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ABSTRACT

The tuberculosis (TB) and acquired immunodeficiency syndrome (AIDS)

pandemics still impose huge challenges for public health in the 21st century.

In co-infected individuals, Mycobacterium tuberculosis and the human
immunodeficiency virus type 1 (HIV-1) act synergistically; not by chance, TB is
the main cause of death among people living with AIDS. Together, both
diseases accounted for about 1.9 million victims in 2019. In the same year, the
COVID-19 pandemic, caused by the coronavirus of severe acute respiratory
syndrome 2 (SARS-CoV-2) emerged as the leading cause of death among
infectious diseases, threatening TB and AIDS control programs worldwide. The
convergence between these three pandemics can result in catastrophic
consequences, especially in underdeveloped and developing countries, such as
Brazil. Therefore, understanding how SARS-CoV-2, M. tuberculosis and HIV-1
interact among themselves is fundamental for the development of prevention
and treatment strategies against these infections diseases. Toll-like receptors
(TLRs) are in the front line in the body's innate defense against different classes
of microorganisms. Polymorphisms in the TLR2 rs111200466, TLR4 rs4986790
and TLR8 rs3764880 genes have already been associated with susceptibility to
TB and HIV-1, separately; however, the immunogenetics of HIV-1/TB co-
infection remains an unexplored topic. The present study conducted an analysis
of the immunogenetics of the aforementioned polymorphisms, looking for
associations between the genetic variants of TLRs with susceptibility, or
resistance, to HIV-1, TB and HIV-1/TB co-infection in the population of the
Brazilian state of Rio Grande do Sul. Our results point to the association
between rs111200466 variants with higher CD3* and CD4* T lymphocyte
counts in HIV-1 seropositive individuals, as well as with susceptibility to HIV-
1/TB co-infection; the rs4986790 was associated with susceptibility to TB and
also with HIV-1/TB co-infection. Finally, we also conducted a systematic review
of the current literature on TB/COVID-19 co-infection, identifying M. tuberculosis

as a risk factor for the development of COVID-19.
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RESUMO

As pandemias da tuberculose (TB) e da sindrome da imunodeficiéncia
adquirida (aids) se imp6em como alguns dos maiores desafios para a saude
publica no século XXI. Em individuos coinfectados, o Mycobacterium
tuberculosis e o virus da imunodeficiéncia humana tipo 1 (HIV-1) atuam de
maneira sinergética. Nao por acaso, a TB € a principal causa de morte de
individuos com aids. Somadas, ambas doencas contabilizaram cerca de 1,9
milh&o de vitimas em 2019; no mesmo ano, a pandemia da COVID-19, doenca
causada pelo coronavirus da sindrome respiratoria aguda grave 2 (SARS-CoV-
2), emergiu, despontando como a principal causa de morte dentre as doencas
infectocontagiosas e ameacando os programas de controle da TB e da aids em
todo o mundo. A convergéncia entre as trés pandemias pode resultar em
consequéncias catastréficas, principalmente em paises subdesenvolvidos e em
desenvolvimento, como o Brasil. Logo, compreender como 0 SARS-CoV-2, 0
M. tuberculosis e o HIV-1 interagem entre si € fundamental para o
desenvolvimento de estratégias de prevencdo e tratamento contra essas
doencas infecciosas. Os receptores tipo Toll (TLRs) compdem a linha de frente
na defesa inata do organismo contra diferentes microrganismos. Polimorfismos
nos genes TLR2 rs111200466, TLR4 rs4986790 e TLR8 rs3764880 ja foram
associados com a suscetibilidade a TB e ao HIV-1, separadamente; contudo, a
imunogenética da coinfeccdo HIV-1/TB permanece como um tema ainda
inexplorado. O presente estudo conduziu uma andlise da imunogenética dos
polimorfismos supramencionados, buscando associacdes entre as variantes
genéticas dos TLRs com a suscetibilidade, ou resisténcia, ao HIV-1, a TB e a
coinfecgdo HIV-1/TB na populacdo do Rio Grande do Sul (RS). Os resultados
apontam para a associacdo entre variantes do rs111200466 com maiores
contagens de linfécitos T CD3* e CD4* em individuos HIV-1 soropositivos, tal
como com a suscetibilidade a coinfeccdo HIV-1/TB; jA o rs4986790 foi
associado com a suscetibilidade a TB e também a coinfecgéo HIV-1/TB. Por
fim, também foi conduzida uma revisdo sistematica da literatura vigente sobre
a coinfeccdo TB/COVID-19, identificando o M. tuberculosis como um fator de

risco para o desenvolvimento da COVID-19.
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1 INTRODUCAO

1.1 Tuberculose

1.1.1 Etiologia e conceitos gerais

A Dbactéria patogénica Mycobacterium tuberculosis, causadora da
tuberculose (TB), possui histdria evolutiva intimamente relacionada a espécie
humana. Desde seu surgimento na Africa ha cerca de 40 mil anos, o bacilo
acompanhou os fluxos migratérios da humanidade, se diversificando e
disseminando pelo planeta (Wirth et al., 2008; Bariuls et al., 2015; Brites e
Gagneux, 2015). Atualmente, os resultados desse processo coevolutivo milenar
repercutem na resiliéncia e na adaptabilidade do M. tuberculosis frente aos
desafios do mundo moderno (Gagneux, 2012). Mesmo com todas as
descobertas a respeito de sua fisiopatologia e o desenvolvimento dos
antibioticos, a TB persiste como a segunda principal causa de morte ho mundo
causada por um unico agente etioldgico, superada apenas pela doenca por
coronavirus — 2019 (COVID-19) (WHO, 2020).

Estima-se que um terco da populacdo mundial esteja infectada de forma
latente pela TB, todavia apenas cerca de 10% dos individuos efetivamente
progridem para a doenca ativa (Rosman e Oner-Eyuboglu, 1998; Fraser et al.,
1999; Frieden et al.,, 2003). O M. tuberculosis € um patégeno oportunista,
diretamente associado com mas condi¢cdes socioecondmicas e uma baixa
qualidade de vida da populacdo, afetando principalmente individuos
imunocomprometidos ou em situacéo de vulnerabilidade social (WHO, 2020).
Consequentemente, a grande maioria dos casos de TB e das mortes em
decorréncia da doenca concentram-se em paises subdesenvolvidos ou em
desenvolvimento, como o Brasil (WHO, 2020). A TB também €& a principal
causa de morte entre individuos infectados pelo virus da imunodeficiéncia
humana (HIV); logo, a sindemia HIV/TB é apontada como um dos maiores
desafios para as autoridades e agéncias de saude na atualidade (WHO, 2020).

A primeira linha do tratamento antibi6tico para a TB consiste na ingestao
diaria de um combinado de quatro medicamentos ao longo de, no minimo, seis
meses (WHO, 2020). Cada droga do coquetel antibiotico visa um alvo diferente

contra o bacilo; contudo, a medicacéo pode provocar intensos efeitos colaterais
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(Yee et al., 2003). Os farmacos empregados na terapéutica da TB apresentam
carater bactericida ou bacteriostatico; seus mecanismos de acdo envolvem, por
exemplo, a inibicdo de enzimas fundamentais para o ciclo de vida do M.
tuberculosis, como sua RNA polimerase ou as enzimas envolvidas na formagéao
da parede celular do bacilo (Sotgiu et al., 2015; WHO, 2020). Devido a sua
longa duracéo e a severidade de seus efeitos adversos, o tratamento da TB
enfrenta muita resisténcia de adeséao (Yee et al., 2003; WHO, 2020). O numero
de casos de abandono ou de interrupcdo prematura do regime antibiético
contra a TB é relativamente alto; ndo por acaso, nas Ultimas décadas, a
incidéncia de cepas multirresistentes de M. tuberculosis vem aumentando de
maneira alarmante (Dean et al., 2017; WHO, 2020).

1.1.2 Epidemiologia

Em 2019, foram diagnosticados cerca de 10 milh6es de novos casos de
TB no mundo, sendo cerca de 815 mil casos entre individuos HIV-1
soropositivos; a incidéncia global da doenca foi estimada em 130
caso0s/100.000 individuos. Ainda em 2019, cerca de 1,2 milhdo de pessoas
morreram em funcdo da TB, exclusivamente, enquanto que outras 208 mil
morreram em decorréncia da coinfec¢cdo HIV/TB (WHO, 2020). O Brasil é um
dos 30 paises que, juntos, concentram cerca de 87% de todos os casos de TB;
0 pais ainda integra a lista das 20 nacdes que apresentam as maiores
incidéncias mundiais da doenca (WHO, 2020). No ano de 2019 o Brasil
registrou cerca de 74 mil casos de TB, sendo que, destes, aproximadamente 6
mil correspondem a individuos coinfectados pelo HIV; no mesmo ano, a
incidéncia nacional de TB foi estimada em 35 casos/100.000 individuos
(BRASIL, 2020a). Ainda com relacdo aos indicadores brasileiros, em 2019
foram registradas cerca 3.5 mil mortes por TB entre individuos HIV-1
soronegativos, juntamente com outras 870 entre individuos coinfectados HIV-
1/TB (WHO, 2020).

A epidemiologia da TB no estado brasileiro do Rio Grande do Sul (RS)
em particular é, em suma, preocupante: em 2019, o estado ostentou a 72 maior
incidéncia nacional de TB, com 46.6 casos/100.000 individuos; Porto Alegre,
sua capital, exibiu, no mesmo periodo, uma incidéncia de 84.4 casos/100.000
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individuos. O RS ainda detém dados alarmantes para outros indicadores,
apresentando percentual de cura entre novos casos de TB abaixo da média
nacional e um elevado percentual de abandono de tratamento (BRASIL,
2020a). A situacdo da TB no territério gaucho é especialmente delicada, pois o
RS se configura como um ambiente prolifero para sindemias, tendo em vista
gue o estado também possui uma elevada prevaléncia de individuos infectados
pelos virus HIV, virus da hepatite C (HCV) e virus da hepatite B (HBV), todos
considerados fatores de risco para a TB (BRASIL, 2020a; WHO, 2009).
Consequentemente, o percentual de individuos coinfectados pelo HIV-1 dentre
novos casos de TB é de 14,5% no RS e de 17,5% na cidade de Porto Alegre,
valores bem maiores do que a média nacional, de cerca de 8,4% (BRASIL,
2020a).

1.1.3 Patogenia

O M. tuberculosis € um patodgeno intracelular facultativo; de transmisséo
por via aérea, a TB se propaga através de goticulas de saliva contendo bacilos
viaveis, expelidas principalmente durante a expectoracdo por individuos
infectados pela forma ativa da doenca (Frieden et al., 2003). Apds inalacéo das
goticulas, alguns bacilos alcancam os alvéolos pulmonares, onde sao
primeiramente confrontados por uma resposta imunoldgica ndo especifica e
composta, principalmente, por macréfagos e células dendriticas (Cooper, 2009;
Liu et al., 2017). Os macrofagos alveolares realizam a fagocitose bacilar; as
bactérias sdo contidas em fagossomas, que entdo se fundem a lisossomos que
as digerem. Todavia, um dos mecanismos patogénicos empregados pelo M.
tuberculosis é a evasdo do fagolisossoma, onde os bacilos subvertem a
resposta imune e inibem a maturacdo dos fagossomas (Vergne et al., 2004;
Deretic et al., 2006; Goldberg et al., 2014). Ainda assim, os macréfagos ativos
no sitio da infeccdo também combatem o bacilo através da producéo de
espécies reativas de oxigénio, ou nitrogénio, aléem da expresséao de citocinas
pro-inflamatérias, tais como o interferon-y (IFN-y) e o fator de necrose tumoral
a (TNF-a) (Flesch e Kaufmann et al., 1991; Rich et al., 1997; Chan et al., 2001).
As células dendriticas, por sua vez, processam antigenos do M. tuberculosis e

migram até os linfonodos, onde os apresentam aos linfécitos T CD4+; apds o
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reconhecimento antigénico, os linfécitos diferenciam-se em células T auxiliares
Thl e Th1l7, que séo especificas contra a TB (Zhu et al., 2010; Jagannath et
al., 2009; Cooney et al., 2010). As células Thl e Thl7 se deslocam para os
sitios de infeccdo nos alvéolos, onde passam a produzir citocinas pro-
inflamatdrias e a ativar os macrofagos locais, promovendo uma potente
resposta imune frente aos bacilos (Lyadova e Panteleev, 2015). A infiltracdo
celular nos pulmdes, decorrente da cooperacdo entre as respostas inata e
adaptativa, resulta na formacdo de um granuloma pulmonar (Russel, 2007). O
granuloma € composto por um nucleo de macréfagos infectados pelo M.
tuberculosis, envolto por camadas de macrofagos saudaveis, células natural
killer (células NK), linfcitos e outros tipos celulares do sistema imune (Sunders
e Britton, 2007). Os bacilos permanecem entéo contidos inativos no interior do
granuloma pelo resto da vida do hospedeiro, de forma latente, ou podem vir a
se multiplicar e evadir o granuloma, dando inicio a TB ativa (Ehlers e Schaible,
2013).

Apesar de o M. tuberculosis acometer principalmente os pulmdes (TB
pulmonar), alguns bacilos podem se esquivar da resposta imune e infectar
outros sitios, tais como pleura, meninges, 0Ss0s, rins e intestinos, por exemplo
(TB extrapulmonar) condicdo comumente observada em individuos
imunossuprimidos, como portadores do HIV-1 (Chaisson et al., 1987; Shafer et
al., 1991; Jones et al., 1993; Sharma et al., 2005; de Noronha et al., 2008;
Diedrich e Flynn, 2011). As razdes exatas a respeito do porqué que apenas
alguns dos individuos expostos ao bacilo desenvolvem TB ativa, enquanto que
outros séo capazes de controlar ou erradicar a infec¢cdo, permanecem incertas
(Ogus et al., 2004). Contudo, acredita-se que uma combinacdo complexa de
fatores envolvendo ambiente, patdgeno e hospedeiro, participam
fundamentalmente na determinacdo da suscetibilidade ao M. tuberculosis, tal
como do prognéstico da infecgcéo (Flynn e Chan, 2001).

Nas ultimas décadas diversas publicacbes apontam para importancia de
uma resposta imune “moderada” contra o bacilo, na qual o perfil imunogenético
do hospedeiro € crucial na definicdo das relagbes de resisténcia/suscetibilidade
a TB (Bellamy et al., 2000; Jepson et al., 2001; Cobat et al., 2013; Meyer e
Thye, 2014). Diversos estudos evidenciaram o protagonismo de receptores tipo

Toll (TLRs) na vigilancia imunoldgica contra o M. tuberculosis e na manutencao
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da homeostase do sistema imune (Reiling et al., 2002; Dreennan et al., 2004;
Faridgohar e Nikoueinejad, 2017). O presente projeto visa, como um de seus
objetivos, avaliar a influéncia de diferentes polimorfismos nos genes que
codificam os TLRs, na suscetibilidade ou na resisténcia & TB e suas
manifesta¢des clinicas na populacédo do RS.

1.2 Virus da imunodeficiéncia humana

1.2.1 Etiologia e conceitos gerais

O virus da imunodeficiéncia humana tipo 1 (HIV-1) originou-se a partir
de transmissfes zoonéticas do virus da imunodeficiéncia simia (SIV) entre
humanos e outros grandes primatas na regido central da Africa, no inicio do
século XX (Hahn et al., 2000; Sharp e Hahn, 2011). O HIV-1 é um virus de alta
variabilidade genética e de alto potencial infeccioso. Os primeiros casos fora do
continente africano ocorreram no final da década de 1970 e, rapidamente, o
patégeno se disseminou pelo mundo, recebendo o status de pandemia global
(Sharp e Hahn, 2011). Apds se propagar, o HIV-1 sofreu diversas mutacoes, se
diferenciando em multiplos grupos, subgrupos e formas recombinantes, cada
qual com suas caracteristicas proprias de infectividade, viruléncia e
agressividade (Hemelaar et al.,, 2011; Eberle et al.,, 2012). O virus da
imunodeficiéncia humana tipo 2 (HIV-2) também se originou na Africa central a
partir de transmissdes zoondéticas do SIV entre humanos e macacos; contudo,
apresenta infectividade reduzida e variabilidade genética inferior a do HIV-1
(Hahn et al., 2000). Devido a tais diferencas, atualmente o HIV-2 ainda
apresenta distribuicdo geogréfica restrita, sendo mais comumente encontrado
no centro do continente africano (Requejo, 2006).

O HIV-1 é um lentivirus que, gradualmente, infecta e deteriora as células
do sistema imunolégico, apresentando tropismo principalmente por linfocitos T
CD4+, podendo causar a sindrome da imunodeficiéncia adquirida (aids).
Fluidos corporais tais como sangue, sémen, muco vaginal e leite materno
podem conter o virus em sua forma livre ou no interior de células. O contagio
pode ocorrer por via sexual, transfusdes sanguineas, uso de drogas injetaveis,

acidentes com materiais perfurocortantes e pela transmissao materno-infantil,
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seja ao longo da gravidez ou durante a amamentacéo (Shaw e Hunter, 2012).
A progressao da infeccdo induz uma condicdo de imunodeficiéncia onde o
organismo se torna suscetivel a infeccbes por patégenos oportunistas, tais
como o M. tuberculosis (Sonnenberg et al., 2005); logo, os individuos HIV-1
soropositivos ndo perecem devido a ac¢do do virus em si, mas por
consequéncia de coinfeccdes por outros microrganismos.

Até o presente momento, ndo existe imunizacdo ou cura contra nenhum
dos tipos ou subtipos do HIV-1, todavia, avangos como o desenvolvimento de
novos farmacos antirretrovirais e medidas de democratizacdo do acesso ao
tratamento tém melhorado bastante o progndéstico dos portadores do virus
(UNAIDS, 2020; BRASIL, 2020c). Quando devidamente tratada, a aids deixa
de se manifestar como uma doenca terminal e, atualmente, j& € vista como
uma doenca crbnica e administravel (Hoy-Ellis e Fredriksen-Goldsen et al.,
2007). Os farmacos antirretrovirais podem ser empregados tanto na prevencao
da infeccdo quanto no tratamento de individuos soropositivos ao HIV-1
(UNAIDS, 2020). A profilaxia pré-exposicdo e a profilaxia pds-exposi¢cdo sdo
capazes de reduzir significativamente as chances de contagio pelo HIV-1
(Grant et al., 2010; Baeten et al., 2012; Thigpen et al., 2012; Liu et al., 2014;
Cohen et al, 2014). O tratamento com antirretrovirais em individuos
soropositivos também é amplamente positivo pois, além de desacelerar a
progressdo da infeccdo para a aids, reduz consideravelmente o risco de
transmissao do virus (Vernazza et al., 1997, lbafies et al., 1999; Quinn et al.,
2000; Granich et al., 2009). A terapia antirretroviral (TARV) tem como propésito
afetar componentes e etapas indispensaveis para o ciclo e replicacdo do HIV:
agindo no bloqueio da ligacdo do virus com os receptores celulares (De Clercq
e Schols, 2001); impedindo a fusdo do envelope viral com a membrana
citoplasmatica (Jiang et al., 2002); inibindo enzimas vitais para o virus, como a
trancriptase reversa, a integrase e a protease (Kohlstaedt et al., 1992; Flexner,
1998; Pommier et al., 2005).

1.2.2 Epidemiologia

Mais de 32 milhdes de pessoas ja morreram em decorréncia da aids

desde o inicio da epidemia, estando a maior parte dos Obitos concentrada na



© 00 N oo o B~ W N

W W oW wWwW NN NN DNNDNDN NN R R R R R R R
5 O N P O © ® N o O B~ WO N P O © 0 N O 0o b~ W N Rk O

18

regido da Africa subsaariana (UNAIDS, 2020). Atualmente, cerca de 38 milhdes
de pessoas estdo infectadas pelo HIV-1 em todo o mundo, 0 que representa
uma prevaléncia global de cerca de 0.05 caso0s/100.000 individuos. Estima-se
que, em 2019, ocorreram por volta de 1,7 milhdo de novas infec¢des pelo HIV-
1 em todo 0 mundo; no mesmo ano, cerca de 690 mil pessoas morreram em
funcdo da aids (UNAIDS, 2020). Devido a politicas publicas que favorecem o
acesso universal ao tratamento da infeccdo e a profilaxia contra o virus, o
Brasil € considerado um exemplo internacional no combate ao HIV; contudo, o
pais apresenta atualmente 920 mil individuos infectados, com uma incidéncia
estimada em 0.23 casos/100.00 individuos. No ano de 2019, foram registrados
cerca de 48 mil novos casos de infeccao pelo HIV-1 no Brasil; 14 mil pessoas
morreram por consequéncias da aids no pais (UNAIDS, 2020).

O estado do RS e o municipio de Porto Alegre apresentam os piores
resultados nos indicadores epidemiolégicos nacionais para o HIV-1 e a aids:
engquanto que a taxa média de deteccao de aids no Brasil em 2019 foi de cerca
de 17,8 casos/100.000 individuos, no RS o valor é de 28,3 casos/100.000
individuos e, em Porto Alegre, 58,5 casos/100.000 individuos (BRASIL, 2020c).
Ao analisarmos o coeficiente nacional de mortalidade por aids, também para o
ano de 2019 observa-se uma média nacional de 4,1 6bitos/100.000 individuos,
ja no RS esse valor se eleva para 7,6 6bitos/100.000 individuos enquanto que
Porto Alegre atinge incriveis 22 6bitos/100.000 individuos (BRASIL, 2020c). Os
dados epidemioldgicos sobre o HIV-1 e a aids no territério gaucho sédo ainda
mais preocupantes se somados aos indicadores referentes as outras doencas
infectocontagiosas que também proliferam no RS, como as hepatites virais ou a
propria TB. Ndo por acaso, 0 estado e sua capital apresentam as maiores

propor¢des nacionais de coinfectados por HIV-1/TB (BRASIL, 2020c).

1.2.3 Patogenia

O principal alvo do HIV-1 séo linfécitos T CD4+, e a entrada do virus nas
células depende da interagdo deste com o C-X-C receptor quimiocina tipo 4
(CXCR4) ou com o C-C receptor quimiocina tipo 5 (CCR5) (Deng et al., 1996;
Dragic et al.,, 1996). Caso a interacdo entre 0s quimiorreceptores e as

glicoproteinas virais acontega corretamente, o envelope viral se funde a
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membrana plasmética da célula e o &cido ribonucleico (RNA) do HIV-1 é
liberado para dentro do citoplasma (Alkhatib et al., 1996). Para que o material
genético viral possa ser incorporado pelo genoma do hospedeiro, o HIV-1 faz
uso de sua transcriptase reversa, que converte seu RNA em &cido
desoxirribonucleico (DNA); uma vez convertido, o DNA do HIV-1 se combina ao
DNA do hospedeiro através da acdo da enzima integrase viral (Goff, 1992).
Para se replicar e gerar novas coépias, o HIV-1 faz uso da maquinaria celular,
produzindo longas cadeias de proteinas virais (Lehmann-Che e Saib, 2004). A
propria sensibilizacdo da resposta imune pode culminar na ativacdo de fatores
de transcricdo que promovem um aumento da replicacédo viral (Equils et al.,
2003). ApoOs a transcricdo, as longas cadeias de proteinas virais séo
sintetizadas, liberadas no citoplasma, migram até a superficie celular e se
combinam formando cépias ainda imaturas do HIV-1; apGs serem expelidas da
célula, sdo clivadas pela enzima HIV-1 protease e se recombinam formando
cOpias maturas e patogénicas do virus (Lehmann-Che e Saib, 2004).

A infeccdo pelo HIV-1 é caracterizada por trés estagios bastante
distintos entre si, nos quais as contagens celulares e o nimero de cOpias virais
tendem a variar bastante (Fauci, 2003); entre duas a dez semanas, ap0s o
contagio inicial pelo virus, ocorre o estagio agudo da infeccdo; o virus
rapidamente ataca as os linfécitos T CD4+ e prolifera exponencialmente; como
consequéncia, as contagens do CD4+ circulante do hospedeiro decaem
abruptamente, enquanto que sua viremia apresenta um pico acentuado (Fauci,
2003) Hernandez-Vargas e Middleton, 2013). Os sintomas clinicos da infeccéo
aguda pelo HIV-1 incluem febre, cefaleia e erupcbes cutaneas; tal estagio
também é marcado pelo aumento no risco de transmissdo do HIV-1 (UNAIDS,
2018). O estagio cronico, ou assintomatico da infec¢do pelo HIV-1, sucede o
estagio agudo; ele é decorrente do controle da replicagdo viral por meio da
acdo de anticorpos especificos contra o virus. O nimero de copias do HIV-1
circulantes € substancialmente reduzido, todavia, 0 Vvirus persiste se
multiplicando principalmente em reservatérios como o0s pulmdes e os
linfonodos; ainda assim, a infeccdo pode permanecer cronificada por mais de
dez anos (Mattapallil et al., 2005). Durante o estagio cronico, o individuo ainda
€ capaz de transmitir o virus, contudo, sua contagem CD4+ se eleva e atinge

valores estaveis, enquanto que o0 numero total de copias virais pode
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permanecer indetectavel (Fauci, 2003); nos pacientes chaO terceiro, e ultimo,
estagio da infeccdo é a aids, decorrente da exaustdo do sistema imune,
especificamente das células T (Appay e Sauce, 2008; Sauce et al. 2013). As
contagens CD4+ decaem abaixo do valor de 200 células/mm? e o numero de
copias virais dispara; o individuo se torna altamente suscetivel a infecges por
patdgenos oportunistas, como o M. tuberculosis, com um prognaostico estimado
em 3 anos de vida (Fauci, 2003; UNAIDS, 2020). Por conta de fatores
genéticos, o tempo de progressao do estagio cronico para a aids pode variar
significativamente. Enquanto progressores rapidos tendem a evoluir para a aids
rapidamente (entre 3 a 5 anos),progressores lentos, mesmo sem
terapia antiretroviral, levam até 10 anos para apresentar imunodeficiéncia. Em
contrapartida, uma pequena parcela dos individuos infectados tende a passar
décadas com carga viral indetectivel e sem progredir para a aids, sendo
classificados como controladores de elite (UNAIDS, 2020).

Estudos em populacdes de risco para o HIV-1, avaliando trabalhadores
da saude, profissionais do sexo, neonatos de maes soropositivas e usuarios de
drogas injetaveis, revelaram que alguns individuos, quando expostos ao virus,
apresentam resisténcia frente a infeccdo (Clerici et al., 1994; Fowke et al.,
1996; Legrand et al., 2006). A resisténcia natural ao HIV-1 pode ser atribuida a
diferentes fatores, como cepas virais incompetentes, respostas imunes atipicas
ou constituicdo genética especifica do hospedeiro (Burastero et al., 1996;
Rhodes et al., 2000; Miyazawa et al., 2009). No caso de individuos dotados de
uma constituicdo genética favoravel contra o virus, um exemplo classico € a
mutacdo CCR5-A32 do gene que codifica o0 CCR5 (Dean et al., 1996; Liu et al.,
1996; Samson et al., 1996); tal mutacao leva a sintese de uma forma truncada
do CCR5, que ndo é exposta na superficie celular, aumentando a resisténcia
de seu portador frente ao HIV-1 (Huang et al., 1996). Estudos avaliando a
relagdo entre o perfil imunogenético do hospedeiro com a suscetibilidade ao
HIV-1 ja identificaram o papel de diferentes componentes do sistema imune,
envolvendo desde o sistema antigeno leucocitario humano (HLA) até os TLRs
(Miyazawa et al., 2009; Sironi et al., 2012). Um dos objetivos deste projeto €,
justamente, avaliar relacdes entre a variabilidade genética dos TLRs na
populacdo gaucha e sua associacdo com a suscetibilidade, ou resisténcia, a

infeccao pelo HIV-1 e a progressao a aids.
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1.3 Coinfeccao HIV-1/TB

1.3.1 Etiologia e conceitos gerais

O risco de um individuo HIV-1 soropositivo desenvolver TB ativa € de 16
a 27 vezes maior do que o de um individuo higido (WHO, 2020); estima-se que
um terco dos individuos portadores do HIV-1 também esteja infectado pelo M.
tuberculosis, contabilizando cerca de 12 milhdes de coinfectados em todo o
mundo (Getahun et al., 2010). Mesmo sendo trativel, a TB persiste como a
doenca mais frequente e principal causa de morte entre a populacdo HIV-1
soropositiva (WHO, 2020). O diagnostico de TB tende a ser mais complicado
em individuos HIV-1 soropositivos do que nas demais pessoas, muito devido a
incapacidade desses individuos gerarem uma resposta inflamatoria satisfatéria
contra o M. tuberculosis; logo, coinfectados HIV-1/TB podem apresentar
baciloscopia negativa, radiografia de torax sem evidéncia de lesdo cavitaria e
resultados falso-negativos para testes tuberculinicos ou ensaios de liberacédo
de interferon-y (IGRA) (Cobelens et al., 2006; Monkongdee et al., 2009; Cain et
al., 2010; Cox et al., 2010; Trajman et al., 2013; WHO, 2020). Do ponto de vista
terapéutico, a coinfeccdo representa um grande desafio, por combinar
farmacos da TARV com os da terapia antibiética. Como consequéncia, podem
ocorrer interacdes indesejadas entre o0s medicamentos, provocando
hepatotoxicidade e efeitos adversos em geral (Bliven-Sizemore et al., 2012);
alguns casos ainda resultam no desenvolvimento da sindrome inflamatéria da
reconstituicdo imune (SIRI) (Meintjes et al., 2008). Vale ressaltar que, mesmo
apos o inicio da TARV, os individuos infectados pelo HIV-1 ainda apresentam
uma suscetibilidade aumentada a TB (Du Bruyn e Wilkinson, 2016). A
coinfeccao HIV/TB é também associada com a faléncia no tratamento contra a
TB, assim como aparenta ser um fator de risco para o desenvolvimento de TB
multirresistente e de TB extrapulmonar (Chaisson et al., 1987; Shafer et al.,
1991; Jones et al.,, 1993; Jenny-Avital e Joseph, 2009; Mesfin et al., 2014;
WHO 2020).

O desenvolvimento de TB ativa em individuos infectados pelo HIV-1
pode ser atribuido a, pelo menos, duas vias distintas: 0 aumento da

suscetibilidade a infecgéo inicial pelo M. tuberculosis ou uma maior propenséo
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a reativagdo de uma infeccao latente pelo bacilo (Selwyn et al., 1989; Cohn e
O’Brien, 1998; Girardi et al., 2000; Kato-Maeda e Small, 2000). Contudo,
evidéncias sugerem que ambas as situacbes podem  ocorrer
concomitantemente, logo, as duas possibilidades devem ser cuidadosamente
consideradas entre diferentes paises e populacfes (Bruchfeld et al., 2015). A
partir da analise filogenética das cepas de M. tuberculosis que infectam um
individuo com TB ativa, é possivel diferenciar as infec¢des recentes pelo bacilo
e 0s casos de reativacdo ou reinfeccado da TB latente (Cohn e O’Brien, 1998;
Kato-Maeda e Small, 2000). Paises considerados n&o-endémicos para TB
tendem a apresentar um predominio de casos novos de infeccdo em sua
populacdo coinfectada, padrdo frequentemente associado a infeccdes
nosocomiais (Beck-Sague et al., 1992; Daley et al., 1992; Edlin et al., 1992;
Small et al., 1994). Em contrapartida, em territérios considerados endémicos
para a TB, observa-se uma maior incidéncia de casos de reativacdo do bacilo e
reinfeccdo entre individuos soropositivos para o HIV-1 (Charalambous et al.,
2008; Narayanan et al., 2010; Crampin et al., 2010). O RS, por exemplo, € tido
como uma regido endémica tanto para o HIV-1 quanto para a TB; logo, a
adocdo de medidas profilaticas visando o controle da TB latente e o
investimento em campanhas de conscientizacdo quanto aos riscos da doenca,
focadas na populacdo HIV-1 soropositiva, apresentam grande potencial no
combate a sindemia HIV-1/TB no estado (BRASIL, 2020c).

1.3.2 Epidemiologia

Apesar da recente reducdo no numero total de casos e de Obitos, a
sindemia HIV/TB persiste como uma ameaca global a saude devido,
principalmente, a falhas no diagnéstico e no tratamento da TB (WHO, 2020).
72% de toda a populacao coinfectada reside no continente africano, contudo o
Brasil esta presente na lista das 20 nacdes com maior prevaléncia da
coinfeccao HIV-1/TB (WHO, 2018). No Brasil, os programas nacionais de
combate a TB e ao HIV-1 ainda apresentam um alcance restrito, sobretudo
entre populagdes em condicdo de vulnerabilidade social, como individuos com
historico de encarceramento, usuarios de drogas e alcoolistas; as falhas na

atencdo a saude desses grupos sdo alguns dos fatores associados a alta
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prevaléncia da coinfeccdo no pais (Campos e Pianta, 2001). Como
mencionado anteriormente, o0 RS e Porto Alegre ostentam indicadores
preocupantes no que diz respeito a TB e ao HIV-1. o estado e sua capital
lideram os rankings nacionais de prevaléncia da coinfeccdo e da mortalidade
decorrente dela, também apresentando uma baixa adesdo a TARV entre os
individuos coinfectados (BRASIL, 2020c). Ainda que os dados epidemiolégicos
apontem para uma clara responsabilidade do poder publico na configuracéo
atual da sindemia gaucha de HIV/TB, sua singularidade faz do RS um ambiente
propicio para o estudo da imunogenética da coinfeccdo. Logo, a identificacédo
de possiveis genes associados a suscetibilidade, ou resisténcia, ao M.
tuberculosis e ao HIV-1 pode proporcionar informac¢des importantes a respeito
da fisiopatologia da coinfeccédo e, assim, auxiliar no desenvolvimento de novas

estratégias terapéuticas para conter a progressao da sindemia.

1.3.3 Patogenia

A gravidade da coinfeccdo HIV-1/TB se deve principalmente a atuacao
sinérgica entre o M. tuberculosis e o HIV-1, onde um patégeno acaba por
favorecer a proliferacdo do outro e Vvice-versa, refletindo num sério
comprometimento do estado de salude do hospedeiro (Rosas-Taraco et al.,
2006; Du Bruyn e Wilkinson, 2016). Logo apos a infecgéo inicial pelo HIV-1,
antes mesmo de seu estagio agudo e da queda no numero total de linfécitos T
CD4+ circulantes ja se observa um aumento da suscetibiidade a TB
(Sonnenberg et al.,, 2005). O HIV, além de também ter o pulm&o como um
reservatério anatdbmico, apresenta uma predilecdo por linhagens de linfécitos T
CD4+ Thl e Thl17, especificos contra o M. tuberculosis e fundamentais na
defesa do organismo frente ao bacilo (Geldmacher et al., 2008, 2010; Murray et
al., 2018). Os efeitos deletérios do HIV-1 ndo se restringem as células T CD4+
0 numero total de linfocitos T CD8+ também sofre uma redugéo significativa
devido a acgéo viral. Tais células atuam ativamente na imunidade adaptativa
contra o M. tuberculosis, repelindo infec¢cdes recentes e participando do
controle da TB latente, logo, quedas em suas contagens refletem num maior
risco de desenvolvimento da doenca ativa (Wong et al., 2013; Behar, 2013;
Nunes-Alves et al., 2014). O virus também afeta a funcdo dos macrofagos,
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principal tipo celular envolvido na resposta contra o M. tuberculosis,
comprometendo principalmente a formacdo e a manutencdo do granuloma
(Wahl et al., 1989; Spear et al., 1990; Patel et al., 2007; Pathak et al., 2010;
Walter et al., 2016). A infecgdo pelo HIV-1 ainda apresenta outro impacto
negativo sobre imunidade frente ao bacilo, pois o virus interfere na expressao
de citocinas e de outros mediadores inflamatérios que agem no controle da TB
(Wahl et al., 1989; Day et al., 2006; Jones et al., 1993; Kalsdorf et al., 2009;
Haas et al., 2011). Logo, fica evidente que o HIV-1 possui papel determinante
no aumento da suscetibilidade a infeccdo pelo M. tuberculosis, tal como na
progressédo da TB latente para a TB ativa em individuos coinfectados.

Por outro lado, a TB também atua com agente catalisador na progressao
da infecgao pelo HIV-1 para a aids, estimulando a replicagao viral, acelerando a
queda no numero de células T CD4+ e tornando o individuo mais suscetivel a
infeccbes oportunistas (Pape et al., 1993; Whalen et al., 1995, 2000; Badri et
al., 2001). A exposicado do organismo ao M. tuberculosis normalmente resulta
numa severa resposta inflamatéria, que ainda pode ser potencializada em
individuos que fazem uso da TARV; todavia, reacdes imunoldgicas tédo
acentuadas sdo consideradas um risco em potencial para a populacdo HIV-1
soropositiva (John e French, 1998; Toossi, 2000). Como mencionado
anteriormente, o HIV-1 e o M. tuberculosis compartiham o pulmdo como
reservatério anatbmico; ambos patdégenos também apresentam tropismo por
células fagociticas (Landay et al., 1993; Sierra-Madero et al., 1994; Nakata et
al., 1995, 1997; Costiniuk e Jenabian, 2014). Presentes na superficie de
macréfagos alveolares, TLRs sdo capazes de reconhecer antigenos do M.
tuberculosis, promovendo através do fator nuclear kB (NF-kB), a transcri¢cdo de
citocinas contra o bacilo (Belvin e Anderson, 1996; Yang et al., 1998;
Kirschning et al., 1998; Underhill et al., 1999). Todavia, em individuos
coinfectados, o HIV-1 se aproveita da resposta imune contra a micobactéria e
faz uso do NF-k3 em seu proprio processo de transcricdo (Nakata et al., 1997,
Equils et al., 2003; Bafica et al., 2003, 2004; Drennan et al., 2005). A replicacéo
do HIV-1 também é estimulada pelo M. tuberculosis de forma indireta, através
de quimiocinas e citocinas, oriundas da defesa imunolégica frente ao bacilo
(Israel-Biet et al., 1991; Toossi et al., 1997, 2001; Hoshino et al., 2004); o TNF-
a por exemplo, esta relacionado com a replicacdo do HIV-1 em linfocitos T
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CD4+ e com a ativacao e cépias virais latentes (Garrait et al., 1997; Hoshino et
al., 2002; Rosas-Taraco et al.,, 2006). JA na imunidade adaptativa frente ao
bacilo, linfocitos T CD4+ Thl e Thl7 expressam uma maior proporcdo do
correceptor CCR5 em suas superficies celulares, se tornando mais suscetiveis
a infeccao pelo HIV-1 (Matthews et al., 2012).

Mesmo sendo patdégenos bastante distintos e que passaram a coexistir
ha pouco tempo, o M. tuberculosis e o HIV-1 desenvolveram uma relacao de
protocooperagcdo, gerando uma combinacdo potencialmente fatal aos
individuos coinfectados. Ainda que a medicina tenha atingido grandes
conquistas nas ultimas décadas, como advento de novos farmacos
antirretrovirais, que transformaram completamente o progndéstico para a
populacdo HIV-1 soropositiva, a TB persiste como uma continua grande
ameaca a saude, (WHO, 2020). Dentro de tal contexto, torna-se clara e urgente
a necessidade por maiores investimentos e de pesquisas que buscam entender
os efeitos da coinfeccéo, elucidando sua patogenia, buscando possiveis novos
alvos terapéuticos, elaborando estratégias para conter a sindemia e, sobretudo,
visando melhorar a qualidade de vida dos individuos coinfectados.

1.4 Receptores tipo Toll

1.4.1 Receptores de reconhecimento de padroes

O sistema imunoldgico inato € a primeira linha de defesa do organismo
frente a possiveis ameacas, capaz de controlar e até erradicar diferentes
classes de patdégenos, mesmo sem ter tido um encontro prévio com 0s mesmos
(Medzhitov e Janeway, 2000). Os dois principais mecanismos de resposta da
imunidade inata sdo a inflamacédo e a defesa antiviral. A inflamacao é mediada
principalmente por duas citocinas: o TNF-a e a interleucina-1 (IL-1); ambas
promovem o recrutamento de fagocitos e células dendriticas para o sitio da
infec¢do, visando eliminar microrganismos patogénicos e células danificadas.
Por outro lado, a defesa antiviral objetiva, especificamente, impedir a replicacao
viral e destruir células infectadas por virus, atuando por meio da acdo de
interferons e de células NK, respectivamente. A imunidade inata requer uma

delicada regulacdo para que danos desnecessarios Ou excessivos ao
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hospedeiro sejam evitados. O controle da homeostase imunologica depende
intrinsicamente de mecanismos moduladores, dentre os quais fazem parte uma
variedade de receptores de reconhecimento de padrdes (PRRs), juntamente
com quimiocinas e citocinas (Medzhitov e Janeway, 2000; Abbas et al., 2013).

OS PRRs identificam estruturas comuns em diversos microrganismos,
as quais ndo sdo encontradas nas células saudaveis do hospedeiro. S&o
reconhecidas justamente as moléculas essenciais para a sobrevivéncia dos
patégenos; logo, os microrganismos ndo sdo capazes de evadir a imunidade
inata através de mutacdes simples ou apenas deixando de expressar 0s alvos
do reconhecimento (Medzhitov e Janeway, 2000; Abbas et al., 2013). O
conjunto das moléculas microbianas capazes de induzir resposta pelos
receptores do sistema imune inato é chamado de padr6es moleculares
associados a patégenos (PAMPSs). Diferentes tipos celulares sdo capazes de
identificar diferentes PAMPs; macrofagos, por exemplo, expressam receptores
especificos que reconhecem lipopolissacarideos (LPS) bacterianos. Dentre as
variedades de PRRs se destacam os TLRs, receptores tipo NOD (NLRs) e
receptores tipo RIG (RLRs) (Mogensen, 2009). Os os receptores do sistema
imune inato tém seus genes codificados na linhagem germinativa, entdo néo
sofrem influéncia da recombinacdo somatica; consequentemente, apresentam
um poder de reconhecimento mais restrito e especifico quando comparados
aos receptores da imunidade adaptativa (Medzhitov e Janeway, 1997; Abbas et
al., 2013).

1.4.2 Receptores tipo Toll

Os TLRs consistem numa classe de glicoproteinas transmembrana. S&o
homologos a proteina Toll, originalmente descrita em moscas do género
Drosophila; nos insetos a Toll atua durante o desenvolvimento embrionario e no
sistema imunoldgico dos individuos adultos (Lemaitre et al., 1996; Medzhitov et
al., 1997; Rock et al., 1998). Nos seres humanos os TLR sdo expressos,
principalmente, na superficie de macréfagos, células NK e células dendriticas,
desempenhando um papel fundamental na vigilancia antimicrobiana da
imunidade inata (Medzhitov et al., 2001). Até o presente momento, dez

variedades funcionais dos TLRs ja foram descritas em humanos, cada qual
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capaz de identificar PAMPs especificos (Takeda e Akira, 2007). O TLR2, por
exemplo, reconhece lipoglicanos bacterianos; o TLR4 é especifico para LPS; ja
0s TLR3, TLR7 e TLR8 reconhecem acidos nucleicos (Hoshino et al., 1999;
Kirshchning et al., 1998; Poltorak et al., 1998; Chow et al., 1999; Takeuchi et
al., 1999; Alexopoulou et al., 2001; Morr et al., 2002; Diebold et al., 2004; Heil
et al.,, 2004; Lund et al., 2004). Os TLRs podem se situar na membrana
plasmatica, identificando PAMPs livres no meio extracelular, ou também podem
estar contidos em endossomos, detectando indicios de possiveis patdgenos
intracelulares (Kawai e Akira, 2008). Apesar de normalmente se organizarem
em estruturas homodiméricas, alguns TLRs sdo capazes de cooperar entre si,
formando heterodimeros; a combinacdo entre TLRs diferentes é positiva, pois
assim ambos aumentam seu poder de discriminacdo (Ozinsky et al., 2000;
Takeuchi et al., 2001).

A sinalizacéo via TLRs € um ponto chave das relacdes de resisténcia e
suscetibilidade entre patéogeno e hospedeiro. De fato, os TLRs sé&o
responsaveis por dar inicio e orquestrar grande parte das respostas que
compdem a imunidade inata, porém seu estimulo também resulta na ativacao
da imunidade adquirida (Akira et al. 2001, 2006; Taxereau et al., 2005; Iwasaki
e Medzhitov, 2004). A interacdo dos PAMPs com os TLRs leva a ativacdo de
fatores de transcricdo como o NF-kf3 que, por sua vez, promovem 0 aumento
da expressao de interferons, citocinas e moléculas antimicrobianas nas células
estimuladas (Akira e Kishimoto, 1997; Yao et al., 1997; Li et al., 2001). As
citocinas podem possuir desde um efeito local moderado, recrutando fagocitos
para o local da infeccdo, ou até mesmo um efeito sistémico, causando febre,
por exemplo (Abbas et al., 2013). Os genes que codificam os TLRs fazem parte
da linhagem germinativa, contudo, alguns individuos podem herdar mutacdes e
polimorfismos associados com uma maior suscetibilidade a determinados
patébgenos, resultando em infec¢cdes recorrentes e graves pneumonias
bacterianas (Medzhitov e Janeway, 1997; Misch et al.,, 2008; Skevaki et al.,
2015).

1.4.3 Imunogenética e TLRs

Ainda que os receptores da imunidade inata ndo apresentem o mesmo
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poder de discriminagdo que os receptores da imunidade adquirida, alteragdes
em sua constituicdo génica podem ter grande influéncia sobre a integridade
das defesas do organismo. Como mencionado anteriormente, variacdes
genéticas dos TLRs podem estar relacionadas com uma maior propensao a
certas infec¢des; da mesma forma, j& foram descritos polimorfismos nos TLRs
associados com um aumento da resisténcia imunolégica frente a alguns
patdogenos (Abel et al., 2002; Reiling et al., 2002; Branger et al., 2004;
Dreennan et al., 2004; Béfica et al., 2005; Taxereau et al., 2005; Skevaki et al.,
2015). Esses achados apontam para a importancia dos TLRs na resposta
imune; logo, o estudo das rela¢cdes imunogenéticas envolvendo os TLRs e a
protecdo do organismo diante de determinados microrganismos pode resultar
em importantes descobertas a respeito da fisiopatologia das infecgdes.

Pesquisas no gene TLR2 humano, o qual codifica o receptor TLR2,
descreveram uma delecdo de 22 pares de base em sua regido promotora
(rs111200466), abrangendo os nucleotideos entre as posi¢cfes -196 a -174
(Eder et al., 2004). Testes in vitro com linhagens de células portadoras do
gendtipo -196 a -174 del/del do TLR2 demonstraram que a delecdo altera
significativamente a funcdo do promotor génico, reduzindo a expressdo do
TLR2 na superficie celular (Noguchi et al., 2004). A variante alélica -196 a -174
del ja foi associada ao desenvolvimento de sintomas clinicos de TB e ao
aumento da contagem de células NK em populacdes chinesas (Chen et al.,
2010). O gendtipo homozigoto para delecdo foi associado com a
suscetibilidade a TB nas populacdes paquistanesa, bissau-guineanesa,
estadunidense e argentina (Velez et al., 2010; Khan et al., 2014). Mais
recentemente, a delecdo também foi associada com o0 aumento da
suscetibilidade a infec¢éo pelo HIV-1 em populacées do norte da india (Vidyant
et al.,, 2017). Tais achados sugerem um papel protetor do TLR2 na defesa
imunolégica e, também, reforcam a importdncia de um estudo mais
aprofundado dos efeitos do polimorfismo de delecédo -196 a -174 do TLR2,
sobretudo em individuos coinfectados HIV/TB.

Andlises no gene TLR4 identificaram dois polimorfismos de troca de
sentido, ambos com uma frequéncia relativamente comum na populacao:
Asp299Gly (rs4986790) e Thr399lle (rs4986791) (Arbour et al., 2000). Tal como
o TLR2, o TLR4 é um receptor de superficie celular, responsavel pela
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identificagdo de ameacas externas. Em condigbes normais, o TLR4 atua
ativamente na protecdo do organismo frente a bactérias Gram-positivas e
contra o M. tuberculosis (Hoshino et al. 1999; Reiling et al., 2002); contudo, os
polimorfismos Asp299Gly e Thr399lle alteram o dominio extracelular do
receptor, comprometendo sua fungcdo no reconhecimento da endotoxina LPS
(Arbour et al., 2000). Ambas variagcbes foram associadas com o
desenvolvimento de TB pulmonar na populagéo indiana, porém alguns autores
ainda discordam de tal relagéo (Najmi et al., 2010; Tian et al., 2013; Vidyant et
al.,, 2018). Em contrapartida, diversas publicagbes apontam para uma
contribuicdo dos polimorfismos Asp299Gly e Thr399lle em complicacbes
decorrentes da infeccéo pelo HIV, envolvendo, inclusive, um possivel aumento
na suscetibilidade a TB ativa em individuos coinfectados (Ferwerda et al., 2007;
Pulido et al., 2010; Papadopoulos et al., 2010). Tendo em vista o papel ainda
controverso do TLR4 nas infeccbes por M. tuberculosis e pelo HIV, as
variacfes Asp299Gly e Thr399lle se apresentam como potenciais alvos para o
estudo da imunogenética da coinfec¢do na populacdo gaucha.

Diferentemente do TLR2 e do TLR4, o TLR8 é um receptor endossomal,
responsavel pela vigilancia interna contra acidos nucleicos oriundos de
patdgenos intracelulares, como o M. tuberculosis e o HIV-1 (Cervantes et al.,
2012). Ainda que as variagcbes do TLR8 ndo sejam tdo conhecidas e
estudadas, alguns de seus polimorfismos ja demonstraram associacdo com a
predisposicao a certas patologias, sobretudo com infec¢des virais (Cervantes et
al., 2012; Wang et al., 2014; Fernandez-Rodriguez et al., 2015). O polimorfismo
funcional TLR8 MetlVal (rs3764880), localizado no principal exon do gene,
interfere no start codon de sua isoforma B, resultando em um TLR8 truncado;
consequentemente, as vias de sinalizacdo do receptor sdo prejudicadas,
afetando a resposta frente aos patégenos (Oh et al., 2008). A variante TLR8
MetlVal j4 foi associada com a suscetibilidade a TB na populagédo
paquistanesa em geral, tal como em individuos do sexo masculino da
Indonésia e da Russia (Davila et al., 2008; Bukhari et al., 2015). Contudo, na
infeccdo pelo HIV-1 a variante TLR8 MetlVal aparenta possuir um carater
protetivo, estando associada com a reducdo da progresséo da infecgcdo em
aleméaes e em africanos subsaarianos; o polimorfismo ainda foi associado com

a ndo progressao da infec¢do pelo HCV em individuos coinfectados HIV-1/HCV



© 00 N oo o B~ W N

W W oW wWwW NN NN DNNDNDN NN R R R R R R R
5 O N P O © ® N o O B~ WO N P O © 0 N O 0o b~ W N Rk O

30

(Oh et al., 2008; MacKelprang et al., 2013; Fernandez-Rodriguez et al., 2015).
Os diferentes efeitos resultantes de um unico gendtipo do polimorfismo TLR8
MetlVal demonstram que, apesar de ativarem a mesma resposta imune, o
HIV-1 e o M. tuberculosis apresentam estratégias de sobrevivéncia bastante
distintas. Dentro de tal contexto, uma avaliacdo da distribuicdo genotipica da
variante TLR8 MetlVal em individuos coinfectados HIV/TB pode ser bastante
promissora, oferecendo uma nova perspectiva para a andlise da interacao
entre os microrganismos durante o decorrer da coinfeccdo, sobretudo em um
cenario sindémico como o do RS.

O Brasil figura na lista dos 20 paises de maior prevaléncia da coinfeccéo
HIV-1/TB; a situacdo € especialmente grave no RS e em Porto Alegre, que
apresentam os piores indicadores epidemioldgicos nacionais para a sindemia
(BRASIL, 2020c; WHO, 2020). Apesar dos dados apontarem para uma
importante responsabilidade do Estado nas epidemias gauchas de TB e aids, a
contribuicdo de fatores genéticos do hospedeiro ndo pode ser descartada, pois
ambas s&o doengas complexas. Tendo em vista a caréncia de dados
referentes ao perfil imunogenético da populacdo gaulcha, o atual contexto da
sindemia HIV/TB no RS e o “desconhecido” que ainda permeia a atuagao dos
TLRs diante da coinfec¢do, a avaliacdo da influéncia de polimorfismos em
TLRs na imunidade ao HIV-1 e ao M. tuberculosis se apresenta como um
tépico pertinente de estudo. A descoberta de possiveis relagbes entre variantes
genéticas de TLRs com a suscetibilidade, ou resisténcia, ao HIV-1 e a TB pode
oferecer informacdes importantes sobre como opera a imunidade em individuos
coinfectados. Por sua vez, uma melhor compreenséo do papel dos TLRs e de
suas interacdes nas respostas imunologicas durante a sindemia HIV-1/TB pode
ser a chave para novas estratégias tanto na prevengcao quanto na terapéutica
contra o M. tuberculosis e o HIV-1 (Equils et al., 2004; Anandaiah et al., 2013).

1.5 COVID-19

1.5.1 Etiologia e conceitos gerais

Desde o dia 11 de margo de 2020, quando a Organizagdo Mundial da
Saude (OMS) elevou o status da contaminacdo pelo coronavirus da sindrome
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respiratéria aguda grave 2 (SARS-CoV-2) para pandemia, estima-se que mais
de 110 milhdes de pessoas ja foram infectadas e que cerca de 2 milhdes
faleceram vitimas da COVID-19 em todo o mundo (WHO, 2021). Nem todos os
individuos expostos ao novo coronavirus sdo infectados, assim como nem
todos os infectados desenvolvem sintomas da COVID-19. O SARS-CoV-2 se
propaga pelo ar através de goticulas contaminadas que, quando inaladas,
conduzem as particulas virais até o trato respiratério inferior, na regido dos
alvéolos pulmonares. Diferentemente do M. tuberculosis, que possui predilecao
por macréfagos alveolares, o repertorio de alvos do novo coronavirus € bem
mais diversificado (Brites; Gagneux, 2015). Para infectar as células o SARS-
CoV-2 liga-se aos receptores da protease transmembrana serina 2 (TMPRSS2)
e da enzima conversora da angiotensina 2 (ACE2) utilizando sua proteina spike
(Devaux et al.,, 2020; Hoffmann et al., 2020; Kuba et al., 2005); ambos
receptores podem ser encontrados na membrana de diversos tipos celulares, o
que favorece a disseminag¢do do virus para outros 6rgdos (Hamming et al.,
2004; Jia et al., 2005; Xu et al., 2020). Ao entrar na célula e sequestrar sua
maquinaria para se replicar, o0 SARS-CoV-2 pode induzir a morte celular por
diferentes mecanismos, incluindo necroptose e piroptose. A necroptose e a
piroptose consistem em tipos de morte imunogénicas, nas quais as células
liberam padrdes moleculares associados ao dano (DAMPS) e outras moléculas
pré-inflamatéras no microambiente ao seu redor (Christofferson & Yuan et al.,
2010; Fink & Cookson et al., 2005). Os DAMPs liberados, por sua vez, séo
reconhecidos por receptores especificos nas células adjacentes, ativando uma
resposta inflamatoéria intensa contra o virus, que pode resultar em quebra da
homeostase imunoldgica e posterior imunopatologia (Germolec et al., 2018;
Tay et al., 2020; Tian et al., 2020; Tufan c).

Ao detectarem DAMPs, os macrofagos locais passam a expressar
citocinas e quimiocinas proé-inflamatérias, como a IL-6, a proteina induzida por
IFN (IP-10), o IFN-y e a proteina quimioatraente de mondcitos-1 (MCP1), que
recrutam fagocitos e linfocitos T até o sitio infeccioso (Antonio et al., 2020;
Tufan; et al., 2020; Vabret et al., 2020; Zhou Y et al., 2020). Manifestacdes
assintomaticas ou mais leves da COVID-19 sdo caracterizadas por uma
resposta antiviral robusta, protagonizada por interferons de tipo | e linfocitos T

CD4* Thl, CD8*, os quais, juntamente com anticorpos especificos, séo



© 00 N oo o B~ W N

W W oW wWwW NN NN DNNDNDN NN R R R R R R R
5 O N P O © ® N o O B~ WO N P O © 0 N O 0o b~ W N Rk O

32

capazes de conter e eliminar completamente a infec¢cdo. No entanto, no caso
de individuos que apresentam alguma comorbidade ou desequilibrio
imunologico, essa resposta imunoldgica tende a tardar; consequentemente,
mais células sdo infectadas, desencadeando um potente feedback pro-
inflamatorio autossustentavel (Henderson et al.,, 2020; Centis et al., 2020;
Stochino et al., 2020; Tadolini et al., 2020; Zhou F et al., 2020). Essa resposta
desproporcional leva a infiltracdo excessiva de neutrofilos e mondcitos no
pulmdo que, quando estimulados, resultam em tempestades de citocinas
(Alunno et al., 2020; Henderson et al., 2020; Oberfeld et al., 2020; Shaw et al.,
2018). A expressédo elevada de citocinas inflamatdrias em funcdo do SARS-
CoV-2, tais como IL-1, IL-6 e IL-12, aumenta a permeabilidade vascular nos
pulmdes, contribuindo para o acimulo de secrec¢éao e liquidos (Liao et al., 2020;
Tian et al., 2020; Zhou et al., 2020). Consequentemente, formam-se edemas
pulmonares, os quais podem resultar em pneumonia, aumentando os riscos de
faléncia respiratéria. A COVID-19 também produz um quadro de linfopenia pelo
acumulo e destruicao de linfocitos nos sitios de infeccdo, reduzindo o numero
de células circulantes e exaurindo a medula éssea, o que torna 0 organismo
mais vulneravel a patdégenos oportunistas (Liu et al., 2020b; Miyahara et al.,
2019; Zheng et al., 2020a).

O efeito avassalador do SARS-CoV-2 sobre o sistema imunolégico
facilita a disseminacdo do virus para outros 6rgaos, em especial para rins,
coracgao e intestinos, que expressam altos niveis do receptor ACE2 (Gu et al.,
2005). Tal infeccao sistémica, somada a resposta inflamatoria exacerbada, é
altamente danosa para o organismo, de forma que muitos infectados com
COVID-19 acabam morrendo em decorréncia de faléncia multipla de 6érgaos.
Vale ressaltar que, mesmo apos a alta, alguns individuos permanecem com a
carga viral positiva, ressaltando a dificuldade do sistema imune em eliminar o
patégeno. Sumariamente, a infeccdo pelo SARS-CoV-2 pode ser dividida em
duas fases: a inicial, na qual a imunidade age de forma protetora contra o virus,
e a secundaria, onde a COVID-19 subverte a resposta imunologica e 0s
sucessivos estimulos inflamatdrios resultam em imunopatologia e dano tecidual
(Liao et al., 2020; Stochino et al., 2020; Xu et al., 2020; Yang, 2020).

1.4.2 Coinfeccdo TB/COVID-19
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Os alvéolos pulmonares sdo como campos de batalha para a TB e para
a COVID-19, entretanto, enquanto a TB se infiltra silenciosamente no territorio
inimigo como o cavalo de Tréia, a COVID-19 gera o caos, induzindo a piroptose
e explodindo as células hospedeiras. De maneira geral, individuos com um
sistema imunologico homeostatico respondem satisfatoriamente frente a ambas
as infeccdes, contendo ou eliminando os patdgenos (Sakurai et al., 2020).
Contudo, no caso da TB, evidéncias recentes indicam que, mesmo durante a
laténcia, o M. tuberculosis persiste se multiplicando e causando lesdes
cavitarias (Kursar et al., 2007). A manutencdo dos granulomas requer uma fina
e permanente imunomodulacdo, onde perturbacbes causadas por outros
agentes infecciosos tendem a induzir a reativagcdo da doenca (Zhang & Liu,
2018; Flynn et al., 2011). Em contrapartida, o dano produzido pela TB nos
pulmbes, somado ao seu impacto na imunidade local, aumenta a
suscetibilidade do organismo a patdégenos de transmissao aérea (Tadolini et al.,
2020).

Dados de um estudo de caso-controle conduzido na China indicam que
a TB, em sua forma latente ou ativa, é um fator de risco para o
desenvolvimento da COVID-19; o mesmo estudo também sugere que a TB
pode estar associada com o agravamento dos sintomas da COVID-19 (Zhou, F.
et al., 2020). Os resultados da primeira coorte internacional que acompanhou
pacientes coinfectados TB/COVID-19 corroboram essas suspeitas, indicando
qgue individuos curados da TB, mas portadores de cicatrizes pulmonares,
apresentam pior prognostico para a COVID-19 (Tadolini et al.,, 2020). Em
contrapartida, até o presente momento o impacto do novo coronavirus na
suscetibilidade e progressdo da TB ainda ndo foi avaliado. De todo modo,
podemos inferir que o M. tuberculosis e 0 SARS-CoV-2 atuam de maneira
sinérgica ao compartilharem o mesmo hospedeiro. Mesmo ainda sem dados
experimentais a respeito da coinfecgdo TB/COVID-19, sabemos que o M.
tuberculosis e 0 SARS-CoV-2 interferem drasticamente no microambiente
pulmonar (Lenaerts et al., 2015; Liao et al., 2020). Durante a infeccéo por TB
latente, a persisténcia da micobactéria induz estimulos pré-inflamatérios
constantes no parénquima pulmonar; os quais sdo necessarios para manter a

integridade estrutural do granuloma (Mack et al., 2009; Ling & Flynn, 2012). As
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principais citocinas que contribuem na conten¢ao do bacilo, o TNF e o IFN-y,
também tém um papel chave na imunomodulagéo pro-inflamatéria da resposta
contra outros coronavirus causadores da SARS (Wang et al., 2007). Assim, é
provavel que os estimulos contra a TB e a COVID-19 se somem nos individuos
coinfectados, levando ao acumulo de células ativas no pulmao, a tempestades
de citocinas e, logo, a imunopatologia. A morte das células pulmonares por
necrose e piroptose resulta ainda na dispersao local de DAMPs que, por sua
vez, intensificam o feedback inflamatorio no trato respiratorio inferior.

Como mencionado anteriormente, a resposta imunologica Thl contra a
TB é caracterizada pelo predominio de fagocitos e linfocitos T CD4+
especificos; no entanto, a defesa frente ao SARS-CoV-2 também depende de
linfécitos especializados (Nikitina et al., 2018; Shen; Chen, 2018; Zenaro et al.,
2009). No primeiro momento, a coinfeccdo TB/COVID-19 deve atrasar ou
sabotar a resposta contra 0 novo coronavirus, enquanto que, com o passar do
tempo, 0s sucessivos estimulos inflamatdrios resultam na exaustdo
generalizada das células T (Diao et al., 2020; Zheng et al., 2020b). Tanto na TB
quanto na COVID-19, os linfécitos atuam como mediadores, orquestrando a
liberacdo de citocinas e quimiocinas no sitio infeccioso; a linfopenia decorrente
da coinfeccéo afeta diretamente essa regulacdo da resposta imune contra 0s
patébgenos; a principal consequéncia observada disso é a expressdo
exacerbada de citocinas, principalmente pré-inflamatorias (Etna et al., 2014;
Henderson et al.,, 2020; Mack et al., 2009; Miotto et al., 2001; Wang et al.,
2007). Algumas citocinas expressas na coinfeccdo também podem apresentar
efeitos secundéarios, como o0 aumento na expressdo do receptor ACE2 na
superficie celular, estimulada pelo IFN-y. Ja a IL-4 e a IL-13 sdo associadas
com danos imunopatolégicos e com um pior prognostico tanto para a TB
guanto para a COVID-19 (Busatta et al., 2020; Heitmann et al., 2014). A quebra
na homeostase imune decorrente da linfopenia também é acompanhada de um
aumento consideravel do numero de neutréfilos infiltrados no pulméo. Os
neutrofilos, por si sO, pouco contribuem para o controle das infecgdes pelo M.
tuberculosis ou pelo SARS-CoV-2 em fase crbnica, no entanto sua presenca
esta associada com a intensificagdo de estimulos inflamatorios e dano tecidual
(Muefong; Sutherland, 2020). De fato, a relagcdo entre o niumero de linfécitos e

neutrofilos ja foi identificada como um possivel marcador de risco para a TB e
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para a COVID-19 (Liu et al., 2020a; Miyahara et al., 2019).

Sob uma perspectiva macroscopica, as lesdes cavitarias provocadas
pela TB remodelam a arquitetura pulmonar (Dheda et al., 2005). O parénquima
necrosado € substituido por um epitélio fibrético, reduzindo as superficies
disponiveis para as trocas gasosas; formam-se bronquiectasias e
broncoestenoses que restringem o fluxo aéreo, enquanto os capilares
obstruidos dificultam a drenagem de liquidos (Curtis, 1957; Rosenzweig &
Stead, 1966). De modo geral, as alteragbes macroestruturais decorrentes da
TB comprometem o funcionamento e as defesas do trato respiratério inferior,
principalmente quando somadas as consequéncias da resposta inflamatoria
exacerbada contra o SARS-CoV-2, como a formacdo de edemas.
Consequentemente, o pulmdo torna-se mais suscetivel a complicacbes
severas, cComo a pneumonia e a insuficiéncia respiratoria. E provavel que esta
seja a razao pela qual individuos com cicatriz pulmonar de TB, apresentem pior
prognéstico na infeccdo pelo novo coronavirus. Cabe salientar que a TB
apresenta um espectro bastante heteré6geno de lesbes, que variam de acordo
com a estirpe da cepa bacteriana e resposta imune do hospedeiro (Dormans et
al., 2004). Individuos com um historico de infec¢des recorrentes pela TB com
elevado grau de fibrose pulmonar, provavelmente devem apresentar uma maior
suscetibilidade ao novo coronavirus, o que reforca a necessidade de atencao
especial para os casos de TB reincidente ou resistente (Hnizdo et al., 2000;
Ralph et al., 2013; Ravimohan et al., 2018).

Por fim, medicamentos utilizados no tratamento da COVID-19 podem
contribuir para a progressdo da TB. Algumas das estratégias farmacologicas
propostas para o controle dos danos da COVID-19 envolvem a modulacdo da
resposta imunolégica com corticoides, com o objetivo de tentar reduzir a
inflamacéo excessiva (Zhang et al., 2020). No entanto, apesar de estar se
revelando uma abordagem promissora, 0 uso de farmacos imunomoduladores
deve ser avaliado considerando o histérico clinico de cada individuo e levando
em conta as caracteristicas epidemiolégicas da populagéo local. Farmacos com
func@o anti-inflamatoria, como bloqueadores do TNF-a, por exemplo, podem
aumentar a suscetibilidade frente a patdégenos oportunistas, como o M.
tuberculosis, ou até mesmo comprometer a integridade estrutural de

granulomas (Cisneros & Murray, 1996; Shu et al., 2010). Logo, apesar da



© 00 N oo o B~ W N

W W oW wWwW NN NN DNNDNDN NN R R R R R R R
5 O N P O © ® N o O B~ WO N P O © 0 N O 0o b~ W N Rk O

36

necessidade urgente de se desenvolver terapias contra a COVID-19, deve-se
ter muita cautela na escolha do regime de tratamento para que os farmacos
empregados nao perturbem a homeostase imunolégica e resultem em efeitos

colaterais indesejados (Atal; Fatima, 2020; Felsenstein et al., 2020).
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2 OBJETIVO

2.1 Objetivo geral

O objetivo principal deste estudo fora avaliar se os diferentes genétipos
definidos pelos polimorfismos dos genes TLR2 (rs111200466), TLR4
(rs4986790) e TLR8 (rs3764880) apresentam relagcdo com a suscetibilidade, ou
resisténcia, ao desenvolvimento de TB ativa, a infeccdo pelo HIV-1 ou a
coinfeccao HIV/TB.

Vale ressaltar que quando o projeto do presente estudo foi
originalmente idealizado, no ano de 2018, a TB e a aids ainda despontavam
como as duas principais causas de morte entre as doencas infectocontagiosas
no mundo. Contudo, com o surgimento e ascensdao da COVID-19, o
planejamento original foi alterado; diante da urgéncia da situacdo e visando
também contemplar a investigacdo de dados preliminares da pandemia, optou-
se por elaborar um artigo de revisdo sobre a patologia da coinfecgéo

TB/COVID, o qual j& foi publicado e encontra-se disponivel abaixo.

2.2 Objetivos especificos

I. Estimar as frequéncias alélicas e genotipicas dos polimorfismos dos
genes TLR2 (rs111200466), TLR4 (rs4986790) e TLR8 (rs3764880) na
populacao gaucha.

II. Comparar as diferencas nas frequéncias alélicas e genotipicas dos
polimorfismos estudados entre os diferentes grupos amostrais,
verificando possiveis relacfes de protecdo ou suscetibilidade a TB, e
infeccdo pelo HIV-1 e a coinfeccdo HIV-1/TB.

lll. Avaliar as variacbes nas frequéncias alélicas e genotipicas observadas
internamente dentre os grupos TB, HIV-1 e HIV-1/TB, tal como sua
relacdo com o prognaostico das infecgdes.

IV. Avaliar possiveis variaveis epidemiologicas que podem interferir na
suscetibilidade e prognodstico das infeccoes.

V. Avaliar os dados preliminares a respeito da patologia da coinfecgao

TB/COVID-19 e seus impactos na evolugéo clinica de ambas doencas.
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3. ARTIGOS CIENTIFICOS

Considerando que a pandemia gerou alguns problemas de ordem
pratica para execucao do projeto de maneira adequada, os resultados obtidos a
partir deste estudo serdo apresentados no seguinte formato:

Artigo 1 — “Pathology of TB/COVID-19 Co-Infection: The phantom menace”,
publicado na revista Tuberculosis - DOI: 10.1016/j.tube.2020.102020; artigo de
revisdo sistematica redigido e publicado durante a pandemia (indice de
impacto: 2.576).

Artigo 2 — “TLR2 rs111200466 polymorphism and its influence on CD3+ and
CD4+ T lymphocyte counts of HIV-1 seropositive individuals in southern Brazil”;
artigo original submetido a revista Memorias do Instituto Oswaldo Cruz (indice
de impacto: 2.280; instrucdes para autores:
https://memorias.ioc.fiocruz.br/instructions-to-authors).

Artigo 3 — “Polymorphisms in toll-like receptors 2, 4 and 8 and its implications
for susceptibility to TB, HIV-1 and HIV-1/TB co-infection in the Southern Brazil
population”, sendo preparado para submissdo na revista Infection, Genetics
and Evolution (indice de impacto: 2.773; instrugbes para autores:
https://www.elsevier.com/journals/infection-genetics-and-evolution/1567-
1348/guide-for-authors).
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3.1 Artigo 1

“Pathology of TB/COVID-19 Co-Infection: The phantom menace”, publicado na
revista Tuberculosis - DOI: 10.1016/j.tube.2020.102020 — artigo de revisao
sistematica redigido e publicado durante a pandemia (indice de impacto:
2.576).
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ARTICLE INFO ABSTRACT

Keywords: Tuberculosis (TB) and coronavirus disease 2019 (COVID-19) are currently the two main causes of death among
Tuberculosis infectious diseases. There is an increasing number of studies trying to elucidate the interactions between
COVID-19. Mycobacterium tuberculosis and SARS-CoV-2. Some of the first case reports point to a worsening of respiratory
;ﬁ?ﬂi‘::;;logy symptoms in co-infected TB/COVID-19 individuals. However, data from the cohort studies has shown some
Cytokines conflicting results. This study proposes to conduct a systematic review on the current literature on TB/COVID-19

co-infection cohorts, evaluating clinical and epidemiological data, focusing on its implications to the immune
system. From an immunological perspective, the TB/COVID-19 co-infection has the potential to converge in a
"perfect storm". The disorders induced by each pathogen to the immunomodulation tend to induce an unbalanced
inflammatory response, which can promote the progression and worsening of both diseases. Understanding the
nature of the interactions between M. tuberculosis and SARS-CoV-2 will be crucial for the development of ther-

apeutic strategies against co-infection.

1. Introduction

Considered by the World Health Organization (WHO) as the “public
enemy number one”, coronavirus disease 2019 (COVID-19) brought
chaos to the healthcare systems across the globe. Suddenly, humanity
was faced with a deadly new pathogen, capable of spreading quickly and
aggressively through the host’s organism, as among society as well.
While the COVID-19 second wave haunts nations that already seemed to
have overcome the pandemic some countries, like Brazil, are still hos-
tages to SARS-CoV-2. In Africa, South America and Southeast Asia, the
crisis may become even worse, as COVID-19 may end up converging
with another deadly disease: the tuberculosis (TB) [1,2].

In contrast with COVID-19, which we are just beginning to under-
stand, TB is an ancient threat that menaces mankind since prehistoric
ages, for at least 70,000 years [3]. This coevolution has shaped
M. tuberculosis as a pathogen highly adapted to coexist and thrive among
the humanity. Consequently, it is estimated that 2 billion people are
latently infected with TB worldwide (LTBI) [4]. Each individual with
LTBI has approximately a 10% chance of developing the disease in its
active form throughout life, however, this risk may vary geographically
and rise to 50% in individuals co-infected by the human

immunodeficiency virus (HIV) [4]. Although, TB persists as the leading
cause of death among infectious diseases; however, since April 2020
COVID-19 has shown similar numbers of daily deaths worldwide [5].
The convergence between these two deadly diseases raises concern
among health authorities, especially in TB endemic countries.

The consequences of the COVID-19 pandemic poses serious chal-
lenges to TB control programs, mainly by impairing TB diagnosis and
treatment. Due to the similarities between TB and COVID-19 symptoms,
countries with a precarious diagnostic structure suffer to properly
identify these infections;this issue negatively influences in therapeutic
decision-making and, therefore, impacts in prognosis of both diseases
[6-9]. TB treatment adherence and continuity are also affected by the
lack of resources, drugs and medical supplies, as well as by the reduction
of the mobility of patients and healthcare peofessionals; which can result
in treatment failure and, consequently, in an increase in incidence of
multidrug-resistant TB (TB-MDR) [10,11]. Another crucial aspect is that
both TB and COVID-19 share similar social determinants, including
poverty, overcrowding, diabetes and air pollution [12]. Some countries
are already facing these side effects of the pandemic, however, the
consequences of COVID-19 for TB go far beyond logistical and admin-
istrative issues [13].
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Many individuals who develop active TB are immunocompromised
and/or live in a situation of social vulnerability. In this context, the
emergence of the acquired immunodeficiency syndrome (AIDS), in the
middle of the 20th century, has enhanced TB dissemination, which was
relatively controlled until then [14-16]. M. tuberculosis and HIV interact
cooperatively, impairing host’s defenses, as the immune system is
exhausted and both pathogens spread through the organism [17,18].
The synergy between these diseases resulted in a deadly syndemic of
global proportions; currently TB is the main cause of death among
HIV-seropositive individuals. COVID-19 rises now as a new menace, due
to its devastating impact on the immune system and, mainly, to the lung
functions [19,20].

Therefore, becomes clear the urgency for further studies focused on
TB/COVID-19 co-infection, in order to try to contain this new pathogen
association. This article presents a brief systematic review of TB/COVID-
19 co-infection on the current literature, focusing on case reports and
cohorts studies, in an effort to point out the main immunological aspects
involved in this pathology.

2. Methodology
2.1. Research databases

This review was performed in accordance with the guidelines of the
Center for Reviews and Dissemination (CRD) of York University [21].
The search for suitable studies was focused on papers available on the
PubMed database, published until August 31, 2020.

The search strategy was based on the use of the following keywords,
combined or separated, always accompanied by '"tuberculosis" and
"COVID-19" among them: "immune response", "SARS", "'mycobacterium",
"coronavirus" and "co-infection ". In addition, the bibliography of the
reviewed studies was also evaluated to support the results discussion.

2.2. Study selection

Two authors (GM and MF) carried out the studies selection for this
review independently; any divergences were resolved in discussion with
the help of the third author (AP). The following selection criteria were
applied:

e Study design: cohorts and case reports;

e Sample size: at least 20 cases of TB/COVID-19 co-infection per study;

e Study population and assessed outcome: individuals proven to be co-
infected with LTBI or active TB and COVID-19, regardless of the
outcome.

After the first searches on PubMed, combining the keywords previ-
ously mentioned, a total of 144 results were obtained. Most of these
publications were duplicated or diverged from the scopeof this review.
After a superficial analysis of the titles and abstracts, 11 case report and
cohort studies were selected. These studies were then evaluated,
considering the number of TB/COVID-19 co-infected individuals, the
description of the clinical data and the information regarding the
treatment outcome. At the end of the selection process, only 6 studies
were chosen to compose this review.

The reason for focusing on studies with larger samples and more
complete data sets, is because they provide a better representation of the
general population, in addition to being more a robust evidence of the
relationships between pathogens.

2.3. Data extraction

From the 6 studies that met to the review selection criteria, the
following information was extracted: study design, sample size, clinical
features, outcomes, main findings and limitations. Two authors (GM and
MF) independently assessed all data, with differences being discussed
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and solved with a help of a third author (AP).
2.4. Data synthesis and analysis

All the data collected from the reviewed studies were critically
assessed by the authors and summarized in Table 1. Some of the infor-
mation, regarding the clinical characteristics of the TB/COVID-19 co-
infection, was not described in a standardized manner in their respective
articles, therefore, not all the data presented in Table 1 can be paired
between the studies. In addition, some of the mentioned studies were
published before the outcome information’s could be evaluated, there-
fore, they do not present this data.

3. Results

The results of this review are described in Table 1. In summary, most
of the evaluated studies point to an association between TB and COVID-
19. Both active TB and a previous history of TB seem to be related to an
increased risk for the development of COVID-19, as well as worsening
the infection prognosis [22-27].

However, there are still few clinical data on TB/COVID-19 co-
infection, and some of the first published case reports and cohort studies
have significant limitations. In general, the samples sizes are quite small,
most of studies have been conducted in countries with a low TB burden
and clinical features are not well described on the papers. Another
important aspect is the lack of information on other pre-existing diseases
and comorbidities, such as obesity, hypertension or diabetes; in most of
cases, it is even difficult to identify whether TB was diagnosed before or
during treatment for COVID-19.

Despite these limitations, the reviewed studies offer an evidence that
supports that TB contributes to the susceptibility and the worsening of
COVID-19. However, it is worth mentioning that other factors such as
social conditions, comorbidities, elderly and access to healthcare
directly influences the prognosis of TB/COVID-19 co-infection.

4. Discussion

The first cohort evaluating the association between TB and COVID-
19 consisted of international cooperation, grouping 49 cases of co-
infection from 8 different countries; this study identified a higher mor-
tality among elderly people with a previous history of TB, however,
regional differences in the COVID-19 treatment protocols may have
interfered in the evaluated outcomes [22]. The study published by Chen
et al. reported that TB increases the susceptibility to COVID-19 and the
severity of its symptoms [23]. Nevertheless, it is worth mentioning some
significant limitations of this study, such as its small sample size and the
lack of clinical criteria to define the presence of TB. Two Italian cohorts
also investigated the interactions between TB and COVID-19, in both of
them; most of the cases were composed of migrants and refugees. Both
studies also suggest that the co-infection is a clinically manageable
condition, although that it can be potentiated due by elderly or in the
presence of comorbidities [24,25]. Another study, conducted in the
Philippines, reinforced the deleterious role of TB over COVID-19, asso-
ciating the co-infection with a greater risk of morbidity and mortality
[26]. However, the most significant evidence of the influence of TB on
the prognosis of COVID-19 came from a South African cohort conducted
by Davies et al. Data of more than 3 million patients treated by the
public health system, with or without COVID-19, were compared taking
into account the presence of other comorbidities, including TB and HIV.
The results indicate that both the previous history of TB, as well as
current TB and TB associated with HIV increase the risk of death in
patients infected with COVID-19 [27].

Recently, two other reviews, including a meta-analysis, were con-
ducted with data from case reports and cohorts of co-infected TB/
COVID-19 individuals [12,28]. Both studies did not identify a direct
association of TB with the worsening of COVID-19, however, it should be
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Table 1
Review of the main TB/COVID-19 cohorts published so far.
Reference  Country Sample Clinical features Outcomes (% deaths) Study main findings Limitations
Size (co-
infected/
total)
Tadolini Multinational ~ 49/49 Majority of males, 43 were 18 recovered individuals, Larger studies are needed to International cohort
(22) symptomatic. 36 had active TB 25 still on treatment and 6 understand the role played by =~ composed of a heterogeneous
and another 13 had a previous deaths SARS-CoV-2 in the cluster of cases, with
history of TB. Some patients also progression from latent TB differences in therapeutic
had other comorbidities, such as infection to the active protocols and access to
HIV infection, diabetes and cancer disease, as well as the role of healthcare services, cannot be
M. tuberculosis in the considered representative
progression of COVID-19. In either of the European nor of
seven cases, COVID-19 the global situation.
occurred in patients with TB
sequelae. They were older
than the other patients and
had higher mortality
(although not statistically
significant)

Chen (23)  China 36/86 Co-infected individuals showed a Not available. TB infection likely increases The inclusion criteria applied
faster development of respiratory susceptibility to SARS-CoV-2,  to classify individuals with TB
symptoms, as well as a more and increases COVID-19 are not very specific, making
severe clinical manifestation. severity the co-infected group

composed of a miscellany of
cases with heterogeneous
clinical manifestations. Lack
of information on social
determinants and
comorbidities that may be
influencing the co-infection
prognosis

Stochino Italy® 20/20 Majority of males, 13 had 12 recovered individuals, 5  The impact of TB/COVID-19 Clinical symptoms may have

24) lymphocytopenia and one had still on treatment and 1 co-infection appears to be been partly under-estimated
thrombocytopenia. Severe death clinically manageable with due to cultural and linguistic
respiratory failure was observed proper care. Rigorous barriers as the vast majority of
only in the deceased patient. infection control practices patients were recent
Biochemical tests did not show and personal protection immigrants. The duration of
major deviations from expected devices are fundamental to follow-up was limited to a few
values, except for D-dimer levels prevent the risk of in-hospital ~ weeks, thus not allowing for

transmission, especially when  assessment of longer-term
dealing with a highly outcomes
vulnerable population

Motta Italy® 69/69 Among the individuals who died, 61 recovered individuals Mortality is likely to occur in  International cohort

(25) the vast majority were male, and 8 deaths elderly patients with composed of a heterogeneous
elderly and with comorbidities comorbidities; TB might not cluster of cases, with
such as hypertension, alcoholism be a major determinant of differences in therapeutic
and diabetes mortality; migrants in this protocols and access to

study had lower mortality, healthcare services, cannot be
probably because of their considered representative
younger age and lower either of the European nor of
number of co-morbidities the global situation.

Sy (26) Philippines 172/860 Majority of males, many with 95 recovered individuals Co-infection with TB Lack of information on social
hypertension and/or diabetes. and 43 deaths (34 increased morbidity and determinants and
Most of deaths were among older ~ unknown) mortality in COVID-19 comorbidities that may be
individuals and with several patients influencing the co-infection
comorbidities prognosis

Davies South Africa 2128/ Majority of females, many with Coinfected HIV Both past history of TB, Lack of information on social

27) 22308 hypertension and/or diabetes. seronegative individuals current TB and TB associated ~ determinants and

Most of deaths were among older
individuals and with several
comorbidities

879 Previous TB + COVID-
19: 45 deaths 155 Current
TB + COVID-19: 10 deaths
Coinfected HIV seropositive
individuals 864 Previous
TB + COVID-19: 42 deaths
172 Current TB + COVID-
19: 16 deaths

with HIV increase the risk of
death in patients infected by
COVID-19

comorbidities that may be
influencing the co-infection
prognosis

@ Although the studies were carried out in Italy, most of the cases evaluated were in migrants.

noted that these reviews only evaluated the literature available until
then, not including the results of the South African cohort, for example
[27]. An assessment conducted by a task force composed of specialists in
immunology and microbiology, concluded that despite the current lack
of data on co-infection, it is quite likely that there is indeed a relation-
ship between TB and the worsening prognosis of COVID- 19, as well as

COVID-19 with the progression of TB. However, there has not yet been
time for these analyzes to be properly conducted [29]. Over time, more
studies describing TB/COVID-19 should be published, confirming these
hypotheses. Even so, the lack of data from TB endemic countries and
with a high incidence of COVID-19, such as Brazil and India, remains
intriguing. What can already be established as a consensus is that
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co-infection is particularly dangerous for people in conditions of social
vulnerability, the elderly and people with other comorbidities, such as
diabetes and hypertension. Considering that a significant part of the
individuals who develop active TB is part of this group highlights the
need for special attention to these populations during the pandemic.

There is still no experimental data of immunopathological aspects
regarding TB/COVID-19 co-infection. However, based on the findings of
population studies, together with what is already known about the eti-
ology of each disease, it is possible to discuss some aspects of co-
infection. Both TB and COVID-19 have airborne transmission, both
affect mainly the lungs, have similar symptoms and share the same so-
cial determinants. However, M. tuberculosis and SARS-CoV-2, present
significant differences in their pathogenesis, understanding them, as
well as learning about their interactions may contribute to the devel-
opment of new strategies for the prevention and treatment of TB/
COVID-19 co-infection. M. tuberculosis and SARS-CoV-2 may act syner-
gistically when they share the same host. M. tuberculosis interferes
drastically in the pulmonary microenvironment; during latent TB
infection, the persistence of mycobacteria induces a chronic pro-
inflammatory response in the lung parenchyma, which is necessary to
maintain the structural integrity of granuloma [30-32]. The main cy-
tokines that contribute to the containment of the bacillus, TNF and
IFN-y, also play a key role in the pro-inflammatory immunomodulation
of the response against SARS-CoV-2 [33]; it is likely that stimuli against
TB and COVID-19 add up in co-infected individuals, leading to the
accumulation of active cells in the lung, cytokine storms and, therefore,
immunopathology. The death of lung cells, due to necrosis and pyrop-
tosis, also results in the local dispersion of DAMPs, which intensifies the
inflammatory feedback in the lower respiratory tract.

The pulmonary alveoli are like battlegrounds for TB and COVID-19.
However, while M. tuberculosis silently infiltrates into the lungs, trying
to avoid the over-stimulation of the immune system, SARS-CoV-2 pre-
sents a much more aggressive approach, inducing pyroptosis and pro-
moting immunopathology and tissue damage [34,35]. In most cases,
individuals with a balanced immune system respond satisfactorily to
both infections, containing or eliminating pathogens [36]. However,
recent evidences indicate that, even during latency, M. tuberculosis
persists multiplying and causing cavitary lesions [37]. The maintenance
of granulomas requires fine and permanent immunomodulation, where
disturbances caused by other infectious agents, such as HIV, tend to
induce the activation of the disease [38,39]. Nevertheless, none of the
reviewed studies set out to verify a possible causal relationship between
the reactivation of TB due to SARS-CoV-2 infection. In contrast, the
damage produced by TB in the lungs added to its impact on local im-
munity, increases the body’s susceptibility to airborne pathogens [22].
This is probably be the main reason for the increased risk of developing
COVID-19 in patients with current or past history of TB.

The Thl immune response against TB is characterized by the pre-
dominance of specific phagocytes and CD4 + T lymphocytes; however,
the defenses against SARS-CoV-2 also depends on specialized lympho-
cytes [40-43]. At first, the TB/COVID-19 co-infection should delay or
jeopardize the response against SARS-CoV-2, while successive inflam-
matory stimuli over time would result in a generalized exhaustion of T
cells [44,45]. Both in TB and COVID-19, lymphocytes act as immune
mediators, orchestrating the release of cytokines and chemokines at the
infectious site; lymphopenia resulting from coinfection directly affects
this regulation of the immune response against pathogens. The main
consequence observed from lymphopenia is the exacerbated expression
of cytokines, mainly pro-inflammatory [31,33,42,46-48]. Some of these
cytokines expressed in co-infection may also have side effects, such as an
increased expression of the ACE2 receptor on cell surface, stimulated by
the IFN-y [49]. IL-4 and IL-13 are associated with immunopathological
damage and with a worse prognosis for TB and COVID-19 [50,51]. The
collapse in immune homeostasis due to lymphopenia is also followed by
a considerable increase in the number of neutrophils infiltrated into the
lungs [52]. Neutrophils, by themselves, do not contribute as much to the
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control of infections by M. tuberculosis or SARS-CoV-2 in the chronic
phase; however, their presence is associated with the intensification of
inflammatory stimuli and tissue damage [52]. In fact, the relationship
between the number of lymphocytes and neutrophils has already been
identified as a possible risk marker for TB and for COVID-19 [53,54].

From a macroscopic perspective, the cavitary lesions caused by TB
reshape the pulmonary architecture [55]. The necrotic parenchyma is
replaced by a fibrotic epithelium, reducing the surfaces available for gas
exchange; bronchiectasis and bronchostenosis that are formed restrain
the airflow, while obstructed capillaries compromises the lung fluid
drainage [56-58]. In general, the macrostructural changes resulting
from TB compromise the functioning and defense of the lower respira-
tory tract, which could be a complication given the consequences of an
exacerbated inflammatory response against SARS-CoV-2, such as a for-
mation of an edema. Consequently, the lung becomes more susceptible
to severe complications, such as pneumonia and respiratory failure; this
is likely one of the reasons why individuals with previous history of TB,
presenting pulmonary scars and fibrosis, seems to be more susceptible to
SARS-CoV-2 and have a worse COVID-19 prognosis [22,26,27]. How-
ever, it should be noted that TB present a very heterogeneous spectrum
of lesions, which vary according to the bacterial strain and the host’s
immune response [59]. These findings reinforces the need for special
attention in cases of iterant or resistant TB [60-63].

Some of the pharmacological strategies proposed to control the
damage caused by COVID-19 involve the modulation of immune
response with corticosteroids, in order to try to reduce excessive
inflammation [64]. However, the use of immunomodulators should be
evaluated considering the clinical history of each individual and taking
into account the epidemiological characteristics of the local population.
Drugs with anti-inflammatory function, such as TNF-a blockers, for
example, can increase the susceptibility to opportunistic pathogens,
such as M. tuberculosis, or even compromise the structural integrity of
granulomas , [65,66]. Therefore, despite the urgent need to develop of
new therapies against COVID-19, we must be cautious when choosing
the treatment regimen so that these drugs do not disturb immune ho-
meostasis and result in unwanted side effects [67,68].

5. Final considerations

What we know about the TB epidemiology and pathology can
contribute extremely to our efforts against COVID-19 pandemic; like-
wise, what we are learning while facing COVID-19 can be of great help
in the development of new diagnostic and therapeutic strategies against
TB [69,70]. Although the attention of the scientific community is
focused on SARS-CoV-2, we cannot forget about older threats. Before the
pandemic, TB was already neglected, even though it was the deadliest
infectious disease in the world. However, with the arrival of COVID-19,
the call for investment in TB control and research programs becomes
even more urgent. The review’s findings indicate that TB increases
susceptibility to COVID-19, as well as contributing to the worsening of
its symptoms subset. Individuals in a situation of social vulnerability or
presenting comorbidities have a worse prognosis. On the other hand,
there are still no data regarding the influence of SARS-CoV-2 on the TB
progression. Given the evidence of a probable synergism between
M. tuberculosis and the new coronavirus, such as the severity of symp-
toms and sequelae of co-infection, the need for further practical studies
of the TB/COVID-19 pathogenesis is evident. It is possible that in the
coming months there will be an increase in the number of cases of active
TB, as a side effect of the COVID-19 pandemic. Therefore, understanding
how pathogens share and proliferate in the pulmonary microenviron-
ment, as well as elucidating the mechanisms involved in the suscepti-
bility and prognosis of both infections, will be fundamental for the
development of new strategies for the prevention and treatment of
TB/COVID-19 co-infection.
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3.2 Artigo 2

“TLR2 rs111200466 polymorphism and its influence on CD3+ and CD4+ T
lymphocyte counts of HIV-1 seropositive individuals in southern Brazil”;, artigo
original submetido a revista Memorias do Instituto Oswaldo Cruz — (indice de
impacto: 2.280; instrucdes para autores:

https://memorias.ioc.fiocruz.br/instructions-to-authors).
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Abstract
The toll-like receptor 2 (TLR2) plays a key role in innate immunity, identifying
molecular patterns associated with pathogens (PAMPs) and orchestrating the
immunomodulation against potential threats. However, the constant pro-
inflammatory stimuli induced via TLR2 by PAMPs by the human immunodeficiency
virus type-1 (HIV-1), as well as by opportunistic pathogens, contribute to the immune
exhaustion in HIV-1 seropositive individuals. The rs111200466 polymorphism is a
deletion, located in the promoter region of the TLR2 gene, which reduces the
expression of the receptor on the cell surface. To evaluate the influence of
rs111200466 on the progression of HIV-1 infection, we compared the different TLR2
genotypes with the CD3*, CD4* and CD8* T lymphocyte loads in HIV-1 infected
individuals. Our results indicate that the rs111200466 heterozygous genotype is
associated with higher CD3* and CD4* cell counts and may influence in the progression
of the acquired immunodeficiency syndrome (AIDS). These findings highlight TLR2 as a

possible target for the therapeutic immunomodulation against HIV-1 infection.

Keywords: TLR2; HIV-1; polymorphism; immunomodulation; T lymphocytes.
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INTRODUCTION

Almost four decades after the discovery of HIV, AIDS persists as one of the main
causes of death among all infectious diseases worldwide (Palm 2020). The high genetic
variability, added to its resilience and versatility to evade and subvert the immune
system, make HIV-1 a formidable pathogen. Despite all the advances in the
development of high activity antiretroviral therapy (HAART), HIV-1 resists latently,
taking refuge in the cells of reservoir tissues, such as lymph nodes (Pantaleo et al.
1991). The immune exhaustion, previously controlled with the use of antiretroviral
drugs, is now threatened by the emergence of HIV-1 pan-resistant strains (Puertas et
al. 2020). In this context, the urgency for the development of new HIV-1 treatment
strategies, based on immunomodaulation, is evident. Among the possible therapeutic
candidates for immunotherapy, TLR2 is undoubtedly a good bet, especially due to its
wide repertoire of recognizable PAMPs.

The rs111200466 is an insertion/deletion polymorphism, located in the
promoter region -196 to -174 of the human TLR2 gene, which significantly reduces the
expression of the TLR2 receptor and has been associated with susceptibility to
different pathogens (Noguchi et al. 2004, Chen et al. 2010, Re et al. 2016, Lourenco et
al. 2020). However, studies of rs111200466 among HIV-1 seropositive individuals have
shown controversial results. While in the North Indian population the homozygous
variant genotype was associated with increased susceptibility to HIV-1, in the Spanish
population its effect appears to be protective against infection (Vidyant et al. 2017,
Royo et al. 2018). The Spanish researchers also identified a relationship between the
deletion in TRL2 gene with lower CD4* T lymphocyte counts, as well as with a worse

prognosis for HIV-1 infection (Laplana et al. 2020). Despite the divergences between
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the studies, these findings emphasize the TLR2 as a genetic factor associated to
immune variability and TLR2 as a potential target for new immunomodulatory
therapies against HIV-1 (Macedo et al. 2018).

The aim of this study was to elucidate the role of TLR2 genetic variability in the
progression of HIV-1 infection, by analyzing the influence of rs111200466
polymorphism on CD3*, CD4* and CD8" T lymphocyte loads in HIV-1 seropositive
individuals from the Southern Brazilian population, comparing their lymphocyte counts

over the years during the post-diagnostic monitoring.

METHODOLOGY

This is a retrospective cohort study, conducted in accordance with the
principles of ethics in research with human beings and approved by the ethics
committees of the Federal University of Health Sciences of Porto Alegre (UFCSPA)
#3.265.993 and the Health Secretariat of the State of Rio Grande do Sul (SES-RS)
#09/2011. DNA samples from 85 HIV-1 seropositive individuals were analyzed; these
samples were originally collected by other studies between 2011 and 2015 and stored
at the biobank of the Center for Scientific and Technological Development (CDCT) of
SES-RS. The information regarding the epidemiological profile of the study population
was obtained from the sample records in digital databases. Ethnic determination
followed the classification 'race/color' by self-identification, based on the same
methodology adopted by the official Brazilian populational census (IBGE 2010),
previously validated by other authors (Cardena et al. 2013); according to this self-
identification, subjects were divided in three skin color categories: white, brown and

black.
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The rs111200466 polymorphism was analyzed by the polymerase chain
reaction, using the following primer sequences: forward 5'-CACGGAGGCAGCGAGAAA
and reverse 5'-CTGGGCCGTGCAAAGAAG. Genotyping was performed by
electrophoresis on a 4% agarose gel, in which the visualization of a single 286 bp
amplicon identifies the homozygous wild type genotype, a single 264 bp amplicon
identifies the variant homozygous genotype (deleterious) and, therefore, the
simultaneous presence of the two amplicons with 264 bp and 286 bp characterizes the
heterozygous genotype. To confirm the electrophoresis results, a sample of each
genotype was also sequenced using the Sanger method, ensuring that the
amplification occurred in the correct loci.

Clinical data and lymphocyte counts were obtained in collaboration with the
Virology Laboratory of SES-RS, based on the records of the Notifiable Diseases
Information System (SINAN) of the Brazilian Ministry of Health. Until 2016, periodic
lymphocyte count tests were part of the routine in the Brazilian HIV-1 monitoring
protocol. HAART used to start only after confirmation of progression to AIDS
(Secretaria Estadual da Saude do Rio Grande Sul, Brasil 2016); therefore, we chose to
focus our analyses on the first years of post-diagnostic follow-up, prior to patients
adhering to HAART. To perform a standardized assessment of CD3*, CD4*, CD8* T
lymphocyte counts, the annual means were calculated from each patient's medical
history follow-up.

Statistical analyses were performed using the software SPSS® version 20.0.
(IBM, United States). Continuous variables are presented as mean + standard deviation
and qualitative variables are presented as absolute frequency and percentage. The

Hardy-Weinberg Equilibrium was verified by the chi-square test. Quantitative variables
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were compared among groups by Kruskal-Wallis and categorical variables were
compared using chi-square tests, a p < 0.05 indicated statistical significance. In
addition, a Cox regression analysis was performed using the time to reach CD4 + cells
levels < 200 cells/mm?3 in years as the dependent variable. To estimate the hazard ratio
(HR), variables that could influence the course of CD4+ cells were tested using Cox
regression in a univariate model. The following variables were included: TB coinfection,
sex, age and ethnicity. Variables with a p < 0.1 were maintained in the multivariate

model to address the effect of TLR2 polymorphism.

RESULTS

Sample description

Sociodemographic and epidemiological characteristics of the study population
are described in Table 1. The sample was composed mainly by males (62.7%), the
average age of the study subjects was 37 years old (standard deviation of + 13 years)
and most of them were self-declared white (56.25%). In general, the evaluated
individuals had their lymphocyte counts monitored for approximately 7 years, the
average lymphocyte loads at the baseline were 1486.25 CD3 + cells / mm?3, 450.94 CD4
+ cells / mm3 and 1003.73 CDS8 + cells / mm3. The frequency of the allelic variant in the
study sample was 14%.

Association of rs111200466 with CD3*, CD4* and CD8* levels

The data from the CD3*, CD4* and CD8* T lymphocytes counts according to
TLR2 rs111200466 genotypes are described in Table 2. Our results indicate that the
heterozygous genotype is associated with higher CD3* and CD4* total loads, based on

the average of all counts performed (p = 0.018 and p = 0.007, respectively). By
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chronologically assessing the three first years of lymphocyte counts, the relationship
between the heterozygous genotype with higher CD3 + (1% year p = 0.007 and 2" year
p = 0.002) and higher CD4* loads (1t year p = 0.014 and 2" year p = 0.010) is once
again observed during the first two years of post-diagnosis follow-up. However, it is
noteworthy that this trend is no longer observed from the second year after diagnosis,
as well as no association was identified between rs111200466 genotypes and CD8 + T
lymphocyte loads.

A multivariate Cox regression was performed using the time to reach CD4* <
200 cells / mm? in years as the dependent variable. Through this analysis, we observed
that heterozygous seem to show a trend to a slower reduction of CD4* levels over time
(HR=0.29, 95% CI=0.27-1.25, p=0.098, Figure 1) and, therefore, a slower progression

to AIDS.

DISCUSSION

Our findings highlight the influence of TLR2 expression on CD3* and CD4* T
lymphocyte loads in HIV-1 seropositive individuals. These impacts are more evident
during the first two years after HIV-1 diagnosis (Table 2), at the beginning of the
chronic phase of the infection, and seem to contribute to a slower progression to AIDS
(Figure 1). It is worth mentioning that no associations between the rs111200466
genotypes and the CD8*" T lymphocyte counts were identified. The fact that the
polymorphism is associated only with CD3* and CD4* cells might be explained by the
higher tropism of HIV-1 or these cell types and to its importance during the course of
infection (Cheng-Mayer et al. 1990). There is growing evidence on the influence of

TLR2 on the prognosis of HIV-1 infection. Despite recognizing mainly constitutive
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lipopolysaccharides from Gram-positive bacteria, TLR2 is also sensitive to HIV-1 capsid
glycoproteins, such as p17, p24 and gp41 (Henrick et al. 2015). The stimulation of TLR2
triggers an intracellular cascade that culminates in the activation of the transcription
factor NF-kB, which promotes the synthesis of molecules involved in the pro-
inflammatory response, such as cytokines and chemokines (Kopp & Medzhitov 2003).
However, in HIV-1 infected cells, NF-kB also promotes the transcription of proviruses
integrated into the host's genome (Bafica et al. 2003, 2004, Equils et al. 2003).
Consequently, the expression of TLR2 is associated with increased reactivation and
replication of HIV-1 copies, as well as with greater cell permissiveness to the virus
(Ding & Chang 2012, Novis et al. 2013, Bolduc et al. 2017). Furthermore, the activation
of the immune response by TLR2 also promotes local inflammation with the
recruitment of active CD4* T lymphocytes, providing an additional substrate for viral
infection (Henrick et al. 2015).

It is likely that immune activation by triggering TLR2 is the reason why the
rs111200466 heterozygous individuals have higher CD4* T counts. The moderate
expression of TLR2 results in less stimulation of the receptor and, consequently, less
viral replication, reducing the exhaustion of the immune system. In contrast,
individuals homozygous for the deletion are more prone to be infected by
opportunistic pathogens, which also result in greater immune activation and cell
exhaustion. Therefore, the heterozygous genotype represents a balanced response
pathway, avoiding exacerbated stimulation of the receptor, while providing protection
against opportunistic infections. In fact, although immune activation is advantageous
in the initial innate defense against HIV-1, in the chronic phase it becomes harmful (Ipp

& Zemlin 2013). According to this hypothesis, studies with the simian
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immunodeficiency virus (SIV) in primates indicate that species that present a more
moderate inflammatory response throughout chronic infection tend to not progress to
AIDS (Pandrea & Apetrei 2010, Chahroudi et al. 2012, McGary et al. 2014, Palesch et al.
2018).

Pharmacological immunomodulation of TLRs has already been tested
successfully in experimental trials, which reinforces the importance of understanding
the influence of TLRs on the prognosis of HIV-1 infection (Cheng et al. 2018, Saxena et
al. 2019). Although our results point in the opposite direction from what was observed
in the Spanish population by Laplana et al. 2020, they reinforce the evidence that TLR2
plays an important role in the immunomodulation of HIV-1 seropositive patients. This
ambivalence played by TLR2 in HIV-1 infection has already been demonstrated in
studies with other members of his class and, apparently, the stage of infection and the
cell type involved also influence the outcome (Schlaepfer et al. 2006, Biasin et al. 2010,
Herndndez et al. 2011, Sironi et al. 2012, MacKelprang et al. 2013). It is likely that other
polymorphisms in the TLR2 also contribute to the regulation of its expression and,
consequently, influence in the lymphocyte counts (MacKelprang et al. 2013); besides
that, genetic differences between the Brazilian and Spanish populations may also
explain the disparity in the results. Our study has important limitations, such as the
lack of analysis of ancestry and, above all, its small sample size; however, it offers a
rare opportunity to assess chronological variations in lymphocyte loads in the pre-
HAART period. Ongoing studies by our group with larger sample banks will allow
further analyses of the relationships between polymorphisms in the TLR genes with

lymphocyte counts and AIDS progression.
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CONCLUSION

The activation of the innate immune response is one of the key mechanisms involved
in the progression of HIV-1 infection. Understanding how cellular receptors modulate
host's defenses is fundamental to the development of new therapeutic strategies
against the virus. Our findings emphasize the importance of TLR2 for the CD3* and
CD4* T lymphocytes loads during the first years after seroconversion and reinforces the
hypothesis that a more balanced, or moderate, immune response confers an
advantage during the chronic phase of HIV-1 infection, contributing to a slower
progression to AIDS. Finally, the role of TLR2 in pathogenesis of HIV-1 infection is

highlighted, as well as its potential use as a target for immunomodulation.
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Table 1: Epidemiological characterization of the study population.

VARIABLE
Male Sex 54/85 (62.7%)
Age (years)? 37 (+13)
Color?
White 18/32 (56.25%)
Brown 12/32 (37.5%)
Black 2/32 (60.25%)

Tobacco smoking
Alcohol abuse

Drug users

Prior incarceration
Years of CDs dosages

T lymphocyte counts?

CD3* (cells / mm3)
CD4* (cells / mm?3)

CD8* (cells / mm?3)

18/13 (58.06%)

7/24 (22.58%)

15/16 (48.38%)

6/25 (19.35%)
7

Baseline Final
1486.25 +506.09 1491.91 +672.96
450.94 +263.95 530.40+340.59

1003.73 +412.47 965+481.76

classification scheme adopted by the official 2010 Brazilian census.
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1 Mean (tstandard deviation), % Self-identification according to the ‘race/color’



Table 2. CD3*, CD4* and CD8* T lymphocyte counts according to TLR2 genotypes of rs111200466

GENOTYPES
P
wt/wt wt/del del/del
N 64 18 3
CD3* T LYMPHOCYTE COUNTS
Average of all counts after HIV 1435,1 1829 1520,9
Lo a6t h _ _ 0.018
diagnosis (cells / mm3) (1193.6; 1875.9) (1736.6; 2113) (1320; 1995.3)
1541 1720.7 2123
1t fter diagnosi 007
year after diagnosis (1164.2; 1629.6) (1448.3; 1947.5) (1631.5; 2483) 0.00
1576.3 1965.8 2035
2nd fter diagnosi 002
year after diagnosis (1284; 1863.3) (1645.7; 2112.3) (1806; 2316.1) 0.00
1940 1618 1689.3
rd f i i .704
3" year after diagnosis (1598; 2211) (1235; 2193) (1378.1; 2333.4) 0.70
CD4* T LYMPHOCYTE COUNTS
Average of all counts after HIV 448.8 643.6 397.2
Lo a6t h 0.007
diagnosis (cells / mm3) (226.3; 631.8) (540.3; 767) (256.9; 475)
419.5 536.7 502
1t fter diagnosi 014
year after diagnosis (264: 633.6) (419: 771) (325; 593) 0.0
513 742 477.7
2nd fter diagnosi 01
year after diagnosis (361.5; 716.5) (459.2; 842) (347.8; 492.1) 0.010
532 680.2 303.2
rd fter diagnosi 1
3" year after diagnosis (380; 716) (534.4; 7845) (251.2; 474.3) 0.135
CD8* T LYMPHOCYTE COUNTS
Average of all counts after HIV 952 1164 977,3
orabt , 0.105
diagnosis (cells / mm3) (706.7; 1160) (941.2; 1327.2) (889.2; 1373.1)

64



[35Y

1%t year after diagnosis 878.5 1031.6 1480
(634; 1112.5) (821; 1332) (1214.3; 1789.5)
2" year after diagnosis 1003 1175.2 1280
(700.5; 1144) (989.7; 1298.5) (1184.2; 1330.7)
3rd year after diagnosis 985 1073.5 750.5
(720.5; 1390) (994.7; 1280.4) (608.9; 1392.7)

0.720

0.710

0.659

N, sample size; wt, wild type; del, deletion; P, p-value. Data presented as median and interquartile range.
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1 Figura 1. Multivariate Cox regression was performed using the time to reach CD4* <

2 200 cells / mm3 in years as the dependent variable. Wt/wt = reference group; Wt/del:

3 HR=0.29 (0.07-1.25), p=0.098; del/del: HR=0.99 (0.13-7.37), p=0.995.
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Hazard ratio
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3.3 Artigo 3

“Polymorphisms in toll-like receptors 2, 4 and 8 and their implications in the
susceptibility to TB, HIV-1 infection and HIV-1/TB co-infection in the Southern
Brazil population”, sendo preparado para submissdo na revista Infection,
Genetics and Evolution (indice de impacto: 2.773; instru¢fes para autores:
https://www.elsevier.com/journals/infection-genetics-and-evolution/1567-
1348/guide-for-authors).
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HIGHLIGHTS
- Toll-like receptors play a key role in the pathology of HIV-1/TB co-infection;
- Only a few studies have evaluated the immunogenetics of HIV-1/TB co-infection;
- TLR2 rs111200466 is associated with susceptibility to co-infection;
- TLR4 rs4986790 variant allele appears to be a risk factor for TB and the HIV-1/TB co-

infection.
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ABSTRACT

Despite the efforts of the scientific community to combat the acquired
immunodeficiency syndrome (AIDS) and tuberculosis (TB) syndemic, there are still few
studies related to the immunogenetics of the co-infection. When sharing the same
host, the human immunodeficiency virus type 1 (HIV-1) and the bacillus
Mycobacterium tuberculosis act synergistically, forcing the immune system to its limits.
Toll-like receptors (TLR) are in the frontline of innate immunovigilance, identifying
molecular patterns associated with pathogens (PAMPs) and orchestrating the immune
response in the defense of the organism. The polymorphisms TLR2 rs111200466, TLR4
rs4986790 and TLR8 rs3764880 have already been associated with susceptibility to TB
and HIV-1 in different human populations, however, their influence in co-infected
individuals have not yet been properly evaluated. In the present study, the allelic and
genotypic frequencies of the aforementioned polymorphisms were compared between
the following groups: healthy individuals, active TB, HIV-1 seropositive and HIV-1/TB
co-infected individuals. Our results indicate that the variant homozygous genotype of
rs111200466 is associated with susceptibility to HIV-1/TB co-infection; the rs4986790
G299 allele appears to be associated with a higher risk for the development of active

TB and also with the susceptibility to co-infection.

Keywoords: HIV-1; AIDS; tuberculosis; co-infection; toll-like receptor.
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INTRODUCTION

Tuberculosis (TB) and acquired immunodeficiency syndrome (AIDS) are two of
the main causes of death among all infectious diseases worldwide (UNAIDS, 2020). It is
estimated that one third of seropositive individuals for human immunodeficiency virus
type 1 (HIV-1) are also latently infected by the bacillus Mycobacterium tuberculosis,
accounting for 12 million co-infected worldwide (Getahun et al., 2010). The risk of an
HIV-1 seropositive person to develop active TB is about 20 times greater than for a
healthy individual, thus TB persists as the leading cause of death among people living
with AIDS (WHO, 2020). It is estimated that about 609 thousand people died of AIDS in
2019, including 208 thousand HIV-1/TB co-infected individuals; in other words, TB was
responsible for almost one third of the deaths in the HIV-1 seropositive population
(UNAIDS, 2020). The severity of co-infection is mainly due to the synergistic interaction
between the pathogens, favoring their mutual replication and resulting in a rapid
impairment of the host's health (Du Bruyn & Wilkinson, 2016). The high incidence of
active TB in individuals infected with HIV-1 can be attributed to two mechanisms:
reactivation of the disease in individuals with latent infection by M. tuberculosis (ILTB)
or susceptibility to an initial infection with the bacillus (Davis & Ramakrishnan, 2009; P.
Ling, J. Flynn, 2012; Ramakrishnan, 2012; Russell, 2007); in both cases,
immunosuppression caused by the virus is one of the triggers for disease progression
(Bell & Noursadeghi, 2018; Diedrich et al., 2016). Therefore, the immune system plays a
determining role in the prognosis of HIV-1/TB co-infection, and some of the main players
involved in the response to both pathogens are pattern recognition receptors, such as
toll-like receptors (TLR) (Kopp & Medzhitov, 2003).

TLRs are transmembrane proteins, present on the cell surface or in endosomes,
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expressed mainly by phagocytic cells; they recognize pathogen-associated molecular
patterns (PAMPs) and induce the activation of the immune response against different
classes of microorganisms (Akira & Takeda, 2004; Pasare & Medzhitov, 2004; Takeda et
al., 2003). Ten varieties of TLR have already been identified in humans, each with its own
structural configuration and presenting a particular repertoire of target PAMPs
(Kawasaki & Kawai, 2014; Kopp & Medzhitov, 2003). TLR2, for example, is a surface
receptor that forms heterodimers with TLR6 and TLR1, mainly identifying
liposaccharides and lipoproteins present in the cell wall of Gram-positive bacteria and
in the bacillus M. tuberculosis (Aliprantis et al., 1999; Schwandner et al., 1999; Yang et
al., 1998). TLR4 is also a surface receptor, however, it forms homodimers among
themselves and recognizes mainly the lipopolysaccharide (LPS), present in Gram-
negative bacteria and in M. tuberculosis (Chow et al., 1999; Hoshino et al., 2016). TLR8
is a homodimeric endosomal receptor, capable of identifying single-stranded RNAs
(ssRNA) of viruses and other intracellular pathogens, including HIV-1 (Ohto et al., 2014;
Tanji et al., 2015). Genetic polymorphisms in these three varieties of TLRs mentioned
above have already been related to greater susceptibility to active TB and to HIV-1
infection, however, there are still no data on their role in the susceptibility and prognosis
of HIV-1/TB co-infection (Lama & Planelles, 2007; Raghavan et al., 2012; Varzari et al.,
2019).

The rs111200466 polymorphism is a 22-base pair (bp) deletion in the promoter
region -196 to -174 of the TLR2 gene, which significantly reduces the expression of the
receptor on the cell surface (Noguchi et al., 2004); its variants have already been
associated with increased susceptibility to active TB, HIV-1 infection and changes in CD4*

T lymphocyte counts in seropositive individuals (Chen et al., 2010; Khan et al., 2014;
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Laplana et al., 2020; Vidyant et al., 2017). The single nucleotide polymorphism (SNP)
rs4986790 Asp299Gly of TLR4 consists in a meaningless base exchange that alters the
extracellular domain of TLR4 and, consequently, interferes in the affinity between the
receptor and the PAMPs; the homozygous variant G/G genotype is strongly associated
with susceptibility to HIV-1 in Caucasian populations in the United States, Greece, and
Spain, as well as in the Indian population (Papadopoulos et al., 2010; Pine, McElrath, &
Bochud, 2009; Pulido et al., 2010; S. Vidyant et al., 2019). The SNP rs3764880 Met1Val
of TLR8 has a relatively common frequency within the human population; it is a non-
synonymous functional variant, which regulates the translation of the two main
isoforms of TLR8. The reference A allele has already been associated with susceptibility
to TB in different populations, however, in HIV-1 seropositive individuals the same allele
seems to have a protective role against the virus, being associated with a better
prognosis of the infection (Oh et al., 2008; Varzari et al., 2019; Wang et al., 2018).

This study proposes an analysis of the influence of rs111200466, rs4986790 and
rs3764880 polymorphisms on the susceptibility to infection by M. tuberculosis and HIV-
1, aiming to understand the contribution of TLR2, TLR4 and TLR8 in the immunogenetics
and pathogenesis of TB, of AIDS and the dynamics of HIV-1/TB co-infection in a

population of southern Brazil.

METHODOLOGY

Study design, study population, and sampling

This is a retrospective case-control study, using sample banks and clinical data
from studies previously conducted by our research group. All experiments were carried

out according to the precepts of ethics and biosafety, with the approval of the
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participating institutions (Ethics approval # 3,265,993). In total, 1016 samples were
analyzed, divided among 4 different sample groups:

- Control group: composed of 174 healthy individuals, without any comorbidities,
HIV-1 seronegative and without previous or current diagnosis of TB;

- TB group: composed of 314 individuals with clinical diagnosis of active TB,
tested with negative serology for HIV-1;

- HIV-1 group: composed of 429 individuals with a confirmatory diagnosis of HIV-
1, without a previous history of TB;

- HIV-1/TB group: composed of 99 individuals tested with a confirmatory
diagnosis of HIV-1 and with a clinical diagnosis of active pulmonary TB.

The DNA samples genotyped in the present study are part of the biorepository
of the Molecular Biology Laboratory of the Federal University of Health Sciences of Porto
Alegre (UFCSPA); samples are stored frozen at -202C, already purified and diluted to a
use concentration of 10ng / uL. The clinical and epidemiological data of the study

population were obtained by consulting the respective databases of the biorepository.

Molecular analysis

The —196 to —174 (rs111200466) deletion of TLR2 was investigated using the
polymerase chain reaction (PCR) technique. For DNA amplification, the following primer
sequences were used: forward 5 ' CACGGAGGCAGCGAGAAA and reverse 5 '
CTGGGCCGTGCAAAGAAG (Tahara et al., 2007). PCR products were by electrophoresis in
a 3.5% agarose gel; the presence of a single 286bp amplicon identifies the ancestral
homozygous genotype, the visualization of a single 264bp amplicon indicates the variant

homozygous genotype, while the heterozygote is identified by the simultaneous
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presence of two amplicons of 286bp and 264bp, respectively.

The genotyping of the TLR4 rs4986790 and TLR8 rs3764880 polymorphisms were
performed through allelic discrimination by amplifying the region of interest. The real-
time PCR method with TagMan® SNP hydrolysis probes from Applied Biosystem
(C__11722238 2 and C__ 2183830_10, respectively) was used. The procedures were

performed according to the manufacturer's guidelines.

Statistical analysis

Statistical analyses were performed using the statistical software SPSS® version
21.0 (IBM, United States). The Hardy-Weinberg equilibrium (HWE) was checked for the
studied polymorphisms using the chi-square test. Differences in the distribution of allele
and genotype frequencies between groups were assessed using the chi-square test and
odds ratios, calculated with a 95% confidence interval. Chi-square was also used in the
analysis of epidemiological variables, maintaining a 95% confidence interval, with a

significance level set at 0.05.

RESULTS

Sample description

The sociodemographic and epidemiological characteristics of each group of the
study population are described in Table 1. In general, the sample was composed mainly
by male sex individuals (57.6%), the average age of the study subjects was 39 years old
(standard deviation of + 13 years) and most of them were self-declared white (57.9%).
Alcohol and tobacco abuse were reported in 12.1% and 32.7% of all study subjects,

respectively. All epidemiological variables showed significant differences in its
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frequencies among the groups. With the exception of TB/HIV-1 co-infected individuals,
the male gender was predominant in all the groups. The HIV-1 group had the highest
average age (44 years, standard deviation of + 13 years), as well as being the only group
whose largest portion of individuals self-declared black. Finally, alcohol and / or tobacco

abuse was reported mainly in the TB and HIV-1/TB co-infection groups.

Genotyping of TLR2, TLR4 and TLR8 polymorphisms

The data of TLR2, TLR4 and TLR8 polymorphisms genotyping are shown in Table
2. In total, 440 samples were genotyped for the TLR2 rs111200466 polymorphism. With
exception of HIV-1/TB co-infected individuals, all groups have a genotypic distribution
consistent with HWE. The overall frequency of the variant allele (del) was 17%, however,
there were no significant differences in the allelic distribution between the groups (p =
0.427). The HIV-1/TB co-infected individuals had a higher frequency of the variant
homozygous genotype (del/del) when compared with the other groups (9.2%, p =
0.042), the statistical difference was also confirmed by the residual analysis (adjusted
residual = 2.65, p <0.01). These results suggest that the TLR2 rs111200466 del/del
genotype acts as a possible risk factor for HIV-1/TB co-infection.

The rs4986790 of the TLR4 was evaluated in 993 samples. All groups have
genotypic distribution according to HWE. The global frequency of the variant G allele
was 4% and there were no differences in the allelic, or genotypic, distribution between
the groups. However, as shown in Table 3, by individually assessing the risk ratio
between the presence of the G allele and the different study outcomes, it is observed
that the variant allele is associated with a higher risk of developing TB and of HIV-1/TB

co-infection; it is also worth mentioning that, in the present study, no associations were
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identified between the G allele and HIV-1 monoinfection.

Finally, 872 samples were also genotyped for the SNP rs3764880 of TLRS,
however, none of the groups showed genotypic distribution consistent with HWE. The
global frequency of the variant allele was 36%, similar to the frequency observed in
other Latin American populations (dbSNP, ABraOM). There were no differences in the
allelic, or genotypic, distribution between the groups. As this polymorphism does not
agree with HWE in any of the study groups and that no association was identified in the

preliminary assessments, no further analysis was performed for this SNP.

DISCUSSION

The convergence between the AIDS and TB epidemics resulted in the emergence
of a deadly syndemic of global proportions (Du Bruyn & Wilkinson, 2016; Min Ong et al.,
2020). As both AIDS and TB are complex diseases and, therefore, multifactorial, the
study of their pathogenesis depends on a multidisciplinary evaluation, reconciling the
perspectives of environmental, genetic and epidemiological variables. One of the key
factors for the widespread of co-infection is that HIV-1 and M. tuberculosis share the
same socioeconomic determinants, affecting mainly populations in conditions of social
vulnerability (BRASIL, 2019; UNAIDS, 2020; WHO, 2020). Unfortunately, data on
personal income, education, history of institutionalization and drug use could not be
assessed for this study due to limitations in the standardization of variables among the
different sample banks used; however, according to the data available in Table 1, some
considerations about the study population profile can be inferred. It is worth mentioning
that, despite the use of two different sample banks in the study, all samples, regardless

of the group, were collected in the same region of the east side of the city of Porto



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

79

Alegre, in southern Brazil; therefore, we can assume that environmental factors, such as
the degree of exposure to the pathogens, were similar in all groups evaluated.

The high frequencies of male individuals, observed in the TB and HIV-1 groups,
were already expected due to the epidemiological profile of TB and AIDS in Brazil, where
both diseases mainly affect men (BRASIL, 2020a; BRASIL, 2020b); however, the HIV-1/TB
co-infection group showed a predominance of female individuals, probably due to the
fact that HIV-1 seropositive women are more concerned about their own health than
seropositive men, showing greater adherence to the infection monitoring and,
therefore, carrying out more periodic examinations of their HIV-1 status and diagnosis
of eventual opportunistic pathogens (Merzel, 2000; Travassos et al., 2002). The HIV-1
group was the one with the highest age averages, reflecting a trend towards late
diagnosis of the infection due to the absence of clinical symptoms throughout its chronic
phase (BRASIL, 2020a). In Brazil, social disparities are closely associated with skin color.
Black and brown people compose the largest portion of the low-income and
marginalized population, who are most vulnerable to infectious diseases, including TB
and AIDS (BRASIL, 2020a; BRASIL, 2020b); however, the differences observed in this
study between the TB and HIV-1 groups are probably due to the use of specimens from
different sample banks and the adoption of self-identification criteria for skin color
evaluation in our studies. The abusive consumption of alcohol and tobacco was also
assessed among the study population, since both drugs are well-known risk factors for
TB and HIV-1 (BRASIL, 2019); not by chance, the highest user frequencies were observed
in the TB, HIV-1 infection and HIV-1/TB co-infection groups.

Regarding the genotyping, our findings suggest an association between the

variant homozygous genotype of rs111200466 with susceptibility to HIV-1/TB co-
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infection in the Southern Brazil population. The homozygous genotype for the TLR2 -196
to -174 deletion has been previously associated with lower natural killer cell counts and
the development of TB symptoms in the Chinese population, with susceptibility to
pulmonary TB in the Pakistani population and with susceptibility to HIV-1 infection in
the North Indian population (Chen et al., 2010; Khan et al., 2014; Vidyant et al., 2017).
The heterozygous genotype of rs111200466 has already been associated with
susceptibility to TB in the Argentine, American and Bissau-Guyanese populations, while
the presence of the variant allele is associated with a worse prognosis of HIV-1 infection
in the Spanish population (Velez et al., 2010; Laplana et al., 2020). An unpublished study,
developed by our group, also observed association of the heterozygous genotype of
rs111200466 with higher CD3*and CD4* T lymphocyte counts in the HIV-1 seropositive
individuals from southern Brazil. Based on literature records associating the TLR2 -196
to -174 deletion with susceptibility to monoinfection by HIV-1 and TB, we assume that
in co-infected individuals carrying the del/del genotype, the reduction of the expression
of TLR2 on the cell surface impairs the immunovigilance and immunomodulation of the
response against HIV-1 and M. tuberculosis, increasing its pathogenicity. The city of
Porto Alegre, where the study samples were collected, is the location with the highest
incidence of HIV-1 in the Americas and is also TB endemic region (BRASIL, 2020b);
considering that most of the local population must have already been exposed to M.
tuberculosis, we believe that the rs111200466 polymorphism may be associated with
co-infection by increasing susceptibility to TB among the HIV-1 seropositive individuals.
Since HIV-1 impairs the formation of an effective immune response against
opportunistic pathogens, the TLR2 -196 to -174 deletion ultimately maximizes the

intrinsic TB propensity in seropositive individuals (Henrick et al., 2015). This context also
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explains the high frequency of the deletion among the healthy control group, since,
despite the harmful genotype, their natural immunocompetence protects them from
TB.

Another relevant result of genotyping was observed for the SNP rs4986790 of
TLR4, as shown in Table 3. The variant allele G299 appears to be associated with a
greater risk for the development of TB and HIV-1/TB co-infection. This is a particularly
interesting finding, although the G299 allele has been previously associated with the
development of TB in the Moldovan population, it is more commonly associated with
susceptibility to HIV-1, especially in Caucasian populations (Kim & Jeong, 2021;
Papadopoulos et al., 2010; Pine, McElrath, Bochud, et al., 2009; Pulido et al., 2010;
Varzari et al., 2019). As the TLR4 rs4986790 alters the extracellular domain of the
receptor, its major functional consequence is the loss of affinity to PAMPs, impairing its
function in the recognition of pathogens and therefore its immunovigilance activity
(Burke et al., 2007). Once again, considering the high incidence of TB in Porto Alegre, it
is likely that this relationship has been highlighted since more people are exposed to M.
tuberculosis on a daily basis, including HIV-1 seropositive individuals (BRASIL, 2020a).
However, it should be noted that, due to the low frequency of the variant allele in the
study population, no direct associations were identified between the genotypes defined
by the rs4986790 polymorphism and the evaluated outcomes. The rs4986790 is
commonly associated with the SNP rs4986791 of TLR4, which is also related to the
susceptibility to TB, however, unfortunately we were unable to perform the genotyping
of both SNPs due to limitations imposed by the COVID-19 pandemic in Brazil (Liu et al.,
2016). Anyway, we still hope to conduct a joint analysis of the SNP's rs4986790 and

rs4986791 of TLR4 in our study population will be performed in the near future which
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might help to elucidate the role of TLR4 in HIV-1/TB co-infection.

On the other hand, the SNP rs3764880 of TLR8 showed genotypic distribution
inconsistent with HWE. The genotyping was repeated and revised, and the results
remained unchanged. The general frequency of the variant allele in the study sample
was calculated at 36%, similar to the results observed in other studies with rs3764880
in the Brazilian population (Naslavsky, et al., 2020). It is also worth mentioning that this
polymorphism presents a wide variation in its allele frequencies between different
populations, which may explain the disagreement with the HWE. However, the results
of the analysis of allelic and genotypic frequencies defined by SNP rs3764880 in the
study population do not indicate any direct association with the evaluated outcomes.
The only highlight is due to the TB group, which presented a higher frequency of the G
variant allele of 36% (p = 0.069) despite this polymorphism being more commonly
associated with HIV-1 resistance (MacKelprang et al., 2013; Oh et al., 2008).

Recent findings of in vitro and in vivo studies have greatly expanded our
understanding of the immune response against HIV-1/TB coinfection, helping to
elucidate the role played by TLR’s and, especially, by TLR2 in the pathogenesis of AIDS
and TB. It is well established, for example, that intracellular defense mechanisms,
orchestrated by the activation of the TLR2 receptor by M. tuberculosis, result in the
activation of the transcription factor NF-kf, which ends up being employed by HIV-1 in
the expression of its genome and thus contributing to the process of viral replication
and progression to AIDS (Béfica et al., 2003, 2004; Henrick et al., 2015; Kawai & Akira,
2007). After TLR2 activation, the cytokines released in the immune response against M.
tuberculosis promote the recruitment of HIV-1 target cells such as T lymphocytes,

monocytes and macrophages (Ding & Chang, 2012; Pasare & Medzhitov, 2004;
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Schwartz, 1994; Zenaro et al., 2009). The stimulation of the TLR2 in HIV-1 infected CD4+
T cells by M. tuberculosis PAMPs results in increased virus infectivity, increased cell
susceptibility to HIV-1, reactivation of latent copies of HIV-1 and also the increased viral
permissiveness (Bell & Noursadeghi, 2018; Bolduc et al., 2017; Ding & Chang, 2012; Ipp
& Zemlin, 2013; Lama & Planelles, 2007). Another important disfunction provoked by
HIV-1/TB co-infection and triggered by the stimulation of TLRs is the cooperative
modulation of macrophage apoptosis mechanism, by homeostatic control of calcium
influx (Mehto et al., 2015). The fact is that regardless of the pathway employed by the
HIV-1 and M. tuberculosis, the TLRs directly influence the susceptibility and prognosis of
co-infection. Thus, the study of TLRs function in HIV-1/TB co-infection patients allow us
to envision new therapeutic perspectives against the syndemic. Vitamin D, for example,
has been shown to be effective in restoring immune responses impaired by HIV-1,
contributing as a therapeutic adjuvant in TLRs signaling pathways against TB in alveolar
macrophages (Anandaiah et al., 2013; Resistance et al., 2020). Protease inhibitors,
already integrated in conventional HIV-1 treatment regimen, have also been shown to
be useful in the control of TB co-infection since they block NF-kB induced by the
activation of TLR2, preventing it from contributing in the viral transcription process
(Equils et al., 2004).

It is important to mention that this study presents limitations. Firstly, due to the
use of sample banks and clinical data originally collected by other studies, some
information on the epidemiological profile of the investigated population could not be
assessed. Among the epidemiological variables that were analyzed there was no pairing,
so there are statistically significant differences in the demographic profile of the study

groups; however, considering that such differences were not in critical variables and,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

84

therefore, have a limited impact on the evaluated outcomes, we chose not to exclude
those individuals from the study groups. Another limitation was that some samples were
not genotyped for all the studied polymorphisms because of low availability of genetic
material. Finally, due to the COVID-19 pandemic, many of our experiments and analyses
were impaired, indirectly impacting in the study results. We were unable to complete
the genotyping of all samples for the TLR2 rs111200466, as we did for the other
polymorphisms, precluding a better analysis of the deletion impacts. The limitations of
COVID-19 also postponed our plans for the TLR4 rs4986791 genotyping, making it
impossible to analyze its haplotype with SNP rs4986790 and the role of TLR4 in the
pathogenesis of co-infection. We hope that with the advent of mass immunization

against COVID-19, these missing analyzes will be completed soon.

CONCLUSION

The HIV-1/TB syndemic persists as a major public health problem, affecting
mainly individuals in conditions of social vulnerability. Despite the strong influence of
socioenvironmental factors, the host's immunogenetics also contributes significantly to
the susceptibility and prognosis of co-infection. Our results suggest that deletions and
SNPs in TLR2 and TLR4 may interfere with the immunovigilance performed by the
receptors. In the Southern Brazil population, the homozygous variant genotype of
rs111200466 of TLR2 appears to be associated with susceptibility to HIV-1/TB co-
infection, while the G299 variant allele of rs4986790 has been shown to be a risk factor
for the development of active TB and also in susceptibility to co-infection. These findings
highlight, above all, the role of TLRs in the immune response and the pathogenesis of

co-infection, thus pointing them out as possible therapeutic targets for new
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pharmacological strategies based on immunomodulation against AIDS and TB.
REFERENCES

Akira, S., & Takeda, K. (2004). Toll-like receptor signalling. Nature Reviews Immunology,
4(7), 499-511. https://doi.org/10.1038/nri1391

Aliprantis, A. O., Yang, R. B., Mark, M. R., Suggett, S., Devaux, B., Radolf, J. D., Klimpel,
G. R., Godowski, P., & Zychlinsky, A. (1999). Cell activation and apoptosis by
bacterial lipoproteins through Toll- like receptor-2. Science, 285(5428), 736—739.
https://doi.org/10.1126/science.285.5428.736

Anandaiah, A., Sinha, S., Bole, M., Sharma, S. K., Kumar, N., Luthra, K., Li, X., Zhou, X.,
Nelson, B., Han, X., Tachado, S. D., Patel, N. R., & Koziela, H. (2013). Vitamin D
rescues impaired Mycobacterium tuberculosis-mediated tumor necrosis factor
release in macrophages of HIV-seropositive individuals through an enhanced toll-
like receptor signaling pathway in vitro. Infection and Immunity, 81(1), 2-10.
https://doi.org/10.1128/I1A1.00666-12

Bafica, A., Scanga, C. A., Schito, M., Chaussabel, D., & Sher, A. (2004). Influence of
Coinfecting Pathogens on HIV Expression: Evidence for a Role of Toll-Like
Receptors. The  Journal of  Immunology, 172(12), 7229-7234.
https://doi.org/10.4049/jimmunol.172.12.7229

Bafica, A., Scanga, C. A,, Schito, M. L., Hieny, S., & Sher, A. (2003). Cutting Edge: In Vivo
Induction of Integrated HIV-1 Expression by Mycobacteria Is Critically Dependent
on Toll-Like Receptor 2. The Journal of Immunology, 171(3), 1123-1127.
https://doi.org/10.4049/jimmunol.171.3.1123

Bell, L. C. K., & Noursadeghi, M. (2018). Pathogenesis of HIV-1 and mycobacterium

tuberculosis co-infection. Nature Reviews Microbiology, 16(2), 80-90.



[3XY

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

86

https://doi.org/10.1038/nrmicro.2017.128

Bolduc, J.-F., Ouellet, M., Hany, L., & Tremblay, M. J. (2017). Toll-Like Receptor 2 Ligation
Enhances HIV-1 Replication in Activated CCR6+ CD4+ T Cells by Increasing Virus
Entry and Establishing a More Permissive Environment to Infection. Journal of
Virology, 91(4), 1-15. https://doi.org/10.1128/jvi.01402-16

BRASIL, M. da S. (2020). Boletim Epidemiolégico HIV / Aids | 2020a. Secretaria de
Vigiléncia Em Saude, 1, 68.

BRASIL, M. da S. Secretaria de Vigilancia em Saude. (2019). Panorama epidemioldgico da
coinfecgao TB-HIV no Brasil 2019. Boletim Epidemioldgico, 50, 23.

BRASIL, M. da S. Secretaria de Vigilancia em Saude. (2020). Boletim Epidemiolégico
Especial. Tuberculose 2020b. Boletim Epidemioldgico, 39.

Burke, D. F., Worth, C. L., Priego, E.-M., Cheng, T., Smink, L. J., Todd, J. A., & Blundell, T.
L. (2007). Genome bioinformatic analysis of nonsynonymous SNPs. BMC
Bioinformatics, 8(1), 1-15. https://doi.org/10.1186/1471-2105-8-301

Chen, Y. C., Hsiao, C. C,, Chen, C. J,, Chin, C. H,, Liu, S. F., Wu, C. C., Eng, H. L., Chao, T. Y,,
Tsen, C. C, Wang, Y. H, & Lin, M. C. (2010). Toll-like receptor 2 gene
polymorphisms, pulmonary tuberculosis, and natural killer cell counts. BMC
Medical Genetics, 11(1). https://doi.org/10.1186/1471-2350-11-17

Chow, J. C., Young, D. W., Golenbock, D. T., Christ, W. J., & Gusovsky, F. (1999). Toll-like
receptor-4 mediates lipopolysaccharide-induced signal transduction. Journal of
Biological Chemistry, 274(16), 10689-10692.
https://doi.org/10.1074/jbc.274.16.10689

Davis, J. M., & Ramakrishnan, L. (2009). The Role of the Granuloma in Expansion and

Dissemination of Early Tuberculous Infection. Cell, 136(1), 37-49.



[3XY

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

87

https://doi.org/10.1016/j.cell.2008.11.014

Diedrich, C. R., O’Hern, J., & Wilkinson, R. J. (2016). HIV-1 and the Mycobacterium
tuberculosis granuloma: A systematic review and meta-analysis. Tuberculosis, 98,
62—76. https://doi.org/10.1016/j.tube.2016.02.010

Ding, J., & Chang, T. L. (2012). TLR2 Activation Enhances HIV Nuclear Import and
Infection through T Cell Activation-Independent and -Dependent Pathways. The
Journal of Immunology, 188(3), 992-1001.
https://doi.org/10.4049/jimmunol.1102098

Du Bruyn, E., & Wilkinson, R. J. (2016). The Immune Interaction between HIV-1 Infection
and Mycobacterium tuberculosis. Microbiology Spectrum, 4(6), 1-29.
https://doi.org/10.1128/microbiolspec.tbtb2-0012-2016

Equils, O., Shapiro, A., Madak, Z., Liu, C., & Lu, D. (2004). Human immunodeficiency virus
type 1 protease inhibitors block toll-like receptor 2 (TLR2)- and TLR4-induced NF-
kB activation. Antimicrobial Agents and Chemotherapy, 48(10), 3905-3911.
https://doi.org/10.1128/AAC.48.10.3905-3911.2004

Getahun, H., Gunneberg, C., Granich, R., & Nunn, P. (2010). HIV infection-associated
tuberculosis: The epidemiology and the response. Clinical Infectious Diseases,
50(SUPPL. 3), 201-207. https://doi.org/10.1086/651492

Henrick, B. M., Yao, X. D., & Rosenthal, K. L. (2015). HIV-1 structural proteins serve as
PAMPs for TLR2 heterodimers significantly increasing infection and innate immune
activation. Frontiers in Immunology, 6(AUG), 1-15.
https://doi.org/10.3389/fimmu.2015.00426

Hoshino, K., Takeuchi, O., Kawai, T., Sanjo, H., Ogawa, T., Takeda, Y., Takeda, K., & Akira,

S. (2016). Pillars Article: Cutting Edge: Toll-Like Receptor 4 (TLR4)-Deficient Mice



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

88

Are Hyporesponsive to Lipopolysaccharide: Evidence for TLR4 as the Lps Gene
Product. J. Immunol. 1999. 162: 3749-3752. Journal of Immunology (Baltimore,
Md. : 1950), 197(7), 2563-2566. http://www.ncbi.nlm.nih.gov/pubmed/27638938

Ipp, H., & Zemlin, A. (2013). The paradox of the immune response in HIV infection: When
inflammation becomes harmful. Clinica Chimica Acta, 416, 96-99.
https://doi.org/10.1016/j.cca.2012.11.025

Kawai, T., & Akira, S. (2007). Signaling to NF-kB by Toll-like receptors. Trends in Molecular
Medicine, 13(11), 460-469. https://doi.org/10.1016/j.molmed.2007.09.002

Kawasaki, T., & Kawai, T. (2014). Toll-like receptor signaling pathways. Frontiers in
Immunology, 5(SEP), 1-9. https://doi.org/10.3389/fimmu.2014.00461

Khan, A. ul H., Aslam, M. A., Hussain, ., Naz, A. G,, Rana, I. A.,, Ahmad, M. M., Ali, M., &
Ahmad, S. (2014). Role of Toll-like receptor 2 (-196 to -174) polymorphism in
susceptibility to pulmonary tuberculosis in Pakistani population. International
Journal of Immunogenetics, 41(2), 105-111. https://doi.org/10.1111/iji.12086

Kim, Y., & Jeong, B. (2021). Strong Association of the rs4986790 Single Nucleotide
Polymorphism (SNP) of the Toll-Like Receptor 4 (TLR4) Gene with Human
Immunodeficiency Virus (HIV) Infection: A Meta-Analysis. Genes, 12(36), 1-8.

Kopp, E., & Medzhitov, R. (2003). Recognition of microbial infection by Toll-like
receptors. Current Opinion in Immunology, 15(4), 396-401.
https://doi.org/10.1016/50952-7915(03)00080-3

Lama, J., & Planelles, V. (2007). Host factors influencing susceptibility to HIV infection
and AIDS progression. Retrovirology, 4, 1-25. https://doi.org/10.1186/1742-4690-
4-52

Laplana, M., Bravo, M. J., Fernandez-Fuertes, M., Ruiz-Garcia, C., Alarcén-Martin, E.,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

89

Colmenero, J. de D., Caruz, A, Fibla, J., Real, L. M., & Royo, J. L. (2020). Toll-Like
Receptor 2 Promoter -196 to -174 Deletion Affects CD4 Levels Along Human
Immunodeficiency Virus Infection Progression. The Journal of Infectious Diseases,
222(12), 2007-2011. https://doi.org/10.1093/infdis/jiaa327

Ling P., Flynn J. (2012). Understanding Latent Tuberculosis: A Moving Target. Journal of
Immunology, 185(1), 15-22.
https://doi.org/10.4049/jimmunol.0903856.Understanding

Liu, R.,, Mo, Y. Y., Wang, H. L., Tan, Y., Wen, X.J,, Deng, M. J,, Yan, H., & Li, L. (2016). The
relationship between toll like receptor 4 gene rs4986790 and rs4986791
polymorphisms and sepsis susceptibility: A meta-analysis. Scientific Reports,
6(October), 1-13. https://doi.org/10.1038/srep38947

MacKelprang, R. D., Bigham, A. W., Celum, C., Bruyn, G. De, Beima-Sofie, K., John-
Stewart, G., Ronald, A., Mugo, N. R., Buckingham, K. J., Bamshad, M. J., Mullins, J.
l., McElrath, M. J., & Lingappa, J. R. (2013). Toll-like receptor polymorphism
associations with HIV-1 outcomes among sub-saharan Africans. Journal of
Infectious Diseases, 209(10), 1623-1627. https://doi.org/10.1093/infdis/jit807

Mehto, S., Antony, C., Khan, N., Arya, R., Selvakumar, A., Tiwari, B. K., Vashishta, M.,
Singh, Y., Jameel, S., & Natarajan, K. (2015). Mycobacterium tuberculosis and
human immunodeficiency virus type 1 cooperatively modulate macrophage
apoptosis via toll like receptor 2 and calcium homeostasis. PLoS ONE, 10(7), 1-20.
https://doi.org/10.1371/journal.pone.0131767

Merzel, C. (2000). Gender differences in health care access indicators in an urban, low-
income community. American Journal of Public Health, 90(6), 909-916.

https://doi.org/10.2105/AJPH.90.6.909



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

90

Min Ong, C. W., Migliori, G. B., Raviglione, M., MacGregor-Skinner, G., Sotgiu, G.,

Alffenaar, J.-W., Tiberi, S., Adlhoch, C., Alonzi, T., Archuleta, S., Brusin, S., Cambau,
E., Capobianchi, M. R., Castilletti, C., Centis, R., Cirillo, D. M., D’Ambrosio, L., Delogu,
G., Esposito, S. M. R,, ... Goletti, D. (2020). Epidemic and pandemic viral infections:
impact on tuberculosis and the lung. A consensus by the World Association for
Infectious Diseases and Immunological Disorders (WAidid), Global Tuberculosis
Network (GTN) and members # of ESCMID Study Group for Myco. European

Respiratory Journal, 2001727. https://doi.org/10.1183/13993003.01727-2020

Naslavsky, M. S., Scliar, M. O., Yamamoto, G. L., Wang, J. Y. T., Zverinova, S., Karp, T.,

Nunes, K., Ceroni, J. R. M., de Carvalho, D. L., da Silva Simoes, C. E., Bozoklian, D.,
Nonaka, R., Silva, N. dos S. B., da Silva Souza, A., de Souza Andrade, H., Passos, M.
R.S., Castro, C. F. B., Mendes-Junior, C. T., Mercuri, R. L. V, ... Zatz, M. (2020).
Whole-genome sequencing of 1,171 elderly admixed individuals from the largest
Latin American metropolis (Sdo Paulo, Brazil). BioRxiv, 2020.09.15.298026.

https://doi.org/10.1101/2020.09.15.298026

Noguchi, E., Nishimura, F., Fukai, H., Kim, J., Ichikawa, K., Shibasaki, M., & Arinami, T.

(2004). An association study of asthma and total serum immunoglobin E levels for
Toll-like receptor polymorphisms in a Japanese population. Clinical and
Experimental  Allergy, 34(2), 177-183. https://doi.org/10.1111/j.1365-

2222.2004.01839.x

Oh, D. Y., Taube, S., Hamouda, O., Kiicherer, C., Poggensee, G., Jessen, H., Eckert, J. K.,

Neumann, K., Storek, A., Pouliot, M., Borgeat, P., Oh, N., Schreier, E., Pruss, A,
Hattermann, K., & Schumann, R. R. (2008). A functional toll-like receptor 8 variant

is associated with HIV disease restriction. Journal of Infectious Diseases, 198(5),



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

91

701-709. https://doi.org/10.1086/590431

Ohto, U., Tanji, H., & Shimizu, T. (2014). Structure and function of toll-like receptor 8.
Microbes and Infection, 16(4), 273-282.
https://doi.org/10.1016/j.micinf.2014.01.007

Papadopoulos, A. ., Ferwerda, B., Antoniadou, A., Sakka, V., Galani, L., Kavatha, D.,
Panagopoulos, P., Poulakou, G., Kanellakopoulou, K., Van Der Meer, J. W. M,,
Giamarellos-Bourboulis, E. J., & Netea, M. G. (2010). Association of toll-like
receptor 4 Asp299Gly and Thr399lle polymorphisms with increased infection risk in
patients with advanced HIV-1 infection. Clinical Infectious Diseases, 51(2), 242-247.
https://doi.org/10.1086/653607

Pasare, C., & Medzhitov, R. (2004). Toll-like receptors: Linking innate and adaptive
immunity. Microbes and Infection, 6(15), 1382-1387.
https://doi.org/10.1016/j.micinf.2004.08.018

Pine, S. O., McElrath, M. J., Bochud, P.-Y., McElrath, J. M., & Bouchud, P.-Y. (2009).
Polymorphisms in TLR4 and TLR9 influence viral load in a seroincident cohort of
HIV-linfeceted individuals. Aids, 23(18), 2387-2395.
https://doi.org/10.1097/QAD.0b013e328330b489.Polymorphisms

Pulido, I., Leal, M., Genebat, M., Pacheco, Y. M., Saez, M. E., & Soriano-Sarabia, N.
(2010). The TLR4 ASP299GLY Polymorphism is a Risk Factor for Active Tuberculosis
in Caucasian HIV-Infected Patients. Current HIV Research, 8(3), 253-258.
https://doi.org/10.2174/157016210791111052

Raghavan, S., Alagarasu, K., & Selvaraj, P. (2012). Immunogenetics of HIV and HIV
associated tuberculosis. Tuberculosis, 92(1), 18-30.

https://doi.org/10.1016/j.tube.2011.08.004



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

92

Ramakrishnan, L. (2012). Revisiting the role of the granuloma in tuberculosis. Nature
Reviews Immunology, 12(5), 352—-366. https://doi.org/10.1038/nri3211

Resistance, D., Ayelign, B., Workneh, M., Molla, M. D., & Dessie, G. (2020). Role Of
Vitamin-D Supplementation In TB / HIV Co-Infected Patients. Infection and Drug
Resistance, 13, 111-118.

Russell, D. G. (2007). Who puts the tubercle in tuberculosis? Nature Reviews
Microbiology, 5(1), 39-47. https://doi.org/10.1038/nrmicro1538

Schwandner, R., Dziarski, R., Wesche, H., Rothe, M., & Kirschning, C. J. (1999).
Peptidoglycan- and lipoteichoic acid-induced cell activation is mediated by Toll-like
receptor 2. Journal of Biological Chemistry, 274(25), 17406-174009.
https://doi.org/10.1074/jbc.274.25.17406

Schwartz, D. N. (1994). Relationship of the manifestations of tuberculosis to CD4 cell
counts in patients with human immunodeficiency virus infection. Infectious
Diseases in Clinical Practice, 3(3), 216—-217. https://doi.org/10.1097/00019048-
199405000-00022

Tahara T., Arisawa T., Wang F., Shibata T., Nakamura M., Sakata M., Hirata I. & Nakano
E. (2007). Toll-like receptor 2 —196 to 174del polymorphism influences the
susceptibility of Japanese people to gastric cancer. Cancer Science, 98(11); 1790—
1794. https://doi.org/10.1111/j.1349-7006.2007.00590.x

Takeda, K., Kaisho, T., & Akira, S. (2003). Toll-like receptors. Annual Review of
Immunology, 21(1), 335-376.
https://doi.org/10.1146/annurev.immunol.21.120601.141126

Tanji, H., Ohto, U., Shibata, T., Taoka, M., Yamauchi, Y., Isobe, T., Miyake, K., & Shimizu,

T. (2015). Toll-like receptor 8 senses degradation products of single-stranded RNA.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

93

Nature Structural and Molecular Biology, 22(2), 109-116.
https://doi.org/10.1038/nsmb.2943

Travassos, C., Viacava, F., Pinheiro, R., & Brito, A. (2002). Utilizacdo dos servicos de saude
no Brasil: Género, caracteristicas familiares e condicdo social. Revista
Panamericana de Salud Publica/Pan American Journal of Public Health, 11(5-6),
365—373. https://doi.org/10.1590/51020-49892002000500011

UNAIDS. (2020). Seizing the moment. Global AIDS update 2020. Unaids, 436.
https://www.unaids.org/sites/default/files/media_asset/2020_%0Aglobal-aids-
report_en.pdf

Varzari, A., Deyneko, I. V., Vladei, |., Grallert, H., Schieck, M., Tudor, E., & lllig, T. (2019).
Genetic variation in TLR pathway and the risk of pulmonary tuberculosis in a
Moldavian population. Infection, Genetics and Evolution, 68(December 2018), 84—
90. https://doi.org/10.1016/j.meegid.2018.12.005

Velez, D. R., Wejse, C., Stryjewski, M. E., Abbate, E., Hulme, W. F., Myers, J. L., Estevan,
R., Patillo, S. G., Olesen, R., Tacconelli, A., Sirugo, G., Gilbert, J. R., Hamilton, C. D.,
(2010). Variants in toll-like receptors 2 and 9 influence susceptibility to pulmonary
tuberculosis in Caucasians, African-Americans, and West Africans. Human Genetics,
127(1), 1-14. https://doi.org/10.1007/s00439-009-0741-7 Variants

Vidyant, S., Chatterjee, A., & Dhole, T. N. (2019). A single-nucleotide polymorphism in
TLR4 is linked with the risk of HIV-1 infection. British Journal of Biomedical Science,
76(2), 59-63. https://doi.org/10.1080/09674845.2018.1559486

Vidyant, S., Chatterjee, A., Agarwal, V., & Dhole, T. N. (2017). Susceptibility to HIV-1
infection is influenced by toll like receptor-2 (-196 to -174) polymorphism in a

north Indian population.  Journal of Gene  Medicine, 19(8).



[3XY

10

11

12

13

14

15

16

17

94

https://doi.org/10.1002/jgm.2971

Wang, M. G., Zhang, M. M., Wang, Y., Wu, S. Q., Zhang, M., & He, J. Q. (2018). Association
of TLR8 and TLR9 polymorphisms with tuberculosis in a Chinese Han population: A
case-control study. BMC Infectious Diseases, 18(1), 1-8.
https://doi.org/10.1186/s12879-018-3485-y

WHO, World Health Organization. (2020). Global tuberculosis report 2020 ISBN.

Yang, R. B., Mark, M. R., Gray, A., Huang, A., Xie, M. H., Zhang, M., Goddard, A., Wood,
W. I., Gurney, A. L., & Godowski, P. J. (1998). Toll-like receptor-2 mediates
lipopolysaccharide-induced cellular signalling. Nature, 395(6699), 284-288.
https://doi.org/10.1038/26239

Zenaro, E., Donini, M., & Dusi, S. (2009). Induction of Th1/Th17 immune response by
Mycobacterium tuberculosis : role of dectin-1, mannose receptor, and DC-SIGN .
Journal of Leukocyte Biology, 86(6), 1393-1401.

https://doi.org/10.1189/jlb.0409242



1  Table 1: Epidemiological characterization of the study population.
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CONTROL B HIV-1 HIV-1/TB TOTAL P
(N=174) (N=314) (N=429) (N=99) (N=1016) value

Male Sex 90 (51.4%) 221 (69.5%) 233 (54.3%) 41 (46.6%) 585 (57.6%) 0,001
Age (years)' 36 +16 37 +14 44 £10 39 +10 39+13 0,001
Color?

White 126 (72.4%) 199 (63.4%) 127 (40.6%) 62 (71.3%) 514 (57.9%)

Black 39 (22.4%) 73 (23.2%) 185 (59.1%) 17 (19.5%) 314 (35.4%) 0,001

Brown 9 (5.2%) 42 (13.4%) 1(0.3%) 8(9.2%) 58 (6.7%)
Tobacco smoking 28 (16.2%) 146 (46.2%) 84 (26.8%) 32 (37.6%) 290 (32.7%) 0,001
Alcohol abuse 0 (0%) 53 (19.3%) 0 (0%) 10 (14.5%) 63 (12.1%) 0,001

2 N, number of samples. 1 Mean (tstandard deviation), 2 Self-identified according to the

3 ‘race/color’ classification scheme adopted by the official Brazilian census.
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11

12

13

14

15
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Table 2: Genotypic and allelic distributions of the TLR2, TLR4 and TLR8 polymorphisms in the

evaluated groups.

CONTROL TB HIV-1 HIV-1/TB
rs111200466
N 130 158 53 99
Genotypes
Ins/Ins 89 (68.5%) 116 (73.4%) 35 (66%) 70 (70.9%)
Ins/Del 34 (26.2%) 39 (24.7%) 18 (34%) 20 (20.2%)
Del/Del 7 (5.4%) 3 (1.9%) 0 (0%) 9 (9.1%)
P value 0.042
Alleles
Ins 212 (81.5%) 271 (85.7%) 88 (83%) 160 (80.8%)
Del 48 (18.5%) 45 (14.3%) 18 (17%) 38 (19.2%)
P value 0.427
rs4986790
N 172 309 428 84
Genotypes
AA 150 (87.2%) 287 (92.9%) 392 (91,6%) 78 (92,9%)
AG 21(12.2%) 22 (7.1%) 36 (8,4%) 6 (7.1%)
GG 1 (0.6%) 0 (0%) 0 (0%) 0 (0%)
P value 0.183
Alleles
A 321(93.31%) 596 (96.44%) 820 (95.79%) 162 (96.30%)

G 23 (6.69%)

22 (3.56%)

36 (4.21%)

6 (3.70%)



1

2

P value 0.128
rs3764880
N 173 310 303 86
Genotypes
AA 94 (54.3%) 172 (55.5%) 159 (52,5%) 49 (57%)
AG 41 (23.7%) 43 (13.9%) 66 (21,8%) 13 (15.1%)
GG 38 (22%) 95 (30,6%) 78 (25,7%) 24 (27.9%)
P value 0.061
Alleles
A 229 (66.2%) 387 (62.42%) 384 (63.37%) 111 (64.54%)
G 117 (33.8%) 233 (37.58%) 222 (36.63%) 61 (35.46%)
P value 0.695

97

N, number of samples; Ins, insertion allele; Del, deletion allele; A, adenine allele; G, guanine

allele.
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1 Table 3: Odds ratio between the presence of the G variant allele of the TLR4 rs4986790

2  polymorphism and the evaluated groups.

OUTCOME N O.R. Cl(95%) Pvalue

Only TB 309 043 0.21-0.86 0.017
TB + co-infection HIV-1/TB 393 0.39 0.20-0.77 0.006
Only HIV-1 428 0.69 0.37-1.28 0.237

HIV-1 + co-infection HIV-1/TB 512 0.61 0.34-1.12 0.112

TB or HIV-1 infection 821 055 0.32-0.96 0.035
Co-infection HIV-1/TB 84 0.31 0.10-0.98 0.047
3 n, number of samples; O.R., odds ratio; C.l., confidence interval.
4
5
6
7
8
9
10

11
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4. DISCUSSAO

Quando este trabalho foi originalmente idealizado, ainda no ano de 2018,
a TB e a aids despontavam como as duas principais causas de morte entre as
doencas infectocontagiosas no mundo. Esperava-se, esperangosamente, que
um dia ambas doencas seriam superadas gracas a ciéncia e ao avanco da
medicina. Entretanto, em 2020 a COVID-19 assombrou a sociedade
contemporanea, se alastrando rapidamente pelo mundo e colocando a
humanidade de joelhos. A TB e a aids finalmente haviam sido desbancadas,
infelizmente devido a emergéncia de uma doenca ainda mais ameacadora.

Dadas as devidas diferencas a respeito de suas etiologias, a TB, a aids e
a COVID-19 compartilham uma caracteristica epidemioldgica fundamental: o
alto nimero de individuos infectados assintoméaticos. Ou seja, apesar de serem
doencas com morbidade elevada, manifestacéo clinica, na maioria das vezes,
tende a ndo ser tdo evidente. Consequentemente, sdo doencas que acabam
sendo negligenciadas pelas autoridades e pela sociedade, o que contribui para
sua ampla disseminagdo, sobretudo entre as parcelas mais vulneraveis e
marginalizadas da populacédo, para as quais 0 acesso aos servicos de saude
costuma ser mais limitado. N&o por acaso, as periferias de paises
subdesenvolvidos ou em desenvolvimento como o Brasil se tornaram um
ambiente prolifero para coinfeccbes e sindemias, como a HIV-1/TB e a
TB/COVID-19.

No Artigo 1, “Pathology of TB/COVID-19 Co-Infection: The phantom
menace”, publicado no periédico Tuberculosis (Elsevier), conduzimos uma
revisdo sistematica das publicacBes disponiveis descrevendo coortes de
individuos coinfectados com TB/COVID-19. Primeiramente € importante
salientar que a falta de dados sobre este topico foi um importante viés para as
analises, tendo em vista a baixa disponibilidade de artigos publicados sobre este
tema e a falta de padronizacao para a caracterizacdo dos grupos amostrais, tal
como na apresentacao dos resultados. Contudo, nossa revisédo aponta que a TB
atua como um fator de risco para o desenvolvimento de COVID-19 enquanto
gue, em contrapartida, a COVID-19 pode possivelmente influenciar no
desenvolvimento de TB ativa em individuos infectados de forma latente pelo

bacilo M. tuberculosis. Este estudo destaca-se pelo seu pioneirismo na analise
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das relacdes entre a COVID-19 e a TB, visando levantar questionamentos
guanto aos possiveis impactos indiretos da pandemia.

No Artigo 2, “TLR2 rs111200466 polymorphism and its influence on CD3+
and CD4+ T lymphocyte counts of HIV-1 seropositive individuals in southern
Brazil’, submetido ao peridodico Memorias do Instituto Oswaldo Cruz (Fiocruz),
descrevemos a relacéo entre o genotipo heterozigoto da delecdo rs111200466
do TLR2 com maiores contagens de linfécitos T CD3*e CD4* em individuos HIV-
1 soropositivos. Este polimorfismo apresenta resultados bastante controversos
entre diferentes populagdes avaliadas, sendo associado tanto com a protecéo
contra o HIV-1 quanto com a suscetibilidade ao virus. Tais diferencas,
entretanto, podem ser explicadas por variagdes nas frequéncias alélicas, em
funcd@o do préprio background genético de cada populacdo ou etnia avaliada.
Nossa populacdo esta em acordo com o equilibrio de Hardy-Weinberg e nossos
achados sugerem que uma resposta inflamatdria mais equilibrada, ou
moderada, durante a fase cronica da infeccédo pelo HIV-1 € mais vantajosa para
0 hospedeiro, pois resulta em uma progressao mais lenta para aids.

O Artigo 3, “Polymorphisms in toll-like receptors 2, 4 and 8 and its
implications for susceptibility to TB, HIV-1 and HIV-1//TB co-infection in the
Southern Brazil population”, ainda nao foi finalizado, mas devera ser submetido
ao periodico Infection, Genetics and Evolution (Elsevier). Nossos resultados
prévios indicam que o gendtipo homozigoto da delecao rs111200466 do TLR2
estéd associado com maior suscetibilidade a coinfeccédo HIV-1/TB, enquanto que
0 alelo G299 do rs4986790 do TLR4 esta associado com a suscetibilidade & TB
ativa e, também, com a coinfec¢éo HIV-1/TB. Assim como no caso do Artigo 2,
as frequéncias de ambos os polimorfismos variam de acordo com a literatura,
contudo, supomos que tais diferencas também podem ser atribuidas a
diferencas no background genético das populacdes avaliadas. O polimorfismo
rs3764880 do TLR8 nado apresentou distribuicdo alélica consistente com o
equilibrio de Hardy Weinberg e nem diferencas estatisticamente significativas
entre os grupos avaliados.

Tendo em vista a literatura escassa e a falta de interesse cientifico pelo
estudo das coinfecgdes, fica evidente a urgéncia pelo desenvolvimento de novas
pesquisas sobre esse topico. A compreensao da influéncia da imunogenética

dos TLRs na coinfeccdo HIV-1/TB, por exemplo, pode ajudar a identificar
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possiveis novos alvos para terapias imunomodulatérias contra os patégenos,
como o0 uso de agonistas, ou bloqueadores, do TLR2. J4 a avaliacdo da
patogenia da TB/COVID-19, pode contribuir para a discussdo quanto a
colateralidade dos tratamentos que estdo sendo atualmente propostos contra o
SARS-CoV-2, como as possiveis consequéncias do uso inadvertido de
corticoides em individuos portadores de TB latente.

Por fim, € importante esclarecer que algumas das atividades inicialmente
propostas no projeto foram diretamente afetadas pelas limitagbes logisticas
impostas pela COVID-19. Entre as principais consequéncias da pandemia,
destaca-se o adiamento, por tempo indeterminado, das genotipagens do SNP
rs4986791 do TLR4; tal como o postergacao da conclusao das genotipagens da
delecdo rs111200466 do TLR2 que, por sua vez, j& haviam sido iniciadas.
Consequentemente, o Artigo 3, anexado ao final da dissertacéo, ainda néo esta
concluido, e sera devidamente finalizado somente apdés o término das
genotipagens dos polimorfismos do TLR2 e do TLR4. Ainda que nem todas das
andlises originalmente propostas tenham sido realizadas, vale destacar a
inclusao de um toépico adicional ao projeto, referente a avaliacdo da patologia da
coinfeccdo TB/COVID-19, conforme disposto no Artigo 1, ja aceito e publicado

pelo periédico Tuberculosis da Elsevier.
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5. CONCLUSAO

O presente estudo se focou em analisar a patologia das trés principais
causas de morte entre as doencgas infectocontagiosas no mundo: a COVID-19,
a TB e a aids; e também das coinfec¢cdes TB/COVID-19 e HIV-1/TB. De maneira
geral, pode se apontar que uma resposta imune balanceada € um denominador
comum para a resisténcia e para o bom prognéstico contra o SARS-CoV-2, 0 M.
tuberculosis e o HIV-1. No caso da coinfeccdo TB/COVID-19, nossa revisédo
sistemética indica que a TB atua como um fator de risco para o desenvolvimento
da COVID-19, provavelmente devido ao somatdrio de estimulos pro-
inflamatorios no epitélio pulmonar. Avaliando a imunogenética dos receptores
TLR e sua relacdo com a suscetibilidade a coinfeccdo HIV-1/TB, nossos
resultados indicam que o genotipo heterozigoto para a dele¢édo rs111200466 do
TLR2 esta associado com maiores contagens de linfécitos T CD3* e CD4* em
individuos HIV-1 soropositivos; em contrapartida, o genétipo homozigoto
variante do rs111200466 foi relacionado com a suscetibilidade a coinfecgéo HIV-
1/TB. Tais resultados ddo suporte a hipétese de que uma resposta imune
balanceada, ou seja, com uma expressao moderada do receptor TLR2, é mais
vantajosa na defesa do hospedeiro. Por fim, 0 alelo G299 do SNP rs4986790 do
TLR4, que altera o poder de discriminagédo do receptor, foi associado com a
suscetibilidade a TB e a coinfeccao HIV-1/TB. Somadas, estas evidencias
destacam o protagonismo dos receptores TLR na construcéo da resposta imune
contra o HIV-1 e o M. tuberculosis, reforcando a influéncia da imunogenética na

sucetibilidade e no prognéstico de ambas as infec¢des.
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7. ANEXOS

7.1 Parecer consubstanciado do CEP - “Avaliagao da variabilidade
genética de receptores toll-like e sua relagdo com a sindemia HIV-
1/tuberculose” na Plataforma Brasil - Comité de Etica em Pesquisa da
UFCSPA.



UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE %"Woﬂ’“m
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliacdo da variabilidade genética de receptores toll-like e sua relagdo com a
sindemia HIV-1/tuberculose.

Pesquisador: Marilu Fiegenbaum

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de analise
ética por parte da CONEP;);

Versdo: 1

CAAE: 10379019.7.0000.5345

Instituicdo Proponente: Universidade Federal de Ciéncias da Saude de Porto Alegre
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

NUumero do Parecer: 3.265.993

Apresentacao do Projeto:

A tuberculose (TB) e a sindrome da imunodeficiéncia adquirida

(aids) se imp6em como enormes desafios para as organizagfes de salde
devido, principalmente, as dificuldades inerentes ao seu diagndstico e
terapéutica. O Mycobacterium tuberculosis e o virus da imunodeficiéncia humana
(HIV) séo patdgenos versateis; ambos apresentam uma grande habilidade de
evadir as respostas imunolégicas do hospedeiro, tal como de se adaptar diante
da pressao seletiva frente aos antibiéticos e a terapia antirretroviral (TARV). A
aids é o principal fator de risco para a predisposi¢éo a infeccéo pelo M.
tuberculosis, associada a progressao da infeccao latente para a TB ativa. Em
contrapartida, o M. tuberculosis atua como agente catalisador na progressao da
infeccao pelo HIV para a aids, acentuando o decaimento das contagens de
linfécitos T CD4+. Logo, individuos coinfectados HIV/TB apresentam um grave
quadro clinico, resultante da relacdo sinérgica entre os patégenos; consequentemente, a TB é a principal
causa de morte dentre individuos HIV

soropositivos. Os receptores tipo Toll (TLRs) compdem a linha de frente na
defesa do organismo contra diferentes microrganismos, identificando padrées
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moleculares associados a patdogenos (PAMPS), como lipoproteinas do M.
tuberculosis ou &cidos nucleicos do HIV. Apds reconhecerem um patégeno, 0s
TLRs orquestram a resposta imune inata para combate-lo e recrutam células da
resposta adaptativa até o sitio da infec¢éo. Estudos identificaram a associagcéo
de alguns polimorfismos nos genes TLR2 (rs111200466), TLR4 (rs4986790 /
rs4986791) e TLR8 (rs3764880) com a suscetibilidade a TB e ao HIV,
separadamente; contudo, a imunogenética da confeccdo HIV/TB permanece
como um tema ainda inexplorado. O projeto em questéo se propde a realizar
uma analise detalhada de tais polimorfismos, buscando associagfes entre as
variantes genéticas dos TLR com a suscetibilidade, ou resisténcia, ao HIV, a TB
e a coinfeccéo HIV/TB na populag¢éo do Rio Grande do Sul (RS). Os resultados,
além de contribuirem para a caracterizagéo do perfil imunogenético dos gauchos,
também podem fornecer dados importantes para o desenvolvimento de novas
estratégias para a prevencao e tratamento da aids e da TB.

JUSTIFICATIVA

Os TLRs fazem parte da linha de frente na defesa do organismo,

reconhecendo PAMPs pertencentes ao HIV e ao M. tuberculosis (Hoshino et al.,
1999; Hill et al., 2001; Sironi et al., 2012;). Ao identificarem algum patégeno em
potencial, os TLRs orquestram a imunidade inata para combaté-lo e também
recrutam células da imunidade adaptativa até o sitio da infec¢do (Akira et al.,
2001). Devido ao protagonismo dos TLR na vigilancia imunolégica, diversos
estudos imunogenéticos ja foram conduzidos visando avaliar possiveis relacdes
entre a variabilidade genética dos receptores e a predisposicao a infec¢cbes (Hill
et al., 2001; Abel et al., 2002; Reiling et al., 2002). Polimorfismos presentes nos
genes codificantes dos receptores TLR2, TLR4 e TLR8 aparentam estar
associadas com a suscetibilidade tanto & TB quanto ao HIV em diferentes
populacdes; contudo, os efeitos da variabilidade genética dos TLRs sobre a
coinfeccdo HIV/TB permanece como um tema ainda inexplorado, assim como o

asil

perfil imunogenético da populagéo brasileira. O Brasil figura na lista dos 20 paises de maior prevaléncia da

coinfeccéo
HIV/TB; a situacao € especialmente grave no RS e em Porto Alegre, que
apresentam os piores indicadores epidemiol6gicos nacionais para a sindemia
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(BRASIL, 2018; WHO, 2018). Apesar dos dados apontarem para uma importante
responsabilidade do Estado nas epidemias galchas de TB e aids, a contribui¢cao
de fatores genéticos do hospedeiro ndo pode ser descartada, pois ambas séo
doencgas complexas. Tendo em vista a caréncia de dados referentes ao pefrfil
imunogenético da populagéo gaudcha, o atual contexto da sindemia HIV/TB no
RS e o “desconhecido” que ainda permeia a atuacdo dos TLRs diante da
coinfecgdo, a avaliacdo da influéncia de polimorfismos em TLRs na imunidade
ao HIV e ao M. tuberculosis se apresenta como um tépico pertinente de estudo.
A descoberta de possiveis relacfes entre variantes genéticas de TLRs com a
suscetibilidade, ou resisténcia, ao HIV e a TB pode oferecer informacdes
importantes sobre como opera a imunidade em individuos coinfectados. Por sua
vez, uma melhor compreenséo do papel dos TLRs e de suas interacdes nas
respostas imunolégicas durante a sindemia HIV/TB, podem ser a chave para
novas estratégias tanto na prevencao quanto na terapéutica contra o M.
tuberculosis e o HIV (Equils et al., 2004; Anandaiah et al., 2013).

Objetivo da Pesquisa:

O projeto em questéo se propde a realizar

uma andlise detalhada de tais polimorfismos, buscando associacfes entre as
variantes genéticas dos TLR com a suscetibilidade, ou resisténcia, ao HIV, a TB
e a coinfecc¢éo HIV/TB na populagdo do Rio Grande do Sul (RS).

Objetivo Primario:

Avaliar se os diferentes genotipos, definidos pelos polimorfismos dos genes TLR2 (rs111200466), TLR4
(rs4986790/rs4986791) e TLR8

(rs3764880), apresentam relacdo com a suscetibilidade, ou resisténcia, ao desenvolvimento de TB ativa, a
infec¢do pelo HIV ou a coinfecgdo

HIV/TB.

Objetivo Secundario:

I. Estimar as frequéncias alélicas e genotipicas dos polimorfismos dos genes TLR2 (rs111200466), TLR4
(rs4986790 / rs4986791) e TLR8

(rs3764880), na populacéo gaucha;

Il. Comparar as diferencas nas frequéncias alélicas e genotipicas dos polimorfismos estudados entre os
diferentes grupos amostrais, verificando
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possiveis relagfes de protecdo ou suscetibilidade a TB, ao HIV e a coinfecgao HIV/TB;

I1l. Avaliar as varia¢des nas frequéncias alélicas e genotipicas observadas internamente dentre 0os grupos
TB, HIV e HIV/TB, tal como sua relagéo

com o prognostico das infecgoes;

IV. Avaliar possiveis variaveis epidemioldgicas que podem interferir na suscetibilidade e prognostico das
infeccdes.

Avaliacdo dos Riscos e Beneficios:

Riscos:

No projeto serdo utilizados espécimes de bancos amostrais ja coletados em estudos prévios.

Beneficios:

O presente estudo visa a estabelecer uma analise do perfil imunogenético de receptores toll-like. Busca
elucidar as relag6es entre diferentes genotipos com a suscetibilidade, ou resisténcia, as infec¢des por HIV-1,
M. tuberculosis e na coinfec¢éo HIV-1/M. tuberculosis; os resultados podem fornecer dados importantes
para o desenvolvimento de novas estratégias para a prevencao e tratamento da aids e da tuberculose.

Comentérios e Consideragdes sobre a Pesquisa:

No estudo, serdo utilizadas amostras de DNA pertencentes ao banco amostral do
estudo “Investigacédo de aspectos imunogenéticos envolvidos na suscetibilidade
a tuberculose: Uma viséo do bacilo de do hospedeiro”, coletadas e processadas
entre os anos de 2012 e 2013 (CEP/FEPPS-RS N°: 09/2011).

Consideragdes sobre os Termos de apresentacgdo obrigatoria:

- Os pesquisadores informam que a pesquisa ndo oferece riscos. Contudo, deve-se considerar que nao
existe pesquisa sem risco minimo.

Recomendacdes:

- Considerar que ndo existe pesquisa sem risco.

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Pesquisa de relevancia e adequacdo cientifica

Consideracdes Finais a critério do CEP:

De acordo com o parecer do Relator.

O nome do pesquisador responsavel deve constar no TCLE. Acrescentar essa informacao e apresentar o
TCLE corrigido no CEP para ser assinado.

Endereco: Rua Sarmento Leite ,245

Bairro: Sarmento CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3303-8804 E-mail: cep@ufcspa.edu.br

Pagina 04 de 05



Continuagéo do Parecer: 3.265.993

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE
PORTO ALEGRE

Qoo

Justificativa de
Auséncia

Tipo Documento Arquivo Postagem Autor Situacéo
Informacdes Basicas| PB_INFORMACOES_BASICAS DO _P | 21/03/2019 Aceito
do Projeto ROJETO 1315750.pdf 15:30:57
Folha de Rosto folha_rosto.pdf 21/03/2019 |Marilu Fiegenbaum Aceito
15:30:32

Declaracéo de termo_local.pdf 20/03/2019 |Marilu Fiegenbaum Aceito

Instituicdo e 16:27:05

Infraestrutura

Projeto Detalhado/ |PROJETO.pdf 20/03/2019 |Marilu Fiegenbaum Aceito

Brochura 16:02:49

Investigador

Outros termo_relatorio.pdf 20/03/2019 | Marilu Fiegenbaum Aceito
16:00:46

Parecer Anterior CEP_FEPPS_2011.pdf 20/03/2019 |Marilu Fiegenbaum Aceito
16:00:03

TCLE / Termos de |TCLE_FEPPS_IMUNOTB.pdf 19/03/2019 |Gabriel Tassi Aceito

Assentimento / 02:37:00 |Mousquer

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Nao

Endereco:
Bairro: Sarmento
UF: RS

Telefone: (51)3303-8804

PORTO ALEGRE, 15 de Abril de 2019

Municipio:

Assinado por:

Luciane Dalcanale Moussalle

Rua Sarmento Leite ,245

PORTO ALEGRE

(Coordenador(a))

CEP: 90.050-170

E-mail:

cep@ufcspa.edu.br
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‘?} Gabriel Tassi Mousquer
| Enderego para acessar este CV: http://lattes.cnpq.br/8963505993337349

Ultima atualizagdo do curriculo em 14/02/2021

Resumo informado pelo autor

Biomédico graduado pela Universidade Federal de Ciéncias da Salde de Porto Alegre (UFCSPA), habilitado nas areas de Patologia Clinica (Analises Clinicas), Reprodugdo
Humana e Biologia Molecular. Assistente de Pesquisa Clinica no Latin American Cooperative Oncology Group (LACOG). Atualmente desenvolve o projeto de mestrado
intitulado "Avaliagdo da variabilidade genética de receptores toll-like e sua relagdo com a sindemia HIV-1/tuberculose" pelo Programa de Pds-Graduagdo em Biociéncias da
UFCSPA, sob orientacdo da Prof.2 Dr.2 Marilu Fiegenbaum. Possui experiéncia em genética e biologia molecular como bolsista de iniciagdo cientifica no Centro de
Desenvolvimento Cientifico e Tecnoldgico (CDCT) da Secretaria Estadual da Saude do Rio Grande do Sul (SES/RS), onde atuou em projetos envolvendo aprimoramento de
técnicas de extragdo de acidos nucleicos, tal como na investigagdo de aspectos imunogenéticos envolvidos na suscetibilidade humana ao bacilo Mycobacterium tuberculosis e
ao virus da imunodeficiéncia humana tipo 1 (HIV-1).

(Texto informado pelo autor)

Nome civil

Nome Gabriel Tassi Mousquer

Dados pessoais

Filiagdo Claudio Luiz Mousquer e Ceres Regina Tassi Mousquer
Nascimento 02/08/1994 - Porto Alegre/RS - Brasil

Carteira de 1078151601 SSP - RS - 18/03/2009
Identidade

CPF 026.612.380-50

Passporte CY741327

Formacdo académica/titulacdo

2018 Mestrado em BIOCIENCIAS.
Fundagéo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto Alegre, Brasil
Titulo: Avaliagao da variabilidade genética de receptores toll-like e sua relagdo com a sindemia HIV-
1/tuberculose na populagdo galcha

Orientador: Marilu Fiegenbaum
Bolsista do(a): Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico

2013 - 2018 Graduag&o em Biomedicina.
Fundag&o Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto Alegre, Brasil
Titulo: Avaliagao da influéncia do polimorfismo delegéo/inser¢éo -196 a -174 do gene TLR2 humano nas
infecgbes por Mycobacterium tuberculosis, por HIV e na coinfecgdo M. tuberculosis/HIV na populagédo
gaucha.
Orientador: Marilu Fiegenbaum

Formacdo complementar

2020 - 2020 Curso de curta duragéo em Clinical Trial Monitoring. (Carga horaria: 4h).
University of Southern California, USC, Los Angeles, Estados Unidos

2020 - 2020 Curso de curta duragdo em Good Clinical Pratices (Investigator Version) V.2.1. (Carga horaria: 4h).
Genentech - South San Francisco, GENE, South San Francisco, Estados Unidos

2019 - 2019 Curso de curta duragdo em Sequenciamento de Nova Geragdo. (Carga horaria: 3h).
Fundacéo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto Alegre, Brasil

2017 - 2017 Curso de curta duragdo em Neurociéncias Evolucionista. (Carga horéaria: 30h).
Fundacéo Universidade Federal de Ciéncias da Satude de Porto Alegre, UFCSPA, Porto Alegre, Brasil

2015 -2015 Curso de curta duragdo em Construgao e Anélise de Bases de Dados. (Carga horaria: 24h).
Fundacéo Estadual de Producéo e Pesquisa em Saude, FEPPS, Porto Alegre, Brasil

2012 -2012 Curso de curta duragéo em Aplicagdes Clinicas da Bioquimica - 4% Edi¢&o. (Carga horaria: 16h).
Fundacéo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto Alegre, Brasil

Atuacao profissional

1. LATIN AMERICAN COOPERATIVE ONCOLOGY GROUP - LACOG
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Vinculo
institucional

2020 - Atual Vinculo: Celetista , Enquadramento funcional: Clinical Reserach Associate , Carga horaria: 40, Regime:
Integral
Outras informagdes:
Assistente de projetos de pesquisa clinica, com enfoque em estudos académicos e epidemioldgicos,
atuando na area regulatéria e na elaboragdo e implementagéo de projetos.

2. Fundacgao Universidade Federal de Ciéncias da Saude de Porto Alegre - UFCSPA

Vinculo
institucional

2018 - Atual Vinculo: Bolsista , Enquadramento funcional: Mestrado , Carga horaria: 30, Regime: Dedicagao exclusiva
Outras informagdes:
Bolsista institucional de mestrado pelo Programa de Pés-Graduagao em Biociéncias, desenvolvendo o
projeto intitulado “Avaliagéo da variabilidade genética de receptores toll-like e sua relagdo com a sindemia
HIV-1/tuberculose”, orientado pela Prof.2 Dr2. Marilu Fiegenbaum no Laboratdrio de Biologia Molecular da
UFCSPA.

2016 - 2017 Vinculo: Voluntario , Enquadramento funcional: Iniciagéo Cientifica , Carga horaria: 20, Regime: Parcial

Outras informagdes:
Laboratério de Imunologia Viral

Atividades

10/2018 - Atual Pesquisa e Desenvolvimento, Departamento de Ensino e Pesquisa, Programa de P6s-Graduagéo em
Biociéncias
Linhas de pesquisa:
Imunogenética das infecgbes pelo virus da imunodeficiéncia humana e pelo bacilo Mycobacterium
tuberculosis
05/2016 - 02/2017 Pesquisa e Desenvolvimento, Departamento de Ensino e Pesquisa
Linhas de pesquisa:

Avaliagéo de atividade antirretroviral de compostos sintéticos derivados de Zidovudina frente aos lentivirus
de pequenos ruminantes como modelos experimentais para o HIV

3. Fundagao Estadual de Produgéo e Pesquisa em Saude - FEPPS

Vinculo
institucional
2013 - 2018 Vinculo: Bolsista , Enquadramento funcional: Iniciacdo Cientifica / Estagiario , Carga horaria: 30, Regime:
Parcial
Outras informagdes:
Bolsista de Iniciagao Cientifica no projeto intitulado "Perfil da expressdo génica envolvida na resposta a

infecgéo pelo M. tuberculosis: busca por novos biomarcadores de progresséo da tuberculose" no Centro
de Desenvolvimento Cientifico e Tecnolégico.

Atividades
01/2013 - 08/2018 Pesquisa e Desenvolvimento, Centro de Desenvolvimento Cientifico e Tecnolégico (CDCT)
Linhas de pesquisa:

Perfil da expressdo génica envolvida na resposta a infecgao pelo M. tuberculosis: busca por novos
biomarcadores de progresséo da tuberculose

4. Fertilitat - Centro de Medicina Reprodutiva - FERTILITAT

Vinculo
institucional

2018 - 2018 Vinculo: Estagio Curricular , Enquadramento funcional: Estagiario , Carga horaria: 30, Regime: Parcial

5. Unilab Laboratorios Unidos de Pesquisas Clinicas - UNILAB

Vinculo
institucional

2017 - 2017 Vinculo: Estagio Curricular , Enquadramento funcional: Estagiario , Carga horaria: 30, Regime: Parcial

Linhas de pesquisa

1. Perfil da expresséo génica envolvida na resposta a infecgéo pelo M. tuberculosis: busca por novos
biomarcadores de progresséo da tuberculose

2. Avaliagdo de atividade antirretroviral de compostos sintéticos derivados de Zidovudina frente aos lentivirus
de pequenos ruminantes como modelos experimentais para o HIV

3. Imunogenética das infecgdes pelo virus da imunodeficiéncia humana e pelo bacilo Mycobacterium
tuberculosis

Idiomas

Inglés Compreende Bem , Fala Bem , Escreve Bem , Lé Bem

Espanhol Compreende Bem , Fala Bem , Escreve Bem , Lé Bem
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Artigos completos publicados em periédicos

S
o MACHADO, FELIPE DOMINGUEZ; GEHLEN, MIRELA; CARON, VITORIA SCHMIDT;
MOUSQUER, GABRIEL TASSI; BELLO, GRAZIELE LIMA; ANTON, CAMILA; BERNARDI, RAFAELA
MANZONI; FREITAS, ALANA AMBOS; UNIS, GISELA; COSTA, ELIS REGINA DALLA; ROSSETTI,
MARIA LUCIA ROSA; SILVA, DENISE ROSSATO
Macrophage migration inhibitory factor —-794 CATT5-8 microsatellite polymorphism and susceptibility of
tuberculosis. INFECTION. , v.2021, p.10.1007/s15010- - , 2021.

LS
o MOUSQUER, GABRIEL TASSI; PERES, ALESSANDRA; FIEGENBAUM, MARILU
Pathology of TB/COVID-19 Co-Infection: The phantom menace. TUBERCULOSIS. EIS#, v.126, p.102020
-, 2020.

S
o MOUSQUER, GABRIEL TASSI; MACIEL, LILA PARTICHELLI; POMPEU SARAIVA, ANA
CAROLINA; DALLA COSTA, ELIS REGINA; ROSA ROSSETTI, MARIA LUCIA
Validation of a quick and low-cost DNA extraction protocol applicable to long-stored blood samples.
ANALYTICAL BIOCHEMISTRY. EEGN, v.561-62, p.47 - 51, 2018.

LS
o MILANO, MARIANA; MORAES, MILTON OZORIO; RODENBUSCH, RODRIGO; CARVALHO,
CAROLINE XAVIER; DELCROIX, MELAINE; MOUSQUER, GABRIEL; LAUX DA COSTA, LUCAS; UNIS,
GISELA; DALLA COSTA, ELIS REGINA; ROSSETTI, MARIA LUCIA ROSA
Single Nucleotide Polymorphisms in IL17A and IL6 Are Assomated with Decreased Risk for Pulmonary
Tuberculosis in Southern Brazilian Population. Plos One. , v.11, p.e0147814 -, 2016.

Trabalhos publicados em anais de eventos (resumo)

1.

MOUSQUER, G. T.; FIEGENBAUM, M.; MILANO, M.; DORR, B; POMPEU SARAIVA, ANA CAROLINA;
ALMEIDA, S. E. M,; SILVA, E. C; UNIS, G.; COSTA, E R.D.; ROSSETTI, M. L. R.
ATLR2 POLYMORPHISM (-196 to -174) IS ASSOCIATED WTH ACTVE TUBERCULOSIS
DEVELOPMENT IN HIV-1 INFECTED INDIVIDUALS FROM A SOUTHERN BRAZILIAN POPULATION In:
ALAM 2018 - XXIV Congresso Latinoamericano de Microbiologia, 2018, Santiago.

Libro de Resumenes. Asociacion Latinoamericana de Microbiologia (ALAM), 2018. p.2 - 1504

MOUSQUER, G. T.; MILANO, M.; FIEGENBAUM, M.; UNIS, G.; COSTA, E. R. D.; ROSSETTI, M. L. R.
ANALISE PRELIMINAR SOBRE A INFLUENCIA DO POLIMORFISMO DELECAO/INSERCAO -196 A
-174 DO RECEPTOR CELULAR HUMANO TOLL-LIKE 2 NA INFECGAO POR TUBERCULOSE E NA
COINFECGAO POR TUBERCULOSE E HIV NA POPULAGAO DO SUL DO BRASIL In: XV Congresso
Brasileiro de Biomedicina e o Il Congresso Internacional de Biomedicina, 2016, Bento Gongalves - RS.
ANAIS DO XV CONGRESSO BRASILEIRO DE BIOMEDICINA & Il CONGRESSO INTERNACIONAL
DE BIOMEDICINA. APTOR SOFTWARE, 2016. p.15 - 636

S
o MOUSQUER, G. T.; MILANO, M.; UNIS, G.; ROSSETTI, M. L. R.; COSTA, E. R. D.
AVALIAGAO DA SUSCETIBILIDADE A TUBERCULOSE RELACIONADA COM O POLIMORFISMO
DELECAO/INSERCAO -196 A -174 DO RECEPTOR CELULAR HUMANO TOLL-LIKE 2 In: VIl Meeting of
the SLAMTB & IV National Workshop of Brazilian Tuberculosis Research Network, 2014, Canela - RS.
Revista de Epidemiologia e Controle de Infecgao. Santa Cruz do Sul - RS: Nucleo de Epidemiologia
do Hospital Santa Cruz, 2014. v.4. p.36 - 121

Apresentagao de trabalho e palestra

1.

Eventos

Eventos

MOUSQUER, G. T.
Influéncia de fatores imunogenéticos na suscetibilidade ao HIV e ao Mycobacterium tuberculosis,
2019. (Conferéncia ou palestra,Apresentacao de Trabalho)

MOUSQUER, G. T.
liagao da influéncia do polimorfismo
G por Mycob ium tuberculosis, por HIV-1 e na coinfecgdo M. tuberculosis/HIV-1 na
populagdo gatcha, 2018. (Conferéncia ou palestra,Apresentacéo de Trabalho)

insercdo -196 a -174 do gene TLR2 humano nas

POMPEU SARAIVA, ANA CAROLINA; MOUSQUER, G. T.; MILANO, M.; POSSUELO, L. G.; DALLA
COSTA, ELIS REGINA; ROSSETTI, M. L. R.

Polimorfismo -159C/T do CD14 ea suscetibilidade ao desenvolvimento de tuberculose ativa na
populacdo do Rio Grande do Sul, Brasil., 2018. (Congresso,Apresentacéo de Trabalho)

MOUSQUER, G. T.; MILANO, M.; FIEGENBAUM, M.; UNIS, G.; DALLA COSTA, ELIS REGINA;
ROSSETTI, M. L. R.

Analise prelimi sobre a influéncia do polimorfismo ¢ao -196 a -174 do receptor
celular humano toll-like 2 na infecgdo por tuberculose e na coinfecgédo por tuberculose e HIV na
populagdo do sul do Brasil, 2016. (Congresso,Apresentacéo de Trabalho)

MOUSQUER, G. T.; DALLA COSTA ELIS REGINA

Influéncia do polimorfismo insergéo/d do -196 a -174 do receptor celular humano toll-like 2 na
infeccdo por tuberculose e na coinfecgdo por tubercul [HIV na populagéo do sul de Brasil, 2016.
(Outra,Apresentacgédo de Trabalho)

MOUSQUER, G. T.; MILANO, M.; UNIS, G.; DALLA COSTA, ELIS REGINA; ROSSETTI, M. L. R.
Avaliacdo da suscetibilidade a tuberculose pulmonar relacionada com o polimorfismo
delegéol/insercédo -196 a -174 do receptor celular humano toll-like 2 na populagéo do sul do Brasil,
2015. (Outra,Apresentacao de Trabalho)

MOUSQUER, G. T.; MILANO, M.; UNIS, G.; ROSSETTI, M. L. R.; DALLA COSTA, ELIS REGINA
Avaliacdo da suscetibilidade a tuberculose relaci da com o polimorfismo delegédo/insergéo -196
a -174 do receptor celular humano toll-like 2, 2014. (Congresso,Apresentac¢éo de Trabalho)

Participagcdo em eventos

1° Sii

posio Inter ional de Pesquisa e Pratica em Educagao em Saude, 2019. (Simpésio)

IV Encontro do PPG Biociéncias, 2019. (Encontro)

Avaliagdo da influéncia do polimorfismo delegdo/insergéo -196 a -174 do gene TLR2 humano nas
infecgbes por Mycobacterium tuberculosis, por HIV-1 e na coinfecgao M. tuberculosis/HIV-1 na populagéo
gaucha..

Apresentacao (Outras Formas) no(a)UNLEASH Innovation Lab, 2019. (Olimpiada)
SDG 3: Good Health and Well-being.

Apresentacdo de Poster / Painel no(a) 54° Congresso da Sociedade Brasileira de Medicina Tropical -
MEDTROP, 2018. (Congresso)
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Curriculo Lattes

Polimorfismo -159C/T do CD14 e a suscetibilidade ao desenvolvimento de tuberculose ativa na populagéo
do Rio Grande do Sul, Brasil..

Apresentacdo de Poster / Painel no(a) Il Mostra Estadual de Atengao a Saude Prisional e IV Encontro
Regional de Tuberculose, 2018. (Encontro)
Suscetibilidade ao desenvolvmento de tuberculose ativa e o polimorfismo -159C/T do CD14.

Apresentacao de Poster / Painel no(a) lll Encontro do PPG Biociéncias da UFCSPA e encontro de
pesquisa e biologia celular, 2018. (Encontro)

Avaliagdo da influéncia do polimorfismo delegdo/insergéo -196 a -174 do gene TLR2 humano nas
coinfecgdes por Mycobacterium tuberculosis, por HIV-1 e na coinfecgdo M. tuberculosis/HIV-1 na
populagao gaucha.

Seminars in Biomedical Sciences, 2018. (Seminario)

IV Jornada do Servigo de Genética Clinica da Universidade Federal de Ciéncias da Satde de Porto
Alegre, 2017. (Outra)

I Jornada da Liga do Sangue, 2016. (Outra)

Apresentacao de Poster / Painel no(a) XV Congresso Brasileiro de Biomedicina e o lll Congresso
Internacional de Biomedicina, 2016. (Congresso)

Andlise preliminar sobre a influéncia do polimorfismo delegéo/insercéo -196 a -174 do receptor celular
humano toll-like 2 na infecgéo por tuberculose e na coinfecgéo por tuberculose e hiv na populagéo do sul
do Brasil.

Apresentacao de Poster / Painel no(a) XXVIII Salao de Iniciagdo Cientifica da UFRGS, 2016.
(Exposigao)

Influéncia do polimorfismo insergéo/delegéo -196 a -174 do receptor celular humano toll-like 2 na infecgéo
por tuberculose e na coinfecgao tuberculose/HIV na populagdo do sul do Brasil.

5° Seminario de Pesquisas, Estudos e Inovagées do IGP/RS - 18 Anos, 2015. (Seminario)
I Jornada Académica do curso de Toxicologia Analitica da UFCSPA, 2015. (Outra)

| Mostra de Trabalhos de Ensino, Pesquisa e Extensdo da Universidade Federal de Ciéncias da
Saude de Porto Alegre, 2015. (Outra)

"AVALIACAO DA SUSCETIBILIDADE A TUBERCULOSE PULMONAR RELACIONADA COM O
POLIMORFISMO DELECAO/INSERCAO -196 A -174 DO RECEPTOR CELULAR HUMANO TOLL-LIKE 2
NA POPULACAO DO SUL DO BRASIL.

| Simpésio de Genética, Psiquiatria e Satide Metal da LIPSAM, 2015. (Simpdsio)

Il Semana Académica da Universidade Federal de Ciéncias da Satde de Porto Alegre, 2014.
(Encontro) .

AVALIACAO DA SUSCETIBILIDADE A TUBERCULOSE RELACIONADA COM O POLIMORFISMO -196
A -174 DO RECEPTOR CELULAR HUMANO TOLL-LIKE 2.

Apresentacao de Poster / Painel no(a) VIl Meeting of the SLAMTB & IV National Workshop of
Brazilian Tubersulosis Research Network, 2014. (Congresso)

AVALIAGAO DA SUSCETIBILIDADE A TUBERCULOSE RELACIONADA COM O POLIMORFISMO
DELECAOQ/INSERCAO -196 A -174 DO RECEPTOR CELULAR HUMANO TOLL-LIKE 2.

2° Encontro Internacional em Engenharia de Tecidos e Medicina Regenerativa, 2013. (Encontro)

Il Semana Académica da Universidade Federal de Ciéncias da Saude de Porto Alegre, 2013.
(Encontro)

V Semana Académica do Curso de Biomedicina — Centro Universitario Metodista IPA, 2012.
(Simpésio)

VI Semana Académica Biomedicina UFRGS, 2012. (Outra)

VIl Jornada Académica de Biomedicina UFCSPA e lll Simpésio Habiliagées da Biomedicina—
Universidade Federal de Ciéncias da Saude do Rio Grande do Sul (UFCSPA, 2011. (Simpésio)

Organizagao de evento

1.

BRAGANHOL, E.; GUEDES, R. P.; FURTADO FILHO, O. V.; RUBENICH, D. S.; NUNES, W. S.; MOURA,
A. C.; ROSSATTO, F. C. HISIO, E. C.; ARANTES, P. R.; SCHUCK, B.; MOUSQUER, G. T.
IV Encontro do PPG Biociéncias, 2019. (Outro, Organizagdo de evento)
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