4), wherein the majority of the American countries, including Argentina, Brazil, Cuba, and French Guiana,
had atleast three genotypes. Such a high degree of diversity was not observed in the other continents (Fig. 4).

In the American continent, the highest HHV-8 genotypic diversity was found in Brazil, wherein five of the
six major genotypes were identified (Fig. 4). Our phylogenetic analysis contained 61 sequences that originated
from Brazil, which is the third country with the largest number of published ORF-K1 coding region sequences,
behind only Uganda (68 sequences) and South Africa (104 sequences), both of which are African countries.
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Africa 89 41 0|0 0 (0 4 |16
Algeria 1 02 |0 0 0 0 1 100 |0 |0 0 |0 [
Botswana 1 0.2 1 100 |0 0 0 0 0 {0 0 {0 0 0
Cameroon 6 L1 6 100 |0 0 0 0 0 {0 0 {0 0 0
Central African Republic 12 22 |5 417 |5 417 |2 167 |0 |0 0 (o0 0 |0
Congo 1 0.2 0 0 1 100 |0 0 0 {0 0 |0 0 0
Democratic Republic of the Congo | 1 02 |0 0 1 100 |0 0 0 |0 0 (0 0 |0
Gambia 9 1.6 0 0 9 100 |0 0 0|0 0 {0 0 0
Kenya 14 25 12|87 |0 0 1 7.1 0|0 0|0 1 7.1
Mauritania 1 02 1 100 |0 0 0 0 (U] 0 |0 0 0
Morocco 35 64 5 143 |0 0 30 857 (0 |0 0 |0 0 0
Senegal 2 04 |0 0 1 50 1 50 0 |0 0 |0 0 |0
South Africa 104 | 189 |58 |558 |44 |423 |0 0 0 |0 0 |0 2 |19
Togo 1 02 0 0 1 100 |0 0 0 (0 0 (0 0 0
Tunisia 2 04 0 0 0 0 2 100 (0 |0 0 |0 0 0
Uganda 68 124 |36 529 (27 397 (4 59 0 |0 0 |0 1 1.5
America 135 |124 (52 385 |35 |259 |42 3L1 (0 |0 5 137 |1 0.7
Argentina 22 4.0 3 136 (4 182 (15 682 |0 |0 0 |0 0 0
Brazil 61 1L1 (19 311 |20 328 |19 311 |0 |0 2 |33 |1 16
Cuba 20 3.6 14 70 5 250 |1 5.0 (U] 0 |0 0 0
Ecuador 3 05 |0 0 0 0 0 0 (U] 3 |00 [0 |0
French Guiana 11 20 (4 364 |6 545 |1 91 [0 |0 0 |0 0o |0
United States 18 33 12 |667 |0 0 6 333 |0 |0 0 |0 (U]
Asia 34 6.2 16 |47.1 |0 0 14 |412 |4 |118 |0 |0 0 |0
Iran 4 07 0 0 0 0 4 100 (0 |0 0 {0 0 |0
Japan 15 27 5 333 |0 0 7 467 |3 |20 00 0 0
Saudi Arabia 13 24 10 769 |0 0 3 231 |0 |0 00 0 0
Taiwan 1 0.2 0 0 0 0 0 0 1 (100 |0 |O 0 0
Turkey 1 0.2 1 100 |0 0 0 0 0 {0 0 |0 0 0
Europe 108 |19.6 |61 56.5 |1 09 41 380 (0 |0 0|0 5 4.6
England 10 1.8 5 50 1 10 4 40 0|0 0 |0 0 0
France 19 35 1 53 |0 0 13 [684 (0 |0 0|0 5 |[263
Greece 8 15 4 50 0 0 4 50 0 |0 0 |0 0 0
Iceland 2 04 1 50 0 0 1 50 0|0 0|0 0 |0
Ttaly 30 55 18 60 0 0 12 40 0 |0 0 |0 0 0
Russia 32 58 26 |813 |0 0 6 188 |0 |0 0 |0 0 |0
Spain 2 04 2 100 |0 0 0 0 (U] 0 (0 0 0
Tartar 2 04 2 100 |0 0 0 0 0 (0 0 |0 0 |0
Ukraine 3 0.5 2 66.7 [0 0 1 333 (0 |0 0 |0 0 0
Oceania 15 27 |9 60 0 0 3 20 3 120 0 |0 0o |0
Australia 13 24 < 692 |0 0 3 231 (1 |77 0 [0 0 0
Pacific island 1 0.2 0 0 0 0 0 0 1 |100 (0 |O 0 0
Wallis Island 1 02 |0 0 0 0 0 0 1 {100 |0 |O [
Global 550 (100 |262 (47.6 |125 [22.7 |141 (256 (7 |13 |5 |09 (10 (18

Table 1. Genotypic distribution of HHV-8 by geographic regions.

Discussion

Till date, this is the largest study to determine the global distribution of HHV-8 genotypes. A phylogenetic
analysis was performed on a total of 550 distinct sequences from 38 countries/origins, indicating the large global

coverage of our study.

From our phylogenetic reconstruction (Fig. 2), we obtained new insights on the global distribution of HHV-8
genotypes. First, genotypes A and C showed similar global distributions and were highly prevalent in Europe and
Africa. Genotype B was found to be prevalent in Africa and was also identified in Central and South America and
Europe. Of the rarer genotypes, genotype D was reported in East Asia and Oceania and genotype E was reported
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Figure 3. Global distribution of HHV-8 genotypes. The six world maps demonstrate the distribution of each
HHV-8 genotypes (A - F). The genotypes and continents are indicated in the figure. Countries forming a
continent are shaded in the same colour. The size of the circles is proportional to the number of HHV-8 ORF-K1
coding region sequences belonging to a particular origin analysed in this study. All sequences collected from
GenBank.
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in Amerindian populations of South America. Moreover, the highly uncommon genotype F was identified in
Africa, America, and Europe (Fig. 3).

Previous studies have shown that the distribution of different HHV-8 ORF-K1 genotypes between geographic
and ethnic backgrounds appears to depend on the global spread of modern human populations'>!®. Based on
recent studies of contemporary human migrations'’-'*, and the HHV-8 phylogenetic reconstruction shown in
Fig. 2, we found that genotype B is the most ancient genotype with four major branches diverging from it (Fig. 2).
Previous reports have stated that genotype B may have originated with the first migration of modern humans
in Africa'™'". We hypothesize that HHV-8 started to spread and evolve together with their human hosts as they
migrated towards Northeast and Southwest Africa approximately 130-110 thousand years (kilo annum, ka) ago
due to regional climate changes". Subsequently, the several migrations that have occurred in Africa over thou-
sands of years'” may also explain the predominance of genotype B in this continent (Fig. 3B). The slave trade,
which occurred between the sixteenth and nineteenth century, due to colonisation of the American continent
by Europeans” supports the identification of this genotype in America (Fig. 3B).

After human expansion out of Africa, genotype D, which is evolutionarily the closest to genotype B (Fig. 2),
probably evolved in isolated populations of the first human migrants in East Asia approximately 40 ka ago, in
Australasia approximately 40 ka ago'”-'%, and in Melanesia Islands approximately 3.4 ka ago?!, explaining the
dispersion of this genotype in the globe (Fig. 3d). Genotype E is evolutionarily closest to genotype D (Fig. 2) and
was identified only in specific groups of South American Amerindians isolated from East Ecuador and Northern
Brazil (Fig. 3E)***. Thus, genotype E possibly originated in human populations that had migrated across the
Bering Strait from Asia approximately 20-15 ka ago'®. Furthermore, the evolutionarily ancient genotype E which
may have diverged after genotype D (Fig. 2), was localised in the Bantu Gisu tribe in eastern Uganda, as shown
in a previous study?*. Therefore, genotype F may also have had an African genesis after the dispersal of modern
humans, which occurred more than 40 ka ago in this continent'”*. In this study, we did not find a large global
distribution of genotypes D, E, and F; these genotypes probably remained in isolated populations of different
ethnic groups (Fig. 3F)**,

Genotypes A and C have a common ancestor with genotype F and may have diverged after genotype E
(Fig. 2). Some older sequences of genotypes A and C were found to have localised in Africa (Fig. 2) and,
thus the genotypes may have diverged more recently in this continent after a greater spread of contemporary
human populations'” approximately 20 to 15 ka ago'®, and this is different from what is indicated by previous
studies'>'*****, This novel finding is based on a high number of HHV-8 genotypic sequences analysed in this
study (Fig. 1) in association with recent studies of modern human migrations'’~". In addition, the dispersion
of genotypes A and C possibly occurred in Africa for thousands of years due to several migrations that had
occurred in this continent”, arriving in the Middle East (Western Asia) and Europe in waves of migration 8 ka
ago*. This may explain why these genotypes are prevalent in African and European countries, and identified in
regions subsequently occupied or colonised by these countries, such as American countries (in the late 1400 )7
and Australia (in the late 1700s)*. The waves of human migration due to the European colonisation of the world
also justify the distribution of these genotypes on five continents (Fig. 3A,C)*".

Furthermore, in this study, a high HHV-8 genotypic diversity was observed in the American countries/origin,
wherein Brazil with five HHV-8 genotypes (A, B, C, E, and F) had the highest genotypic diversity of the 38 coun-
tries/origins analysed in this study (Fig. 4). This high diversity is possibly a result of human migrations started
at least 15 ka ago, with genotype E probably arriving first in this continent'®. Thereafter, extensive migrations
since the colonial era due to slave trade after the late 1400s and in the last two centuries may have contributed to
the spread of genotypes A, B, C, and F in America. In fact, 5 million people from more than 60 countries moved
to Brazil at the end of the 1800s and in the beginning of the 1900s™*". These conclusions are in agreement with
a previous study that analysed genetic distances and showed that genotypes A, B, and C were possibly brought
into Brazil by immigrants from several countries, including Africa, Europe, Asia, and Oceania’. Nevertheless,
as many HHV-8 sequences were obtained from HIV infected individuals, some routes of HHV-8 transmission
and spread globally may have been more recent through sexual contact on a trip or sex with visiting tourists’.
This high HHV-8 diversity found in Brazil may also be a result of high number of published ORF-K1 coding
region sequences from this country (total of 61 sequences) (Fig. 1 and Table 1). Further studies with additional
HHV-8 sequences from other regions and countries, including phylogeographic analysis, can prove to be very
informative to understand the HHV-8 route of transmission and diversity in the globe.

The subgenotype A5 was also analysed in this study once this subgenotype was described to be common
in Africa. We confirmed this information with our phylogenetic analysis (Fig. 2), where subgenotype A5 was
responsible by the greater prevalence of genotype A in the African continent. The clade A5 was the most ancient
genotype A (Fig. 2) and may have diverged in other subgenotypes after greater spread of contemporary human
populations'” to the Middle East (Western Asia) and Europe in 8 ka ago™.

The World Health Organisation has reported new cancers that are associated with HHV-8 infections*. Unfor-
tunately, in our study, we were unable to perform a correlation analysis between genotypes and tumorigenic
potential, due to presence of only a few studies with conflicting data’”. However, we believe that this interaction
should be investigated in future studies, as the transmembrane K1 glycoprotein encoded by the viral ORF-K1
gene can contribute to the pathogenesis of HHV-8-associated human cancers?.

In conclusion, we analysed 550 ORF-K1 sequences and revealed the current global distribution of differ-
ent HHV-8 genotypes. The new insights about the circulation and molecular evolution of HHV-8 genotypes
are: the genotypes A and C were prevalent in Africa and Europe, had probably originated in Africa, and may
have diverged more recently in this continent; while the rare genotype F was prevalent in Africa which may
have diverged after genotype D; and the Brazil was found to be the country with the highest HHV-8 genotypic
diversity in the world. Our study provides a basis for future studies investigating the molecular epidemiology
and genetic evolution of HHV-8.
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Figure 4. The HHV-8 genotypic diversity per country/origin. The pie charts indicate the proportion of
occurrence of the different HHV-8 genotypes in the respective countries/origins. The genotypes and continents

are

indicated in the figure. Countries from the same region are shaded in the same colour on the world map.

These distributions of HHV-8 genotypes were based on sequences analysed in this study.
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Material Suplementar 1

Update of the global distribution of Human gammaherpesvirus 8
genotypes

Amanda de Oliveira Lopes, Natalia Spitz, Christian Robson de Souza Resis,

Vanessa Salete de Paula

Supplementary material 1. GenBank accession numbers and references from 550 ORF-
K1 coding region sequences regarding HHV-8 genotypes (A to F) and country/origin.

GenBank
Genotype accession Country Reference*
number
A KU950273 Argentina (Pérez and Tous, 2017)
A KU950281 Argentina (Pérez and Tous, 2017)
A KU950284 Argentina (Pérez and Tous, 2017)
A AF278824 Australia (Meng et al., 1999)
A AF278825 Australia (Meng et al., 1999)
A IN613419 Australia (Speicher et al., 2013)
A IN613420 Australia (Speicher et al., 2013)
A JN800483 Australia Unpublished
A JN800485 Australia Unpublished
A JN800488 Australia Unpublished
A JN 800490 Australia Unpublished
A JN800491 Australia Unpublished
A AY329023 Botswana (Whitby et al., 2004)
A KT215095 Brazil (Tozetto-Mendoza et al., 2016)
A KT215096 Brazil (Tozetto-Mendoza et al., 2016)
A KT215097 Brazil (Tozetto-Mendoza et al., 2016)
A KT215107 Brazil (Tozetto-Mendoza et al., 2016)
A KT215108 Brazil (Tozetto-Mendoza et al., 2016)
A KT215109 Brazil (Tozetto-Mendoza et al., 2016)
A KT215123 Brazil (Tozetto-Mendoza et al., 2016)
A MN318207 Brazil (Lopes et al., 2020)
A MN318208 Brazil (Lopes et al., 2020)
A MN318209 Brazil (Lopes et al., 2020)
A MN318206 Brazil (Lopes et al., 2020)
A MN318210 Brazil (Lopes et al., 2020)
A MN318205 Brazil (Lopes et al., 2020)
A MN318204 Brazil (Lopes et al., 2020)
A MT597155 Brazil (in preparation)
A MT597156 Brazil (in preparation)
A MT597157 Brazil (in preparation)
A MT597158 Brazil (in preparation)
A MT597159 Brazil (in preparation)
A AF171058 Cameroon (Fouchard et al., 2000)
A AF178784 Cameroon (Fouchard et al., 2000)
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AF178797
FI1884607
GU097429
GU097432

AF171059

AF178779

AF178790

AF178798

AF178823

AY623768
AY623769
AY623771
AY623772
AY623773
AY623774
AY623776
AY623778
AY623779
AY623780
AY623782
AY623785
AY623787
AY623790
AF130295
AF130296
AF130297
AF130299
AF130303
AF178775
AF178778
AF178785
AF178819
AF171057
FJ884608
FI884610
GU097419
GU097420
AF130272
AF130269
AF130282
AF130283
AF130284
AF130285
FJ884611

Cameroon
Cameroon
Cameroon
Cameroon
Central African
Republic
Central African
Republic
Central African
Republic
Central African
Republic
Central African
Republic
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
England
England
England
England
England
France
French Guiana
French Guiana
French Guiana
French Guiana
Greece
Greece
Greece
Greece
Iceland
Italy
Italy
Italy
Italy
Italy
Italy
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(Fouchard et al., 2000)
(Tornesello et al., 2010)
(Tornesello et al., 2010)
(Tornesello et al., 2010)

(Fouchard et al., 2000)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)

(Lacoste et al., 2000a)

Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Fouchard et al., 2000)
(Tornesello et al., 2010)
(Tornesello et al., 2010)
(Tornesello et al., 2010)
(Tornesello et al., 2010)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Tornesello et al., 2010)



b g e e i e e e e e e i e e e e e i i g i e i i e e e g i

FI884612
FI884613
FI884615
GU097421
GU097430
HQ391919
HQ391920
HQ391923
HQ391924
HQ391934
HQ391935
HQ391950
AF178786
AF278838
AF278839
AF278851
AF278852
GU097427
GU097433
GU097435
IN800492
IN800493
IN800494
IN800495
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Japan
Japan
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Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Mauritania
Marocco
Marocco
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Russia
Russia
Russia
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Central African
Republic
Central African
Republic
Central African
Republic
Congo
Cuba
Cuba
Cuba
Cuba
Cuba

Democratic Republic

of the Congo
England
French Guiana
French Guiana
French Guiana
French Guiana
French Guiana
French Guiana
Gambia
Gambia
Gambia
Gambia
Gambia
Gambia
Gambia
Gambia
Gambia
Senegal
South Africa
South Africa
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(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Lopes et al., 2020)
(Lopes et al., 2020)
(Lopes et al., 2020)
(Lopes et al., 2020)
(Lopes et al., 2020)
(Lopes et al., 2020)

(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)

(Lacoste et al., 2000a)

(Lacoste et al., 2000a)
Unpublished
Unpublished
Unpublished
Unpublished
Unpublished

(Nicholas et al., 1998)

(Cook et al., 1999)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Lacoste et al., 2000a)
(Fouchard et al., 2000)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)

(Cook et al., 1999)
(Lacoste et al., 2000a)

(Tsaacs et al., 2016)

(Isaacs et al., 2016)
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KP997037
KP997038
KP997039
KP997042
KP997043
KP997045
KP997047
KP997050
KP997055
KP997056
KP997060
KP997062
KP997064
KP997066
KP997067
KP997068
KP997069
KP997071
KP997072
KP997074
KP997077
KP997079
KP997080
KP997081
KP997082
KP997084
KP997094
KP997095
KP997096
KP997100
KP997102
KP997104
KP997108
KP997114
KP997115
KP997116
KP997119
KP997122
KP997128
KP997129
KP997130
MH632203
AF178804
AF130290
AF130292
AF130293
AF151689
AY042940
AY 042941

South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
South Africa
Togo
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
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(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Isaacs et al., 2016)
(Isaacs et al., 2016)
(Tsaacs et al., 2016)
(Zong et al., 1999)
(Lacoste et al., 2000a)
(Cook et al., 1999)
(Cook et al., 1999)
(Cook et al., 1999)
(Meng et al., 1999)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
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AY042942
AY042944
AY042945
AY042946
AY042947
AY042948
AY042949
FI884618
MH632206
MH632208
MH632211
MH632213
MH632215
MH632219
MH632220
MH632221
MH632222
MH632226
MH632227
MH632230
MH632236
AF178805
KU950272
KU950274
KU950277
KU950278
KU950279
KU950280
KU950285
KU950287
KU950288
KU950290
KU950291
KU950292
KU950293
KU950294
KU950296
AF278823
JN800484
JIN800489
KT215103
KT215104
KT215105
KT215119
KT215120
KT215121
KT215122
KT215124
MN318222

Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Uganda
Algeria
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Australia
Australia
Australia
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
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(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Kakoola et al., 2001)
(Tornesello et al., 2010)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Zong et al., 1999)
(Lacoste et al., 2000a)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Pérez and Tous, 2017)
(Meng et al., 1999)
Unpublished
Unpublished
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Tozetto-Mendoza et al., 2016)
(Lopes et al., 2020)
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MN318223 Brazil (Lopes et al., 2020)

MN318224 Brazil (Lopes et al., 2020)
MN318225 Brazil (Lopes et al., 2020)
MN318226 Brazil (Lopes et al., 2020)
MN318220 Brazil (Lopes et al., 2020)
MN318219 Brazil (Lopes et al., 2020)
MN318221 Brazil (Lopes et al., 2020)
MN318218 Brazil (Lopes et al., 2020)
MN318227 Brazil (Lopes et al., 2020)
MN318217 Brazil (Lopes et al., 2020)
AF178780 Ce‘}'{:‘e*guAblfi‘zca“ (Lacoste et al., 2000a)
AF178789 Ce‘;{le*ﬁuﬁlfilzca“ (Lacoste et al., 2000a)
AY623777 Cuba Unpublished
AF130298 England (Cook et al., 1999)
AF130300 England (Cook et al., 1999)
AF130302 England (Cook et al., 1999)
AF130304 England (Cook et al., 1999)
AF042370 France (Morand et al., 1999)
AF178773 France (Lacoste et al., 2000a)
AF178774 France (Lacoste et al., 2000a)
AF178777 France (Lacoste et al., 2000a)
AF178781 France (Lacoste et al., 2000a)
AF178787 France (Lacoste et al., 2000a)
AF178793 France (Lacoste et al., 2000a)
AF178795 France (Lacoste et al., 2000a)
AF178800 France (Lacoste et al., 2000a)
AF178803 France (Lacoste et al., 2000a)
AF178806 France (Lacoste et al., 2000a)
AF178808 France (Lacoste et al., 2000a)
AF178828 France (Lacoste et al., 2000a)
AF178776 French Guiana (Lacoste et al., 2000a)
AF130267 Greece (Cook et al., 1999)
AF130268 Greece (Cook et al., 1999)
GU097417 Greece (Tornesello et al., 2010)
GU097423 Greece (Tornesello et al., 2010)
AF130273 Iceland (Cook et al., 1999)
IN242286 Iran (Jalilvand et al., 2012)
IN242287 Iran (Jalilvand et al., 2012)
JIN242288 Iran (Jalilvand et al., 2012)
IN242289 Iran (Jalilvand et al., 2012)
AF130270 Italy (Cook et al., 1999)
AF130271 Italy (Cook et al., 1999)
AF130274 Italy (Cook et al., 1999)
AF130286 Italy (Cook et al., 1999)
FJI884614 Italy (Tornesello et al., 2010)
GU097425 Italy (Tornesello et al., 2010)
HQ391937 Italy (Mancuso et al., 2011)
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HQ391939
HQ391942
HQ391943
HQ391945
HQ391946
AF278840
AF278841
AF278843
AF278847
AF278848
AF278849
AF278850
GU097418
DQ394034
DQ394035
DQ394036
DQ394039
DQ394040
DQ394041
DQ394042
DQ394043
DQ394044
DQ394045
DQ394046
DQ394047
DQ394048
DQ394049
DQ394050
DQ394051
DQ394052
DQ394053
DQ394054
DQ394055
DQ394056
DQ394058
DQ394059
DQ394060
DQ394061
DQ394062
DQ394063
DQ394065
DQ394066
DQ394067
AF201851
AY204642
AY204649
AY204661
AY204666
AY204669

Italy
Italy
Italy
Italy
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Kenya
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Marocco
Russia
Russia
Russia
Russia
Russia
Russia
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(Mancuso et al., 2011)
(Mancuso et al., 2011)
(Mancuso et al., 2011)
(Mancuso et al., 2011)
(Mancuso et al., 2011)
(Meng et al., 2001)
(Meng et al., 2001)
(Meng et al., 2001)
(Meng et al., 2001)
(Meng et al., 2001)
(Meng et al., 2001)
(Meng et al., 2001)
(Tornesello et al., 2010)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Duprez et al., 2006b)
(Lacoste et al., 2000b)
(Kadyrova et al., 2003)
(Kadyrova et al., 2003)
(Kadyrova et al., 2003)
(Kadyrova et al., 2003)
(Kadyrova et al., 2003)



C AM423130 Saudi Arabia (Al-Otaibi et al., 2007)
C AM423135 Saudi Arabia (Al-Otaibi et al., 2007)
C AM423136 Saudi Arabia (Al-Otaibi et al., 2007)
C AF178820 Senegal (Lacoste et al., 2000a)
C AY766082 Tunisia Unpublished

C AY766083 Tunisia Unpublished

C AY 042954 Uganda (Kakoola et al., 2001)
C GU097424 Uganda (Tornesello et al., 2010)
C MH632224 Uganda (Zong et al., 1999)

C MH632233 Uganda (Zong et al., 1999)

C AY204659 Ukrainia (Kadyrova et al., 2003)
€ AF133041 United States (Nicholas et al., 1998)
C AF133042 United States (Nicholas et al., 1998)
C AF151686 United States (Meng et al., 1999)

C AF170531 United States (Samaniego et al., 2001)
C AF278826 United States (Meng et al., 1999)

C GU097422 United States (Tornesello et al., 2010)
D AF151687 Australia (Meng et al., 1999)
D AF278844 Japan (Meng et al., 2001)
D AF278845 Japan (Meng et al., 2001)
D AF278846 Japan (Meng et al., 2001)
D AF133044 Pacific island (Zong et al., 1999)

D AF133043 Taiwan (Zong et al., 1999)

D DQ386448 Wallis Island (Duprez et al., 2006a)
E AF220292 Brazil (Biggar et al., 2000)
E AF220293 Brazil (Biggar et al., 2000)
E AY329026 Ecuador (Whitby et al., 2004)
E AY329027 Ecuador (Whitby et al., 2004)
E AY329028 Ecuador (Whitby et al., 2004)
F KT215106 Brazil (Tozetto-Mendoza et al., 2016)
F AF178810 France (Lacoste et al., 2000a)
F MKS876732 France (Jary et al., 2020)

F MK876734 France (Jary et al., 2020)

F MKS876735 France (Jary et al., 2020)

F MKS876736 France (Jary et al., 2020)

F FJ884616 Kenya (Tornesello et al., 2010)
F KP997076 South Africa (Isaacs et al., 2016)

F KP997134 South Africa (Isaacs et al., 2016)

F MH632216 Uganda (Kajumbula, et al., 2006)

Note: *Unpublished or in preparation: Sequences unpublished on PubMed. Information
collected from GenBank.
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4. DISCUSSAO

A discussédo desta tese sera apresentada se baseando nos trés artigos
descritos previamente.

O HHV-8 é um grande problema de saude publica mundial umavez que esta
associado a diferentes neoplasias malignas, como o sarcoma de Kaposi (SK),
(Katano, 2018; Vega, Miranda e Medeiros, 2020). Além destas, outras doencas
estdo sendo relacionadas ao HHV-8 e, como sdo doencas recentemente
descobertas e nédosao de notificacdo compulsoria, as taxas de incidéncia
permanecem desconhecidas (Vega, Miranda e Medeiros, 2020). De acordo com
dados atuais, 0 SK, neoplasia associada ao HHV-8 mais bem estudada, continua
a ser a neoplasia mais comum observada em individuos que vivem com HIV de
ambos os sexos (Dittmer e Damania, 2019), apresentando uma incidéncia
mundial de 481,54 por 100.000 pessoas/ano. Sendo que em mulheres infectadas
com HIV essataxa é de 172,18 por 100.000 pessoas/ano (Liu et al., 2018). Estima-
se que 17,4 milhdes de mulheres adultas estaoinfectadas com o HIV em todo o
mundo (WHO, 2020).

Essas neoplasias podem ser desenvolvidas durante a gestacdo,
aumentando o risco de transmissdo vertical destes virus em gestantes
coinfectadas com HIV/HHV-8 (Lopes et al., 2019). Diante disso, esta tese
investigou a epidemiologia do HHV-8 em gestantes infectadas com HIV residindo
no Rio de Janeiro, analisou a diversidadegenética do HHV-8 em portadores de
HIV no Brasil e determinou a distribuicdo dos gendétipos de HHV-8 no mundo, a
fim de fornecer dados mais atualizados sobre a distribuicdo e a circulagéo de
HHV-8 no Brasil e mundo, e contribuir com informacdesrelevantes sobre a
epidemiologia e evolugdo molecular deste herpesvirus.

O artigo 1 visou a investigagdo da prevaléncia da infec¢cdo causada por
HHV-8em gestantes infectadas com HIV no Rio de Janeiro, Brasil. Neste estudo
foram incluidas 131 amostras que foram avaliadas utilizando-se os testes IFA-
LANA juntamente com IFA-litico. Estes s&o os testes soroldégicos mais
comumente usados para a deteccao da infeccdo por HHV-8 (Nascimento et al.,
2007). Além disso, foi verificado adicionalmente a presenca de DNA do HHV-8,
umavez que um estudo anterior demonstrou que 5,2% das amostras de soro de
individuos infectados pelo HIV que eram negativos para anticorpos HHV-8 eram
HHV-8 DNA positivas (Szalaiet al., 2005). Entretanto, ap0s os testes de PCR em
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tempo real e nested PCR, o DNAdo HHV-8 néo foi detectdvel em mulheres
gravidas infectadas pelo HIV, o que foi consistente com testes sorologicos

negativos baseados em IFA.

A baixa soroprevaléncia do HHV-8 (0,8%; 1/131) detectada nas gestantes
infectadas pelo HIV do Rio de Janeiro-Brasil corrobora com dados anteriores
obtidos por outros grupos de regides ndo endémicas. Nos EUA, um pais com
baixa soroprevaléncia de HHV-8 (Rohner et al., 2014), Goedert e colaboradores
(Goedert, Kedes e Ganem, 1997) relataram a presenca de anticorpos anti-HHV-8
em apenas 2/118 (1,7%) gestantes com infeccdo pelo HIV. Em contraste, em
regides endémicas,como alguns paises africanos (Etiopia, Gambia, Uganda,
Zambia, Camardes e Burkina Faso), as taxas de soroprevaléncia do HHV-8 em
mulheres gravidas HIV positivas foram mais altas, variando de 12% a 80,7%
(Rohner et al., 2016).

Embora os dados epidemioldgicos da infeccao pelo HHV-8 ainda sejam
escassos no Brasil, nosso pais € considerado ndo endémico para essa infecc¢ao
(Mesri, Cesarman e Boshoff, 2010). Até onde sabemos, este foi 0 primeiro estudo
publicado que investigou a prevaléncia da infeccdo causada por HHV-8 em
gestantescom HIV no Brasil.

Assim, o artigo 1 revelou que a prevaléncia e o risco de infec¢cao por HHV-
8 sdo baixos em gestantes HIV-positivas do Rio de Janeiro-Brasil. No entanto,
deve-se atentar para o surgimento da infeccdo pelo HHV-8 em gestantes
infectadas pelo HIV e seu impacto na saude, inclusive em paises ndo endémicos,
uma vez que o HHV-8 pode ser reativado durante a gravidez e pode contribuir
para o desenvolvimento de neoplasias associadas, favorecer a progressao da
AIDS pelo aumento da carga viral do HIV nas gestantes e contribuir para a
transmissao vertical de ambos os virus (Calabro et al., 2000; Lisco et al., 2006;
Ramos da Silva et al., 2011; Brunet-Possenti et al., 2013).

Como nao foi detectado o HHV-8 DNA em amostras de gestantes, nao foi
possivel conduzir a caracterizagdo molecular. Como um dos objetivos destatese
era verificar a diversidade genética do HHV-8, foi entdo, realizada uma
colaboracdo com dois institutos que ja realizavam estudos com o HHV-8 no
Brasil: o Instituto Nacional de Infectologia/Fiocruz-Rio de Janeiro, através da
Dra. Juliana Netto e o Instituto de Medicina Tropical/USP-Sao Paulo, através da

Dra. Tania Regina Tozetto-Mendoza. Estas colaboragcbes permitiram o

81



desenvolvimento do artigo 2 cujos objetivos foram caracterizar os isolados de
HHV-8 de pacientes com HIV/SK residindo no Brasil, baseado na anédlise
filogenética da regido codificadora da ORF K1 do HHV-8 e analisaras origens
putativas desses isolados de HHV-8 circulando no pais em um esforco para
melhor compreender as caracteristicas epidemiolégicas e moleculares do
HHV-8 no pais.

Para isto, utilizamos diferentes amostras (soro de pacientes do Rio de
Janeiro e saliva de pacientes de S&o Paulo) para a detec¢do do HHV-8. E bem
conhecido queo HHV-8 pode ser detectado em diferentes fluidos corporais,
principalmente na saliva(Tozetto-Mendoza et al., 2016). Embora essa deteccao
seja menos comum no soro (deFranca et al., 2011), identificamos alta carga
média de HHV-8 neste fluido (1,25 x 10°cépias/mL) (Tabela3do artigo 2).Isso pode
ser explicado principalmente porque esses  pacientes eram
imunocomprometidos. Neste estudo, verificamos que 75% dos pacientes do Rio
de Janeiro apresentavam contagem de linfécitos T CD4+ <200 células/mm? no
sangue e carga média de HIV de 1,69 x 10° cépias/mL (Tabela 3 do artigo 2). Além
disso, os mecanismos de cooperacéo entre o HIV-1 e o HHV-8 podemculminar na
disseminacdo do HHV-8 no organismo hospedeiro (Ramos da Silva et al.,2011).

Uma das grandes contribuicdes deste artigo foi fomentar a genotipagem
de HHV-8, através da regido codificadora da ORF K1, pois anteriormente, a
classificagcdo molecular inicial das cepas de HHV-8 era baseada nosgenes ORF
26 e ORF 75. No entanto, as andlises usando essas sequéncias foram limitadas
devido a baixa variacdo desses genes (Fouchard et al., 2000; Pérez e Tous,2017),
gue sao genes estruturais altamente conservados (Cook et al., 1999). Por outro
lado, o uso de regides genémicas mais variaveis, como ORF K1, agora €
amplamente aceito em estudos de epidemiologia molecular do HHV-8 para
determinacdo da origem, evolugcdo genética, transmissibilidade e associacdes
de doencgas deste virus (Fouchard et al., 2000; Pérez e Tous, 2017).

O gene ORF K1 tem alta variabilidade e essas variacfes estdo
concentradas na regido central que possui duas regides hipervariaveis (VR1 e
VR2) (Lacoste et al.,2000a) e as altera¢cdes nucleotidicas nessas regides podem
variar até 85% produzindoalteracdes de aminoacidos (Isaacs et al., 2016; Zong et
al., 1999; Zong et al., 2007). Portanto, os epidemiologistas consideram a ORF K1

um marcador de diversidade de cepas e o utilizam para investigar a
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epidemiologia molecular do HHV-8. Este virus €, até o0 momento, agrupado em
seis clados genotipicos principais (A a F) que tém distribui¢cdes distintas entre
diferentes grupos geogréaficos e étnicos, e parecem migrarcom as populacdes
humanas (Hayward, 1999; Zonget al., 1999; Isaacs et al., 2016; Liuet al., 2017).

Baseada na regido codificadora do gene K1, a anélise filogenética de 24
isolados do Brasil indicou que os genomas se agruparam com 0 genotipo A
(29,2%), genotipo B (25%) e gendtipo C (45,8%),ao invés de um Gnico agrupamento
monofilético (Figural do artigo 2). Isso sugere gue esses genotipos foram
introduzidos no Brasil emépocas diferentes e a partir de varios locais.

Assim, para a andlise das origens putativas dos genétipos do HHV-8
foram realizados calculos de distancia genética média. As origens putativas dos
isolados deHHV-8/A foram o grupo étnico tartaro, Russia e Ucrania (1.9, 2.2 e
2.2, respectivamente) (Tabela 5 e Figura 2 do artigo 2). Notavelmente, durante o
final do século XIX e inicio do século XX, o Brasil teve um grande influxo de
imigrantes de diferentes paises, incluindo dessas regifes (Spitz et al., 2017),
onde o genotipo A € comum (Lacoste et al., 2000b; Kadyrova et al., 2003).

As origens putativas dos isolados de HHV-8/B foram o Congo e a
Republica Democréatica do Congo (1.7 e 1.9, respectivamente) (Tabela 5 e Figura
2 do artigo 2),paises do continente africano, onde o gendtipo B € mais prevalente
(Tozetto-Mendozaet al., 2016). E possivel que essas cepas de HHV-8/B tenham
sido trazidas por escravos africanos durante o periodo colonial brasileiro
(século XVI), e que sua circulacdo tenha aumentado desde entéo.

O gendtipo C é encontrado em paises europeus (Inglaterra e Franca)
(Cook et al., 1999; Lacosteetal., 2000a) e regides subsequentemente ocupadas ou
colonizadaspor esses paises (Australia, Argélia, Guiana francesa) (Meng etal.,
1999; Lacoste et al., 2000a; Augustyn etal., 2019; Democracy, 2019; Sutton et al.,
2019). As sequénciasHHV-8/C brasileiras apresentaram as menores distancias
genéticas para as sequéncias C da Austrdlia, Argélia, Inglaterra e Guiana
Francesa (2.0, 2.1, 2.1 e 2.1, respectivamente) (Tabela 5 e Figura 2 do artigo 2).
Portanto, € provavel que as cepasbrasileiras de HHV-8/C tenham sido trazidas
para o Brasil por imigrantes desses paises.

Nossas descobertas sdo, portanto, consistentes com a histéria inicial da
colonizagcdo portuguesa no Brasil durante o inicio do século XVI, quando a

maioria dosresidentes eram escravos africanos, assim como com a histéria
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subsequente quandohouveram ondas de migragéo principalmente vindas da
Europa, Asia e Oriente Médio.No geral, imigrantes de mais de 60 paises
chegaram ao Brasil antes de 1930 (Wejsa e Lesser, 2019). No entanto, como as
amostras foram obtidas de individuos infectadospelo HIV, a via de transmissao
mais recente pode ter sido por meio de contato sexual. Novos estudos incluindo
andlises filogeograficas podem esclarecer a rota de transmissdo do HHV-8 no
Brasil.

Previamente, a genotipagem do HHV-8 a partir do gene K1 utilizava
diferentes estratégias, como a analise da regido codificadora da ORF K1
completa (aproximadamente 870 bp) incluindo ambas as regifes hipervariaveis
(VR1 e VR2); andlise separada das duas regides hipervariaveis para produzir
duas arvores filogenéticas; e analise daregido VR1 apenas (Tozetto- Mendozaet
al., 2016; Péreze Tous, 2017). Estudos anteriores de epidemiologia molecular no
Brasil exploraram a diversidade genética do HHV-8 a partir da ORF K1 (gene K1
parcial e/lou completo) emostraram um amplo espectro de genétipos circulando
no Brasil, incluindo gendétiposA, B, C, E e F (Biggar et al., 2000; Nascimento et
al., 2005; Ramos da Silva et al., 2011; Tozetto-Mendoza et al., 2016).

No entanto, incompatibilidades em nucleotideos localizados na regido de
ligagdo dos iniciadores para a amplificacdo da VR1 e VR2 foram observadas
apés analise do alinhamento contendo sequéncias de referéncia de HHV-8. Esse
achado sugere um potencial viés na genotipagem, pois iniciadores especificos podem ter
amplificado preferencialmente um genétipo em relacéo ao outro. Por exemplo, o ensaio
VR2 pode levar a subestimacao do genétipo B de HHV-8 (Tozetto-Mendoza etal.,
2016). Portanto, a reconstrucéo filogenética com base em toda a sequéncia da
regido codificante da ORF K1 é mais confiavel (Ramos da Silva et al., 2011),
porgue as sequencias onde ocorre a ligacdo dos iniciadores usados para
amplificagdo s&o mais conservadas (localizados em ambas as extremidades do
gene K1) (Poole et al., 1999; Lacoste et al., 2000a). Assim, analisamos a regiao
codificadora do gene K1 completo e identificamos 7 novas sequéncias
brasileiras para o gendétipo A, 6 novas sequéncias brasileiras para o gen6tipo B
e 11 novas sequéncias brasileiras para o gendétipo C. Essas novas sequéncias
fornecem novas informacdes para estudos futuros de epidemiologia e evolucéo
de HHV-8 no Brasil e em outros lugares.

Estudos anteriores propuseram que diferentes genétipos de HHV-8

podem ter diferentes potenciais patogénicos e tumorigénicos (Schwartz, 1996;
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Hayward, 1999). Embora ndo tenhamos estudado este tdpico, outros estudos
confirmaram esta relagcdo. Estudos demonstraram uma associagdo entre o
genétipo A do HHV-8 e a rapida progressdo de SK em pacientes com SK
endémicos e SK classicos (Boralevi et al., 1998; Mancuso et al., 2008; Marshall
et al., 2010). Além destes, Tozetto-Mendoza e colaboradores associaram a
reducdo da extensdo da lesdo ou auséncia de novas lesdes de SK com o
gendétipo B em individuos com SK-AIDS (Tozetto-Mendoza et al.,2016). No
entanto, existem dados conflitantes na literatura e a natureza dessas relacdes
ainda néo é clara (Nascimentoet al., 2005; Tornesello et al., 2010; Kouri et al.,
2012). Estudos futuros sobre a diversidade genotipica do HHV-8 e a associacao
com a patogenicidade podem ajudar a esclarecer essa questéo.

Deste modo, o artigo 2 permitiu identificar os genétipos A, B e C no Brasil
e as possiveis origens destes, fornecendo novos conhecimentos sobre a
circulacdo geogréfica dos gendtipos do HHV-8 no mundo.

Apoés a finalizacdo deste estudo, durante o doutorado sanduiche no
Instituto Aggeu Magalhdes/Fiocruz-Pernambuco com a colaboragcdo com o Dr.
Christian Reis,surgiu aideia de estudar os gendétipos de HHV-8 distribuidos pelo
mundo, uma vez que foi verificada a inconsisténcia de informacdes entre os
artigos de genotipagem deHHV-8. Muitos deles sdo muito antigos e alguns dos
mais recentes estudos publicados utilizaram essas informac¢des desatualizadas,
gue muitas vezes se tornam contraditérias.

Diante dessa necessidade de uma analise mais atualizada e também
robusta, o artigo 3 visou determinar a distribuicdo mundial dos diferentes
genotipos do HHV-8 com base na reconstrucdo filogenética da regido
codificadora da ORF K1. Até o momento, o artigo 3 € o maior estudo para
determinar a distribuicdo global dos genétipos do HHV-8 a partir da regido
codificadora da ORF K1. Umareconstrucéao filogenética foi realizada em um total
de 550 sequéncias de 38 paises/origens, indicando a cobertura global de nosso
estudo.

A partir de nossa reconstrucdo filogenética (Figura 2 do artigo 3),
obtivemos novos conhecimentos sobre a distribuicdo global dos genétipos do
HHV-8. Os genotipos A eC mostraram distribui¢cdes globais semelhantes e foram
altamente prevalentes na Europa e na Africa. O gendétipo B foi prevalente na
Africa e foi identificado na AméricaCentral e do Sul e na Europa. Entre os

genotipos mais raros, o genétipo D foi relatadono Leste Asiatico e na Oceania e
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0 genotipo E foi relatado em populagdes amerindiasda América do Sul. Além
disso, o gendtipo F, altamente incomum, foi identificado na Africa, América e
Europa (Figura 3 do artigo 3).

Como mencionado no artigo 2, estudos anteriores mostraram que a
diferente distribuicdo dos gendtipos de HHV-8 entre origens geogréaficas e
étnicas parece depender da disseminacdo global das populacdes humanas
modernas (Hayward, 1999; Zong et al., 1999). Com base em estudos recentes de
migracdes humanas contemporaneas (Chan et al., 2019; Bae, Douka e Petraglia,
2017; Rito et al., 2019) e areconstrucdo filogenéticado HHV-8 mostrada na Figura
2do artigo 3, identificamosque o gendtipo B é o gen6tipo mais antigo com quatro
ramos principais divergindo dele. Estudos anteriores afirmaram que o genotipo
B pode ter se originado com a primeira migracdo de humanos modernos na
Africa (Hayward, 1999; Zong et al., 1999). Nossa hipétese é que o HHV-8 comecou
a se espalhar e evoluir junto com seushospedeiros humanos a medida que
migraram para o Nordeste e Sudoeste da Africah& aproximadamente 110-130 mil
anos (mil anos, ka) devido as mudancas climaticasregionais (Chan et al., 2019).
Posteriormente, as varias migracées que ocorreram na Africa ao longo de
milhares de anos (Chan et al., 2019) também podem explicar a predominancia do
gendtipo B neste continente (Figura 3b do artigo 3). O trafico de escravos,
ocorrido entre os séculos XVI e XIX, devido a colonizacdo do continente
americano por europeus (Drumm, 2018), corrobora na identificacdo desse
genotipo naAmérica (Figura 3b do artigo 3).

ApOs a expansdo humana para fora da Africa, o genédtipo D, que é
evolutivamente o mais préximo do gendtipo B (Figura 2 do artigo 3),
provavelmente evoluiu nos primeiros migrantes humanos de populacdes
isoladas do Leste Asiatico eAustralasia ha aproximadamente 40 ka (Chan et al.,
2019; Bae, Douka e Petraglia, 2017; Rito et al., 2019). O gendtipo D possivelmente
alcancou as llhas da Melanésia ha aproximadamente 3,4 ka (Kayser, 2010),
explicando a dispersédo deste gendtipo noglobo (Figura 3d do artigo 3). O
gendtipo E é evolutivamente mais proximo do genoétipo D (Fig. 2 do artigo 3) e
foi identificado apenas em grupos especificos de amerindios sul-americanos
isolados do Leste do Equador e Norte do Brasil (Figura 3edo artigo 3) (Biggar et
al., 2000; Whitby et al., 2004). Assim, o genétipo E possivelmente se originou em
populagdes humanas que migraram através do Estreito de Bering da Asia

aproximadamente 20-15 ka atras (Bae, Douka e Petraglia, 2017). Além disso, o
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gendtipo F evolutivamente antigo, que pode ter divergido apds o genétipo D
(Figura 2 do artigo 3), foi localizado na tribo Bantu Gisu no leste de Uganda,
como mostrado em um estudo anterior (Kajumbula et al., 2006). Portanto, o
gendtipo F também pode ter tido uma génese africana ap6s a dispersédo dos
humanosmodernos, que ocorreu ha mais de 40 ka neste continente (Chan et al.,
2019; Rito et al., 2019). No artigo 3, ndo encontramos uma grande distribuicao
global dos gendétiposD, E e F, e esses gendtipos provavelmente permaneceram
em populacfes isoladas de diferentes grupos étnicos (Figura 3f do artigo 3)
(Biggar etal., 2000; Whitby et al., 2004; Kajumbula et al., 2006).

Os gendtipos A e C tém um ancestral comum com o genétipo F e podem
ter divergido apds o genétipo E em uma escala temporal (Figura 2 do artigo 3).
Algumas sequéncias mais antigas dos genoétipos A e C foram encontradas
localizadas na Africa(Figura 2 do artigo 3) e, portanto, os gendtipos podem ter
divergido mais recentemente neste continente apés uma maior disseminacao
das popula¢gbes humanas contemporéaneas (Chan et al., 2019) had mais de 20 a 15
ka atrds (Bae, Douka e Petraglia, 2017), o que difere do indicado por estudos
anteriores (Hayward, 1999; Zong et al., 1999; Zong et al., 2002; Kajumbula et al.,
2006). Este novo achado é baseado em um numero maior de sequéncias
genotipicas de HHV-8 analisadas no artigo 3 (Figura 1) em associagcdo com
estudos recentes de migrac6eshumanas modernas (Bae, Douka e Petraglia,
2017; Chan et al., 2019; Rito et al., 2019). Além disso, a dispersdo dos genétipos
A e C possivelmente ocorreu na Africa por milhares de anos devido a diversas
migragdes que ocorreram neste continente (Chan et al., 2019), chegando ao
Oriente Médio (Asia Ocidental) e Europa em ondas de migracdo ha 8 ka
(Lazaridis et al., 2018). Isso pode explicar por gue esses genoétipos séo
prevalentes em paises africanos e europeus e identificados em regifes
subsequentemente ocupadas ou colonizadas por esses paises, Como 0s paises
americanos (no final dos anos 1400) (Ongaro et al., 2019) e Australia (no final
dos anos 1700) (Drumm, 2018). As ondas de migragcdes humanas devido a
colonizacdo européia no mundo também justificam a distribuicdo desses
gendtipos nos cinco continentes (Figura 3a e 3c do artigo 3) (Ongaro et al., 2019).

Além disso, neste estudo, uma alta diversidade genotipica do HHV-8 foi
observada nos paises americanos, onde o Brasil, apresentando cinco genétipos

do HHV-8 (A, B, C, E e F), teve a maior diversidade genotipica dos 38
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paises/origens analisados no artigo 3 (Figura4 do artigo 3). Esta alta diversidade
€ possivelmente resultado de migracdes humanas pelo menos 15 ka atras, com
0 genotipo E provavelmente chegando primeiro neste continente (Bae, Douka e
Petraglia, 2017). Posteriormente, extensas migracfes desde a era colonial
devido ao comércio de escravos ap6és o final dos anos 1400 e nos ultimos dois
séculos podem ter contribuidopara a disseminacgédo dos genoétipos A, B, CeF na
Ameérica. Na verdade, cinco milhdes de pessoas de mais de 60 paises se
mudaram para o Brasil no final dos anos 1800 e no inicio dos anos 1900 (Ongaro
et al., 2019; Lopes et al., 2020). Essas analises estdo de acordo com o artigo 2
gue analisou distancias genéticas e mostrougue os genétipos A, B e C foram
possivelmente trazidos para o Brasil por imigrantes de varios paises, incluindo
os da Africa, Europa, Asia e Oceania (Lopes et al., 2020). No entanto, como
muitas sequéncias do HHV-8 foram obtidas de individuos infectados pelo HIV, a
rota de transmissao do HHV-8 pode ter sido mais recente pormeio de contato
sexual. Outros estudos com sequéncias adicionais do HHV-8 de outras regides
e paises, incluindo analise filogeografica, podem ser muito informativos para
entender a rota de transmiss&o do HHV-8 no globo.

A Organizagcdo Mundial da Saude relatou novos canceres associados a
infeccbes por HHV-8 (Vega, Miranda e Medeiros, 2020). Neste estudo, nao foi
possivel realizar uma andlise de correlacdo entre gendtipos e potencial
tumorigénico, devido a presenca de estudos com dados conflitantes (Lopes et
al., 2020). No entanto, acreditamos que essa interacdo deva ser investigada em
estudos futuros, umavez que a glicoproteina transmembrana K1 codificada pela
ORF K1 podecontribuir para a patogénese de canceres humanos associados ao
HHV-8 (Sousa- Squiavinato, Silvestre e Elgui De Oliveira, 2015).

No artigo 3 analisamos 550 sequéncias de ORF K1 e revelamos a
distribuicdo global de diferentes genotipos de HHV-8. Os novos achados
incluem: os gen6tipos Ae C s&o prevalentes também na Africa, além da Europa e
provavelmente se originaramna Africa, assim como os genétipos B e F; e o Brasil
foi considerado o pais com a maior diversidade genotipica do HHV-8 no mundo.
Assim, o artigo 3 também fornece uma base para futuras investigacfes acerca
da epidemiologia molecular e evolugéo genética do HHV-8.

Por fim, através desta tese podemos concluir que apesar do HHV-8 ser de
baixa prevaléncia em gestantes com HIV no Brasil, a investigagao

epidemioldgica deste virus se torna de suma importancia paraaidentificagdo de
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populacdo de risco para a infec¢cdo ocasionada porHHV-8. Além disso, novas
informagdes sobre a circulacdo dos genétipos de HHV-8 nopais e no mundo, e
suas possiveis origens foram agora fornecidas, contribuindo paradados mais
atuais sobre aepidemiologia do HHV-8 que serdo relevantes para futurosestudos
de evolugcdo molecular, estudos de filogeografia do HHV-8 e a rota de
transmissao deste virus, e também para a associacao dos genétipos do HHV-8

como potencial tumorigénico e neoplasias associadas.
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5. CONCLUSOES

e Apesar da prevaléncia moderada de HHV-8 em pacientes portadores de HIV, o
Brasilapresenta baixa soroprevaléncia do HHV-8 em gestantes portadoras do
HIV;

e Os gendtipos A, B e C do HHV-8 foram encontrados em isolados de pacientes
brasileiros com HIV/SK corroborando com estudos anteriores que também
identificaram estes genotipos do HHV-8 na regido sudeste do Brasil;

e A introducédo dos genétipos A, B e C no Brasil provavelmente foi em épocas
diferentes através das imigracGes ocorridas no pais desde o periodo de
colonizacéo;

e Osisolados de HHV-8/A possivelmente tiveram origem na Ucrania, Russia e do
grupo étnico téartaro; os isolados de HHV-8/B parecem ser do Congo e da
RepublicaDemocratica do Congo; e os isolados de HHV-8/C parecem ser da
Austrélia, Argélia,Inglaterra e Guiana Francesa;

e Novos dados sobre a circulacdo dos genoétipos de HHV-8 no mundo foram
identificados, umavez que os genétipos A e C mostraram distribuicdes globais
semelhantes e estavam presentes em todos os continentes, mas altamente
prevalentes na Europa e na Africa; o genétipo B foi mais prevalente na Africa,
mas também foi identificado na América Central e do Sul e na Europa; o
genodtipo D é raro e foi relatado no Leste Asiatico e na Oceania; o incomum
genodtipo E foi identificado em populacdes amerindias da América do Sul; e o
genoétipo F também é raro, mas foi identificado na Africa, América e Europa;

e Os paises americanos apresentam alta diversidade genotipica do HHV-8 e o
Brasil é o pais com maior diversidade genotipica do mundo, apresentando
cinco genétiposdo HHV-8 (A, B, C, E e F);

e A associacado dos genotipos do HHV-8 com as possiveis migracdes humanas,
podeajudar a prever possiveis rotas de transmissao e grupos de riscos para a

infec¢cao pelos diferentes genotipos do HHV-8.
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PERSPECTIVAS

Analisar a associacdo dos gendtipos do HHV-8 com o potencial
tumorigénico eneoplasias associadas;
Realizar as analises filogeograficas para verificar a rota de distribuicdo dos

genotipos do HHV-8 no mundo.
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