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RESUMO

A associagdo de polimorfismos em genes responsaveis por mediadores imunolégicos com a
dengue permite a identificacdo de determinadas alteracGes genéticas que aumentam ou
diminuem o risco de desenvolvimento da doenca. Ha na literatura alguns estudos que
correlacionaram o polimorfismo no gene da interleucina 6 na posicéo -174 G>C (IL6 -174 G>C)
(rs1800795) com a dengue. No entanto, ha uma inconsisténcia na influéncia desse polimorfismo
na doenca, a qual motivou esta metanalise. Assim, este estudo teve como objetivo avaliar se 0
polimorfismo rs1800795 estd relacionado com a protecdo ou suscetibilidade para o
desenvolvimento da dengue. Foram realizadas buscas em vérias bases de dados por estudos
publicados antes de 05 de setembro de 2020. Calculos do Odds Ratio (OR) com 95% de
Intervalos de Confianca (IC) e da heterogeneidade (1?) foram avaliados, e o viés de publicacio
foi verificado pelo teste de Begg e Egger. O valor de p <0,05 foi considerado significativo.
Como resultados, cinco estudos de caso-controle foram identificados e incluidos nos resultados.
A andlise mostrou que o0 gendtipo heterozigoto tem papel protetor contra dengue sem sinais de
alarme (DSSA) (OR = 0,57, p = 0,001), assim como o alelo polimérfico C (OR = 0,77, p =
0,04). Ao unificar os dados dos estudos inclusos, o genétipo GG foi mais prevalente entre 0s
individuos com dengue com sinais de alarme (DCSA) quando comparado ao grupo controle (p
=0,0221). O gendtipo GC foi mais prevalente no grupo controle do que no grupo DCSA (p =
0,0119). Portanto, em nosso estudo observamos que o genétipo GC e o alelo C tém um papel
protetor contra DSSA. Como esse polimorfismo esta associado a baixa expressdo de IL-6,
sugere-se uma diminuicdo da resposta pro-inflamatéria. Porém, mais estudos sobre essa

tematica sdo necessarios para um consenso acerca da relacao desse polimorfismo e a dengue.

Palavras-chave: Arbovirus. Polimorfismo. Citocina. Suscetibilidade a doencas



ABSTRACT

The association of polymorphisms in genes responsible for immunological mediators with
dengue allows the identification of certain genetic alterations that increase or decrease the
development risk of the disease. A few number of studies that correlate the interleukin 6 -174
G>C (IL6 -174 G>C) polymorphism (rs1800795) with dengue. However, there is an
inconsistency on the polymorphism influence on the disease which motivated this meta-
analysis. So, this study aimed to evaluate the rs1800795 polymorphism with protection or
susceptibility for development of dengue. A search of the literature was performed for studies
published before 05 September 2020 in various databases. Calculations of Odds Ratio (OR)
with 95% of Confidence Intervals (CI) and heterogeneity (12) were assessed and publication
bias was done by Begg’ and Egger’s test. The value of p < 0.05 was considered as significant.
As results, five case-control studies were identified and included in the results. The analysis
showed that the heterozygous genotype has a protective role against dengue without warning
signs (DWOS) (OR = 0.57, p = 0.001), as well as the polymorphic C allele (OR = 0.77, p =
0.04). When unifying the data from the included studies, the GG genotype was more prevalent
among individuals with dengue with warning signs (DWWS) when compared to the control
group (p = 0.0221). GC genotype was more prevalent in the control group than in the DWWS
group (p = 0.0119). Therefore, in our study we observed that the GC genotype and the C allele
have a protective role against DWOS. Since this polymorphism is associated with low IL-6
expression, thus it is expected that there will be a decreased pro-inflammatory response.
However, more studies regarding this thematic are necessary to have a consensus about this

polymorphism and dengue.

Keywords: Arboviruses. Polymorphism. Cytokine. Disease susceptibility.
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1 INTRODUCAO

A dengue é uma doenca viral sistémica transmitida ao homem por meio da picada dos
mosquitos Aedes aegypti e albopictus. Como o Dengue virus (DENV) ndo apresenta grande
diversidade de hospedeiros, o ciclo humano-mosquito continua sendo o principal meio de
transmissdo. O DENV pertence ao género Flavivirus da familia Flaviviridae, possui RNA de
fita simples de sentido positivo e apresenta quatro sorotipos distintos: DENV-1, DENV-2,
DENV-3 e DENV-4 (CHEN et al., 2015; WARKENTIEN; PAVLICEK, 2016).

O DENV é um virus esférico com um diametro aproximado de 50nm e seu genoma
possui aproximadamente 11kb de comprimento. No RNA, na extremidade 5> hd um -cap do
tipo 1 (m7GpppAmp), ndo possui cauda poliadenilada na extremidade 3’ ¢ 0 produto de seu
genoma é uma Unica poliproteina (BEGUM et al., 2019; DUAN et al., 2019). Essa poliproteina
é clivada pds-traducionalmente em dez proteinas, sendo trés proteinas estruturais — proteina C
referente ao capsideo, proteina prM/M referente a pré-membrana/membrana e a proteina E
relaciona ao envelope — e sete proteinas ndo estruturais — NS1, NS2A, NS2B, NS3, NS4A,
NS4B e NS5 (WANG; ZHANG, 2017).

O desmatamento, o desenvolvimento de assentamentos e a evolugédo de centros humanos
foram alguns fatores que favoreceram para que o Dengue virus passasse do ciclo silvestre para
0 urbano e assim passasse a ter uma maior interagdo com os humanos (GUBLER, 2006). A
existéncia de vetores domésticos, Aedes aegypti, e peridomésticos, Aedes albopictus,
facilitaram essa interacdo disseminando a doenca, o primeiro originario da Africa e o segundo
oriundo da Asia (GUBLER, 1998; WARKENTIEN; PAVLICEK, 2016).

A segunda guerra mundial foi um acontecimento histérico determinante para a expansao
da doenca devido a grande movimentacdo de tropas para o sudeste da Asia e para Ilhas do
Pacifico ( WARKENTIEN; PAVLICEK, 2016). A migracdo humana através de navios, como a
migracdo de escravos da Africa para a América, foi um outro grande fator que contribuiu para
que a doenca se espalhasse e chegasse a uma escala global. Vale ressaltar que a utilizacdo da
aviacdo favorece para que os virus cheguem a lugares mais longes e mais rapido do que antes,
quando se utilizava, principalmente, a navegacdo (HALSTEAD, 2019).

A doenca teve epidemiologia consideravel, atingindo uma densidade de incidéncia de
8,94 por 100 pessoas no periodo de 2014 a 2018 no Brasil (LUNA et al., 2020) e uma
soroprevaléncia de 35,9% para anticorpos IgG entre mulheres gravidas da Republica
Democréatica de Sdo Tomé e Principe (YEN et al., 2016). Além disso, uma alta porcentagem de
IgG foi identificada em individuos com 15-24 anos (36%) em Delhi na india (VIKRAM et al.,
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2016) e um aumento da prevaléncia de dengue foi observado em pacientes da cidade de Séo
José do Rio Preto, Brasil, em que os autores analisaram 1549 amostras e encontraram 1389
amostras positivas para dengue pelo teste rapido NS1 (COLOMBO et al., 2016).

No Brasil, no ano de 2020, foram notificados 987.173 casos provaveis de dengue, com
uma incidéncia de 469,8 casos/100mil habitantes (hab). Sendo que teve 826 casos confirmados
para dengue grave e 9.072 para dengue com sinais de alarme. Ademais, nesse mesmo ano foram
confirmados 554 obitos por dengue. A regido Centro-Oeste foi a que apresentou uma maior
incidéncia de casos de dengue (1.212,1 casos/100mil hab), seguida da regido Sul (940,0
casos/100mil hab), sendo a regido Norte do Brasil a que houve uma menor incidéncia (119,5
casos/100mil hab). No Nordeste, 0 nimero de casos notificados provaveis foi de 150.566 com
uma taxa de incidéncia de 263,8 casos/100mil hab (BRASIL, 2021).

Um novo protocolo desenvolvido pela Organizacdo Mundial da Saude (OMS) em 2009
trouxe uma nova classificacdo para a doenca. Desde 2014, o Brasil utiliza essa nova
classificacdo, definindo a dengue como uma doenca Unica, dindmica e sistémica, assim a
infeccdo pelo DENV pode regredir ou evoluir no hospedeiro. Anteriormente, segundo critérios
estabelecidos pela OMS em 1997, a dengue era classificada em febre da dengue (FD), febre
hemorréagica da dengue (FHD) e sindrome do choque da dengue (SCD), porém com a nova
classificagdo passa a ser classificada como dengue sem sinais de alarme (DSSA), dengue com
sinais de alarme (DCSA) e dengue grave (DG). Essa forma de distingdo permite melhor
atendimento aos pacientes de acordo com os sintomas relacionados a doenca (BRASIL, 2013;
BRASIL, 2016; BRASIL, 2017; WHO, 1997; WHO, 2009).

O diagnostico precoce para a dengue é de suma importancia para submeter o individuo
um tratamento adequado visando a melhora dos sintomas clinicos (GAO et al., 2019). Um
individuo com suspeita de dengue pode ser diagnosticado com a doenca através de sinais e
sintomas clinicos e confirmando o diagnostico por diversos métodos, sendo os mais utilizados
0s testes que empregam a deteccdo de anticorpos anti-DENV — imunoglobulina M (IgM) e
imunoglobulina G (IgG) — e de antigenos, como a NS1, e testes que promovem a amplificacéo
molecular de &cido nucleico do DENV por transcrigdo reversa seguida da reacdo em cadeia da
polimerase (RT-PCR) (KYAW et al., 2019; RAAFAT; BLACKSELL; MAUDE, 2019).

Para resultados mais fidedignos, recomenda-se a utilizag&o dos testes soroldgicos para
IgM e 1gG especificos juntamente com testes que detectam o antigeno NS1, evitando falso-
positivos (CHONG et al., 2019; KYAW et al., 2019). Vale ressaltar que a proteina NS1 é

secretada pela célula infectada desde o inicio dos sintomas até o nono dia de infeccéo, sendo
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encontrada em grande concentra¢do no sangue, e essa concentracao estéa diretamente associada
com a carga viral (CHONG et al., 2019; LIMA et al., 2019; TAN et al., 2020).

A progressdo da doenca para as formas mais graves ocorre com risco aumentado em
individuos expostos a uma infeccdo secundaria ou consecutiva por um sorotipo diferente
(CHEN et al., 2015). Os mecanismos imunopatoldgicos que contribuem para o estabelecimento
da dengue compreendem uma complexa cadeia de respostas imunolédgicas (KURANE, 2007).
Citocinas e mediadores quimicos, por exemplo, estdo envolvidos em processos patoldgicos que
podem se correlacionar com a gravidade da doenca. A interleucina 6 (IL-6) é uma citocina que
esta associada ao processo patoldgico da dengue, por isso tem sido alvo de estudos que buscam
elucidar a patogénese da doenca (AVENDANO-TAMAYO et al., 2017; DETTOGNI et al.,
2015; IANI et al., 2016; PATRA et al., 2019; PATRO et al., 2019).

A producéo de IL-6 inicia-se no decorrer da fase aguda do processo inflamatorio. Essa
citocina promove a diferenciacdo dos mondcitos em macrofagos e impede a infiltracdo de
neutrofilos. Além disso, a IL-6 promove a liberagdo de fator de crescimento endotelial vascular
(VEGF) que ao induzir a angiogénese ird gerar fendas intercelulares, vacuolos e fenestraces,
ocasionando um aumento da permeabilidade vascular, uma das caracteristicas da DCSA
(BATES et al., 2002; PARK et al., 2019; SCHETT, 2018).

Existem vérios estudos que associam polimorfismos genéticos a diferentes doencas.
Polimorfismos em genes responsaveis por mediadores imunoldgicos podem determinar se
individuos positivos para essas variaches genéticas sao mais suscetiveis ou desenvolvem
alguma protecdo contra a doenca (GUPTA etal., 2018). Um exemplo dessas variagcdes genéticas
é o0 polimorfismo de nucleotideo tnico (SNP) no gene IL6 na posi¢do -174 G>C (rs1800795),
onde ocorre a troca de uma guanina por uma citosina, que modifica a expressao génica e resulta
em alteracdes plasmaticas de IL-6, assim havendo uma possivel influéncia no curso clinico da
dengue (AVENDANO-TAMAYO et al., 2017; CANSANCAO et al., 2016a; FEITOSA et al.,
2016). No entanto, os resultados desses estudos permanecem contraditorios. Ressalta-se que ha
um consenso de que o alelo polimorfico C esta associado a baixa expressao do gene IL6, o que
resulta na diminuicdo do nivel de IL-6 no plasma (FISHMAN et al., 1998; PIERONI et al.,
2007; TETZLAFF et al., 2018).

Estudos com abordagens metanaliticas sdo considerados o topo da evidéncia cientifica
para reunir resultados contrarios disponiveis na literatura, visto que pesquisas por metanalise
para detectar a influéncia de distintos polimorfismos em genes de citocinas na dengue ja foram
realizadas anteriormente (PABALAN et al., 2018; SANTOS et al., 2020). Além disso, esse tipo

de estudo pode elucidar a associacdo de alteracdes genéticas com a dengue, que € 0 objetivo
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das pesquisas atuais, pois através desse conhecimento é possivel compreender melhor os
mecanismos de patogénese visando desenvolver estratégias de intervengdes terapéuticas

eficazes para prevenir a evolugédo da doencga para as formas mais graves.
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2 OBJETIVOS

2.1 Objetivo geral

e Auvaliar, por meio de calculos metanaliticos, a possivel relagdo do SNP IL6 -174 G>C

(rs1800795) com a susceptibilidade ou protecao contra a dengue.

2.2 Objetivos especificos

e Buscar e selecionar os estudos genéticos relacionando o polimorfismo SNP IL6 -174
G>C (rs1800795) e a dengue publicados até 05 de setembro de 2020.

e Tabular os dados e informacBes dos estudos eleitos, especialmente 0s numeros
relacionados a frequéncia genotipica e alélica;

e Formar grupos comparativos com base no estagio da doenca;

e Verificar, mediante softwares estatisticos, as diferencas significativas das frequéncias
genotipicas e alélicas entre 0s grupos e a existéncia de viés de publicacdo entre os
estudos;

e Calcular o Odds Ratio associando 0 SNP rs1800795 com a dengue;

¢ Relacionar a doenga e o polimorfismo com os resultados metanaliticos obtidos;
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3 METODOLOGIA

3.1 Protocolo

A metanélise seguiu os critérios propostos por Moher et al. (2009) em Preferred
Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA).

3.2 Critérios de elegibilidade

Para serem incluidos na metandlise, os estudos deveriam preencher os seguintes
critérios: (1) ser um estudo caso-controle original; (2) avaliar a associa¢do entre 0 SNP IL6
-174 G>C com a dengue; (3) ter dados sobre a frequéncia genotipica; (4) ter o diagnostico dos
pacientes dos grupos casos mediante achados clinicos e laboratoriais. O diagnostico para febre
da dengue (FD) consiste em achados clinicos especificos, como febre associada a cefaleia, dor
retrorbitaria, mialgia, artralgia, erupgdo cutanea, leucopenia, nausea ou voémito, com
confirmacéo laboratorial por meio de técnicas de isolamento viral ou deteccdo de antigeno ou
anticorpo (WHO, 1997). O diagnostico dos casos de febre hemorragica da dengue (FHD)
consiste na observacdo do achado de febre alta ou histérico de febre nos Gltimos 2 a 7 dias,
associada a tendéncias a sangramento, trombocitopenia, variacdo do tamanho do figado em 2
cm - 4 cm, evidéncias de vazamento de plasma conferido pelo aumento do hematdcrito,
podendo ser confirmado por testes laboratoriais, como técnicas de isolamento viral e detec¢do
de antigeno ou anticorpo (WHO, 1997). O diagnoéstico de dengue sem sinais de alarme (DSSA)
é realizado com base em achados como febre associada a duas ou mais manifestacées, como
nausea, voémito, erupcdo cutanea, leucopenia e dores, com confirmacdo laboratorial por meio
de técnicas de isolamento viral ou deteccdo de antigeno ou anticorpo (WHO, 2009). Por fim, o
diagndstico de casos de dengue com sinais de alarme (DCSA) é feito mediante a associagdo de
manifestagdes clinicas, como dor ou sensibilidade abdominal, vomitos persistentes, acimulo
de fluidos corporais, sangramento da mucosa, letargia, inquietacdo, aumento do figado >2 cm,
aumento do hematdcrito concomitante com a rapida diminui¢do na contagem de plaquetas,
podendo ser confirmado por testes laboratoriais, como técnicas de isolamento viral e detecgdo
de antigeno ou anticorpo (WHO, 2009). Os artigos que ndo atendiam a pelo menos um desses

critérios foram excluidos.
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3.3 Estratégia de busca

A pesquisa bibliogréafica foi realizada por duas investigacdes refinadas em busca de
estudos publicados até 05 de setembro de 2020. As bases de dados utilizadas para a recuperagédo
dos estudos foram: Google Scholar, MedLine, PubMed, Scielo, SCOPUS e Web of Science. As
palavras-chave utilizadas na busca foram: “dengue”, “polymorphism”, “cytokine”,
“interleukin”, “SNP”, “IL6”, “174 G/C" e “rs1800795”, combinando-as com 0s operadores
booleanos “AND” ¢ “OR”. Houve restri¢do de idioma, sendo incluso o estudo publicado no
idioma inglés, e as referéncias dos estudos identificados e elegiveis foram analisadas para

identificar potenciais estudos adicionais.

3.4 Extracdo de dados

Dois pesquisadores extrairam de forma independente os dados dos estudos incluidos
seguindo um formulario padronizado composto por: nome do primeiro autor, ano de publicacéo,
pais em que o estudo foi realizado, tamanho da amostra, modelo de controle, nimero de casos

e controle, método de genotipagem do SNP IL6 -174 G>C, frequéncia genotipica e alélica.

3.5 Avaliacéo do risco de viés

Os estudos inclusos foram avaliados pela escala de Newcastle-Ottawa (NOS) (WELLS
et al.,, 2014) para avaliar a qualidade em que os estudos foram analisados nos aspectos
metodoldgicos de selecdo, comparabilidade e exposicdo, recebendo pontuacdo. Estudos com

pontuacdo <7 foram excluidos.

3.6 Anélise estatistica

A partir dos dados tabulados, individuos saudaveis ou com diagndstico negativo para
infeccdo por DENV constituiram o grupo Controle, pacientes positivos para dengue sem sinais
de alarme integraram o grupo DSSA e pacientes com diagndstico positivo para dengue com
sinais de alarme formaram o grupo DCSA. Na metanalise entre os grupos, houve comparagado
em trés modelos genéticos: modelo alélico (C versus G), homozigoto (CC versus GG),
heterozigoto (GC versus GG). Para avaliar a importancia do genotipo heterozigoto, o0 modelo

recessivo (CC versus GC + GG) e o modelo dominante (CC + GC versus GG) foram analisados.
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A analise estatistica foi realizada no Review Manager v.5.3 (REVMAN, 2014) para
calcular o OR com significancia (p < 0,05), associando o polimorfismo rs1800795 a
suscetibilidade ou a protecdo contra a dengue. Na constatacdo dessa significancia, os resultados
do teste qui-quadrado (x?) foram analisados com base no teste Q para verificar a presenca de
heterogeneidade (I1?) entre os estudos. Quando as comparagBes mostraram a presenca de
heterogeneidade estatisticamente n&o significativa (1 < 50%, Pheterogeneidade > 0,05), um modelo
de efeito fixo (EF) foi usado para estimar o valor de OR. Nas comparacGes em que a
heterogeneidade foi estatisticamente significativa (12 > 50%, Pheterogencidade < 0,05), 0 modelo de
efeito aleatorio (ER) foi usado para estimar o valor de OR.

Quando 12 >50%, os estudos que causavam heterogeneidade foram excluidos, deixando
os estudos analisados menos heterogéneos (12 < 50%). O OR foi calculado com intervalo de
confianca (IC) a 95%, o qual permite associar o polimorfismo rs1800795 com a protecao ou
com a suscetibilidade a dengue. O resultado de todas as comparacBes € considerado
estatisticamente significativo quando p < 0,05.

O BioEstat 5.3 (BIOESTAT, 2007) foi usado para determinar diferencas significativas
na comparagao das frequéncias alélicas e genotipicas. O teste do qui-quadrado (x?) foi utilizado
para avaliar a ocorréncia dessa significancia, considerando uma diferenca significativa quando
p <0,05.

Para detectar o viés de publicacdo, os gréaficos de funnel plot e o teste de Begg e Egger

foram analisados por meio do software Comprehensive-Meta Analysis v.3 (CMA, 2013).
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4 RESULTADOS

A busca sistematica identificou 4.700 artigos e apds as etapas de triagem e elegibilidade,
quatro estudos (CANSANCAO et al., 2016a; FERNANDEZ-MESTRE et al., 2004; MOREIRA
et al.,, 2008; PEREZ et al., 2010) atenderam os critérios de inclusdo e foram incluidos na
metanalise. A metanalise foi realizada com dados dos artigos inclusos e com os dados de um
estudo adicional de dados internos do nosso grupo de estudo do Laboratério BIOMIC
(QUEIROZ et al., 2021) (Figura 1). Os estudos alcangcaram mais de 7 pontos na NOS conforme
mostra a Tabela 1.

Os estudos incluidos nesta metanalise que ndo adotaram a classificacdo clinica
estabelecida pela OMS em 2009 (WHO, 2009) para dengue, dividindo seus grupos em FD e
FHD de acordo com os critérios da OMS em 1997 (WHO, 1997), tiveram seus dados tabulados
como DSSA para individuos com diagnostico de FD e DCSA para individuos com diagnostico
de FHD. De acordo com a nova categorizagao da dengue pela OMS em 2009, a dengue grave
(DG) corresponde a casos extremos, que ndo podem ser confundidos com FHD nesta

metanalise.

Palavras-chave: “Polymorphism”, “Interleukin”, “Cytokine”, “Dengue”, “SNP”, “rs1800795”, “174G/C”
= ¢
§" Numero de registros identificados por NUmero de registros identificados
= meio de pesquisas nos bancos de dados por meio de outras fontes
< (n = 4.700) (n=1)
s
.| Remocdo de duplicatas
v v (n=3.892)
E - -
% NUmero de registros ap6s a remogdo de duplicatas
= (n =809)
l Numero de artigos excluidos (n = 804)
® Sem avaliacdo da dengue (n = 104)
= - de reai iad Revisdo (n = 240)
2 Namero de reg_lstros avaliados Metanalise (n = 15)
=) (n=5) Dados insuficientes (n = 2)
ﬁ Sem avaliacdo de polimorfismos (n = 302)
Outros genes (n = 141)
3
= Total de estudos incluidos na metanélise
c
< (n=5)

Figura 1 — Diagrama de fluxo da selecdo dos estudos para associar SNP rs1800795 com a dengue
Fonte: Autoria propria
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A soma dos dados resultou em 605 voluntarios que constituiram o grupo controle, 408
pacientes com dengue sem sinais de alarme (DSSA) formando o grupo DSSA e 112 pacientes
com dengue com sinais de alarme (DCSA) constituindo o grupo DCSA. Vale ressaltar que nem
todos os artigos selecionados para este estudo possuem os trés grupos (controle, DSSA e
DCSA). O estudo de Cansangéo et al. (2016a) e o de Moreira et al. (2008) tém o grupo controle
e 0 grupo DSSA. Perez et al. (2010) realizaram a associagdo do SNP rs1800795 com a dengue
comparando o grupo controle e o grupo DCSA. O estudo de Fernandez-Mestre et al. (2004)
possui 0s trés grupos possiveis, porém ha apenas a frequéncia genotipica do grupo DSSA e do
grupo DCSA devido ndo ter encontrado resultados significativos com a participagdo do grupo
controle, ocorrendo a comparagao somente entre 0s grupos com infeccdo por DENV. Por fim,
0 estudo caso-controle dos presentes pesquisadores, realizado em nosso Laboratério de
Biologia de Microrganismos (BIOMIC) (QUEIROZ et al., 2021), possui informacdes referentes

aos trés grupos (Tabela 1).

Tabela 1 - Caracteristicas dos estudos incluidos na associacao entre 0 SNP IL6 -174 G/C e a

dengue

Primeiro autor, ano Pais Casos (n) Controle (n) MG NOS

CANSANCAO et al., 2016a Brasil DSSA (93) DN (71) PCR-RFLP 9

PEREZ et al., 2010 Cuba DCSA (43) Saudavel (92) PCR-SSP 7

MOREIRA et al., 2008 Brasil DSSA (201) N/I (311) PCR-SSP 8

FERNANDEZ-MESTRE etal., 2004  Venezuela ~DSSA (41)  Saudéavel (46)*  PCR-SSP 8
DCSA (25)

QUEIROZ et al., 2021 Brasil DSSA (73)  Saudavel (131) gPCR 8
DCSA (44)

DSSA: dengue sem sinais de alarme; DCSA: dengue com sinais de alarme; n: nimero de individuos participantes
do estudo; DN: pacientes sintomaticos com diagnéstico negativo para dengue; N/I: ndo informado; *: ndo incluso
na metanalise, dado indisponivel; MG: Método de genotipagem; NOS: escala de Newcastle-Ottawa.

Fonte: Autoria propria

A Tabela 2 mostra a distribuicdo da frequéncia alélica e genotipica ap6s unificar os
dados de todos os artigos participantes deste estudo. A Tabela 3 mostra a analise das frequéncias
genotipicas e alélicas entre os grupos. O teste do qui-quadrado (x?) analisou se as frequéncias
apresentavam diferencas estatisticamente significativas (p < 0,05) entre os grupos. O gendtipo
GG foi significativamente mais frequente no grupo DCSA (p = 0,0221). O genotipo GC foi

mais prevalente no grupo controle (p = 0,0119) (Tabela 3).
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Tabela 2 - Distribuicdo da frequéncia alélica e genotipica dos estudos inclusos

Controle DSSA DCSA
GG 318 (52.56) 232 (56.86) 72 (64.29)
GC 232 (38.35) 137 (33.58) 29 (25.89)
cc 55 (9.09) 39 (9.56) 11 (9.82)
G 868 (71.74) 601 (73.65) 173 (77.23)
c 342 (28.26) 215 (26.35) 51 (22.77)

N: quantidade de gen6tipo ou alelo; DSSA: dengue sem sinais de alarme; DCSA: dengue com
sinais de alarme.
Fonte: Autoria prépria

Tabela 3 - Significancia estatistica das analises das frequéncias alélicas e genotipicas entre os
grupos com base no teste do qui-quadrado (x?)

. DSSA vs Controle DCSA vs Controle DCSA vs DSSA
Genotipo/Alelo ™ Frequancia (%) P Frequéncia (%) P Frequéncia (%) P
GG 56.86/52.56 0.1778 64.29/52.56 0.0221* 64.29/56.86 0.1579
GC 33.58/38.35 0.1219 25.89/38.35 0.0119* 25.89/33.58 0.1222
CcC 9.56/9.09 0.8012 9.82/9.09 0.8060 9.82/9.56 0.9335
G 73.65/71.74 0.3433 77.23/71.74 0.0902 77.23/73.65 0.2766
C 26.35/28.26 0.3433 22.77/28.26 0.0902 22.77/26.35 0.2766

DSSA: dengue sem sinais de alarme; DCSA: dengue com sinais de alarme; P: valor-p para X2 *: valor-p
estatisticamente significativo (p < 0,05).
Fonte: Autoria propria

Nesta metanélise, avaliamos a associa¢do do SNP IL6 -174 G>C com a dengue por meio
de frequéncias genotipicas e alélicas envolvendo apenas estudos que continham os mesmos
grupos em suas respectivas analises. Assim, ao comparar 0s genétipos entre o grupo DSSA e 0
grupo controle, trés estudos foram selecionados (CANSANCAO et al., 2016a; MOREIRA et
al., 2008; QUEIROZ et al., 2021) devido aos autores compararem o grupo DSSA com o grupo
controle em suas analises, totalizando 880 participantes (367 casos e 513 controles). Da mesma
forma, na comparagdo com o grupo DCSA e o grupo controle, dois estudos foram envolvidos
(PEREZ et al., 2010; QUEIROZ et al., 2021), com um total de 310 participantes (87 casos e
223 controles). Por fim, na analise com o grupo DCSA e o grupo DSSA, dois estudos foram
integrados (FERNANDEZ-MESTRE et al., 2004; QUEIROZ et al., 2021), totalizando 183
participantes (69 com DCSA e 114 com DSSA).

Os resultados da metanalise do DSSA versus controle sdo apresentados na Tabela 4, na
qual se observa que, no modelo heterozigoto, 0 genotipo GC esta associado a protecdo contra
DSSA (OR = 0,57, IC = 0,41 — 0,80, p = 0,001, |2 = 0%, Pheterogeneidade = 0,39) (Apéndice A). A

anélise com o modelo dominante (CC + GC vs. GG) mostrou que ele esta associado a protecao
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contra DSSA (OR = 0,63, IC = 0,47 — 0,86, p = 0,004, 17 = 28%, Pheterogencidade = 0,24). Além
desses resultados, a comparacdo no modelo alélico mostrou que o alelo polimérfico C estd
associado & protecdo contra DSSA (OR = 0,77, IC = 0,60 — 0,99, p = 0,04, 1> = 48%,
Pheterogeneidade = 0,17). Porém, no modelo homozigoto (CC vs. GG) e recessivo (CC vs. GG +
GC), os OR das associagdes sugerem que o gendtipo homozigoto CC aumenta as chances de o
individuo ser suscetivel a esta doenc¢a, mas os resultados nao foram significativos (OR = 1,12,
IC =0,69 - 1,81, p = 0,65, I* = 27%, Pheterogeneidade = 0,25) e (OR = 1,26, IC = 0,78 — 2,02, p =

0,34, 12 = 0%, Pheterogeneidade = 0,57), respectivamente.

Tabela 4 - Associacdo do polimorfismo IL6 -174 G>C com a dengue entre o grupo DSSA e 0
grupo Controle

DSSA vs. Controle Teste de associagédo Teste de heterogeneidade

Modelo genético Frequencia
g DSSA/Controle OR [IC 95%)] p* 12 p ME

MHO (CC vs. GG) 37/42 1,12 0,69 - 1,81] 0,65 27% 0,25 F

MHE (GC vs. GG) 126/207 0,76 [0,39 —1,48] 0,41 7% 0,01 R
74/173 0,57 [0,41 - 0,80] 0,001** 0% 0,39 F

MRE (CC vs. GC+GG) 37/42 1,26 [0,78 — 2,02] 0,34 0% 0,57 F

MDO (CC+GC vs. GG) 163/249 0,82 [0,43 —1,57] 0,54 78% 0,01 R
101/211 0,63 [0,47 —0,86] 0,004** 28% 0,24 F

MAL (C vs. G) 200/291 0,90 [0,56 — 1,46] 0,67 75% 0,02 R
128/249 0,77 [0,60 — 0,99] 0,04** 48% 0,17 F

MHO: modelo homozigoto; MHE: modelo heterozigoto; MRE: modelo recessivo; MDO: modelo dominante;
MAL: modelo alélico; OR: odds ratio; IC: intervalo de confianca; P*: valor-p para OR; 12: heterogeneidade; P:
valor-p para 12, ME: modelo de efeito; R: modelo de efeito aleatério; F: modelo de efeito fixado; **: significancia
de valor-p ap6s exclusdo de um estudo.

Fonte: Autoria propria

O modelo recessivo e o modelo dominante foram avaliados para determinar a
importancia do gendtipo heterozigoto. Ao analisar 0 genotipo heterozigoto em conjunto com o
genotipo homozigoto polimorfico (modelo dominante), considerando que o alelo variante seja
dominante, o SNP foi associado a protecdo contra DSSA. Porém, quando analisados
separadamente (modelo recessivo), considerando que o alelo polimérfico seja recessivo, 0
gendtipo CC foi associado a susceptibilidade. Assim, nota-se que na analise de ambos o0s
modelos genéticos, o gendtipo GC foi associado a protecdo contra DSSA, confirmando o
resultado da analise do modelo heterozigoto.

Na comparacdo do grupo DSSA versus o grupo controle, nos modelos heterozigoto,

dominante e alélico, trés estudos foram inclusos. Por um desses estudos aumentar a
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heterogeneidade, ele foi excluido da comparacdo (CANSANCAO et al., 2016a), que além de
deixar os estudos mais homogéneos, a associacao entre os dois estudos restantes (QUEIROZ et
al., 2021; MOREIRA et al., 2008) mostraram resultados estatisticamente significativos (p <
0,05) (Tabela 4).

Embora as outras comparagdes (DCSA vs. controle; DCSA vs. DSSA) néo tenham
obtido resultados significativos, os valores do OR na comparagdao DCSA versus grupo controle,
mostrados na Tabela 5 e Apéndice B, indicam que o genotipo heterozigoto (OR = 0,72, IC =
0,41-1,25,p =0,24, 1> = 0%, Pheterogeneidade = 0,39) € 0 alelo variante C (OR = 0,86, IC = 0,57
— 1,29, p = 0,46, 12 = 12%, Preterogeneidade = 0,29) estdo associados a prote¢do, como Visto na
comparagdo DSSA versus grupo controle, mas sem significancia. As comparagdes entre 0s
gendtipos do grupo DCSA com o grupo DSSA sdo mostradas na Tabela 6 e Apéndice C.

Os resultados dos testes de Begg e Egger indicaram auséncia de evidéncias de viés de
publicacdo validando nossos resultados (Tabela 7). Além disso, qualquer assimetria ébvia foi
detectada pelo funnel plot (Apéndice D).

Tabela 5 - Associacao do polimorfismo IL6 -174 G>C com a dengue entre o grupo DCSA e 0
grupo Controle

DCSA vs. Controle Frequéncia Teste de associacdo Teste de heterogeneidade
Modelo genético DCSA/Controle OR [IC 95%)] p* B P ME
MHO (CC vs. GG) 9/20 0,99 [0,42 — 2,35] 0,98 0% 0,60 F
MHE (GC vs. GG) 24/79 0,72 [0,41 —1,25] 0,24 0% 0,39 F
MRE (CC vs. GC+GG) 9/20 1,07 [0,46 — 2,49] 0,87 0% 0,73 F
MDO (CC+GC vs. GG) 33/99 0,77 [0,46 — 1,28] 0,31 8% 0,30 F
MAL (C vs. G) 42/119 0,86 [0,57 — 1,29] 0,46 12% 0,29 F

MHO: modelo homozigoto; MHE: modelo heterozigoto; MRE: modelo recessivo; MDO: modelo dominante;
MAL: modelo alélico; OR: odds ratio; IC: intervalo de confianca; P*: valor-p para OR; 12: heterogeneidade; P:
valor-p para 12, ME: modelo de efeito; R: modelo de efeito aleatdrio; F: modelo de efeito fixado.

Fonte: Autoria propria
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Tabela 6 - Associagéo do polimorfismo IL6 -174 G>C com a dengue entre o grupo DCSA e 0
grupo DSSA

DCSA vs. DSSA Frequéncia Teste de associacdo Teste de heterogeneidade
Modelo genético DCSA/DSSA OR [IC 95%)] p* 2 P ME
MHO (CC vs. GG) 4/5 1,35 [0,34 - 5,28] 0,67 0% 0,85 F
MHE (GC vs. GG) 18/29 1,06 [0,53 —2,10] 0,88 0% 0,42 F
MRE (CC vs. GC+GG) 4/5 1,34 0,35 -5,18] 0,67 0% 0,76 F
MDO (CC+GC vs. GG) 22/34 1,10 [0,58 — 2,10] 0,77 0% 0,54 F
MAL (Cvs. G) 26/39 1,12 [0,65 — 1,95] 0,67 0% 0,71 F

MHO: modelo homozigoto; MHE: modelo heterozigoto; MRE: modelo recessivo; MDO: modelo dominante;
MAL: modelo alélico; OR: odds ratio; IC: intervalo de confianca; P*: valor-p para OR; 12: heterogeneidade; P:
valor-p para 12, ME: modelo de efeito; R: modelo de efeito aleatério; F: modelo de efeito fixado.

Fonte: Autoria propria

Tabela 7 - Valores do teste de regressao linear de Egger e teste de
Begg para deteccdo de viés de publicacdo nas comparacdes entre o
grupo DSSA e o grupo Controle

DSSA vs. Controle Viés de Publica(;éo
Modelo genético ME Begg Egger
MHO (CC vs. GG) F 1,00000 0,88724
MHE (GC vs. GG) R 1,00000 0,76608
F NO NO
MRE (CC vs. GC+GQG) F 1,00000 0,99414
MDO (CC+GC vs. GG) R 1,00000 0,81026
F NO NO
MAL (C vs. G) R 1,00000 0,97338
F NO NO

MHO: modelo homozigoto; MHE: modelo heterozigoto; MRE: modelo recessivo;
MDO: modelo dominante; MAL: modelo alélico; ME: modelo de efeito; R:
modelo de efeito aleatério; F: modelo de efeito fixado; NO: ndo obtido por
limitacéo de poder estatistico.

Fonte: Autoria propria
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5 DISCUSSAO

As citocinas sdo moléculas que atuam na modulacéo de processos patoldgicos. Dessa
forma, durante o processo patologico da dengue a quantidade de citocinas € alterada, estando
em niveis altos ou baixos, o que influencia na gravidade da doenca (AVENDANO-TAMAYO
etal., 2017).

A interleucina 6 (IL-6) é uma citocina pleiotrépica, possui atividade pré-inflamatoria e
implica em diversos processos patologicos e no desenvolvimento de diversas doengas quando
sua expressdo € desregulada (JORDAN et al., 2017; SCHETT, 2018; SOUZA et al., 2008;
TANAKA et al., 2016). Essa molécula tem participacdo no sistema imunolégico e vascular,
bem como em outros processos bioldgicos (LYU et al., 2019; SCHETT, 2018). A IL-6 atua na
diferenciacdo de mondcitos em macréfagos, promove a liberagdo do fator de crescimento
endotelial vascular (VEGF), que induz a angiogénese, favorecendo o aumento da
permeabilidade vascular (BATES et al., 2002; PARK et al., 2019; SCHETT, 2018).

Na infeccdo por DENV, a modulagéo das citocinas é alterada e esse desequilibrio esta
envolvido no aparecimento de sintomas caracteristicos da doenca (CANSANCAO et al.,
2016b). Diante disso, o estudo de polimorfismos em genes de citocinas é de fundamental
importancia para encontrar padrées na producdo desses elementos, pois dependendo da
quantidade desses produtos que circulam no organismo, favorece o aparecimento de sintomas
e proporciona o avanco ou regressio da doenca (AVENDANO-TAMAYO et al., 2017;
FEITOSA etal., 2016).

O gene IL6 esta localizado no cromossomo 7p21.24. O SNP IL6 -174 G>C consiste na
mudanga de uma guanina para uma citosina, a qual modula a producédo de 1L-6 (DETTOGNI
et al., 2015; FISHMAN et al., 1998; JI et al., 2019; PIERONI et al., 2007; TETZLAFF et al.,
2018). N&do ha muitos estudos na literatura que associem o polimorfismo no gene IL6 na posicédo
-174 G>C com dengue, o que limitou nossa analise.

No estudo realizado por Cansancéo et al. (2016a) na regido Nordeste do Brasil, ao
analisar esse polimorfismo isoladamente, ndo foram encontrados resultados significativos que
indiquem protec¢do ou suscetibilidade a dengue. No entanto, em nosso estudo, descobrimos que
0 gendtipo GC esté associado a protecdo contra a DSSA (Tabela 4), o que esta de acordo com
Moreira et al. (2008) e Queiroz et al. (2021), que associaram o genotipo GC do polimorfismo
rs1800795 com a protecdo contra DSSA (OR =0,62 [0,42 - 0,91], p = 0,015) (OR = 0,45 [0,24
- 0,85], p = 0,013), respectivamente.
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Embora o presente estudo ndo tenha analisado o nivel plasmatico de IL-6, deduz-se que
haja uma relacdo entre 0 gendtipo e a expressao do gene IL6. No estudo de Moreira et al. (2008),
0 autor sugere que o polimorfismo genético rs1800795 esta associado ao aumento da producéo
de IL-6, contrariando alguns estudos, como o de Cansancdo et al. (2016a), Dettogni et al.
(2015), Fernandez-Real et al. (2000) e Pieroni et al. (2007), que sustentam o conceito de que
esse polimorfismo esté relacionado com a diminuicdo da expressdo do gene IL6, resultando na
reducdo da concentracdo plasmatica de 1L-6.

Ha um consenso de que o alelo polimérfico C esta associado a baixa expressao do gene
IL6, 0 que resulta na diminuigdo do nivel de IL-6 no plasma (FISHMAN et al., 1998; PIERONI
et al., 2007; TETZLAFF et al., 2018). No presente estudo, a andlise entre os alelos C e G
demonstrou que o alelo variante esta relacionado a protecéo contra DSSA (Tabela 4), o que esta
em consonancia com Queiroz et al. (2021), que também associou o alelo polimoérfico C com a
protecdo contraa DSSA (p =0,027). Assim, sugere-se que quantidades reduzidas de IL-6 teriam
um impacto positivo contra o desenvolvimento da DSSA. Porém, ndo se pode afirmar que 0s
portadores de dois alelos polimorficos (CC) estejam fortemente protegidos contra o
desenvolvimento dessa doenca. De acordo com nossos resultados, na analise do modelo
homozigoto, o genétipo variante homozigoto ndo obteve significAncia nessa comparacéo
(Tabela 4).

No estudo de Perez et al. (2010) realizado em Cuba, ao analisar a distribuicdo alélica e
genotipica do SNP IL6 -174 G>C entre o grupo DCSA e o grupo controle, foi observado que
ndo houve diferenca significativa. Fernandez-Mestre et al. (2004), em seu estudo realizado em
pacientes venezuelanos, revelaram que existe uma distribuicdo alélica e genotipica sem
diferenca estatisticamente significativa entre os pacientes com DCSA e pacientes com DSSA.
Em contrapartida, nossos resultados mostram que existe uma diferenca significativa na
frequéncia do gendtipo GG entre o grupo DCSA e o grupo controle, com maior nimero de
pacientes com esse genotipo no grupo DCSA (p = 0,0221) (Tabela 3). Além disso, também
evidenciamos que o gendtipo heterozigoto é mais frequente nos individuos do grupo controle
(p = 0,0119) do que nos individuos do grupo DCSA (Tabela 3).

Esses resultados podem ser explicados com base em dados anteriores constantes na
literatura. Para isso, vale ressaltar que a IL-6 promove aumento da permeabilidade vascular por
indugéo de VEGF e 0 alelo G esté associado a niveis plasmaticos mais elevados dessa citocina,
por ser um ativador de transcri¢do mais forte do que o alelo C, sendo este ultimo relacionado a
baixa producio de IL-6 (BATES et al., 2002; DETTOGNI et al., 2015; FERNANDEZ-REAL
etal., 2000; FISHMAN et al., 1998; PIERONI et al., 2007; SCHETT, 2018; TETZLAFF et al.,
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2018). Dessa forma, € natural a ocorréncia de uma menor frequéncia do genotipo heterozigoto
e uma maior frequéncia do genétipo homozigoto selvagem no grupo DCSA devido ao fato de
que esse gendtipo selvagem estar associado a um alto nivel de IL-6, o que promove vazamento
de liquidos, aumentando a permeabilidade vascular, caracteristica da DCSA. Além disso, €
possivel correlacionar esses dados com alguns estudos que relataram que niveis plasmaticos
mais elevados de IL-6 foram observados em casos de DCSA (IANI et al., 2016; HERNANDEZ
etal., 2016; KURANE, 2007).

Na DSSA, no inicio da infeccdo por DENV, a IL-6 promove a erradicacdo viral pela
ativacdo da resposta imune Thl, e caso essa erradicagcdo ndo ocorra e a doenga progrida para
DCSA, aresposta imunoldgica Th1l na DSSA passa a ser Th2 na DCSA, e é nesta resposta que
0s niveis de IL-6 tendem a aumentar, associando os niveis abundantes de IL-6 na progressédo da
DCSA (CHATURVEDI etal., 2000; CHEN et al., 2008; HERNANDEZ et al., 2016; MASOOD
et al., 2018; MOREIRA et al., 2008). Além disso, 0 aumento da expressao de IL-6 pode afetar
as fungdes das células Th1l e das células T CD8", favorecendo a persisténcia viral (HOU et al.,
2014; SALINAS et al., 2019).

Nas formas graves de infeccdo por DENV ocorre um desequilibrio do processo
inflamatério (CANSANCAO et al., 2016b). A IL-6 pode promover a producdo de
antiplaquetario e ativador do plasminogénio tecidual, o que causara uma coagulacado deficiente,
resultando em vazamento de plasma e sangramentos (IANI et al., 2016). Assim, o SNP IL6
-174 G>C reduz essas ocorréncias, visto que ha uma menor producao de IL-6. Vale ressaltar
gue existem outras citocinas e outros fatores, como aspectos ambientais, que podem influenciar
a patogénese da dengue (HERNANDEZ et al., 2016). O desequilibrio nos niveis de citocinas
pré-inflamatorias e anti-inflamatdrias esta relacionado ao aparecimento de sintomas e sinais
clinicos, isso ocorre devido a existéncia de uma resposta pro-inflamatoria sem uma regulagéo
anti-inflamatoria eficiente (IANI et al., 2016). O uso de antagonistas de citocinas € uma
alternativa de intervencdo terapéutica que visa reduzir as manifestacGes caracteristicas da
dengue ou prevenir o agravamento da doenca (PATRO et al., 2019).

Embora nossos resultados tenham mostrado que o polimorfismo rs1800795 esta
associado a protecdo contra DSSA, destaca-se que existem outras citocinas e outros
polimorfismos que atuam na expressdo do gene IL6, o que implica na ativacdo de varios
mecanismos imunopatologicos que levam a diferentes desfechos da doenga (CAHILL et al.,
2018; HERNANDEZ et al., 2016; USECHE et al., 2018).

Embora a presente metanalise traga novos dados relevantes sobre a associagao entre o

polimorfismo rs1800795 no gene IL6 e o risco de desenvolver quadro clinico da dengue,
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algumas limitagGes devem ser observadas e discutidas. Primeira, comparamos um grupo de
individuos saudaveis ou com diagndstico negativo para dengue com um grupo de individuos
positivos para dengue. Entretanto, a realizacdo de estudos comparando individuos
assintomaticos infectados pelo DENV com individuos sintomaticos infectados pelo DENV
seria uma alternativa para buscar a compreensdo do comportamento desse polimorfismo diante
dos sintomas da doenca, estabelecendo se ele estd fortemente associado ou ndo a dengue. Se
faz necessario a realizacdo de mais estudos que correlacionem esse SNP com a dengue para
buscar um melhor entendimento de sua relacdo com a suscetibilidade ou protecdo para esta
doenca. Segunda, o amplo espectro de manifestacdes clinicas da dengue pode ser um desafio
em estudos genéticos transversais que apresentem maior risco de viés nos dados, especialmente
guando se leva em consideracdo as manifestacdes clinicas incomuns da doenca que confundem
as pesquisas (ESFOLETE et al., 2019). Terceira, a influéncia da etnia na frequéncia dos
polimorfismos genéticos e seu papel nas doencas infecciosas sdo pré-determinantes e devem
ser consideradas em estudos de metanélise. No entanto, os dados disponiveis na literatura ndo
permitiram uma avaliacao étnica completa, o que pode representar uma fonte potencial de viés.
Quarta, a avaliacdo de outras variagdes genéticas em formas de hapl6tipos com o polimorfismo
rs1800795 pode esclarecer o papel exato dessa alteracdo genética na dengue. Estudos futuros
devem se concentrar em avaliar a combinagdo de outros SNP no gene IL6, como haplétipos, e
a doenga.
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6 CONCLUSAO

A andlise mostrou que o genotipo heterozigoto GC e o alelo variante C do SNP
rs1800795 tém um papel protetor contra dengue sem sinais de alarme (DSSA). Notou-se que 0
gendtipo GC é mais frequente no grupo controle quando comparadas as distribuicdes
genotipicas entre os grupos DCSA e Controle, e o genétipo GG é mais frequente no grupo
DCSA, o que indica uma possivel relagcdo do gendtipo do tipo selvagem com DCSA. Pesquisas

futuras sdo necessarias para validar nossos resultados.
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APENDICE A — Forest plot da comparac&o entre os grupos DSSA e Controle
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Total (95% CI) 367 513 100.0% 082 [0.43, 1.57]
Total events 163 249
Heterogeneity: Tau™= 0.26; Chi"= 914 df= 2 {(F =001} F= g% 0.01 K] 1 10
Testfor gwarall effeck 2= 0.81 (P = 0.54) Favours [control] Favours [experimental]
D Experimental Control Ddds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C1
Cansangao etal, 2016 62 a3 38 71 0.0% 1.74 [0.92, 3.28]
Moreira, 2008 a0 201 150 311 69.5% 0.71 [0.50, 1.02] -
Others (internal data) 21 73 61 131 30.5% 0.46 [0.25, 0.85] —-—
Total (95% CI) 274 442 100.0% 0.63 [0.47, 0.86] P
Total events 101 211
Heterogenety chr = 130, af< 1 (= 0 261 = 20% T e
estfor overall effect Z= 2.89 (P = 0.004) Favours [control] Favours [experimental]
E Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Ewents Total Weight M-H, Random, 95% CI1 M-H, Random, 95% CI1
Cansangio etal, 2016 52 a3 34 67 30.8% 163 [0.85, 3.13] -
Moreira, 2008 56 177 119 80 32.0% 063 [0.42, 093] —
Others ntermal data) 12 o 54 124 31.9% 0.45[0.24, 0.85] —
Total (95% CI) 3F30 471 100.0% 0.76 [0.39, 1.48]
Total events 126 207
Heterogensity: Tau™= 0.26; Chi®= 8.54, df= 2 (P = 0.01); = 77 %
S - oo K] 1 10 100
Testfor overall effect 2= 0.82 (P = 0.41) Fawours [control] Favours [experimental)
F Experimental Comtrol Odds Ratio Odds Ratio
Study or Subaroup Events Total Events Total Wheigiht M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Cansangdo etal, 2016 52 83 34 67 0.0% 1.632 [0.85, 3.13]
Moreira, 2008 56 177 119 280 68.5% 062 [0.42, 093] —-—
Others (nternal data) 18 TOo S4 124 21.5% 0.45 [0.24, 0.85] —
Total (95% CI) 247 404 100.0% 0.57 [0.41, 0.80] -
Total events T4 173
i == - = P= I 4 4 1
eterogunsiy, oh= 075, at- 1 - 0 20 - 0%
estior owersl ect £=3.27 (P=0. ) Fawours [control) Favours [experimental)
G Experimental Comtrol Odds Ratio Odds Ratio
Study or Subgaroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cansangdo etal., Z016 10 41 4 ar T0.3% 2.66 [0.76, 9.37]
Moreira, 2008 24 145 | 1892 71.9% 1.03 [0.52, 1.84]
Others dinternal data) 3 55 7 T AT E%S 0.58 [0.14, 2.34]
Total (95% CI) 241 306 100.0% 1.12 [0.69, 1.81]
Total events ar 42
Hetarogeneity: Chi"= 2.76, df= 2 (F = 0.25), F= 27¥%
o e oo 01 1 10 100
Test for overall effect 7= 0 45 (F = 0.65) Favours [control] Favours [experimental]
H Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Wheight M-H, Fixed, 95% CI1 M-H, Fixed, 95% CI
Cansangdio etal, 2016 10 93 4 71 13.4% 2.02[0.61,6.72]
Moreira, 2008 24 201 <hl 311 T0.2% 1.22 [0.70, 2186]
Others Gnternal data) 3 73 7 13 15.9% 0.76 [0.19, 3.03]
Total (95% CI) 367 513 100.0% 1.26 [0.7T8, 2.02]
Total events 37 42
Heterogeneity: ChiF= 111, df= 2 (P = 0.57); F= 0%
L ~ 0.01 o1 1 10 100
Testfor overall effect: £= 095 (F = 0.24) Fawvours [control] Favours [experimental]

Fonte: Autoria prépria

Forest plot da comparagdo entre os grupos DSSA versus Controle, comparando o alelo

variante versus o alelo selvagem (A), o alelo variante versus o alelo do tipo selvagem em efeito
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fixado excluindo o estudo de Cansancdo et al. (2016a) (B), o genétipo homozigoto mutante
mais genotipo heterozigoto versus o genétipo homozigoto selvagem (C), o genotipo
homozigoto mutante mais o gendtipo heterozigoto versus o genétipo homozigoto do tipo
selvagem em efeito fixado excluindo o estudo de Cansancédo et al. (2016a) (D), o gendtipo
heterozigoto versus o gendtipo homozigoto do tipo selvagem (E), o genotipo heterozigoto
versus gendtipo homozigoto selvagem em efeito fixado excluindo o estudo de Cansancéo et al.
(2016a) (F), o genotipo homozigoto mutante versus o gendtipo homozigoto selvagem (G) e
comparando o gendtipo homozigoto mutante versus o gendétipo heterozigoto mais gendtipo
homozigoto do tipo selvagem (H), associando o polimorfismo rs1800795 no gene IL6 e a

dengue.



APENDICE B — Forest plot da comparacio entre os grupos DCSA e Controle
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Testfor overall effect Z=0.16 (P =0.87)
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Fonte: Autoria propria

Forest plot da comparacéo entre os grupos DCSA versus Controle, comparando o alelo

variante versus o alelo selvagem (A), o genoétipo homozigoto mutante mais gendtipo

heterozigoto versus o gen6tipo homozigoto selvagem (B), o genétipo heterozigoto versus o

genotipo homozigoto do tipo selvagem (C), 0 genotipo homozigoto mutante versus o genétipo

homozigoto selvagem (D) e comparando o gendtipo homozigoto mutante versus o gendétipo

heterozigoto mais gen6tipo homozigoto do tipo selvagem (E), associando o polimorfismo

rs1800795 no gene IL6 e a dengue.
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Others (internal data) 13 a2 18 70 593% 1.30[0.56,3.02]
Total (95% CI) 65 109 100.0% 1.06 [0.53, 2.10]
Total events 18 29
Heterogeneity: Chit= 064, df=1(F=042),F=0% }00' 3 : 100
Testfor overall effect Z=015 (P = 088) ' Favours fcontrol] Favours fexperimental]
Experimental Control Odds Ratio Odds Ratio
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Fonte: Autoria prépria

Forest plot da comparacgédo entre os grupos DCSA versus DSSA, comparando o alelo

variante versus o alelo selvagem (A), o genotipo homozigoto mutante mais genotipo

heterozigoto versus o genotipo homozigoto selvagem (B), o genotipo heterozigoto versus o

gendtipo homozigoto do tipo selvagem (C), o gen6tipo homozigoto mutante versus o genétipo

homozigoto selvagem (D) e comparando o genotipo homozigoto mutante versus o genotipo

heterozigoto mais genotipo homozigoto do tipo selvagem (E), associando o polimorfismo

rs1800795 no gene IL6 e a dengue.
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APENDICE D — Funnel plot da comparago entre os grupos DSSA e Controle
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Fonte: Autoria propria

Funnel plot para detectar viés de publicacdo na comparacdo entre 0s grupos DSSA
versus Controle comparando o alelo polimoérfico versus o alelo do tipo selvagem em efeito
aleatdrio (A), o alelo variante versus o alelo do tipo selvagem em efeito fixado excluindo o
estudo de Cansancdo et al. (2016a) (B), o gendtipo mutante homozigoto mais o genétipo
heterozigoto versus geno6tipo homozigoto do tipo selvagem em efeito aleatorio (C), o gendtipo
homozigoto mutante mais o gendtipo heterozigoto versus o genétipo homozigoto do tipo
selvagem em efeito fixado excluindo o estudo de Cansancao et al. (2016a) (D), o gendtipo
heterozigoto versus o gendtipo homozigoto selvagem em efeito aleatério (E), o genotipo
heterozigoto versus genétipo homozigoto selvagem em efeito fixado excluindo o estudo de
Cansancao et al. (2016a) (F), o gendtipo homozigoto mutante versus o genotipo homozigoto
selvagem em efeito fixado (G) e comparando o gen6tipo mutante homozigoto versus o genétipo
heterozigoto mais genétipo homozigoto tipo selvagem em efeito fixado (H), associando o

polimorfismo rs1800795 no gene IL6 com a dengue.
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ABSTRACT

Keywords:
Arboviruses
Paolymarphism
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Disegme suscepribility

The assaciation of polymorphisms in genes responsible for immunolegical mediators with dengue allows the
identification of certain genetic alterations that increase or decrease the development risk of the disease. A few
number of studies that correlate the interlenkin 6<174 G > C{ILe<174 G > C) polymarphism (rs1 B00795) with
dengue. However, there is an inconsistency on the palymorphism influence on the disease which motivated this
meta=analysis. 5o, this study aimed to evaluate the rs1 300795 polymorphism with protection or susceptibility for
development of dengue. & search of the literature was performed for studies published before 05 September 2020
in various databages. Calculations of Odds Ratio (OR) with 95% of Confidence Intervals (CI) and heterogeneity
[Ijlwm assessed and publication bias was done by Begy” and Egger's test, The value of P < 0L05 was considered
as significant. As results, five casescontrol studies were identified and included in the results. The analysis
showesl that the heterceygows genotype has a protective role against dengoe withowt warning signs (DWOS) (0R
= [L57, p = 0L001), as well as the polymarphic C allele (OR = 0.77, p = 0.04). When unifying the data from the
included studies, the GG genotype was more prevalent among individuals with dengue with waming signs
[D'WWE) when compared to the contred group (p = 000221), GC genotype was more prevalent in the control
group than in the DWWS group {p = 0.0119). Therefore, in our study we observed that the GC genotype and the
C all=le have a protective role against DWOS. Since this polymorphism is associated with bow [L-6 expression,
thus it is expected that there will be a decreased pro-inflammatary response. However, more studies regarding
this thematic are necessary to have a congensus about this polymorphism and dengue.

1. Introduction

2020) and a soroprevalence of 35.9% for 1gG antibody among pregnant
wiomen from Democratic Republic of a0 Tome and Prineipe (Yen e al,

Dengue is a systemic viral disease transmitted to humans through the
bites of Aedes aegyptl and albopicms mosquitoes. As the Dengue virus
(DENV) does not have a great diversity of hosts, the human-mosaquito
cycle remains the primary means of transmission. DENV belongs to
the genus Flavivirus of the family Flaviviridae, has as genetic material a
single-stranded RNA of positive sense and present four distinet sero-
types, DENV-1, DENV-2, DENV-3 and DENV-4 (Chen et al, 2015;
Warkentien and Pavlicek, 2016

The disease had considerable epldemiology reaching a incidence

2016). In addition, a high percentage of 126G was identified in individuals
with 15-24 years old (36%) in Delhi, India (Vikram er al, 2016) and
increased prevalence of dengue was observed in patients from the city of
530 José do Rio Preto, Brazil, which the authors analyzed 1549 samples
and found 1389 positive samples for dengue by N51 rapid test {Colombao
et al_, 2016).

A new protocol developed by the World Health Organization (WHO)
in 20069 brought a new classification for the disease. Since 2014, Brazil
has used this new classification, defining dengue as a unigue, dynamic
and systemic disease, which implies that DENV infection can regress or
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E through databases searching through others sources
= (n=4,700) (n=1)
=
3 :
= e Duplicates remaoval
| (n=3,892)
ql '
= Number of record after duplieates removal
3 (n=809)
&
4
Number of excluded papers (n = 804)
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E =5 —> Meta-analysis (n = 15)
b Insuficient data (n=2)
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=
E | Total of included studies in the quatitative syntheses {meta-analysis)
< (n=3)

Fig. 1. Flow diagram for identification, scresning, eligibility and analysis of induded studies in this curnent gy

Table 1
Characteristics of included studies on the IL6=174 GAC polymorphism and the
association with dengue.

First authear, year Coumiry Cases (n) Ciomtral GM N5
(m}
Cansaneiio et al., Erazil OWOE (93) MO 7L FCR- 9
201EL RFLF
Perez &t al, 2000 Cuba DWWE [(43) Ilﬂ.‘llh}' FCE- 7
[92) 55F
Moreira et al, Brazil WO (201] MA 3L} FCE- 8
2008 H5F
Fermdndez-Mestre Veneruela  DWODS (41), Healthy PCR- B
et al., 2004 DWWS (25) [dE)* S5F
Queiroz et al, Brazil WO (731, Healhy qFCR 8
200 WWS (d4) 131}

DWOSE: dengue without warning signs; DWWS: dengue with waming signs; n:
number of individuals participating in the study, NI symptomatic patients with
negative diagnosis for dengue; N/E not informed; *: ot wsed in this meta-
analysis, data unavailable; GM: genotyping methad.

evolve in the host. Previously, according to criteria established by the
WHO in 1997, dengue was clasified as dengue fever (DF), demgue
hemarrhagic fever (DHF) and dengue shock syndrome (DS5), however
with the new classification it becomes dengue without wamning signs
(DWOS), dengue with warning signs (DWWS) and severe dengue (SD).
This form of distinction allows better assistance to patients according to
the symptoms related to the disease (BRAZIL. Ministry of Health, 2017;
BRAZIL Ministry of Health, 2016, BRAZIL. Minisiry of Health, 2013;
WHO = World Health Organization, 200% WHO - World Health Orga-
nization, 1997

The disease progrescion to the more severe forms occours with an
Increased risk in those individuwals exposed to a secondary or consecutive
infection by a different serotype (Chen et al, 2015). The

ic review and i1 ysis.

immunopathological mechanisms that contribute to the establishment
of dengue comprise a complex chain of immune responses (Kurane,
2007}, Cytokines and chemical mediators, for example, are involved in
pathologlcal processes that can correlate with disease severity. Inter-
leukin & {IL-8) &5 a cytokine that is associated with the pathological
process of dengue, due to this it has been the target of studies that seek to
elucidate the pathogenesis of the disease (Avendafo-Tamayo et al,
2017 Denogni et al., 2015; lani et al, 2016, Parra et al., 2019 Patro
et al_, 2019).

There are several studies that associate genetic polymorphisms with
different diseases. Polymorphisms in genes responsible for immuno-
logical mediators can determine whether positive individuals for these
genetlc variations are more susceptible or develop some protection
against the disease (Gupta et al, 2015} One example of these genetic
variations is the polymorphism in the IL6 gene at position - 174G = ©
[ra1800795), where there is an change of a guaning for a cytosine, that
modifies the gene expression, resulting in plasmatic alterations of IL-6
with the posssible influence on the clinical course of the dengue
(Avendafo-Tamayo et al, 2017, Cansanco et al., 2016 Feitosa et al.,
2016). However the results remain conteadictorles.

Studies with meta-analytic approaches are considered as the top of
selentific evidence to gather contrary results available on the lterature,
what researches by mets-analysis to detect the influence of distint
polymorphisms in cytokine genes and dengue are already performed
before (Fabalan et al., 20018, Santos et al., 2020). Besides, that type of
study may elucidate the assoclation of genetic alterations with the
dengue, what s the goal of the current researches because through this
knowledge it is possible to better understand the mechanisms of path-
ogenesis with the developing of strategies with efficlent therapeutic
interventions to prevent the evolution of the disease to most severe
forms. Therefore, this study aimes to evaluate by means of a meta-
analytie caleualtons the possible relation on the single nucleotide
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Table 2

Distribution of genotype and allele frequencies across the inclsded studies,
Genatype/Allede Cantral owWos DWWS

N (%) N (% )

Gk 318 [52.58) 232 {5h.8E) T2 (64.73)
GC 232 (38.35) 137 {33.58) 29 (25.89)
o 55 (9.09) 39 (9.50) 11 (EZ}
G B8 (71.74) 601 (T2.65) 173 (77.23)
C 342 (28.38) 215(26.35) 51{22.77)

M amount of genotype or allele; DWO0S: dengue without warning sings; DWWE:
dengue with warning sings.

polymaorphism (SMF) [L6=174 G > C (rs1800795) for susceptibility or
protective role against dengue.

2, Materials and methods
2.1. Protocol

The meta-analysis followed the criterla proposed by Moher et al
(2009) in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyzes (PRISMA).

2.2 Elegibiliry eriteria

To be Included in the meta-analysis, the studies had to fulfil the
following criteria: {1) To be an original case-control study (2) To eval-
uate the association between the IL6-174 G/C polymorphism with
dengue; (3) To have data regarding the complete genotypic frequency.
(4] The case patients receaved the diagnosis of dengue by laboratory and
clinical findings (the diagnosis for dengue fever is performed by specific
clinical findings sweh as fever assoclated with headache, retro-orbital
pain, myalgia, arthralgia, rash, leukopenia, nausea or vomiting, with
laboratory confirmation through viral isolation techniques or antigen or
antibody detection (WHO - World Health Organization, 1997). The
diagnosis of cases with dengue hemorrhagic fever conglsts in the
observation of finding as high fever or history of fever in the last 2-7
days, associated with bleeding tendencies, thrombocytopenia, variation
in the size of the liver by 2 cm - 4 em, evidence of plasma leakage
conferred by increased hematocrit, can be confirmed by laboratory tests,
swch as viral isolation techniques and detection of antigen or antibody
(WHO = World Health Organization, 1997). The diagnosis for dengue
without warning signs is performed on the basis of findings as fever
associated with two or more manifestations such & nausea, vomiring,
rash, leukopenia, pain and aches, with laboratory confirmation through
viral isolation techniques or antigen or antibody detection (WHO -
Warld Health Organization, 2009). Finally, the diagnosis of cases with
dengue with warning signs is made through clinical manifestations such
as abdominal pain or tenderness, persistent vomiting, accumulation of
clinical fluids, mucosal bleed, lethargy, restlessness, enlargement of the
liver =2 em, increase in hematocrit concomitant with rapid decrease in
platelet count, can be confirmed by laboratory tests, such as wiral
isolation techniques and detection of antigen or antibody (WHO = World
Health Organization, 2009). Articles that did not meet at least one of

Table 3
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these criterla were excluded.

2.3 Search strategy

The literature search was performed by two calibrated investigations
for studies published before 05 September 2020, The databases used for
the literature retrieve were: Google Scholar, MedLine, PubMed, Scielo,
SC0OPUS and Web of Sclence. The keywords used in the search for the
studies were: “dengue”, “polymorphism®, “cytokine”, “interleukin®,
“ENP, CILA", 174 GO and “rs1800795", combining them with the
Boolean operators “AND" and “0OR". There was any language restriction
and the references from the identified and elegible studies were
sereeaned for the identfication of potential additional smudies_.

2.4, Data extrocton

Two investigations (FEPS and ACTCP) in a indepent-manner way
extracted the data from the included studies following a standardized
form composed by: name of the first author, vear of publication, country
in which the study was realized, sample size, control model, number of
cases and conirol, genotyping method of the SNP IL6-174 G/C, genoiype
and allele frequency.

2.5 Evaluation of bios risk

The included soudies were evaluated by Mew-Ottawa Scale (NOS)
(Wells et al., 2014) for assessment of quality which the sudies were

Table 4
Metasanalysis calculations of the [L6 {=174 G/C) polymorphism with dengue
between the DWOS group and the Control growp.

DPWIDE 1 Frequency Association test Heterogenelry best
?ﬂ Comtonl OR[C9s%] BT i P EM
maosdel
HOM {00 7042 112 0,55 ™ DI OF
vi. GG (i1, 55-1,81]
HEM (GC 1287207 078 0,41 ™ 0Ol R
vs. GG) 740172 [0,39-1,48] OOO1** 0% 0 03 OF
0,57
[, 41-0,80]
REM (CCw 37742 136 0,24 % 05 F
GE 4 GGE) o, 7a-2,02]
DOM {0+ 163/249 082 054 7% 001 R
GCws 0,21 [043-1,57]1  O004°F  I18% 024 F
G} 063
0,470, 865]
ALM(Cw 2007291 0,50 0,57 7% O R
G 1287249 [56-1,46]  OO4™  48% 017 F
077
[, 00, 5]

HOM: homoeygous model; HEM: heterozygous model; REM: recessive moded;
DOM: dominant model; ALM: allelic model: OR: odds ratio; CE confidence ins
terval; P*: pavalue to OR; 1°: heteragensity; P: povabue to I%; EM: effect moded; R:
random effect madel; P Axed efect model;, **: significant value.p after
exchsding a study.

Statistical significance value of the genotype and allele freguency when comparing case/control groups.

Genotype/Allsle DWOS vs Cantrod DWWS 15 Control DWWS w5 DWOS

Frequency (%) F Frequency (%) F Frequency {%) F
Gl 568652 50 01778 64, 79,52 5 hozz1 64,79, 56 Bl 01579
GC 33583835 01219 25.86,/38 315 hoe 25.88/33.58 01222
o 9.56/9.09 0.E012 9.829.08 B0 98250 0.5335
Lri TAERTLTA 02433 TRETLTA o0z TLETLEE .27
C 26.35/2026 03433 227730 0002 2277/ 05 0.I76E

DWOS: dengue without warning sings; DWW3: dengue with waming sings; P povalue o X2
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A
Experimental  Control Odds Ratio Odds Ratio
_ Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% C1 M-H, Randorm, 95% C1
Cansangdo etal, 2016 72 186 42 142 6% 1,50 [0.84, 2.40)
Moreira, 2008 104 a02 191 622 389% 0.85(0.64,1.13)
Others (nternal data) 24 146 68 262 205% 0.56(0.33,0.94) ——
Total (95% CI) 734 1026 100.0% 0.90 [0.56, 1.46] £
Total events 200 291
Heterogeneity. Tau®= 0.13; Chi*= 8,02, df= 2 (P = 0.02); P= 75% ; o 0:1 ':0 . oo:

Testfor overall effect Z= 0.43 (P = 0.67) Favours jcontrol] Favours [experimental]

B
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cansangdo etal, 2016 62 93 3 T 306% 174(0.92,3.28) . T
Mareira, 2008 80 201 150 311 381% 0.71[050,1.02 -
Others (nternal data) 21 73 61 131 313% 0.46[0.25,0.85) -
Total (95% CI) 367 513 100.0% 0.82[0.43, 1.57) -
Total events 163 249
Heterogeneily. Taw?= 0,26, Chi*= 9.14, df= 2 (P=0.01), F= 78% '501 03‘ "5 wo:
Test for overall effect 2= 0.61 (P=054) Favours [control] Favours [sxperimental]
C
Experimental Control Odds Ratio Odds Ratio
__Study or Subgroup Everts _ Total Events Total Weight M.H, Random, 95% CI M H, Random, 95% C1
Cansangdo etal, 2016 52 83 4 67 308% 163085313 T
Moreira, 2008 56 17 119 280 38.0% 063|042,093 —_
Others (nternal data) 18 70 54 124 N1% 0.45(0.24,089%) — e
Total (95% C) 330 471 100.0% 0.76 [0.39, 1.48] =
Total events 126 207
Heteroganeity Tauw?= 0.26; Chi*= 8 54, di= 2 (P= 0.01), P= 77% i)m 051 1:0 100:
Test for overall effect 2= 0.82 (P = 0.41) Favours control] Favours [experimental]
D
Experimental Control Odds Ratio Ouds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
Cansangdo etal, 2016 10 i 4 37 103% 266(076,937
Moreira, 2008 24 145 31192 719%  1.03[058, 184
Others (internal data) 3 55 7T 77 178% 058[0.14,234) -
Total (95% Ch F2h) 306 1000% 1.12]0.69, 1.81] ’
Total events 37 42
Heterogenelty. Chi*= 276, df= 2 (P = 0.25), "= 27% 0 o 041 190 1003
Testfor overall effect Z= 0.45 (P = 0.65) Favours jcontrol} Favours jexperimental)
E
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight MH, Fixed, 95% CI M.H, Fixed, 95% CI
Cansangdo etal, 2016 10 93 & 71 134% 202(061,672
Moreira, 2008 24 2m 3 311 708% 1.2210.70,216)
Others (intemal data) 3 73 T 131 159% 076(0.19,303)
Total (95% C1) 367 513 100.0%  1.26[0.78, 2.02) =
Total events 37 42
Heteroganeity Chi*=111, df=2(P=057),F=0% 3001 0:1 130 100:

Testfor overall effect Z= 0.95 (P = 0.34) Favours [controf] Favours jexpenimental

Fig. 2. Forest plot of comparison between the groups DWOS versus Control for the mutant allele versus the wild type allele (A), the homozygous mutant genotype plus
heterozygous genotype versus homozygous wild type genotype (B), the heterozygous genotype versus homozygous wild type genotype (C), the homozygous mutant

genotype versus homozygous wikl type genotype (D) and comparing the homozygous mutant genotype versus heterozygous genotype plus homozygous wild type
genotype (E) in the rs1800795 polymorphism in IL6 gene and dengue.
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Table 5
Metasanalysis calculations of the IL«b (=174 G/C) polymorphism with dengue
between the DWWS group and the Control group.

DWWS vs Frequency Association test Heterngenelty test

Comtrol DWWSCaniral n

Genasiic OR: [ 95%] P I F EM

maodel

HOM {00 va S0 0,99 098 el F
GG [0,42-2.35]

HEM (GC v 4 07z 014 M 0¥ F
GG [0,41-1,25]

REM {CC vs. G0 1,07 087 ™% 0732 F
GC + Ga) [0,96-249]

DO (DT + 339 a77 a3l 5% 03 F
GO s, GG) [0,46-1,28]

MM Cws G 427119 0,86 04 13 0% F

[0,57-1,24]

HOM: homorygeus model; HEM: heterozygous model; REM: recessive madel;
[:0M: dominant model; ALM: allelic moded; OR: odds ratio; Cl: confidence in-
terval; F*: pevalue to OF; I%: heterogeneity; P pevaloe to 1% EM: effect model; B
random effect model; F: fixed efed model.

analyzed in the methodolegleal aspects of selection, comparatibility and
exposure recelving scores. Studies with score < 7 were excluded.

2.6 Statistical analysis

From the tabulated data, healthy individuals or individuals with a
negative dizgnosis for DENV infection constituted the Controd group,
patients positive for dengue without warning signs integrated the DW0S
group, and patients diagnosed with dengue with wamning slgns formed
the DWWS group. In the meta-analysls between the groups, there was a
comparison in three genetle models: allelic model (C versies G), homo-
zygous (00 versus (G), heterogygous (G0 versus (G). To evaluate the
importance of the heterozygous genotype, the recessive model (CC
versus GO + () and the dominant model (O€ + GO vemsus GG) were
analyzed.

Statistical analysis was performed using Review Manager v5.3
(RevMan, Nordic Cochrane Centre, The Cochrane Collaboration, 2012)
to caleulate the OR with significance (p < 0.05), associating the
rs1800795 polymorphism with susceptibility or protection to dengue. In
the observation of this significance, the results of the chi-square test
were analyzed based on the () test to verify the presence of heterogeneity
(%) When comparisons showed the presence of statistically non-
significant heterogenelty (1% < 50%, Pheterogenciry = 0.08), a fixed ef-
fect model (FE) was used to estimare the OR walue In comparisons
where heterogeneity was statistically significant (I = 50%, Phoesgenciy
< 0.05), the random effect model (RE) was used to estimate the OR
value.

When the value of I* was >50%, studies thar caused heterogeneity
were excluded, thus leaving the analyzed studies less heterogeneous (12
< 50%). OR values were caleulated in 95% confidence interval (C1), and
these allow the association of the polymorphism with protection of
susceptibility to dengue. The result of all comparisons = consldered
statistically significant when p < 0.05.

The BioEstat 5.3 (Belém, PA, Brazil, 2012) was used to determine
significant differences when comparing allele and genotype frequencies.
The chi-square test (x*) was used to evaluate the occurrence of this
significance, considering a significant difference with p < (L05.

T detect publication bias, the funnel plot graphs and the Begg and
Egger test were analyzed through the Comprehensive-Meta Analysis
software v.3 (CMA) (2014).

3. Resulis

The systematic search has identified 4700 papers and after the steps
of screening and eligibility, four swdies (Cansancio er al, 2016a;
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Fernandez-Mestre et al., 2004; Moreira et al., 2008; Perez et al, 2010)
met the incluslon eriteria and were included in the meta-analysis. The
meta-analysis was performed with data from the Included articles and
with one additional study obtained by complementar search (Quelroz
et al., 2020 (Fig. 1) The studies reached more than 7 polnts in the NOS
a5 showed in Table 1.

The studies Included in this meta-analysis that did not adopt the
clinical classification established by the World Health Organization in
2009 (WHO - World Health Organization, 2009) for dengue, dividing
their groups as DF and DHF according to the WHO eriteria in 1997
[WHO = World Health Organization, 1997), had their data tabulated as
DWOS for individuals diagnosed with DF and DWWS for individuals
diagnosed with DHF. According to the new categorization of dengue by
WHO in 2009, the 5D are extreme cases, which cannot be confused with
DHF in this meta-analysis.

The sum of the data resulted in 805 volunteer Individuals which
constituted the control group, 406 patients with dengue without warm-
ing signs (DWOS) forming the DWOS group and 112 patients with
dengue with warning signs (DWWS) constituting the DWWS group. It is
worth mentioning that not all articles selected for this study have the
three growps (contral, DWOS and DWWS). The study by Cansancio et al.
(2016a) and Morelra et al. (2008) have the control group and the DWOS

group. The study by Perez et al (2010) carried out the association of SNP
151800795 with dengue comparing the control group and the DWWS
group. The study by Femdndez-Mestre et al (2004) has the thres

possible groups, however in it there is only the genotypic frequency of
the DWOS group and the DWWS group due not having found significant
results with the participation of the control group, occurring comparison
between the groups to infection by DEMY. Finally, the data from the
case-conirol study of the present researchers, performed in our Labo-
rarory of Biology of Microorganisms (BIOMIC) (Quelroz et al., 2020) has
information regarding the three groups (Table 1).

lable 2 shows the distribution of the genotype and allele frequency
after unifying the data from all articles participating in this smudy.
lable 3 shows the analysis of the genotype and allele frequencies be-
tween the casefeontrol geoups. The chi-square test (¥°) analyzed
whether the frequencies presented statistically significant differences (p
= {(L05) between the groups. The GG genotype was significantly more
frequent in the DWWS group (p = (L0221). The GC genotype was more
prevalent in the control group (p = 0L0119) {Table 3).

In this meta-analysis, we evaluated the assoclation the IL6-174 GAC
pedymorphism with dengue through genotypic and allele frequencies
involving only studies that contained the same groups in thedr analyzes.
Thus, when comparing the genotypes between the DWOS group and the
conteol group, three studies were selected (Cansancao et al, 2016
Moselra et al., 2008; Cuelroz of al, 2020) due to the authors comparing
the W08 group with the Controd group in thelr analyzes, totaling 880
participants (367 cases and 513 controls). Similarly, in the comparison
with the DWWS group and the control group, two studies were involved
(Perez et al., 2010 Quelroz et al., 2020), with a total of 310 participants
(BT cases and 223 controls). Finally, in the analysie with the DWWS
group and the DWOS group, two studies were integrated (Ferndndez-
Mestre ef al., 2004; Quelroz et al., 2020), totaling 183 participants (69
with DWWS and 114 with DWOS).

The results regarding the meta-analysis of the W08 vs. contral are
shown in Table 4, where it is observed that in the heterozygous model,
the GC genotype s associated with peatection against DWOS (OR =
0.57, €1 = 0.41-080, p = 0.001, ¥ = 0%, Py arygeneny = 0.39) (Fiz. 7).
The analysis with the dominant model (CC + GCws. GG) showed that itis
assoclated with protection against DWOS (OR = 0,63, C1 = 0.47-0.86, p
= 0.004, 1% = 28%, y = 0-24). In addition to these results, the
comparison in the allelic model showed that the palymaorphic allele Cis
assoclated with protection against DWOS (OR = 0.77, C1 = 0.60-0.99, p
=004, ]2=43!ﬁ, =10.17). Howewer, in the homozygous (CC
vi GG) and recessive (CC v GG + GC) model, the ORs of the associa-
tons suggest that the CC genotype increases the chances that the
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Experimental  Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight MM, Fixed, 95% C1 MH, Fixed, 95% CI
Others (ntemal data) 17 88 68 262 S45% 058[038,124
Perezetal , 2010 % 8 S 18¢ 455% 107 61,189
Total (95% C1) 174 446 100.0% 0.86[0.57, 1.29]
Total events 42 18
Heterogeneity: Chi®= 114, df » 1 (P« 0.20), F» 12% L + + J
i : 001 01 1 10 100
Testfor overall effiect Z= 073 (P = 0 46) Favours [control] Favours jerperimenta]
Expermental  Control Odds Ratio Odds Ratio
_Study or Subgroup  Everts  Total Events Total Weight M-H, Fixed 95% O M-, Fixed, 95% CI
Others (intemal data) 15 a“ 61 131 590% 058p29,121)
Perezetal, 2010 18 4 ¥ Q2 410% 102049213
Total (95% C1) 87 223 100.0%  0.77]0.46, 1.28)
Total events 33 a9
Heterogeneity: Chi*=1.00, ef=1 (P=0.30); #= 8% k g y {
0.0 01 1 10 100
Testfor oversll efect Z=101 (P=031) Favours fcontrol] Favours [expetimental
Experimental  Control Odds Ratio Odds Ratio
Study or Subgroup  Events _ Total Events Total Weight MM, Fixed, 95% O MM, Fixed, 95% CI
Others (internal data) 13 42 54 124 B34% 058P28,127
Perezatal 2010 1" 3% 25 79 3686% 095040,223)
Total (95% CI) 78 203 100.0% 0.72[041, 1.25]
Total events 24 79
Heterogeneity Chf=073,df=1 (P=039), F=0% = v + {
2 00 01 1 10 100
Testfor overall effect Z=117 (P=0.24) Favours jcontrof] Favours jexparnmental]
Experimental  Control Odds Ratlo Odds Ratio
_Study or Subgroup  Events _ Total _Events Total Weight MM, Fixed, 95% CI M-I, Fixed, 95% CI
Others (nternal data) 2 N 7T 77 364% 069[014,352
Perezetal , 2010 7 n 13 67 B3I6% 116[041,327)
Totad (95% C1) 63 144 100,0% 0.9 (042, 2.35)
Total ovents a 20
Hetorogeneity. Chi*= 0.20, df = 1 (P = 0.60), = 0% :om 0’1 1 1°0 mo:
Testfor averall eflect Z=0.02 (P = 0.98) Favours [control] Favours [experimenta)
Experimental  Control Odds Ratio Odds Ratio
Study of Subgroup  Events  Total Events Total Weight M.H, Fixed, 95% CI MH, Fixed, 95% C1
Others (nternal data) 2 “ 7 131 326% 084017,422
Perezatal , 2010 7 43 13 92 874% 11843, 321)
Totad (95% C1) 87 223 100.0%  1.07]0.46, 2.49]
Total events 9 20
Heterogeneity Chi'= 012, dfs 1 (P=073), F= 0% :om nQ: 1 150 100!

Testfor overall effect Z= 016 (P=087) Favours fcontrol] Favours [2ipedmental

Fig. 3. Forest plot of comparison between the groups DWWS versus Control for the mutant allele versus the wikd type allele (A), the homozygous mutant genotype
plus heterazygous genotype versus homozygous wild type genotype (B), the heterozygous genotype versus homazygous wild type genotype (C), the homozygous
mutant genotype versus homozygous wild type genotype (D) and comparing the homozygous mutant genotype versus heterozygous genotype plus homazygous wild
type genotype (E) in the rs1800795 polymorphism in [L6 gene and dengue.
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Table &
Metasanalysis calculations of the L (=174 G/C) polymorphism with dengoe
between the DWWS group and the DWOS group.

DWW Frequency Acsncimtion test Heterogenelry test
owWos DWWS,/TW0S
. OR [C155%] P* B P EM
HOM (C0 v 475 1,35 067 M6 08 F
Gl [0,38-5,28]
HEM (GC v 18,29 1,06 088 M6 042 F
GG [0,53-2,10]
REM (O v 45 1,34 067 e 076 F
G+ Gt [0,35-5,18]
DOM (CC + 21/34 1,10 077 M 05 F
GC . GG) [0,58-2,10]
MM (Cws G 2639 1,12 067 M6 071 F
[0,55-1,95]

HOM: homozygous model; HEM: heterozygous model; REM: recessive model;
De0M: dominant model; ALM: allelic moded; OR: odds ratio; Cl: confidence ins
terval; P*: pvalue to OR; I°: heterogeneity; P pvalue to [% EM: efect model; R:
random effect model; F: fixed effect model.

individual s susceptible to this disease, but the results were not signif-
feant (OR = 1.12, €1 = 0.69-1.81, p = 065, I* = 27, Prewerogeasity
01.25) and (OR = 1.26, CI = 0.78-2.02, p =034, I* = 0, Preteregeeiry
0.57), respectively.

The recessive model and the dominant model were evaluared to
determine the importance of the heterozygous genotype (GC). When
analyzing the heterozygous genotype together with the polymorphic
homozygous genotype (dominant model), considering that the variant
allele s dominant, the SNP was assoclated with peotection against
DWOS. Howewer, when they were analyzed separately (recessive
maodel), considering that the polymorphic allele s recessive, the CC
genotype was associated with susceptibility. Thus, it 1s noted that in the
analysis of both genetic models, the GC genotype was associated with
protection against DWOS, confirming the result of the analysis of the
heterozygous model.

In the comparison in the heterozygous, dominant and allelic models
the DWOS group versus the control group, three studies were included.
Due to one of these studies increasing heterogeneity, it was excluded
from the comparison (Cansancio et al., 2016a), which besides leaving
the smdies less heterogenecus, the association between the two
remaining studies (Queiroz et al,, 2020 Moreira et al., 200&) showed
statistically significant results (p < 0.08) (Table 41

Although the other comparisons (DWWS v Control; DWWS
DW0S) there were not significant results, the OR values in the com-
parison DWWS w. Control indicate that the heterozygous genotype (OR
=0.72, Cl = 0.41-1.25, p = 0.24, I* = 0%, Preresogenciry = 0.39) and the
variant C allele (OR = 086, CI = 0.57-1.29, p = 0.46, I* = 12%, Pre.
sesogeneiry = 0.29) are associated with protection, as seen in the com-
parison DWOS v, Control, but without slgnificance (Table 5 and Fig. 3)
Comparisons between the genotypes of the DWWS group with the con-
trol group, and of the DWWS group with the DWOS group, are shown in
Table 5, Table & and Fig. 4, respectively.

The Begg's and Egger's tests were calculated and the results indi-
cated that there were no evidence of publication blas validating our
regults (Table 51). In addition, any obvious ssymetry was detected by
funnel plot graphic (Fig. 511

4. Discussion

Cytokines are molecules that act modulating pathological processes.
Therefore, during the pathological process of dengue, the quantity of
cytokines is altered, being at high or low levels, which influences the
severity of the disease (Avendano-Tamayo et al., 2017).

Interleukin & (IL-6) is a plelotropic cytokine, has pro-inflammatory
activity, and when its expression is deregulated it implies in several
pathological processes and in the development of several diseases
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[Jordan et al., 2017 Schett, 2018 Souza er al, 2008 Tanaka et al,
2016). This molecule has participation in the immune and in the
vascular systems, as well as in other blological processes (Scherr, 2018,
Lyu et al, 2019). IL-6 acts in the differentiation of monocytes Into
macrophages, promotes the release of vascular endothelial growth fac-
tor (VEGF), which induces angiogenesis, favoring the increase of the
vascular permeability (Bates et al, 2002 Park et al, 201% Scheit,
2018

In DENV infection the modulation of cytokines is altered and this
imbalance is involved to the appearance of symptoms charactesistic of
the disease (Cansancio er al., 2016b). Therefore, the study of poly-
morphisms in genes of cytokines is of fundamental importance to fimd
patterns in the production of these elements, because depending of the
amount of these circulating products in the organism, favors the
appearance of symptoms, as well as providing the advance or regression
of disease {Avendano-Tamayo et al., 2017; Feltosa et al., 2016).

The IL4 gene is located at chromosome Tp21.24. The SNP IL6-174 G
= eonsists in the shift of from a guanine for a cytosine, modulating the
production of IL-6 (Dettogni et al., 2015; Fishman et al., 1998 Ji et al,
20019 Pleroni et al., 2007, Tetzlaff et al., 2018). There are not many
studies in the literature that associate polymosphism in the L6 gene at
the —174 G > C position with dengue, which limited our analysis.

In the smudy performed by Cansancio et al. (2016a) in the north-
eastern reglon of Brazil, when analyzing the [L6-174 G/C polymorphism
sinmgly, there were not found significant results that indicate protection
or suscepiibility to dengue. However, in our study, we found that the GC
genotype of the rs1800795 SNP s associated with protection against
DWOS (Table 4), which is in accordance with Morelra et al. (2008) and
Cuelroz et al. (2020), who assorciated the GC genotype of the —174 GAC
polymorphism in the L6 gene with protection against DWOS (OR = 0.62
[0.42-0.91], p = 0.0158) (OR = 0.45 [0.24-0.85], p = 0.013),
respectively.

Although the present siudy did not analyze the plasmatic level of IL-
B, it is estimated to have a relatdonship between the genotype and the
expression of the IL6 gene. In the study by Moreira et al. [2008), the
author suggests that rs1800795 genetle polymorphism is associated with
increased production of 1L-6, contradicting some studies, such as by
Cansaneao et al. (2016a), Dettogni et al. (2015), Fernandez-Real et al.
(2000) and Pleronl et al. (2007), and, which suppaort the concept that
this polymorphism s related to the decrease in the expression of the IL6
gene, resulting in a reduction in the plasmatic concentration.

There is a consensus that the polymorphic C allele is associated with
low expression of the [L6 gene, resulting In a decreased level of IL-6 in
the plasma (Fishman et al., 1998; Pleroni et al., 2007; Tetzlaff et al,
2018). In the present study, the analysis between alleles C and G,
demonstrated that the varlant allele iz related to protection against
DWIOS (Table 4), which is in accordanee with Quelroz et al, (20200, who
also associated the polymorphic allele C with the protection against
DWOS (p = 0.027). Thus, it is inferred that reduced amounts of IL-6
would have a positive impact against the development of DWOS.
However, it cannot be said that carriers of two polymorphic alleles (CC)
are strongly protected against the development of this disease. Accord-
ing to owr results, in the analysis of the homozygous model, the homo-
zygous varlant genotype was associated with the risk for DWOS, but
there was not significance in this comparison (Table 4).

In the study of Perez et al (2010), carried out in Cuba, when
analyzing the allelic and genotypic distribution of the SNP -174 G = C
between the DWWS group and the control group, noted that there was
not significant difference. As well as Ferndndez-Mestre et al. (2004) in
their smdy performed in Venezuelan patients, revealed that there is an
allelic and genotypic distribution without statistically significant dif-
ference between patients with DWWS and DWOS. In contrast, our resulis
show that there is a significant difference in the frequency of the GG
genotype between the DWWS group and the control group, with a
greater number of patients with this genotype in the DWWS group (p =
0.0221) (Table 3). In addition, we also found that the heterozygous
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A Dperimental  Cortrol Odds Ratio Odds Ratio
o Evorls  Total Bverts Total Welght MM, Fixed, 95% CI F 95% Q1
Femandez-Mestre et ol 2004 9 50 15 87 290% 0981039 244]
Ofners (rtermal data) 17 L1 28 146 61 0% 122061, 242
Total (95% Ch 13 228 1000%  1.12(0.65, 1.95)
Total avents 26 el
Meterogenaity, ChP= 014, af« 1 (P= 0.71), "= 0% :001 °¢1 1 |¢o m,:
Testfor overall ofect Z= 042 (P= 000 FavOUIs [coneiol] Favours Reperimaental)
Experimental Corttrol Odds Ratio Odds Ratio
ot Events  Total Events Tolal Weight M.H, Fixed 95% O M.H, 95% C1
Femandez Mestre et at, 2004 7 25 13 41 405%  084(028,250
Otnérs (nternal data) 15 @ 21 73 S95% 128[(057,288
Total (95% Ch &9 14 1000%  1.10[0.58, 2.10)
Total avents n i
Heterogenedy Ch®« 038, df« 1 (P = 0.54); F« 0% ?om 02‘ i '70 |m=
Testfor ovetall eect Z=029 (P=077) Favours [consod Favours [erpeatimental]
Expetimental Cortrol Odds Ratio Odds Ratio
o Fvenls  Total Bvents Total Fixed, 95% C1 Fixed, 955 C1
Femandez Mestre et al, 2004 5 2 11 39 W% O0TMpPN, 239
Otrers Onternal daty) 13 42 18 70 S93% 1300056302
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Fig. 4. Forest plot of comparison between the groups DWWS versus DWOS for the mutant allele versus the wild type allele (A), the homozygous mutant genotype plus
heterozygous genotype versus homozygous wild type genotype (B), the heterozygous genotype versis homozygous wild type genotype (C), the homozygous mutant
genotype versus homozygous wikd type genotype (D) and comparing the homozygous mutant genotype versus heterozygous genotype plus homozygous wild type
genotype (E) in the rs1800795 polymorphism in [L6 gene and dengue.
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genotype I8 more frequent in individuals in the control group (p =
0.011%) than in individuals in te DWWS group (Table 3).

These results can be explained based on previous data in the litera-
ture. Since IL-6 promotes increased vascular permeability by VEGF in-
duction, and the G allele is associated with higher plasmatic levels of this
cytokine, becanse it s a stronger transeription activator than the C
allele, the latter being related to low IL-6 production (Bates et al., 2002
Dettognd et al., 2015; Fernandez-Real et al., 2000; Fishman et al., 1998;
Pieronl et al., 2007 Schett, 2018; Tetzlaff et al, 2018). Therefore, it is
plausible to agree that there will be a lower frequency of the heterozy-
gous genotype and a higher frequency of the wild genotype (GG) in the
DWWE group, due to the fact that this wild genotype is associated with a
high level of IL-6 in the plasma promoting leakage of liquids by
Increasing vascular permeability, which is a characteristic of DWWS. In
addition, it is possible to correlate these data with some studies that
report that higher plasmatic levels of IL-6 were observed in cases of
DWWS (lani et al., 2016; Hernandez et al., 2016; Korane, 2007).

In DWW, at the beginning of DENV infection, IL-6 promotes viral
eradication by the activation of the Thl immune response, and if this
eradication does not occur and the disease progresses to DWWS, the
regponse immunological Thl in DWOS becomes Th2 in DWWS, and it is
in this response that the levels of IL-6 tend to increase, may associate the
abundant IL-6 levels In the progression of DWWS (Chaturved] er al,
2000 Chen et al., 2008; Hernandez et al., 2016; Masood et al., 2018;
Morelra et al., 2008). Furthermore, the increased expression of IL-6 may
affect the functions of Thl cells and CD8 + T cells, favoring wiral
persistence (Hou et al_, 2014; Salinas et al., 20019).

Severe forms of DENY infection there is an imbalance of the in-
flammatory process {Cansancio et al., 2016E). The IL-6 can promote the
production of antiplatelet and tissue plasminogen activator, which will
cause a deficlent cosgulation, resulting in plasma leakage and bleeding
(lani et al., 2016) Thus, the SNP IL6=174 G = C reduces these oecur-
rences, considering that there is a lower production of IL-6. It is warth
mentloning that there are other cytokines and other factors, such as
environmental factors, that can influence the pathogenesis of dengue
(Hermindez et al., 2016). The imbalance in the levels of pro-
inflammatory and ant-inflammatory  cytokines s related to the
appearance of symptoms, due to a pro-inflammatory response without
an efficlent ant-inflammatory regulation (lanl et al., 2016). The use of
cytokine antagonists is an alternative of therapeutic intervention,
seeking to reduce the characteristic manifestations of dengue or pre-
venting the disease to become more severe (Patro et al, 2019).

Even though our results have shown that the es1800795 poly-
morphism is associated with protection against DWOS, it is relevant to
highlight that there are other cytokines and other polymorphisms that
act on the expression of the IL-6 gene, changing the clreulating amount
of this cytokine, which implies in the activaton of several immuno-
pathological mechanisms leading to different outcomes of the disease
(Cahill er al., 2018 Herndndez et al., 2016; Useche et al., 20018).

Althought this current meta-analysis brouth relevant new data on the
association between the aforementioned polymaorphism in IL6 gene and
dengue risk, some limitations should be noted and discussed. First, we
compared a group of healthy individuals with a negative diagnosis for
dengue with a group of subjects positive for dengue. However, the
performance of studies comparing individuals infected by DENY, but
asymptomatic, would be an alternative to seek an understanding of the
behavior of this polymorphism with the symptoms of the disease,
establishing whether it is strongly associated or not with dengue.
Therefore, it is necessary to carry out more siudies that correlate this
polymaorphiem with dengue, aiming to seek a berter understanding of its
relationship with the susceptibility or protection for this disease. Sec-
ond, the broad spectrum of clinical manifestations of dengue may be a
challenge in cross-sectional genetic studies carring out increased bias
risk in the data, speclally when take In conslderation unusual clinical
manifestations of the diseaze that confunder the researches (Esfolere
et al, 20149). Third, the influence of ethnicity on genetic polymorphisms
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frequency and their role in infectious disease are prepoderant and must
be considered in meta-analysis sudies. Howewer, the limited dama
available on the Hterature did not allow a complete ethnieal evaluation
what may be represent a potential source of bias. Fourth, the evaluation
of other genetic varations In haplotype forms with the rs1800795
polymorphism may clarify the exact role of this genetic alteration in
dengue; future studies should foeus in to evaluate the combination of
other SNP's in L& gene as haplotypes and the disease.

5. Conclusions

The analysis showed that the GC heterozygous genotype of SNP
51 800795 has a protective role with the C allele variant against dengue
without warning signs (DWOS). It was noted that the GC genotype was

more present in the Control group when compared the genotype dis-
tributions betwesn the DWWS and Control groups, and the GG genotype
ie more frequent in the DWWS group, indicating a possible relationship
of the wild type genotype to DWWS. Futhers researches are required to
validate our resulis.

Supplementary data to this article can be found online at hoepa:/fdol.
org/10.1016/. meegld 2021 104778

Sources of funding

This work was supported by the Fundagio de Amparo a Pesquisa do
Estadi do Plawl [Edital FAPEPL/MS-DECIT /CMPq/SESAPI N® 0022016
- PPSUS); Conselho Macional de Pesguiza (CHPq) 14/2014 (grant
number 4567072014-07, LAAF were recipients of undergraduate
students from Conselho Maclonal de Desenvolvimento Clentifico e Tec-
nolagico (CHPg - PIBIC).

References

Avendafo-Tamayo, E., Campa, O, Chacon-Dugue, 1.C., Ramirez, R, Rojas, W., Agudelo-
Flérez, P., Bedoya, G., Restrepa, B.N., 2017, Varlnis in the THFA, ILE and IFNG
genes are asocdated with the dengue severity in a sample from Colomblan
populathon. Biomedica: revista del Institwio Maclonal de Salud 37, 486-497_ hops: /7
dodorg/ 10,7705 tdomedica, v 3754, 3305,

Bates, 0.0, Hillman, N.J., Pocock, T8, Neal, C.R., 2002 Eegulation of microvasculr
permeability by vascular endothelial growth faccors. J. Anat. 200, 2002, bops/dol
org 10 1041 469- TSR0 300 L.0004T_ 191

BRAZIL Ministry of Health, 2003, Dengue: Diagmosis and Clindeal Managemenr: Adult
and Child, fourth ed. Brasilia, Federal Distrier.

ERAZIL. Minlstry of Healch, 2006, Dengue: Dagreosls and Clinkal Masagemenc Adult
and Child, fifth ed. Brasilia, Federal Districe,

BRAZIL Mindsiry of Health, 2017, Health Surveillance Guide: Single Volume, second ed.
Brasilia, Federal District.

Cahlll, MLE., Conley, 5, Deswan, AT, Montgomeery, LR, 2008, Mentification of genetic
varlants msociared with dengue or West Kile virus disease a systematic review and
meta-analysis. BMC Infect. Dis. 18, 282 hips://doloog 10,11 Bys1 297901 B-31Bé
B.

Careangio, LF., do Carmun, APS., Lelte, B, Partels, B.DUP., Palva Jundor, S50,
Balbino, ¥.0, Rabenhomst, S.H.B, 2016a. Assoclarion of genetic polymorphisms of
ILIE —511 CT, ILIRN WNTR 86 bp, ILE-174 GO, IL10-819 C»T and TNFa —208
G, involved in sympeomacic patients with dengue in Brazil. Inflamm. Res. 65,
SE5-932. hiipe:/Ydol org, 10U 1007 ,/50001 1 01 6-0%75-5.

Careancio, LF., do Carma, APS,, Lelte, RD., Rabenhorst, S.H.B, 2006&b. Asoclation of

in IL1P -511CT, ILIRN 86 bp VTR, and ILB-174GC Genes with
Clindeal Dengue Signs and Sympooms |n Brazlian Dengue Patients. Viral Immunal.
29, 37276, hrtpe:/, /ol arg/10.1089, vim. 201 50082

Chatsrvedi, U.C., Agarwal, ., Elbishbishi, E.A., Mustafa, A5, 2000, Cytokine cascade in
dengue hemorrhagle fever: implications for pathogenesis. FEMS Immunol. Med.
Microbdal. 28, 182-188. hirps: /#dol.org/ 1001111/ 157 4-6952. 2000, 1h0 147 4.2

Chen, 1., Ng, MUMLL, Chu, J.LH, 2008. Molecular profiling of T-helper immune genes
during dengue virns infection Virol 1. 5, 165 birps://dal.org /10,1 186,174 34225
5-1&5,

Chen, 1., Ng, M.M.L, Chu, J1H, 2015, Activation of TLRE2 and TLRG by dengue N51
procein and its implicacions in the Immunopathogenesis of vins infection
PLo% Pathog. 11, 1005053 hitps://dol.arg/ 101371 Moursal ppat. 1 005053,

Colomba, T.E, Wedovello, D., Pacca-Mazara, C.C, Mondinl, A, Aradjo Jr., LA
Cabrera, E., Lopes, L.C, 5ancos, LMLP., Reis, AF.M., Costa, F.R., Oz, LEA A
Ferredra Jr., L, Rocha, E5.0,, Kroon, EG, Bronzanl, BV.M., Vasilakis, N,
Nogueira, ML, 2016. Dengue vires survelllance: detection of DENV-4 in the city of
5i0 José do Rdo Preto, 5P, Brazil Acta Trop. 164, B4-89. s/ /dolorg/10.10067).
ACLmropn. 201 6. 09,004,



LAA From eral

Dettognl, LS, Tristlo-Sd, B., dos Santos, M., da Silva, F.F,, Lowra, L., 2015 Single
nucleotide polymorphisms in immune system genes and thedr assoclation with
clinical sympioms pemsistence in dengue-Indected persans. Hem, Immuncl. 76,
T1F-TA, b/ dal.org 101016/ hasminmm, 200 5. 09,026,

Esfodste, CF., Mota, M.T.0., Terzian, AC.E, Milkim, B.H.G.A., Ribeiro, M.E., Nunes, D
V., Mourdo, M.P., Rossl, 5.1, Noguelra, ML, Vasilakis, M., 2019, Unusual clinical
manifestations of dengue dissase — real or imagined? Acta Trop. 199, 105134,
hitpe:/¥dol.org, 10,100 B/ acatrapica 2019.105134,

Feliosa, LM.BL, Vallinoto, AACR., Yasconcelos, PF.C., Azevedo, RL5.5., Azevedo, V.H.,
Machadn, LF.A., Lima, 55, khak, M.0UG., khak, B, 2016. Gene
and serum lewels of pro- and ant-inflammatory markers in dengoe viral infections.
Viral Immuncl. 29, 379-388. hops:/fdolorg/1001 089, vim, 200 &,0025,

Ferndndes-Mesire, M.T_, K., Rivas-Vetencourt, F., Layrisse, ¥., 2004,
THF-a-308A allele, a pasible severlty risk factor of hemorrhagle mandfestation In
dengue fever patients. Tissue Antigens b4, 469472 hops/dolorg/ 10011117
1- 13990035 2004 00304 1.

Ferndndes-Real, J.86., Broch, M., Richart, J.V.C, Ricart, W., 2000. Interewldn-g gene
polymaonphisns and lipid abnormalities in J. Clin. Endocrinal.
Metab. 85, 1334-1339. hitps://dol.org/10.1 210/ jcem. 5536555,

Fishman, D, Faulds, G, Jeffery, R, Mohamed-All, ¥., Yudkin, J5, Humphries, 5.,
Won, F., 1998, The effect of novel polymorphisms in the imerleukin-g (L-6) gene oo
1L+ cranscription and plasma 16 levels, and an asoclation with systemic-onset
Juvenile chronde arthritis, J. Chn, Invest. 102, 1369-1378, hotpe/Sdolorg/ 10,1172/
JCI2A29,

Gupta, 5., Agarwal, A., Biowas, 0., 2018 Host genetic polymorphisms influencing
suscepeibility to dengue. DNA Cell Biol 37, B05-807. hops:/fdol.arg/1 0010897
dna.2018.4372.

Herndndez, 5.LC., Guarda, HN.P., Agullar, H.F,, Mateos, 5.0, Mastinez, LL.,
Mavarrete, V.0, Lisdent, 1LE, Angel, R.M_, 2016, Frimary dengue virus infections
induee differential eymokine production in Mexean pati Mem. Inst. Owaldo,
Cruz. 111, 161-167. hips,/fdol.org, 1 0. 1550007 4-02 7601 50354,

Hiax, W., Jin, Y.H., Kang, HE, Kim, B.S., 2014. Imerleukin- {IL-&) and 1L-17
synergistically promote viral persistence by inhdbiting eellular apopeosis and
eytatexie T eell function. J. ¥irel B2, B4T9-B4B9. hups//dal.org/ 1L 11287
JVLOOT24-14.

lank, F.C.M., Caldas, 5, Duarie, MUAL, Cury, A LF., Cecllio, A.B, Costa, PAC,
Antonelll, LE., Gollob, K.J, 2016, Dengue patients with zady hemarrhagle
manifestations lose coordinare expression of the anti-inflammanory cyokine 1L-10
with the inflansmatory cytokines IL-6 and 1L-8. Am. J. Trop. Med. Hyg. 95, 193-200.
hivipes:/diol.crg, 1 0.4 269 /alemh. 15-0537,

I, ¥F., Jiang, X., 14, W., Ge, X, 2009, impact of interleukineG gene polymorphisms and
its Interaction with obesity on asteoporosts risk in Chinese posmenopauisal womem
Enviren. Health Prev. Med. 24, 48. hrips:/fdolorg 1001 186,/5121 949201 0803y,

Jordan, 5., Chad, 1., Kim, L, Wi, G, Toyoda, M, Shin, B., Vo, A., 2017. Interleuking, a
cytokine erideal to mediation of inflammation, astclmmunity and allograft
rejection. Transplantation. 101, 3244, hops/fdolorg /1010977
TP.OMDO000MT 452,

Kurane, I, 2007, Dengue hemorrhagic fever with special emphasis on

Immunal. Microbial. Infect. Dis. 30, 379340, hirps: /7
dhol.org, 1 0100 6/ clodd. 3007, 05010

Luna, ELA., Figueireda, G0, Levi, 1E, Campas, 5.R.LC, Felix, AL, Santiagn & Souz,
M, Figueiredn, WM., Costm, A.A., Cardoso, MUR_A., Pannuel, ©5, 2020, A cahot
study i assess the incidence of dengue, Brazil, 201 4-2018. Acta Trop, 304, 105312
hitpe://dolorg, 10,1016/ actatrapica 2019.105313,

Lyn, X, Zhang, M., Li, G, Cal, Y., LI, G., Qiao, Q. 2019, Interleukin< production
medlated by the IRE1-XBEP] pathway confers radioresistance bn human
papillomavirus-negative ompharyngeal carcinoma. Cancer Sel. 110, 2471-2484.
hoipsz/#dol.org,10.1 111 feas 14054,

Masood, K.L, Jamil, B., Rakim, &1, Iskam, M., Farham, 8., Hasan, X 1E. Rizke of THF i,
IL-5 and CXNCOLID in Dengee disease severity. Iran. J. Microbeol. 10, 202-207.
Mober, 0, Liberatl, A., Tetzlaff, 1., Altman, D.G., The PRISMA Group, 2005 Preferred
reparting lvems for systemathe reviews and meta-analyses the PRISMA statement.

PL0S Med. &, £1DO0097 betpes/dolorg/10.137 1 Aournal pmed. 1 DO004T.

Morelm, £T., Cardaso, DM, Visentalner, J.E., Forzar, LY., Malitema, R.A., 2008, The
possible protecove role of the 11B-1740GC genotype in dengue fever. Open Trap. Med.
4.1, 87-91. hoopesfdodorg 10, 2174/ 157431 530050101 0087_

Pabalan, M., Chatsrl, 5, Tabunhan, 5., Phumyen, A, Jagjanazd, K., Steiner, TS, 2018,
Assoclarions of DC-5MGN (CD209) promoter ~336 G/A polymorphism (re£804803)
with dengue infection: a systematic review and meta-analysis. Acta Trop. 177,
185193, hirps://dal.org/ 10,101 6,/).actatropio. 201 7. 10,017

47

Infecrhon, Genencs and Evolution 97 (2021) 14778

Park, ¥.T., Lee, 5.M., Kou, X., Karbuscak, B., 3019, The role of interleukin & in asteogenic
and neurogenic differentiation potentals of dental pulp stem cells. J. Endaod. 45,
13421348, batpes: /¢ dod org/ 10,1006/ joen. 200 % 02002

Patra, G., Mallik, 5, Saha, B., Mukhopadhyay, 5., 2019, Assesement of chemokine and
cyinkine signatures in patients with dengue infection: a hospiml-based study in
Ealkata, India. Acta Trop. 190, 73-79. htipss/Adolorg/ 100100 64
aetmropka. 01810017

Patre, ARLE., Mohanty, 5., Prusty, B.K, Singh, DK, Gaflwad, 5., Saswat, T.,
Chattopadhyay, 5., Das, BX., Tripathy, B., Ravindran, B., 2019, signature
associated with disease severity in dengue. Viruses. 11, 34, borps:/fdal cog /10,2390,
w11010034,

Perez, AR, Slerra, B, Garcla, G., Aguirre, E, Babel, M., Alvarez, ML, Sanchez, L.,
Valdes, L, volk, H.D., Gueman, M.G_, 2010, Tumaor necrosts factor-alpha,
transforming growth factar—1, and interleukin-10 gene polymorphisms: inplication
Ins procection or suscepibility 1o fever. Hum. Imsmunal. 71,
1135-11400 barpe: /ol org,/10.1014/). humimm. 200 0,08 004,

Pierond, F., Lowrenga, DUM., Morelli, V.M., Maffed, FH., Zago, M.A, Franca, BLF., 2007.
Cytokine gene varlans and venous thrombote risk in the BRATROS (BRAZILIAN
THROMBOSIS STUDY). Throamb. Res. 120, 221-229. hops/Sdolarg /10010064
thromres, 2006, 05,01 5.

Cueiraz, JL, Backe], MLEC, Teles, LS, Visim, S.MA, (Gomes, T.N., Fermandes, HF.,
Oliveira, J1.5., Ferrelra, G.F., Pereira, A.C.T.C, 2020. Prevabence and influence of
polymarphism -1 > of the IL-& gene in assoclation with dengue and
chikgunya in Northeass Brazil patiets. Viral Immunol. [under review].

Sallnas, L.V, Rodriguer, AV_, Rodriguez, L1, Borca, MLV, 2019, The role of interleukin
& during viral Infections. Front. Microbdol. 10, 1067, bps:fdal.org /10,2389
fmich 200901 057.

Santos, BLC., Gomes, TN, Gils, LAF., Olivelra, 1.5, Cosdha, LFL., Ferrelra, GP.,
Silva, F.E.F., Pereira, ACT.C, 2020, A laion of single |t
polymorphisms in THF-e {-308 G/A and 238 G/ 1o dengee: case contral and meta-
analysis siudy. Cytokine, 134, 155183, hiips://dol.ong/ 10,1008/
cyin. D20 155183

Schert, G., 2008, Physiological effects of modulating the imerleuking axis.
Rheumatology 57. hrtps:/#dol.org /1 0.1 093, rheumannlogy kexS1 3 1143150

Souzs, LR M., Oliveira, BT, Elotin, M.H.5.L, Coslho, OUR., 2008 Seram levels of
Intedeukineg (Il-&), interleukin-18 {1-18) and Creactive protein (CRF) in patients
with type-2 diabetes and acute coranary syndrome withowut ST-segment elevation.
Arq. Bras. Cardiol. 90, 94-99. hrips://dolorg,1 001 590,/50066-
TEDCZ00ED0AT000,

Tanaka, T., Nazamki, ML, Kishimodn, T., 2006 Imnmunotherapeutic implications of 1L-6
blockade for cyvokime storm. Immunatherapy. B, 959-970. hirps: /fdolorg/ 1022177
Iet-2 000 00020,

Tetzlaff, W_F., Merafia, T., Botta, EE., Martin, MLE., Sorroche, P, Boers, LE,
Castra, M., Frechtel, G.0., Rey, 1., Danwich, J_, Cerrone, G.E., Brives, F., 2018, - 174
G0 [L& polymorphism and primary bran overload In male padents. Ann. Hematal.
97, 168531687, hirpe/fdiod org/10. 1007 /20027700 8- 3333-6

Useche, ¥-M., Alves, M.E., Restrepo, B.M., Salgado, DM, Narvies, ©F., Campa, 0,
Avendaiio, E., Martinez, ., Chacon-Dugue, 1.0, Badoya, G, 200 B Single-nucleotide

in NOD, RIFE2, MICH, PLCEL, THF, and IKEKE asmoeciated
with symptomatic dengue in childeen from Colombla. Viral Immunol. 31, 812623,
hetpesfdod org 10,1 089, vim. 201 5. 0028,

wikram, K_, Nagpal, B.N_, Pande, V., Srivastava, A., Saxena, R., Anvikar, A, Das, A,
Singh, H., Anushrita, Gupta, 5.K., Tull, 5K, Telle, 0., Yadav, ¥.K., Valecha, X.,
Faul, K., 2016. An epidemiological snudy of dengue in Delhl, Indla. Acta, Trop. 153,
2127 barps:/ Adol.ocg/ 1001006/ actmropicn. 201 5.09.025,

‘Warkentien, T., Pavlicek, B, 2006, Dengue fever: historical and the global
response. 1. Infect. Dis. Epidemial 2 (15). hrips://dol.org/ 1 0. 23937,/2474.3658/
15105

wells, G, e al, 2004, The Neweastle-Ottava Scale (%05) for Assessing the Quality of
Nonrandomized Smudies in Meta-Analyses. Available ac bip:fwww.ohricasprogr
ams/Sclinkcal epbdemiodogyfoxtord. asp.

WHO - Warld Health Organization, 1997, Dengue Hasmarrhagie Fever: Diagnasis,
Treaiment, Frevenibon and Contnol, second ed. Switzedand, Geneva

WH - Wiorld Healch Organization, 2009, Dengue: Guidelines for Diagnosis, Treatment,
Frevention and Control. Geneva, Swirzerland.

Yen, T-Y., Sanins, M.1.T., Tseng, L.-F., Chang, 5.-F,, Cheng, C<F., Carvalho, AV.A,
Shu, P.-¥., Lien, J-C, Tsal, K.-H, 201 & Seroprevalence of antibodies agalnst dengue
vins among pregnant women in the Democratic Republic of S0 Tome and Principe.
Acin Trop. 155, 58-62. hitps://dal.org10.1016/] actatropbea 2015, 12012,




