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Resumo 
 

Introdução: O entendimento do papel desempenhado pela microbiota vaginal para a saúde 

reprodutiva tem ganhado destaque na literatura mundial, especialmente no que se refere à 

associação com a infecção pelo Papilomavírus Humano (HPV). Diversos fatores de risco para a 

infecção por HPV já foram identificados, com destaque para a vaginose bacteriana (VB). Apesar 

de tal associação já ter sido demonstrada, diversos aspectos dessa relação permanecem 

desconhecidos, dada a diversidade microbiana presente no ambiente vaginal. Embora a recente 

caracterização do microbioma vaginal tenha permitido o conhecimento da real composição 

microbiana nesse ambiente, a relação entre componentes do microbioma vaginal e a infecção por 

HPV permanece por ser elucidada. Objetivo: O objetivo desse estudo é avaliar a associação entre 

componentes do microbioma vaginal e a infecção cervical por genótipos de alto risco oncogênico 

do HPV (hrHPV). Pacientes e Métodos: Trata-se de estudo transversal incluindo 546 mulheres 

oriundas das 5 macrorregiões brasileiras incluídas em estudo prévio intitulado “Caracterização do 

microbioma vaginal de mulheres brasileiras em idade reprodutiva”. O microbioma vaginal foi 

determinado pelo sequenciamento das regiões V3-V4 do gene bacteriano RNAr 16S em 

equipamento MiSeq Plataforma 300PE (Illumina, San Diego, CA) e agrupados em community-

state types (CSTs). Amostras cervicais foram submetidas à pequisa e genotipagem de HPV 

empregando-se o kit Linear Array HPV genotyping (Roche Molecular Systems, Pleasanton, CA). 

Modelos de regressão logística stepwise (forward, P<0,15) foram utilizados para a construção de 

dois escores lineares para predizer a positividade para hrHPV: um baseado exclusivamente na 

presença dos taxons bacterianos identificados (microbiome-based [MB] score) e o outro baseado 

exclusivamente em características sociodemográficas, comportamentais e clínicas (SBC score). O 

MB score combinou coeficientes de 30 (de 116) espécies retidas no modelo. O SBC score reteu 6 

(idade, estatus marital, nova parceria sexual, uso de contraceptivo hormonal, índice de massa 

corporal, e tabagismo) de 25 variáveis candidatas. Foram construídas curvas ROC para os escores 

para a correlação com hrHPV e comparadas suas AUC e 95% IC para inferir a diferença em suas 

performances de predição. Resultados: A prevalência de hrHPV foi 15,8% (n=86) e 143 (26,2%) 
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participantes tiverem microbioma com depleção de predomínio lactobacilar. As AUC foram 

0,8022 (IC: 0.7517-0.8527) para o MB score e 0,7027 (IC: 0.6419-0.7636) para o SBC score 

(P=0,0163 para a diferença entre AUCs). Conclusão: O estudo demonstra a forte correlação entre 

componentes do microbioma vaginal e a infecção por hrHPV, propondo a utilidade dos 

componentes do microbioma como indicador da infecção por hrHPV, aqui demonstrados através 

do MB score. A utilidade clínica do score como ferramenta preditora da infecção por hrHPV deve 

ser validada posteriormente em estudos longitudinais. 
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Abstract 
 

Background: The understanding of the role played by vaginal microbiome on reproductive health 

has gained prominence in literature recently, specially regarding to its association to human 

papillomavirus (HPV) infection. Several risk factors for cervical HPV infection were already 

identified, highlighting bacterial vaginosis (BV). Despite the association between HPV and BV is 

well recognized, most aspects of this relation remain unknown. This is in part due to the great 

heterogeneity present in vaginal environment. Although the recent vaginal microbiome 

characterization has allowed the understanding of the real microbial composition in that local, the 

relation between vaginal microbiome components and HPV infection is to be elucidated. Aim: 

The aim of this study it to evaluate the association between vaginal microbiome components and 

cervical high-risk HPV (hrHPV) infection. Patients and Methods: We cross-sectionally enrolled 

546 women from the five macro-regions of Brazil in previous study entitled “Characterization of 

the vaginal microbiome in Brazilian women of reproductive-age”. Vaginal microbiome was then 

determined by sequencing V3-V4 regions of bacterial rRNA 16S gene through MiSeq Platform 

300PE (Illumina, San Diego, CA) and clustered in community-state types (CSTs). Cervical 

samples were subjected to HPV detection and genotyping using Linear Array HPV genotyping kit 

(Roche Molecular Systems, Pleasanton, CA). We used stepwise (forward, p<0.15) logistic 

regression to construct two linear scores to predict hrHPV positivity: one based exclusively on the 

presence of individual bacterial taxa (microbiom-base [MB] score) and the other exclusively on 

participants’ sociodemographic, behavioral and clinical (SBC) characteristics. The MB score 

combined coefficients of 30 (out of 116) species retained in the model. The SBC score retained 

six (age, marital status, new sex partner, hormonal contraceptive use, body mass index and 

smoking) out of 25 candidate variables. We constructed receiver operating characteristic curves 

for the scores as hrHPV correlates and compared the areas under the curve (AUC) and 95% 

confidence intervals (CI) to infer the difference in predictive performance. Results: The 

prevalence of hrHPV was 15.8% (n=86), and 143 (26.2%) participants had Lactobacillus-depleted 

vaginal microbiome. The AUCs were 0.8022 (CI: 0.7517-0.8527) for the MB score and 0.7027 

(CI: 0.6419-0.7636) for the SBC score (P=0.0163 for the difference between AUCs). Conclusions: 
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Our findings demonstrate the strong correlation between vaginal microbiome components and 

hrHPV positivity, here demonstrated by MB score, warranting further validation of its clinical 

utility as a hrHPV infection predictor via longitudinal studies. 
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Revisão de Literatura 
 

O câncer do colo do útero, ou câncer cervical, com 570 mil casos e 311 mil mortes estimadas 

em 2018 se configura como quarto em incidência e mortalidade por câncer na população feminina 

mundial. Apesar de seu caráter prevenível baseado em estratégias populacionais de rastreamento e 

vacinação, o câncer cervical permanece como um grave problema de saúde pública, especialmente 

em países subdesenvolvidos e em desenvolvimento.(1)  

É bem estabelecido o entendimento da história natural da doença, uma vez que é comprovada 

a relação causal desse tipo de câncer com determinados genótipos de Papillomavírus Humano (HPV). 

Os papilomavírus humanos são vírus que pertencem à família Papillomaviridae. Atualmente, são 

descritos mais de 140 tipos de HPV delineados pela identidade da sequência de DNA que infectam 

células epiteliais humanas. Dentre esses, 40 apresentam afinidade para infecção do trato anogenital, 

que compreendem alguns genótipos que estão envolvidos na etiologia de lesões neoplásicas.(2) Dessa 

forma, os HPV genitais são classificados de acordo com o risco que conferem ao desenvolvimento de 

neoplasias. Os principais tipos de HPV genital de baixo risco oncogênico são os HPV6 e HPV11, que 

estão associados ao desenvolvimento de verrugas genitais. Já os HPV genitais de alto risco, estão 

associados às lesões intraepiteliais de alto grau e carcinomas invasivos do colo do útero.(3) Dentre os 

tipos de HPV de alto risco mais prevalentes, destacam-se o HPV16 e o HPV18 que, juntos, são 

responsáveis por mais de 70% dos casos de carcinomas epidermóides e mais de 80% dos 

adenocarcinomas do colo do útero.(4, 5) 

Os HPV são vírus não-envelopados, constituídos por um capsídeo de simetria icosaédrica, que 

engloba uma molécula de DNA circular de dupla fita com aproximadamente 8000 bp.(2) O genoma 
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do HPV é dividido em três regiões. A primeira delas é uma região regulatória (LCR, long control 

region) que contém a origem de replicação do DNA e, portanto, responsável pelo início ciclo 

replicativo viral. A próxima região é a precoce (early) que codifica 6 proteínas (E1, E2, E4, E5, E6 e 

E7) que possuem ação enzimática ou reguladora no ciclo replicativo viral. Dentre essas, merecem 

destaque as proteínas E6 e E7, codificadas pelos genes de mesmo nome, que inativam, 

respectivamente, os supressores tumorais p53 e pRB da célula infectada. (6-8) Dessa forma, tais 

proteínas estão envolvidas diretamente na imortalização dessas células e, portanto, no 

desenvolvimento de neoplasias. Finalmente, os genes da região tardia (late) que codificam as duas 

proteínas que compões o capsídeo viral, a L1 e L2, proteínas essas altamente imunogênicas que são 

utilizadas na produção de vacinas profiláticas. (8) 

O potencial oncogênico intrínseco de alguns genótipos de HPV se reflete nos achados de 

estudos que demonstram que 5% de todos os cânceres diagnosticados anualmente no mundo estão 

associados à infecção por esse vírus.(9, 10) Embora vários fatores já tenham sido associados ao 

desenvolvimento do câncer de colo do útero, como o status da imunidade do hospedeiro, presença de 

coinfecções genitais e comportamento sexual, a persistência da infecção por HPV de alto risco é 

mandatória, visto que o DNA viral está presente em 99,7% dos casos diagnosticados.(11) Por muito 

tempo, a principal estratégia para prevenção do câncer de colo do útero se baseou em exames 

citopatológicos para rastreio de lesões pré-neoplásicas, entretanto, dada a relação causal entre a 

persistência da infecção pelo HPV e o desenvolvimento neoplásico, a vacinação contra o HPV foi 

implementada em diversas partes do mundo como uma oportunidade sem precedentes para reduzir as 

taxas de câncer.  (12) Atualmente, pelo menos 118 milhões de mulheres já receberam uma dose da 

vacina de HPV. Embora esse número seja encorajador, representa apenas 3,5% da população mundial. 

(13) 
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De forma geral, as infecções por HPVs genitais são altamente prevalentes na população 

sexualmente ativa, e, possuem caráter predominantemente transitório, visto que a maioria das 

infecções é eliminada pelo sistema imunológico do hospedeiro num período de 1 a 2 anos. (6) 

Entretanto, o maior período de persistência da infecção por genótipos de alto risco oncogênico é o 

principal fator que leva ao desenvolvimento de lesões HPV induzidas no colo do útero. (7) A literatura 

é consistente ao demonstrar que o tempo de clearance para os HPVs de alto risco oncogênico é 

significativamente maior quando comparado aos de baixo risco. (8) 

Embora o câncer cervical seja causado por infecções persistentes por genótipos de HPVs de 

alto risco oncogênico do HPV, a infecção é considerada um fator necessário, mas não suficiente para 

o desenvolvimento neoplásico. Nesse sentido, outros fatores que alteram o microambiente vaginal 

têm sido identificados por seu papel desempenhado na progressão da doença. (14) Esse fato é ainda 

ressaltado considerando o entendimento de que, a maior parte das mulheres irá se infectar com pelo 

menos um genótipo de HPV ao longo de sua vida, mas a ocorrência de persistência por genótipos de 

alto risco, a progressão de lesões precursoras e, o desenvolvimento neoplásico propriamente, ocorre 

somente em uma parcela dos indivíduos, ressaltando o papel desempenhado por outros co-fatores. 

(15, 16) 

Além de fatores comportamentais, outros como dieta pobre em nutrientes, uso de contraceptivo 

hormonal de progesterona, e a presença de infecções sexualmente transmissíveis foram reportados 

como fatores associados à persistência viral. Mais recentemente, o papel desempenhado pela 

microbiota vaginal tem ganhado destaque em seu entendimento como fator associado à oncogênese 

do câncer cervical. (12, 13, 17-19) 
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Desta forma, estudos tem demonstrado que mulheres com disbioses vaginais possuem risco 

aumentado para a aquisição e persistência da infecção por HPV, bem como risco aumentado de 

progressão pré-neoplásica e neoplásica desse tipo de câncer. (15) 

Por definição, a microbiota vaginal saudável é representada pelo predomínio de Lactobacillus 

spp. É reconhecido o papel protetor desempenhado por esta microbiota por meio de diversos 

mecanismos no ambiente vaginal. Dentre os fatores protetores mediados pela microbiota vaginal, 

destacam-se a manutenção do ambiente vaginal em pH ácido, especialmente através da produção de 

ácido lático e peróxido de hidrogênio. (20) No mesmo sentido, a produção de bacteriocinas e 

biosurfactantes por determinadas espécies de lactobacilos auxiliam na manutenção de uma barreira 

mucosa íntegra e protetora contra a infecção por vírus e bactérias exógenas. De forma geral, tais 

mecanismos previnem o crescimento e adesão de outras bactérias oportunistas ao epitélio vaginal. 

(21-24)  

Por outro lado, a presença de disbioses vaginais se configura como fator de risco para diversas 

complicações ginecológicas e obstétricas. Dentre as alterações de microbiota vaginal, em especial a 

vaginose bacteriana (VB) é associada a risco aumentado de abortos espontâneos e recorrentes, parto 

pré-termo, rotura prematura de membranas e maior suceptibilidade à aquisição de diversas infecções 

sexualmente transmissíveis (IST), dentre elas pelo vírus da Imunodeficiência Humana (HIV). (15, 21, 

25)  

No que se refere ao entendimento das disbioses vaginais como fator de risco para a aquisição 

de ISTs, atribui-se a maior susceptibilidade à perda dos mecanismos de proteção mediados por 

espécies lactobacilares. De forma geral, as disbioses vaginais estão associadas à uma falha na 

integridade da barreira mucosa, bem como associadas a um cenário inflamatório crônico e níveis 
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elevados de espécies reativas de oxigênio, demonstrando um contexto geral de estresse oxidativo. 

(15, 26, 27)  

No que tange a associação entre disbioses vaginais, susceptibilidade à aquisição e persistência 

da infecção por HPV e o desenvolvimento displásico e neoplásico, reconhece-se que os capsídeos 

virais não são capazes de infectar o epitélio vaginal íntegro. Desta forma, a falha nos mecanismos 

protetores da barreira mucosa em condições disbióticas pode facilitar tal processo. (15, 26) Além 

disso, o cenário inflamatório crônico na mucosa pode ser considerado um fator favorável à 

carcinogênese induzida por HPV. (15, 28) 

 Um estudo recente que caracterizou o metaboloma vaginal de mulheres infectadas e não 

infectadas por HPV demonstra que, esse metaboloma vaginal não pode ser agrupado de acordo com 

o status da infecção pelo vírus, mas, paralelamente, pode ser agrupado de forma geral baseado na 

composição bacteriana desse ambiente. Perfis metabolômicos diferenciais são encontrados frente à 

infecção por HPV quando considerando um mesmo perfil de microbiota, em especial no que se refere 

aos metabólitos representativos de estresse oxidativo. (29) 

Tendo em vista a compreensão de que as disbioses vaginais compreendem uma série de diversas 

alterações de microbiota, é importante ressaltar a vaginose bacteriana (VB), a mais prevalente 

entidade, acomete cerca de 30% da população feminina em idade reprodutiva. Por definição, a VB é 

caracterizada pela substituição total ou parcial das espécies de lactobacilos por grande diversidade de 

espécies bacterianas, em sua maioria anaeróbias. Dessa forma, a VB é considerada uma condição 

polimicrobiana, dada a grande quantidade de espécies a ela associadas e também à heterogeneidade 

com que se apresenta. (30) 

Do ponto de vista clínico, os critérios de Amsel et al. (31) foram amplamente utilizados para o 

diagnóstico desta condição, baseado em quatro critérios: identificação de conteúdo vaginal fino e 
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homogêneo; pH vaginal acima de 4,5; identificação da presença de aminas voláteis quando em adição 

de hidróxido de potássio (whiff test); e identificação de células-pista (clue cells) à observação 

microscópica. Entretanto, a subjetividade atribuída a parte dos critérios imputava limitações aos 

critérios clínicos como metodologia diagnóstica. 

No início da década de 90, Nugent et al. (32) propuseram um critério microscópico para 

diagnóstico da VB, amplamente utilizado e considerado padrão-ouro até os dias de hoje. O critério é 

baseado na classificação semi-quantitativa dos morfotipos presentes em esfregaços vaginais corados 

pelo método de Gram e classifica a microbiota vaginal em Flora I (escores 0 a 3), Flora Intermediária 

(escores 4 a 6) e Vaginose Bacteriana (escores 7 a 10).  

 Considerando a heterogeneidade intrínseca à VB, especialmente por seu caráter 

polimicrobiano por definição, o desenvolvimento de novos métodos moleculares para identificação 

bacteriana, especialmente através do sequenciamento de nova geração do gene bacteriano RNA 

ribossômico 16S, trouxe grande evolução na determinação da real composição bacteriana presente no 

ambiente vaginal pela caracterização de seu microbioma. 

Nesse sentido, Ravel et al. (33) demonstraram que, apesar da grande diversidade bacteriana 

presente no ambiente vaginal, esse microbioma pode ser agrupado em 5 tipos de comunidades 

bacterianas, as denominadas community-state types (CSTs), conforme a predominância de 

determinadas espécies.  Das 5 CSTs, 4 são caracterizadas pelo predomínio de espécies lactobacilares: 

Lactobacillus crispatus (CST I), L. gasseri (CST II), L. iners (CST III) e L. jensenii (CST V). Na 

comunidade bacteriana vaginal remanescente, a CST IV, o predomínio lactobacilar é substituído por 

aumento significativo na diversidade de espécies bacterianas de forma que não há predominância 

particular de nenhuma espécie. De fato, a maioria dos casos de VB detectada microscopicamente 
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encontra-se na CST IV, embora um número ainda considerável de casos de VB encontra-se 

distribuído nas demais CSTs, especialmente na CST III.  

A compreensão microscópica e molecular da composição da microbiota vaginal permitiu a 

ampliação do entendimento da relação entre esse nicho e a infecção por HPV. Ainda, no que se refere 

à VB, já foi demonstrado que tal alteração da microbiota vaginal  está associada à maior prevalência 

da infecção pelo HPV, já que alguns metabólitos dos microrganismos anaeróbios comprometem a 

resposta imune inata no ambiente vaginal conferindo tanto maior susceptibilidade à infecção, quanto 

a diminuição significativa na taxa do clearance viral. (34-37) 

 Brusselaers et al. (15), em uma revisão sistemática e meta-análise recentemente publicada, 

baseada em estudos longitudinais que incluem a avaliação microscópica e molecular da microbiota, 

sugerem a ideia de uma associação causal entre disbioses vaginais e o câncer cervical ao longo da 

aquisição e persistência da infecção, bem como progressão displásica.  

Paralelamente, Norenhag et al. (24), em revisão sistemática e meta-análise também 

recentemente publicada, baseada exclusivamente critérios moleculares para caracterização da 

microbiota, postulam que CSTs não dominadas por Lactobacillus spp. ou CSTs dominadas por 

Lactobacillus iners estão associadas a prevalências mais elevadas de infecção por HPV quando 

comparadas a comunidades dominadas por L. crispatus,  associação encontrada tanto para qualquer 

genótipo de HPV quanto para genótipos de alto risco oncogênico. Nesse mesmo estudo os autores 

destacam que essa mesma associação é encontrada em casos de displasia e câncer do colo do útero. 

A CST não dominada por Lactobacillus spp e a dominada por L. iners demonstraram de 3 a 5 

vezes mais risco para a infecção por qualquer HPV e 2 a 3 vezes mais risco para a identificação de 

genótipos de alto risco oncogênico e displasia ou câncer cervical, quando comparados a comunidade 

dominada por L. crispatus. (24) 
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De forma geral, a compreensão do microbioma vaginal permitiu maior refinamento no 

entendimento da associação entre a composição microbiana e a infecção por HPV, inclusive através 

da identificação do papel desempenhado por diferentes espécies de Lactobacillus spp frente à 

infecção. Esse entendimento ressalta, também, a possibilidade de compreensão mais profunda das 

relações estabelecidas por determinadas espécies bacterianas e o HPV, em especial tendo em vista a 

heterogeneidade intrínseca da microbiota, em especial nos casos de VB e CST IV. 

Desta forma, a ideia de uma associação entre determinadas espécies bacterianas e a infecção 

por HPV, em especial os de alto risco oncogênico, tem sido proposta recentemente. (38) 

De forma pontual, Fusobacterium spp. tem sido proposto por seu papel como possível 

facilitador oncogênico e sua associação ao desenvolvimento displásico, (9,20 – 44) em especial de 

forma paralela aos entendimentos do microbioma intestinal e o papel desempenhado por essa bactéria 

no câncer colorretal. (24, 39-41) 

Paralelamente, as espécies Gardnerella vaginalis e Atopobium vaginae foram propostos como 

possíveis marcadores moleculares, considerando o fato de ambos contribuírem para a formação de 

biofilmes, em especial pelo papel que esta formação pode desempenhar na persistência do HPV. (24, 

42-45)  

Similarmente, uma associação foi descrita associação entre genótipos de alto risco oncogênico 

e a abundância de Prevotella spp. e Leptotrichia spp. (46), enquanto Snethia spp. foi descrita por seu 

possível papel na carcinogênese cervical (47) e reportado como possível marcador para infecções por 

HPV de alto risco oncogênico. (21) 

Adicionalmente, determinadas espécies, dentre elas Atopobium spp. (que não A. vaginae), 

Dialister spp., Eggerthella spp., Gemella spp. e Gardnerella spp., foram encontradas de forma mais 
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abundante em mulheres com infecção por HPV classificadas com CST IV, bem como concordantes 

com a presença de determinadas aminas biogênicas após avaliação metabolômica. (29) 

De forma geral, o emergente entendimento da associação entre determinadas espécies e a 

infecção viral é um campo promissor na identificação de possíveis marcadores biológicos, em 

especial por seu potencial de aplicação clínica. A identificação de mulheres com determinadas 

composições microbianas pode direcionar abordagens de seguimento e manejo diferenciais do ponto 

de vista clínico frente à infecção por HPV.  

 Embora causalidade não tenha sido determinada entre componentes microbianos e a 

persistência e progressão de lesões HPV-induzidas, em especial pelos fatores confundidores 

associados à composição da microbiota, é relevante ressaltar que a composição microbiana é um fator 

de risco potencialmente modificável. (15) 

Nesse sentido, é relevante ressaltar alguns dos diversos fatores que influenciam a composição 

da microbiota e que impõem algumas limitações ao completo entendimento da relação microbiota – 

HPV. São fatores inerentes ao hospedeiro: idade, status hormonal, fatores sociodemográficos, fatores 

comportamentais e sexuais, etnia, bem como fatores genéticos associados, presença de coinfecções, 

entre outros. Paralelamente, a hetetogeneidade associada e classificações diferenciais da microbiota 

entre estudos são outros fatores confundidores que permeiam a complexidade desse entendimento. 

(15, 24) 

Apesar dessas limitações, estudos reiteram o papel desempenhado pela microbiota na 

persistência da infecção e no desenvolvimento do câncer cervical. Nesse aspecto, é importante 

ressaltar o papel do manejo das disbioses em favor do estabelecimento de um ambiente lactobacilar 

como um fator de intervenção no controle das alterações HPV-induzidas no colo uterino. É relevante 
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o potencial de tais intervenções como uma possível ferramenta auxiliar na redução de procedimentos 

ablativos e excisionais na prática ginecológica. (15)  

As disbioses vaginais são ainda pouco estudadas e devidamente diagnosticas, tendo em vista 

seu papel como fator de risco na epidemiologia do HPV. A avaliação e manejo das disbioses, 

associadas a estratégias vacinais, possivelmente contribuiriam significativamente na redução do 

câncer cervical. (15) 
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1. Abstract 
 

Background: The association between vaginal microbiome and human papillomavirus (HPV) 

remains unclear, partly due to the heterogeneity of the microbiota across population. We evaluated 

the association between microbiome components and cervical high-risk HPV (hrHPV) infection. 

Methods: We enrolled 546 women aged 18-51 years in a cross-sectional study conducted in five 

Brazilian regions. Cervicovaginal samples were genotyped for HPV using Roche’s Linear Array 

test. For vaginal microbiome analysis, the V3-V4 region of 16S rRNA gene was sequenced 

(Illumina). We used stepwise (forward, p<0.15) logistic regression to construct two linear scores 

to predict hrHPV positivity: one based exclusively on the presence of individual bacterial taxa 

(microbiome-based [MB] score) and the other exclusively on participants’ sociodemographic, 

behavioral and clinical (SBC) characteristics. The MB score combined coefficients of 30 (out of 

116) species retained in the model. The SBC score retained six out of 25 candidate variables. We 

constructed receiver operating characteristic curves for the scores as hrHPV correlates and 

compared the areas under the curve (AUC) and 95% confidence intervals (CI) to infer the 

difference in predictive performance. Results: The prevalence of hrHPV was 15.8% (n=86), and 

143 (26.2%) participants had Lactobacillus-depleted vaginal microbiome. The AUCs were 0.8022 
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(CI: 0.7517-0.8527) for the MB score and 0.7027 (CI: 0.6419-0.7636) for the SBC score 

(P=0.0163 for the difference between AUCs). Conclusions: Our findings suggest that the 

composition of the vaginal microbiome is strongly correlated with hrHPV positivity, warranting 

further validation of its clinical utility via longitudinal studies. 

 

 

2. Introduction 
 

Microbiome signatures of diseases have provided cutting-edge information for uncovering 

microbiome-host relations. Recent studies of the integrative phase of the Human Microbiome 

Project (HMP) have established microbial signatures of the gut and vagina for colorectal cancer 

and preterm labor, respectively.(1, 2) Although no causal relation between the microbiome 

components and disease was addressed, these studies have identified the microbial taxa that are 

shared by individuals with the aforementioned diseases. 

In the context of vaginal microbiota, dominance of Lactobacillus spp. over other bacteria has long 

been considered as an indicator of healthy state, mainly due to the acidic environment originating 

from glycogen fermentation that protects against pathogens, including sexually transmitted 

infections (STI).(3, 4) Conversely, women with vaginal dysbiosis, generally referred to as bacterial 

vaginosis, are at an increased risk of acquiring several STIs, including the human papillomavirus 

(HPV).(5-8) HPV-related diseases have an enormous impact on public health, especially in regards 

to women reproductive health. Cervical cancer is caused by persistent infection with oncogenic 

high-risk HPV (hrHPV) genotypes, and is the fourth most frequent type of cancer in women, 

excluding non-melanoma skin tumours.(9)  
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Bacterial vaginosis (BV) has been associated with incident(6-8) and persistent HPV infection(6) 

as well as with progression to premalignant and malignant cervical lesions(10, 11). Up to now, a 

few studies have used a microbiome-based approach to evaluate the association between vaginal 

bacteria and HPV.(12-14) Despite being limited to small sample sizes and targeting specific 

populations, the latter studies have corroborated previous reports of an association between BV 

and persistent HPV infection (6-8). However, it remains unknown if certain bacterial taxa are 

actually associated with cervical hrHPV genotypes. We aimed to evaluate the association between 

vaginal microbiome components, especially bacterial taxa identified by high throughput 16S 

rRNA sequencing, and cervical hrHPV infection. 

 

Material and Methods 

 

Study design and population  

The study population consisted of a subset of participants enrolled in a cross-sectional study (2013-

2015) that aimed to characterize and compare the vaginal microbiome in reproductive-age women 

from five geopolitical regions of Brazil. Participants were enrolled in the North (Belém/PA, 

n=133), Northeast (João Pessoa/PB, n=108), Central-West (Goiânia/GO, n=119), Southeast 

(Botucatu/SP, n=140) and South (Curitiba/PR, n=109) regions. Recruitment in all regions, except 

for the South, took place in primary healthcare units (community-based population) by 

approaching women who were attending their routine Pap-testing. In the South, participants were 

recruited in outpatient clinics (general gynecology, pre- and post-operative care) at a university 

referral hospital. The study was approved by the review board of all participating centers (approval 

number 306.547), and all participants signed an informed consent form. 
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We recruited women meeting the following eligibility criteria upon enrollment: aged ≥18 years, 

not pregnant; having regular monthly menstrual periods and had their last period since at least 5 

days; no vaginal sex or medical procedures (e.g., an ultrasound examination) for a minimum of 72 

hours; and not reporting urinary loss, infection, use of intrauterine device (IUD) and vaginal ring 

as a contraceptive method, topic and/or systemic antimicrobial drugs in the last 45 days, or a 

previous positive test for HIV or syphilis. None of the participants had been previously vaccinated 

against HPV. 

 
Data collection and sampling procedures 

We collected data on sociodemographic, behavioral and clinical characteristics using a structured 

questionnaire in face-to-face interviews. For the physical exam, we used a non-lubricated sterile 

speculum and measured the vaginal pH by placing a pH strip (range 4.0 to 7.0, Merck, Darmstadt, 

Germany) against the vaginal wall for 1 minute. We collected two samples from the mid-vaginal 

wall, the first using Eswabs (Copan, Brescia, Italy) was stored at -80o C for microbiome analysis, 

and the second using sterile cotton swab was smeared onto microscopic glass slides for 

microscopic classification. After smears confection, we added three droplets of a 10% [v/v] 

potassium hydroxide (KOH) to the swab to check for presence of volatile amines indicative of 

microbial anaerobic metabolism. Finally, we collected endocervical brush samples that were stored 

at -20o C for Chlamydia trachomatis, Neisseria gonorrhoeae, Trichomonas vaginalis and HPV 

molecular testing.  

 
Vaginal microbiota assessment  
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We performed Gram-staining of vaginal smears for microscopic observation. Microbiota was 

classified according to the Nugent score system that comprises three categories: normal (scores 0 

to 3), intermediate (scores 4 to 6) or BV (scores 7 to 10).(15)  

For microbiome assessment, we extracted total bacterial DNA using MoBio PowerSoil kit 

(MoBio, Carlsbad, CA, USA), according to manufacturers' instruction. We further performed PCR 

targeting V3-V4 regions of the 16S rRNA gene using Phusion High-Fidelity PCR Master (Thermo 

Scientific, Waltham, MA, USA) and purified amplicons using SPRIselect Reagent Kit (Beckman 

Coulter Life Sciences, Indianapolis, IN, USA). We performed DNA sequencing of amplicon 

libraries using 300 PE protocol in Illumina MiSeq instrument (Illumina, San Diego, CA, USA), 

using methods specifically developed for vaginal samples by Fadrosh et al.(16) After checking 

and trimming for quality, reads were paired and assembled using FLASH with overlap by ~90 

bp.(17) We processed and de-multiplexed raw reads in QIIME (version 1.8.0)(18) and performed 

de novo and reference-based chimera detection using UCHIME (v5.1)(19) with greengenes 

database (Aug, 2013 version).(20) For precise species level assignments, we performed species 

and genera assignments of 16S rRNA sequences using an in-house fifth-order Markov Chain 

model and a pre-compiled database of bacterial taxa already identified in vaginal microbiota.(4) 

Based on the dominant bacterial taxa and their relative abundance, we stratified samples into five 

community state types (CSTs I to V) as described by Ravel et al.(4) using Jensen-Shannon 

divergence metrics. (4, 21, 22) Four CSTs were Lactobacillus-dominated: CST I by L. crispatus, 

CST II by L. gasseri, CST III by L. iners, and CST V by L. jensenii. CST IV was characterized by 

the lack of significant taxa dominance and a great microbial diversity. We defined bacterial 

richness as the number of taxa sequenced in each sample, and alpha-diversity as the Shannon-

Weiner index using the vegan package in R.(23)  
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HPV genotyping and detection of other infections 

For molecular testing, we extracted DNA from cervical brush samples using AmpliLute Liquid 

Media Extraction kit (Roche Molecular Systems, Inc., Pleasanton, CA, USA). We performed HPV 

genotyping using the Linear Array HPV genotyping tests kit (Roche Molecular Systems, 

Pleasanton, CA), according to manufacturer’s instructions. This method is based on the 

amplification of target DNA by using HPV primers to the L1 gene followed by hybridization of 

the amplified products to oligonucleotide probes. This technique allows the identification of 37 

anogenital HPV genotypes, including low-risk HPV types (lrHPVs) and hrHPVs. Additionally, we 

tested cervical samples for C. trachomatis and N. gonorrhoeae infection by PCR, as previously 

described.(24, 25) To assess T. vaginalis status, we performed PCRs using primers set TVA5 (5’-

GATCATGTTCTATCTTTTCA-3’) and TVA6 (5’-GATCACCACCTTAGTTTACA-3’) (26) at 

10 µM (0.25 µL volume each), added to 12.5 µL GoTaq Green Master Mix (Promega, Madison, 

WI) and 2.0 µL DNA template. We used a 40 cycles reaction of 94ºC for 1 minute, followed by 

52oC for 1 minute, and by 72oC for another minute. We submitted PCR reactions to electrophoresis 

and considered as positive samples those with a 102 bp-sized amplicon observed through 

ultraviolet transilluminator.  

 

Statistical analysis 

We compared sociodemographic, behavioral and clinical characteristics of the study population as 

well HPV infection status across enrollment regions; categorical variables were compared using 

Pearson’s chi-square test and continuous variables were compared using the Kruskal-Wallis test. 

We also examined the distribution of HPV infections across CSTs.  
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We used logistic regression analyses to estimate age- and region- adjusted and multivariable 

adjusted odds ratios (OR) and their 95% confidence intervals (CI) for the association between 

participants’ characteristics and HPV infection. We fitted two stepwise multivariable logistic 

regression models to assess the association between each of (1) microbiome-derived taxa and (2) 

sociodemographic, behavioral, and clinical characteristics with the occurrence of high-risk HPV 

infection. We defined these variables for the second logistic regression as these are known to be 

associated to HPV infection in some extent, and as a way of comparison to evaluate the association 

between microbiome component and hrHPV infection. Potential a priori covariates were retained 

if they were significant at the 0.15 level. Using the regression coefficients, we constructed two 

corresponding linear scores for predicting hrHPV positivity: (1) a microbiome-based (MB) score 

and (2) a score based on sociodemographic, behavioral, and clinical (SBC) characteristics. We 

constructed a receiver operating curve (ROC) to compare the performance of both scores in 

predicting hrHPV infection by calculating for MB and SBC scores their area under the curve 

(AUC) and 95% CI. Considering the potential source of bias by South region differential 

recruitment setting, statistical analyses were conducted repeatedly excluding this center in order 

to check the consistency of the results. All analyses were performed using Stata/SE (version 15.1, 

StataCorp, College Station, TX); P-values <0.05 were considered significant. 

 

3. Results 
 

Study population: overall and by enrollment centers 

Of the 609 enrolled participants, 63 women (10.3%) were excluded (37 had insufficient cervical 

samples and 26 tested negative for beta-globin internal control of DNA extraction), resulting in 

546 participants included in the current analysis. Table 1 shows their sociodemographic, 
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behavioral and clinical characteristics, overall and by recruitment region. The overall median age 

was 34 years (range 18-51). More than half identified themselves as Black/Pardo (55.7%), had at 

least completed secondary education (>11 years, 57.7%), and were living with a partner at 

enrollment (64.4%). A small proportion were smokers (11.2%), had two or more sex partners 

during the previous year (10.8%), and a new sex partner 2 months before enrollment (7.7%). A 

total of 257 women (47.1%) had been treated at least once for abnormal discharge with 

antimicrobial drugs. Current abnormal discharge was reported by 44.7% of participants and more 

than half (52%) had abnormal vaginal pH (> 4.5). Cervical infections caused by C. trachomatis, 

N. gonorrhoeae or T. vaginalis were detected in 30 (5.5%) participants. The overall prevalence of 

microscopic (Nugent) BV was 27.5% (n=150), which significantly differed by region, with 

participants from the North showing the highest prevalence (37.5%). In regard to 16S rRNA 

sequencing findings, CST I (n=166, 30.4%), CST III (n=204, 37.4%) and CST IV (n=143, 26.2%) 

were the most prevalent, while CST V was only found in 1.1% (n=6) of the population. The 

prevalence of CSTs also differed according to region. Lactobacillus iners-dominated CST III was 

the most prevalent in all regions, except for the North where CST IV was the most frequent type. 

The South region showed the lowest prevalence of CST IV (7.3%) and was the only region where 

CST II (L. gasseri-dominated) had a fairly expressive prevalence (12.6%, n=12).  

 
Cervical HPV infection: oncogenic risk, species and genotypes  

As displayed in Table 2, the overall positivity for any HPV infection was 21.4% (n=117), while 

prevalence of lrHPV and hrHPV were 10.8% (n=59) and 15.8% (n=86), respectively. The 

prevalence of any HPV and lrHPV was significantly higher in the South and Central regions 

compared to other regions (p<0.05). HPV species 9 was the most prevalent (9.9%) amongst the 10 

HPV species identified in the study. The prevalence of HPV species did not differ by region. 
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Among the 32 HPV genotypes detected, the most prevalent was HPV16 (5.1%), followed by HPV6 

(3.1%) and HPV52 (2.4%). We observed that only the prevalence of HPVs 6, 11 and 16 differed 

across regions (p<0.0001).  

When comparing HPV prevalence rates stratified by microbiome-defined CSTs, no significant 

difference was observed (Table 3). However, at the species level, we observed that the prevalence 

of HPV species 1 and 10 differed across CSTs (p<0.05).  

 
Association between population characteristics associated with HPV infection  

The associations between characteristics of the study population and HPV infection are presented 

in Table 4. Women aged between 26 and 39 years (fully adjusted OR=0.45, 95% CI: 0.26-0.77) 

and those who were living with a partner upon enrollment (fully adjusted OR= 0.54, 95% CI: 0.35-

0.84) had a reduced risk of any HPV infection. Women who reported having a new sex partner 

two months prior to enrollment were more likely to have hrHPV (OR= 2.23, 95% CI: 1.06-4.66), 

independently of other factors. The use of injectable hormone was protective against HPV (fully 

adjusted OR=0.21, 95% CI: 0.06-0.72) and hrHPV (fully adjusted OR=0.08, 95% CI: 0.01-0.63), 

while no association was found with oral contraceptives. Condom use was positively associated 

with having any HPV infection in age- and region- analysis (OR=1.58, 95% CI: 1.01-2.50); no 

associations were observed with hrHPV. Bacterial vaginosis using Nugent microscopic 

classification was associated with any HPV (OR= 1.89, 95% CI:1.15-3.03) and hrHPV (OR= 1.90, 

95% CI: 1.13-3.31) in age- and region- adjusted models but were not retained in multivariable 

analyses. Women with CST IV were at an increased risk of having any HPV infection (age- and 

region- adjusted OR= 1.96, 95% CI: 1.11-3.48). No association was found between CSTs and 

hrHPV positivity.  
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Vaginal microbiome components as indicators of hrHPV  

Supplementary Table 1 presents the stepwise multivariate logistic regression coefficients of the 

MB score used to predict cervical hrHPV. Out of 116 bacterial taxa identified in the study, 30 were 

retained in the model for hrHPV prediction. Using a similar statistical approach, Supplementary 

Table 2 presents the coefficients of six (age, marital status, new sex partner, hormonal 

contraceptive use, body mass index and smoking) out of 25 candidate SBC characteristics. Figure 

1 plots the ROC curves for the MB and SBC for predicting hrHPV positivity. The MB score 

performed better (AUC=0.8022, 95% CI: 0.7517-0.8527) than the SBC score (AUC=0.7027, 95% 

CI: 0.6419 – 0.7636) for predicting hrHPV infection (p<0.001), with no overlap in the 95% CIs. 

Results remain the same when excluding South region as a potential source of bias.  

 

4. Discussion 
 

We demonstrate the strong correlation between vaginal microbiome components and hrHPV 

infection, whereby proposing the utility of vaginal microbiome components, here demonstrated by 

MB score, as an indicator of cervical hrHPV infection. 

Until now, studies have demonstrated the protective role played by some Lactobacillus species 

against HPV infection in the vaginal environment. Within the protective factors mediated by the 

microbiota, the maintenance of an acidic environment, especially through the production of lactic 

acid and hydrogen peroxide, as well as bacteriocins and biosurfactant by some Lactobacillus 

species help the provision of a protective mucosal barrier and epithelial integrity. (21, 27) 

In contrast, vaginal dysbiosis are known to lack the protective factors mediated by Lactobacillus, 

as well as to be associated with disruption of the integrity of the mucosal barrier, a chronic 

inflammatory context and oxidative stress. (28) Highly diverse vaginal microbiome communities 
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that lack Lactobacillus dominance, especially CST IV, have been linked to HPV infection 

persistence and increased CIN severity. (21, 28)  

Despite the described association between vaginal dysbiosis, HPV infection and CIN progression, 

an idea of an association between certain bacterial species and HPV infection, especially hrHPV, 

has been brought recently.(29)  

Among the 30 discriminative taxa retained in the model for its association with hrHPV positivity, 

some have been already acknowledged as vaginal colonizers associated with disrupted microbiota, 

such as Prevotella spp., Dialister spp., Megasphaera spp., Leptotrichia spp., Bacterial Vaginosis-

Associated Bacteria-3 (BVAB3), Mycoplasma genitalium and others. (21, 30, 31) 

In addition, it is remarkable that some of the bacterial taxa that compose the MB score have been 

directly linked to HPV infection in recent studies. Prevotella spp. and Leptotrichia spp. (30) have 

been associated with hrHPV infection. Prevotella spp., a microbe with a close symbiotic 

metabolism relation to Gardnerella vaginalis, is well known for its potential to disrupt the vaginal 

immunity. (33, 34)  Along with Gardnerella spp., increased baseline abundance of Prevotella spp. 

was associated with an persistence of hrHPV infection. (12)  

Recently, Chen et al (35) found Bifidobacterium spp., Bacillus spp., Megasphaera spp., Snethia 

spp., Prevotella spp., Gardnerella spp., Fastidiospila spp. and Dialister spp. to be biomarkers for 

hrHPV infection in non-pregnant women in Chinese cohorts. 

At the same time, Gardnerella vaginalis and Atopobium vaginae have been proposed as potential 

molecular markers, especially by its contribution in biofilm formation and its association to viral 

persistence.(12, 21, 36-38)  

As a whole, an idea that hrHPV infection might be linked to specific agents, regardless of its 

abundance has been brought recently. Huang et al demonstrates that it is not a diverse or common 
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vaginal microbiota itself, but rather the presence of certain microbiome components that influence 

the acquisition of hrHPV genotypes. (29)  

Still in that context, a recent study that characterizes the vaginal metabolome of HPV positive and 

negative women demonstrates that, the vaginal metabolome can not be clustered based on HPV 

status, but it can be, in general, characterized based on the bacterial composition. Considering that, 

differential metabolome profiles can be identified between HPV positive and negative women 

within the same CST, especially regarding to oxidative stress metabolites.(31)  

All together, these findings demonstrate the emerging understanding of the interplay between HPV 

infection and certain vaginal microbiome components. Thus, MB score itself, proposed by this 

study, highlights the association between those entities.  

We also used SBC score as a way to compare the performance of our newly developed MB score 

and to evaluate the association of microbiome components to hrHPV infection. Concerning that 

comparison, retained variables from the multivariate logistic regression model that composed SBC 

score must be pointed out. Those variables are a priori cofounders for HPV infection that reflect 

the only information that may be available for clinicians during cervical cancer screening practice.  

Among the six retained variables that composed SBC score, five (age, living with partner, new sex 

partner, use of hormonal contraceptive, and smoking habits) are variables that have already been 

linked to HPV infection in some extent (39) and might be taken into account as relevant 

information during clinical assessment.  The remaining variable, BMI, is the only one that has not 

been associated with HPV infection. (40) The retained SBC variables themselves corroborate the 

previous clinical understanding associated with HPV infection. 

Altogether, MB score highlights the strong association between vaginal microbiome components 

and HPV infection compared to well-understood clinical variables presented by SBC score. 
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Regarding to the characterization of our population, the overall prevalence of BV was 27.5% in 

our population, in line with the 30% average reported in the literature.(41) The prevalence of BV 

is known to vary across different populations; in our study population it varied considerably from 

12.6% (South) to 37.5% (North). Among vaginal microbiome characterization, nearly 75% of 

participants had a Lactobacillus-dominated CSTs, while the remainder had CST IV, similar to the 

general prevalence of BV. CST IV varied across region with lower and higher rates in the South 

(7.3%) and North (35.2%), respectively.  

The prevalence of hrHPV (15.8%) was very similar to the previously reported prevalence (14.9%) 

in a Brazilian study that enrolled more than 16,000 women attending primary healthcare clinics 

for cervical cancer screening.(42)  

Women with ages between 26 and 39 years and those who reported to cohabitate with a partner 

(including those married) were less likely to be HPV-positive. Older age and being in a marital 

relationship were negatively associated with cervical HPV. (43, 44) We found a protective effect 

of injectable hormones on HPV cervical infection, contrary to a previous Brazilian-cohort study. 

(45) Condom use was positively associated with any HPV positivity, but the literature is 

controversial on this association.(45, 46) One possible explanation for our findings could be that 

participants in more steady relationships would opt for injections, while others would be more 

prone to use condoms. It is also relevant the limitations in evaluating the consistency of condom 

use in this type of questionnaire.  

Several sexual behaviors such as age at coitarche, number of lifetime sex partners, and having 

recent casual sex, have been shown to increase the risk of cervical HPV infection.(43) In our 

population, participants who had a new sex partner in the 2 months prior to study enrolment were 
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more likely to be infected with any HPV and/or hrHPV. We did not observe an association with 

the number of sex partners in the past year or the frequency of sexual intercourse.  

We found an association between BV and HPV in bivariate analyses in agreement with previous 

reports.(6-8) Similarly, CST IV was positively associated with any HPV infection. Data from 

previous studies indicate an association between Lactobacillus-depleted microbiome and HPV 

persistence.(30, 47, 48) Also, presence of certain Lactobacillus spp., such as L. crispatus, may be 

more beneficial than others in clearing HPV infections.(14) 

The emerging understanding of the association between certain bacterial species and HPV 

infection is a promising field in the identification of biological markers, especially for its potential 

in clinical application. The identification of women with certain microbial compositions can lead 

to differential approaches and management from a clinical perspective of HPV infection. 

Additionally, the understanding of the role played by some vaginal microbiome components can 

translate into some auxiliary tools in gynecological practice in the follow-up of hrHPV positive 

patients. 

Although causality has not been determined between vaginal microbiome components, HPV 

infection, persistence and cervical cancer progression, it must be pointed that the microbiota is a 

potentially modifiable risk factor. (28) 

From that perspective, it is relevant to highlight some of the several factors that influence the 

composition of the microbiota and that impose some limitations to the complete understanding of 

the microbiota – HPV interplay.  

Some of the factors inherent to the host are: age; hormonal status; sociodemographic factors; 

behavioral and sexual factors; ethnicity, as well as associated genetic factors; presence of 

coinfections, among others. At the same time, the inherent heterogeneity associated with the 
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microbiota, as well as differential classifications between studies are other cofounding factors that 

permeate the complexity of this understanding. (21, 28)  

From that perspective, the methodologies used in this study, in line with the reference studies in 

this field; the population size as well as its extent; the requirement of reproductive-age women; as 

well as the characterization of our population are all strengths that highlight the impact of our 

findings. 

Despite some of the intrinsic limitations in this field of study, studies corroborate the role played 

by vaginal microbiota in the progression of infection and cervical cancer development. In this 

regard, it is important to highlight the role of proper vaginal dysbiosis diagnosis and management 

in favor of establishing a healthy microbiota as an associated intervention tool in the burden of 

HPV-associated changes in the cervix in gynecological practice.  

Vaginal dysbiosis are still a matter of studies and proper diagnosis, considering its role as a risk 

factor in the epidemiology of HPV. The appropriate management of dysbiosis, associated with 

vaccination strategies would possibly contribute significantly to the reduction of cervical cancer 

and HPV-related diseases. Additionally, the complete understanding of the role played by some 

species in the vaginal environment can translate into auxiliary tools for cancer development risk 

assessment for HPV positive women in gynecological practice.    

Altogether the identification of the strong correlation between vaginal microbiome and hrHPV 

infection, shown by MB score, contributes to futures insights in this field of study, especially 

through the demonstrating the relevance of vaginal microbiome components compared to 

sociodemographic, clinical and behavioral characteristics. These results might also contribute to 

the better understanding of the interplay between vaginal microbiome and HPV infection. Further 
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validation of MB score clinical utility as a predictor tool must be confirmed via longitudinal 

studies. 

5. Conclusion 
  

Our findings demonstrate the strong correlation between vaginal microbiome components and 

hrHPV infection, whereby proposing the utility of vaginal microbiome components, here 

demonstrated by MB score, as an indicator of hrHPV infection. It warrants further validation of its 

clinical utility as a predictor via longitudinal studies. 
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Table 1. Sociodemographic, behavioral and clinical characteristics of the population, overall and by region. 

 Overall  
(n= 546) 

 South 
(n= 95) 

Southeast 
(n= 109) 

Central 
(n= 111) 

Northeast 
(n= 103) 

North 
(n= 128) 

P-valuea 

Age, years        0.66 
 Median (range) 34 (18-51)  35 (18-50) 33 (18-51) 35 (18-50) 34 (18-49) 34 (19-49)  
Age, years        0.07 
 <25  109 (20.0)  22 (23.2) 31 (28.4) 21 (18.9) 15 (14.6) 20 (15.6)  
 26-39  278 (50.9)  42 (44.2) 43 (39.5) 59 (53.2) 61 (59.2) 73 (57.0)  
 ≥40  159 (29.1)  31 (32.6) 55 (32.1) 31 (27.9) 27 (26.2) 35 (27.4)  
Ethnicity        <0.0001 
 Black/pardo 304 (55.7)  24 (25.3) 42 (38.5) 70 (63.1) 67 (65.1) 101 (78.9)  
 White 219 (40.1)  71 (74.7) 65 (59.6) 30 (27.0) 33 (32.0) 20 (15.6)  
 Other  23 (4.2)  0 (0.0) 32(1.8) 11 (9.9) 3 (2.9) 7 (5.5)  
Living with partner        0.01 
 No 194 (35.6)  39 (41.1) 40 (36.7) 51 (46.0) 27 (26.2) 37 (28.7)  
 Yes 352 (64.4)  56 (58.9) 69 (63.3) 60 (54.0) 76 (73.8) 91 (71.1)  
School, years 
completed 

       0.0001 

 Median (range) 11 (0-20)  11 (2-20) 9 (0-16) 11 (0-17) 9 (0-15) 11 (2-20)  
Schooling, years 
completed 

       <0.0001 

 ≤11  231 (42.3)  29 (29.5) 68 (62.4) 32 (28.8) 54 (52.4) 79 (38.7)  
 >11  315 (57.7)  71 (70.5) 41 (37.6) 79 (71.2) 49 (47.6) 79 (61.3)  
Has personal income?        0.005 
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 Overall  
(n= 546) 

 South 
(n= 95) 

Southeast 
(n= 109) 

Central 
(n= 111) 

Northeast 
(n= 103) 

North 
(n= 128) 

P-valuea 

 No 193 (35.6)  24 (25.3) 43 (39.4) 28 (25.2) 44 (42.7) 55 (42.2)  
 Yes 353 (64.4)  71 (74.7) 66 (60.6) 83 (74.8) 59 (57.3) 74 (57.8)  
Body mass index        0.05 
 Median (range)  25.0 (14.7-

53.0) 
 24.3 (16.2-

40.3) 
26.1 (17.6-

53.0) 
24.7 (17.8-

41.5) 
25.6 (16.9-

41.1) 
24.6 (14.7-

39.2) 
 

Body mass indexb        0.30 
 Underweight/Normal  275 (50.4)  53 (55.8) 47 (43.2) 58 (52.3) 46 (44.7) 71 (55.5)  
 Overweight  177 (32.4)  29 (30.5) 37 (33.9) 34 (30.6) 35 (34.0) 42 (32.8)  
 Obese  94 (17.2)  13 (13.7) 25 (22.9) 19 (17.1) 22 (21.3) 15 (11.7)  
Smoking        0.006 
 No 485 (88.8)  83 (87.4) 87 (79.8) 105 (94.6) 92 (89.3) 118 (92.2)  
 Yes 61 (11.2)  12 (12.6) 22 (20.2) 6 (5.4) 11 (10.7) 10 (7.8)  
Alcohol         0.007 
 No 388 (71.1)  60 (63.2) 90 (82.6) 81 (73.0) 77 (74.8) 80 (62.5)  
 Yes 158 (28.9)  35 (36.8) 24 (17.4) 30 (27.0) 26 (25.2) 48 (38.5)  
Intimate soap        <0.0001 
 No 273 (50.0)  46 (48.2) 80 (73.4) 46 (41.4) 59 (57.3) 42 (32.8)  
 Yes 273 (50.0)  49 (51.6) 29 (26.6) 65 (58.6) 44 (42.7) 86 (67.2)  
Douching        0.13 
 No 466 (85.3)  78 (82.1) 196 (88.1) 97 (87.4) 93 (90.3) 102 (79.7)  
 Yes 80 (14.7)  17 (18.9) 13 (11.9) 14 (12.6) 10 (9.7) 26 (20.3)  
Sitz-bathing        <0.0001 
 No 500 (91.6)  93 (98.9) 109 (100.0) 111 (100.0) 92 (89.3) 96 (74.2)  
 Yes 46 (8.4)  2 (2.1) 0 (0.0) 0 (0.0) 11 (10.7) 33 (25.8)  
Number of sex 
partnersc  

       0.29 

 None 29 (5.3)  8 (8.4) 3 (2.4) 7 (6.3) 6 (5.8) 5 (3.9)  
 1 458 (83.9)  85 (86.3) 95 (87.2) 92 (82.9) 86 (83.5) 104 (80.5)  
 2+ 59 (10.8)  5 (5.2) 11 (10.4) 12 (10.8) 11 (10.7) 20 (15.6)  
New sex partnerd         <0.0001 
 No 504 (92.3)  83 (84.4) 108 (97.3) 108 (97.3) 102 (99.0) 119 (93.0)  
 Yes 42 (7.7)  13 (12.6) 17 (2.7) 3 (2.7) 1 (1.0) 9 (7.0)  
Sexual 
intercourse/week 

       0.002 

 0 96 (17.6)  26 (27.4) 15 (13.8) 22 (19.8) 13 (12.6) 20 (15.6)  
 1-2 242 (44.3)  49 (51.6) 42 (28.5) 44 (39.6) 55 (53.4) 52 (40.7)  
 3+ 208 (38.1)  20 (21.0) 52 (47.7) 45 (40.5) 35 (34.0) 56 (43.8)  
Hormonal 
contraceptive 

       <0.0001 

 None 337 (61.7)  40 (42.1) 61 (56.0) 69 (62.1) 62 (60.2) 105 (82.0)  
 Oral 166 (30.4)  49 (51.6) 38 (34.5) 36 (32.4) 28 (27.2) 15 (11.7)  
 Injectable 43 (7.9)  6 (6.3) 10 (9.2) 6 (5.4) 13 (12.6) 8 (6.3)  
Condom use        0.002 
 No 371 (68.0)  66 (69.5) 81 (74.3) 63 (56.8) 82 (79.6) 79 (61.7)  
 Yes 175 (32.0)  29 (30.5) 28 (25.7) 48 (44.2) 21 (20.4) 50 (38.3)  
Ever pregnant        <0.0001 
 No 120 (22.0)  36 (37.9) 28 (25.7) 21 (18.9) 13 (12.6) 22 (17.2)  
 Yes 426 (78.0)  59 (62.1) 81 (74.3) 90 (81.1) 90 (87.4) 107 (82.8)  
Menstrual cycle phase        0.003 
 Follicular 237 (43.4)  30 (31.6) 50 (45.9) 48 (43.2) 52 (50.5) 57 (4.5)  
 Luteal 255 (46.7)  54 (56.8) 51 (46.8) 42 (37.8) 43 (41.7) 65 (50.8)  
 Suppressede  54 (9.9)  11 (11.6) 8 (7.3) 21 (18.9) 8 (7.8) 6 (4.7)  
Dyspareunia        0.61 
 No 348 (63.7)  59 (62.1) 68 (62.4) 78 (70.3) 65 (63.1) 78 (60.9)  
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 Overall  
(n= 546) 

 South 
(n= 95) 

Southeast 
(n= 109) 

Central 
(n= 111) 

Northeast 
(n= 103) 

North 
(n= 128) 

P-valuea 

 Yes 198 (36.3)  36 (37.9) 41 (37.6) 33 (29.7) 38 (36.9) 50 (39.1)  
Previously treated 
abnormal discharge 

       <0.0001 

 No 289 (52.9)  43 (45.3) 59 (54.1) 92 (82.9) 48 (46.6) 47 (36.7)  
 Yes 257 (47.1)  52 (54.7) 50 (45.9) 19 (17.1) 55 (53.4) 81 (63.3)  
Abnormal discharge        0.002 
 No 302 (55.3)  66 (69.5) 57 (52.3) 56 (48.7) 63 (61.2) 62 (48.4)  
 Yes 244 (44.7)  29 (30.5) 52 (47.7) 57 (51.4) 40 (38.8) 66 (51.6)  
Vaginal pH        0.007 
 Median (range) 4.7 (4.0-

6.1) 
 4.4 (4.0-

6.1) 
4.7 (4.0-

5.8) 
4.4 (4.0-

5.5) 
4.4 (4.0-

5.5) 
4.4 (4.0-

5.5) 
 

Vaginal pH        <0.0001 
 Normal (≤4.5) 262 (48.0)  53 (55.8) 30 (27.5) 60 (54.0) 52 (50.5) 67 (52.3)  
 Abnormal (>4.5) 284 (52.0)  42 (44.2) 79 (72.5) 51 (46.0) 51 (49.5) 61 (47.7)  
Vulvitis        0.003 
 No 528 (96.7)  86 (90.5) 105 (96.3) 110 (99.1) 100 (97.1) 127 (99.2)  
 Yes 18 (3.3)  9 (9.5) 4 (3.7) 1 (0.9) 3 (2.9) 1 (0.8)  
Signs of cervicitisf        0.001 
 No 495 (90.7)  89 (93.7) 103 (94.5) 110 (99.1) 81 (78.6) 112 (87.5)  
 Yes 51 (9.3)  6 (6.3) 6 (5.5) 1 (0.9) 22 (21.4) 16 (12.5)  
Number of 
inflammatory cellsg  

       <0.0001 

 <5/field (x1000) 512 (93.8)  93 (97.9) 99 (90.8) 109 (98.2) 99 (96.1) 112 (87.5)  
 ≥5/field (x1000) 34 (6.2)  2 (2.1) 10 (9.2) 10 (1.8) 4 (3.9) 16 (12.5)  
Positive for CT, NG or 
TV 

       0.17 

 No 516 (94.5)  94 (99.9) 102 (93.6) 106 (95.5) 97 (94.2) 117 (91.4)  
 Yes 30 (5.5)  1 (1.1) 7 (6.4) 5 (4.5) 6 (5.8) 11 (8.6)  
Microscopic status of 
microbiotah  

       0.002 

 Normal 341 (62.4)  74 (77.9) 61 (56.0) 75 (67.6) 66 (64.1) 65 (50.8)  
 Intermediate 55 (10.1)  9 (9.5) 15 (13.8) 6 (5.4) 10 (9.7) 15 (11.7)  
 Bacterial vaginosis 150 (27.5)  12 (12.6) 33 (30.2) 30 (27.0) 27 (26.2) 48 (37.5)  
Vaginal microbiome         <0.0001 
 CST I 166 (30.4)  37 (39.0) 29 (26.6) 31 (27.9) 25 (24.3) 44 (34.4)  
 CST II 27 (4.9)  12 (12.6) 4 (3.7) 3 (2.7) 6 (5.8) 2 (1.5)  
 CST III 204 (37.4)  36 (37.9) 44 (40.4) 42 (37.8) 45 (43.7) 37 (28.9)  
 CST IV 143 (26.2)  7 (7.3) 31 (28.4) 35 (31.5) 25 (24.3) 45 (35.2)  
 CST V 6 (1.1)  3 (3.2) 1 (0.9) 0 (0.0) 1 (1.9) 0 (0.0)  

aCategorical and continuous variables were compared, respectively, by chi-squared and Kruskal-Wallis tests among regions, with P<0.05 considered as 
significant;  bBMI classification according to World Health Organization; c12 months prior enrollment; d2 months prior to enrollment; eContinuous hormonal 
contraceptive use; fBleeding or mucopurulent secretion gCell count on Gram-stained vaginal smears overserved under immersion oil and (100x) objective 
lens, hClassification of Gram-stained smears according to Nugent score (0-3: normal, 4-6: intermediate, 7-10: bacterial vaginosis) 
CT: Chlamydia trachomatis; NG: Neisseria gonorrhoeae; TV: Trichomonas vaginalis, CST: community-state type.  
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Table 2. Positivity for any HPV infection, low- and high- oncogenic risk HPV, and species, overall and by region. 
 

 Overall  

(n= 546) 

South 

(n= 95) 

Southeast 

(n= 109) 

Central 

(n= 111) 

Northeast 

(n= 103) 

North 

(n= 128) 

 

P-value 

Any HPV infection 117 (21.4) 30 (31.6) 17 (15.6) 31 (27.9) 20 (19.4) 19 (14.8) 0.006 

HPV oncogenic risk         

 Low-risk HPV 59 (10.8) 17 (17.9) 8 (7.3) 16 (14.4) 10 (9.7) 8 (6.3) 0.03 

 High-risk HPV 86 (15.8) 21 (22.1) 14 (12.8) 23 (20.7) 13 (12.6) 15 (11.7) 0.09 

HPV species        

 Species 1 2 (0.4) 1 (1.0) 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0) 0.47 

 Species 3 27 (5.0) 4 (4.2) 7 (6.4) 6 (5.4) 4 (3.9) 6 (4.7) 0.92 

 Species 5 14 (2.6) 3 (3.2) 3 (2.8) 6 (5.4) 2 (1.9) 0 (0.0) 0.12 

 Species 6 17 (3.1) 4 (4.2) 2 (1.8) 6 (5.4) 4 (3.9) 1 (0.8) 0.25 

 Species 7 22 (4.0) 4 (4.2) 4 (3.7) 6 (5.4) 3 (2.9) 5 (3.9) 0.92 

 Species 9 54 (9.9) 17 (17.9) 10 (9.2) 9 (8.1) 8 (7.8) 10 (7.8) 0.08 

 Species 10 26 (4.8) 13 (13.7) 2 (1.8) 9 (8.1) 2 (1.9) 0 (0.0) <0.001 
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 Overall  

(n= 546) 

South 

(n= 95) 

Southeast 

(n= 109) 

Central 

(n= 111) 

Northeast 

(n= 103) 

North 

(n= 128) 

 

P-value 

 Species 11 3 (0.6) 0 (0.0) 1 (0.9) 1 (0.9) 1 (1.0) 0 (0.0) 0.72 

 Species 13 5 (0.9) 0 (0.0) 1 (0.9) 1 (0.9) 2 (1.9) 1 (0.8) 0.72 

 Species 14 4 (0.7) 0 (0.0) 0 (0.0) 1 (0.9) 1 (1.0) 2 (1.6) 0.59 

HPV genotypes        

 HPV6  17 (3.1) 12 (12.6) 2 (1.8) 2 (1.8) 1 (1.0) 0 (0.0) <0.0001 

 HPV11 8 (1.5) 1 (1.1) 0 (0.0) 7 (6.3) 0 (0.0) 0 (0.0) <0.0001 

 HPV16 28 (5.1) 14 (14.7) 5 (4.6) 3 (2.7) 3 (2.9) 3 (2.3) <0.0001 

 HPV18 9 (1.7) 4 (4.2) 1 (0.9) 2 (1.8) 0 (0.0) 2 (1.6) 0.20 

 HPV26 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0) 0.37 

 HPV31 3 (0.6) 1 (1.0) 1 (0.9) 0 (0.0) 0 (0.0) 1 (0.8) 0.73 

 HPV33 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.9) 0 (0.0) 1 (0.8) 0.63 

 HPV35 5 (0.9) 1 (1.0) 1 (0.9) 1 (0.9) 2 (1.9) 0 (0.0) 0.66 

 HPV42 2 (0.4) 1 (1.0) 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0) 0.47 

 HPV44 2 (0.4) 1 (1.0) 0 (0.0) 0 (0.0) 1 (1.0) 0 (0.0) 0.47 

 HPV45 5 (0.9) 1 (1.0) 2 (1.8) 1 (0.9) 1 (1.0) 0 (0.0) 0.70 

 HPV51 11 (2.0) 2 (2.1) 2 (1.8) 6 (5.4) 1 (1.0) 0 (0.0) 0.05 

 HPV52 13 (2.4) 0 (0.0) 5 (5.6) 2 (1.8) 2 (1.9) 4 (3.1) 0.27 

 HPV53 8 (1.5) 2 (2.1) 0 (0.0) 3 (2.7) 3 (2.9) 0 (0.0) 0.17 

 HPV54 5 (0.9) 0 (0.0) 1 (0.9) 1 (0.9) 2 (1.9) 1 (0.8) 0.72 

 HPV56 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.0) 1 (0.8) 0.59 

 HPV58 10 (1.8) 2 (2.1) 1 (0.9) 3 (2.7) 2 (1.9) 2 (1.6) 0.90 

 HPV59 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.9) 0 (0.0) 1 (0.8) 0.63 

 HPV61 4 (0.7) 0 (0.0) 1 (0.9) 2 (1.8) 0 (0.0) 1 (0.8) 0.52 

 HPV62 4 (0.7) 2 (2.1) 0 (0.0) 2 (1.8) 0 (0.0) 0 (0.0) 0.15 

 HPV66 8 (1.5) 3 (3.2) 2 (1.8) 3 (2.7) 0 (0.0) 0 (0.0) 0.16 

 HPV68 5 (0.9) 0 (0.0) 1 (0.9) 1 (0.9) 1 (1.0) 2 (1.6) 0.83 

 HPV69 1 (0.2) 1 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.31 

 HPV70 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.9) 1 (1.0) 0 (0.0) 0.54 

 HPV71 4 (0.7) 0 (0.0) 0 (0.0) 1 (0.9) 1 (1.0) 2 (1.6) 0.59 

 HPV72 3 (0.6) 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0) 2 (1.6) 0.34 

 HPV73 3 (0.6) 0 (0.0) 1 (0.9) 1 (0.9) 1 (1.0) 0 (0.0) 0.72 

 HPV81 5 (0.9) 1 (1.0) 3 (2.8) 1 (0.9) 0 (0.0) 0 (0.0) 0.18 

 HPV82 3 (0.9) 0 (0.0) 1 (0.9) 2 (1.8) 0 (0.0) 0 (0.0) 0.26 

 HPV83 4 (0.7) 1 (1.0) 0 (0.0) 0 (0.0) 3 (2.9) 0 (0.0) 0.05 

 HPV84 6 (1.1) 0 (0.0) 2 (1.8) 1 (0.9) 0 (0.0) 3 (2.3) 0.33 
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 Overall  

(n= 546) 

South 

(n= 95) 

Southeast 

(n= 109) 

Central 

(n= 111) 

Northeast 

(n= 103) 

North 

(n= 128) 

 

P-value 

 HPV89 5 (0.9) 0 (0.0) 3 (2.8) 0 (0.0) 1 (1.0) 1 (0.8) 0.20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Frequency of HPV genotypes, subgenus and species, overall and by vaginal microbiome community-state 
types (CST). 

 CST I 

(n=166) 

CST II 

(n=27) 

CST III 

(n=204) 

CST IV 

(n=143) 

CST V 

(n=6) 

 

P-valuea  

Any HPV  27 (16.3) 6 (22.2) 48 (23.5) 35 (24.5) 1 (16.7) 0.40 

Oncogenic risk       

Low risk HPV 15 (9.0) 6 (22.2) 24 (11.8) 14 (9.8) 0 (0.0) 0.26 

High risk HPV 20 (12.0) 4 (14.8) 36 (17.7) 25 (17.5) 1 (16.7) 0.63 

HPV species       

Species 1 1 (0.6) 1 (3.7) 0 (0.0) 0 (0.0) 0 (0.0) 0.04 

Species 3 6 (3.6) 1 (3.7) 11 (5.4) 9 (6.3) 0 (0.0) 0.80 

Species 5 2 (1.2) 1 (3.7) 7 (3.4) 4 (2.8) 0 (0.0) 0.70 

Species 6 8 (4.8) 1 (3.7) 5 (2.4) 3 (2.1) 0 (0.0) 0.62 

Species 7 3 (1.8) 1 (1.8) 9 (4.4) 9 (6.3) 0 (0.0) 0.36 
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 CST I 

(n=166) 

CST II 

(n=27) 

CST III 

(n=204) 

CST IV 

(n=143) 

CST V 

(n=6) 

 

P-valuea  

Species 9 9 (5.4) 3 (11.1) 24 (11.8) 17 (11.9) 1 (16.7) 0.23 

Species 10 8 (4.8) 4 (14.8) 12 (5.9) 2 (1.4) 0 (0.0) 0.03 

Species 11 1 (0.6) 0 (0.0) 0 (0.0) 2 (1.4) 0 (0.0) 0.52 

Species 13 3 (1.8) 0 (0.0) 1 (0.5) 1 (0.7) 0 (0.0) 0.69 

Species 14 0 (0.0) 0 (0.0) 2 (1.0) 2 (1.4) 0 (0.0) 0.64 
aVariables compared across region using chi-square test, P<0.05 considered as significant.
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Table 4. Odds ratios and 95% confidence intervals for the association between characteristics of the study 
population and HPV infection 

  HPV Any  High-risk HPV 
  Age- and region- 

adjusted 
Multivariablea  Age- and region- 

adjusted 
Multivariableb 

Age, years       
≤ 25 years  Ref Ref  Ref Ref 
26-39 years  0.77 (0.33-1.85) 0.45 (0.26-0.77)  0.81 (0.31-2.09) 0.44 (0.25-0.79) 
≥40 years  1.57 (0.34-7.34) 0.55 (0.29-1.03)  1.28 (0.29-7.17) 0.41 (0.20-0.82) 

Ethnicity       
Black/pardo   Ref --  Ref -- 
White  1.04 (0.64-1.70)   1.11 (0.64-1.91)  
Other   1.7 (0.65-4.50)   2.07 (0.75-5.74)  

Living with partner       
No  Ref Ref  Ref Ref 
Yes  0.58 (0.37-0.9) 0.54 (0.35-0.84)  0.59 (0.36-0.97) 0.56 (0.34-0.93) 

School, years 
completed 

      

≤11   Ref --  Ref -- 
>11   0.95 (0.61-1.48)   0.73 (0.44-1.20)  

Has personal 
income? 

      

No  Ref --  Ref -- 
Yes  1.14 (0.72-1.81)   1.26 (0.75-2.11)  

Smoking habit       
No  Ref --  Ref -- 
Yes  1.44 (0.75-2.78)   1.62 (0.80-3.31)  

Alcohol intake       
No  Ref --  Ref -- 
Yes  1.11 (0.70-1.76)   1.01 (0.61-1.71)  

Regular use of 
intimate soap 

      

No  Ref --  Ref -- 
Yes  1.04 (0.68-1.61)   0.92 (0.57-1.50)  

Douching       
No  Ref --  Ref -- 
Yes  1.13 (0.63-2.04)   1.23 (0.64-2.35)  

Sitz-bathing       
No  Ref --  Ref -- 
Yes  1.48 (0.63-3.43)   0.98 (0.35-2.75)  

Number of sexual 
partnersc 

      

0  1.0 (0.38-2.58) --  0.67 (0.19-2.34) -- 
1  Ref   Ref  
2+  1.48 (0.78-2.81)   1.56 (0.79-3.13)  

New sexual partnerd       
No  Ref --  Ref Ref 
Yes  2.46 (1.21-5.01)   2.85 (1.36-5.96) 2.23 (1.06-4.66) 

Sexual 
intercourses/week 

      

0  1.31 (0.75-2.28) --  1.51 (0.82-2.80) -- 
1-2  Ref   Ref  
3+  0.77 (0.47-1.26)   0.90 (0.52-1.56)  

Hormonal 
contraceptive use 
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  HPV Any  High-risk HPV 
  Age- and region- 

adjusted 
Multivariablea  Age- and region- 

adjusted 
Multivariableb 

None  Ref Ref  Ref Ref 
Oral  0.85 (0.52-1.39) 1.11 (0.70-1.78)  0.81 (0.47-1.40) 0.94 (0.56-1.60) 
Injectable  0.20 (0.06-0.68) 0.21 (0.06-0.72)  0.09 (0.01-.0.69) 0.08 (0.01-0.63) 

Condom use       
No  Ref Ref  Ref -- 
Yes  1.58 (1.01-2.5) 1.47 (0.94-2.29)  1.55 (0.94-2.55)  

Body mass indexe       
<25.0   Ref --  Ref -- 
25.0-29.9  0.77 (0.48-1.26)   0.69 (0.39-1.20)  
≤30  0.64 (0.33-1.23)   0.64 (0.30-1.36)  

Menstrual cycle 
phase 

      

Follicular  Ref --  Ref -- 
Luteal  0.93 (0.60-1.47)   0.88 (0.53-1.45)  
Supressedf  0.91 (0.44-1.88)   0.81 (0.35-1.83)  

Ever pregnant       
No  Ref --  Ref -- 
Yes  1.03 (0.59-1.79)   1.09 (0.59-2.03)  

Dyspareunia       
No  Ref --  Ref -- 
Yes  0.66 (0.42-1.05)   0.84 (0.51-1.38)  

Previously treated 
abnormal discharge 

      

 No  Ref --  Ref -- 
 Yes  1.34 (0.85-2.10)   1.34 (0.81-2.23)  
Current abnormal 
discharge 

      

 No  Ref --  Ref -- 
 Yes  0.96 (0.62-1.48)   1.01 (0.63-1.65)  
Discharge with bad 
odor  

      

 No  Ref --  Ref -- 
 Yes  1.00 (0.60-1.66)   1.13 (0.64-1.97)  
Abnormal pH (>4.5)       
 No  Ref --  Ref -- 
 Yes  1.16 (0.76-1.79)   1.16 (0.71-1.87)  
Number of 
inflammatory cellsg 

      

 <5/field (x1000)  1.27 (0.52-3.11) --  Ref -- 
 ≥5/field (x1000)     1.14 (0.41-3.15)  
Microscopic 
classification vaginal 
microbiotah 

      

 Normal  Ref --  Ref -- 
 Intermediate  1.92 (0.96-3.86)   2.1 (0.98-4.5)  
 Bacterial vaginosis  1.89 (1.15-3.03)   1.9 (1.13-3.31)  
Positive for CT, NG 
or TV 

      

 No   Ref --  Ref -- 
 Yes  1.20 (0.49-2.95)   1.38 (0.53-3.56)  
Cervicitisi       
 No  Ref --  Ref -- 
 Yes  1.20 (0.57-2.52)   0.64 (0.24-1.73)  
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  HPV Any  High-risk HPV 
  Age- and region- 

adjusted 
Multivariablea  Age- and region- 

adjusted 
Multivariableb 

Vulvitis       
 No  Ref --  Ref -- 
 Yes  0.57 (0.15-2.13)   0.89 (0.23-3.35)  
Vaginal microbiome        
 CST I, II or V  Ref --  Ref -- 
 CST III  1.61 (0.97-2.68)   1.56 (0.89-2.79)  
 CST IV  1.96 (1.11-3.48)   1.73 (0.91-3.28)  

a1Likehood ratio (LR) chi-square (6) =34.14; bLR chi-square (6) =34.80; c12 months prior enrollment; d2 months prior to enrollment. eBMI 
classification according to World Health Organization; fContinous use of hormonal contraceptive; gCell count on Gram-stained vaginal smears 
overserved under immersion oil and (100x) objective lens; hClassification of Gram-stained smears using Nugent score (0-3: normal; 4-6: 
intermediate; 7-10: bacterial vaginosis); iBleeding and/or mucopurulent secretion observed during sampling.   
CT: Chlamydia trachomatis; NG: Neisseria gonorrhoeae; TV: Trichomonas vaginalis; CST: Community state type; --indicates covariates that 
were not retained in the final multivariable model. 
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Figure 1. Red curve represents the microbiome-based (MB) score, area under the curve (AUC): 0.8022; 95% 
confidence interval (CI): 0.7517 - 0.8527). Blue curve represents the sociodemographic, behavioral, and clinical 
(SBC) variables that were retained in the multivariable model for predicting high-risk HPV infection (AUC 0.7027; 
95% CI: 0.6419 - 0.7636). Grey dashed line is the reference. (ROC comparison: P=0.0163)  
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Supplementary Table 1- Stepwise multivariate logistic regression coefficients of the microbiome-based (MB) score, 
high-risk HPV as the dependent variable and the 116 bacterial taxa identified as the independent variables. 
 Coefficients Standard error 

Shuttleworthia satelles 1.4582 0.7479 
Sutterella stercoricanis 0.7375 0.3625 
Peptoniphilus -1.7478 0.6058 
Eubacterium saphenum 1.9054 0.7444 
Lactobacillus salivarius 2.5021 0.8566 
Sutterella morbirenis 0.3369 0.3815 
Pediococcus acidilactici -0.9141 0.3508 
Aerococcus viridans 0.9017 0.4694 
BVAB3 -1.6070 0.6378 
Prevotella genogroup 3 1.6915 0.4858 
Streptococcus intermedius 1.8406 1.0690 

Corynebacterium accolens -0.6384 0.3572 
Dialister sp type 2 1.5527 0.8458 
Megasphaera sp type 2 0.9455 0.4325 
Dialister propionicifaciens -1.2439 0.5761 
Eubacterium siraeum 2.7479 0.8471 
Bacteroides uniformis -0.9613 0.5405 
Prevotella genogroup 2 0.7865 0.3792 
Leptotrichia amnionii -0.6973 0.3686 
Acinetobacter calcoaceticus 1.3697 0.7718 
Arcanobacterium hippocoleae -1.2174 0.6594 
Roseburia intestinalis 5.8203 1.9726 
Porphyromonas endodontalis -3.1477 1.6844 
Enterococcus faecalis -1.4769 0.7422 
Varibaculum cambriense 1.2476 0.5991 
Raoultella planticola 0.7092 0.4070 
Staphylococcus lugdunensis 1.1539 0.5878 
Streptococcus anginosus -0.9912 0.5214 
Mycoplasma genitalium 0.5829 0.3466 
Streptococcus mutans 2.5658 1.5664 
Constant -2.1986 0.2865 

A total of 116 species were considered in the model. 
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Supplementary Table 2- Stepwise multivariate logistic regression coefficients of sociodemographic, behavioral, and 
clinical (SBC) characteristics, high-risk HPV as the dependent variable  
 Coefficients Standard error 

Age, years   
26-39  -0.7888 0.3035 
≥40 -0.8679 0.3695 

Living with partner at enrollment -0.5022 0.2584 
New sexual partner 0.8827 0.3809 
Use of hormonal contraceptive   

Oral  -0.0935 0.2730 
Injectable -2.6580 1.0431 

Body mass index   
Overweight -0.4829 0.2870 
Obese -0.5487 0.3857 

Smoking 0.5311 0.3632 
Constant -0.5648 0.3042 

A total of 25 variables were considered in the model. Age, ethnicity, living with partner, years at school, personal income, smoking, alcohol, use 
of intimate soap, vaginal douching, sitz bath, number of sexual partner (12 months), sexual partner (2 months), number of sexual intercourse per 
week, use of hormonal contraceptives, condom use, body mass index, phase of menstrual cycle at enrollment, was ever pregnant, dyspareunia, 
abnormal  discharge, discharge with bad odor, abnormal pH, signs of cervicitis, vulvitis, history of bacterial vaginosis.  
 
 
 
 
 
 
 
 
 


