
 

 

 

 

 

UNIVERSIDADE ESTADUAL PAULISTA 

“JÚLIO DE MESQUITA FILHO” 

FACULDADE DE MEDICINA 

 
 
 
 

Carolina Sanitá Tafner Ferreira 
 
 
 
 

 
Aspectos microbiológicos do fluído cérvico-vaginal da vaginose bacteriana em mulheres 

em idade reprodutiva 

 

 
Tese apresentada à Faculdade de Medicina, 

Universidade Estadual Paulista “Júlio de 

Mesquita Filho”, Câmpus de Botucatu, para 

obtenção do título de Doutora em Patologia. 

 
 
 
 

Orientadora: Profa. Dra. Camila Marconi 

Coorientadora: Profa. Dra. Márcia Guimarães 

 
 
 

Botucatu 

2019 



Carolina Sanitá Tafner Ferreira 
 
 
 
 
 
 
 

 
Aspectos microbiológicos do fluído cérvico-vaginal da vaginose bacteriana em mulheres em 

idade reprodutiva 

 
 

 
Tese apresentada à Faculdade de Medicina, 

Universidade Estadual Paulista “Júlio de 

Mesquita Filho”, Câmpus de Botucatu, para 

obtenção do título de Doutora em Patologia. 

 
 
 
 
 
 
 

Orientadora: Profa. Dra. Camila Marconi 

Coorientadora: Profa. Dra. Márcia Guimarães da Silva 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Botucatu 

2019 



  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
FICHA CATALOGRÁFICA ELABORADA PELA SEÇÃO TÉC. AQUIS. TRATAMENTO DA INFORM. 

DIVISÃO TÉCNICA DE BIBLIOTECA E DOCUMENTAÇÃO - CÂMPUS DE BOTUCATU - UNESP 

BIBLIOTECÁRIA RESPONSÁVEL: ROSANGELA APARECIDA LOBO-CRB 8/7500 

Ferreira, Carolina Sanitá Tafner. 

Aspectos microbiológicos do fluido cérvico-vaginal da vaginose bacteriana em 

mulheres em idade reprodutiva / Carolina Sanitá Tafner Ferreira. - Botucatu, 2019 

 
Tese(doutorado) -UniversidadeEstadualPaulista"Júlio de Mesquita Filho", 

Faculdade de Medicina de Botucatu 

Orientador: Camila Marconi Coorientador: 

Márcia Guimarães Capes: 40101150 

 

1. Vaginose bacteriana. 2. Gardnerella vaginalis. 3. Metronidazol. 

4. Sialidase bacteriana. 

 

 
Palavras-chave: Atopobium vaginae; Gardnerella vaginalis; Vaginose bacteriana; 

metronidazol; sialidases bacterianas. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Agradecimentos 



Agradecimentos 
 
 

 
À Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 

pelo auxílio financeiro. 

À minha orientadora Dra. Camila Marconi e a minha coorientadora e chefe do 

Laboratório de Imunopatologia da Relação Materno-fetal, Profa. Dra. Márcia Guimarães 

que me abriu as portas e permitiu que eu fizesse parte desse grupo de pesquisa, sempre 

me orientando da melhor maneira com paciência e me auxiliando na minha caminhada 

pra chegar aos melhores resultados. 

A todos os colaboradores e funcionários da Pós-graduação da Faculdade de 

Medicina de Botucatu, em especial à secretária do Programa de Patologia, Vânia Soler, 

pelas orientações, bem como aos funcionários da UNIPEX. 

A todos os alunos do Laboratório de Imunopatologia da Relação Materno-

Fetal que de alguma maneira colaboraram para a realização desses trabalhos e 

estiveram presentes durante o meu doutorado. 

Aos funcionários dos serviços de ginecologia das Unidades Básicas de Saúde que 

participaram da inclusão das mulheres participantes desses estudos. 

Finalmente, as mulheres que aceitaram participar desses estudos, 

contribuindo para o avanço das pesquisas científicas. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sumário 



 

 

Sumário 

1. Resumo ................................................................................................................ 03 

2. Revisão de literatura ........................................................................................... 04 

3. Referências bibliográficas. ................................................................................ 11 

4. Artigo I ................................................................................................................. 16 

5. Artigo II................................................................................................................. 25 

6. Conclusão. .................................................................................................................... 44



3  
1. Resumo 

 

A microbiota vaginal normal é predominantemente composta por espécies de Lactobacillus 

spp., enquanto que o principal tipo de alteração de microbiota vaginal, a vaginose 

bacteriana (VB), é composta por uma diversidade de bactérias, não pela predominância de 

uma única espécie. Todavia, dentre as bactérias mais prevalentes nessa condição estão 

Atopobium vaginae e Gardnerella vaginalis, espécies conhecidamente produtoras de fatores 

de virulência, dentre eles a capacidade de formar biofilmes vaginais, dificultando a ação de 

drogas antimicrobianas, como o metronidazol, para o tratamento da VB. No caso 

particular da G. vaginalis deve-se destacar a produção de sialidases por algumas 

linhagens que conferem a capacidade de comprometer a barreira mucosa e degradar 

IgA vaginal, contribuindo para a adesão e proliferação de diversas espécies 

bacterianas que pertencem ao core patológico da VB. Entretanto, a ação das 

sialidases sobre a composição desse microbioma vaginal ainda não foi investigada. 

Dessa forma, os objetivos desse estudo foram: (1) determinar se as cargas cérvico-vaginais 

das espécies A. vaginae e G. vaginalis na VB estão associadas com o desfecho do 

tratamento, utilizando o tratamento convencional com metronidazol; (2) avaliar a 

influência da presença do gene da sialidase de G. vaginalis e da produção de sialidases 

sobre a composição do microbioma vaginal. Para tanto, foram incluídas 245 mulheres 

em idade reprodutiva no primeiro estudo, classificadas de acordo com o padrão de 

microbiota vaginal em normal, intermediária e VB. Daquelas com VB que realizaram o 

tratamento corretamente, foram classificadas como cura e falha no tratamento. As 114 

mulheres incluídas no segundo estudo também foram separadas de acordo com o 

padrão de microbiota vaginal. Das 100 mulheres sequenciadas com sucesso, 

apenas aquelas com microbiota vaginal alterada foram avaliadas quanto à presença 

ou ausência do gene da sialidase de G. vaginalis e das sialidases cérvico-vaginais. A 

microbiota vaginal das participantes foi classificada por microscopia e o microbioma vaginal 

foi determinado pelo sequenciamento em equipamento 400PE MiSeq (Illumina Inc., San 

Diego, Califórnia). As quantificações de A. vaginae e G. vaginalis, bem como a detecção do 

gene da sialidase de G. vaginalis foram realizadas pela Reação em Cadeia da 

Polimerase (PCR) em tempo real e a atividade de sialidases foi detectada por meio de 

ensaio fluorogênico. Os resultados desses estudos demonstraram que: (1) não há 

diferença significativa com relação à carga bacteriana de A. vaginae no pré-tratamento entre 

as mulheres que curaram e aquelas que falharam no tratamento, enquanto que a carga de 

G. vaginalis foi significativamente maior naquelas que obtiveram cura; (2) a presença de 

linhagens de G. vaginalis produtoras de sialidases na microbiota vaginal anormal está 

associada a maior abundância de determinadas bactérias associadas à VB. Em conclusão: 

(1) as cargas bacterianas de A. vaginae e G. vaginalis não estão associadas à falha no 

tratamento, portanto devem ser considerados outros aspectos microbiológicos, bem 

como os aspectos imunológicos do hospedeiro; (2) Devem ser consideradas as 

peculiaridades referentes a determinadas linhagens bacterianas, como a produção de 

fatores de virulência no estabelecimento da microbiota vaginal anormal, uma vez que 

as sialidases são capazes de modular componentes do microbioma.  
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2. Revisão de literatura 

 

O equilíbrio de interação entre o indivíduo e a microbiota residente é de 

fundamental importância para a manutenção de um organismo saudável, visto que esta 

exerce um papel protetor contra inúmeras doenças [1-3]. A microbiota intestinal e sua 

relação com condições patológicas têm sido a mais amplamente estudada e estudos já 

demonstraram que alterações na sua composição estão associadas a doenças 

crônicas como obesidade, doença inflamatória intestinal [2, 4]. Em vista da importância 

da relação  microbiota-hospedeiro, um grande número de estudos tem procurado 

determinar a composição exata do microbioma humano, viabilizado a partir dos avanços 

nas técnicas de sequenciamento de nova geração, incluindo as de metagenômica [5].  

No contexto da microbiota vaginal, já foi demonstrado que ela exerce um papel 

importante para a saúde reprodutiva da mulher [6, 7]. A microbiota vaginal normal é 

composta por diferentes espécies do gênero Lactobacillus [8]. As espécies de 

Lactobacillus mais frequentemente encontradas no ambiente vaginal são L. crispatus, 

L. iners, L. gasseri e L. jensenii [8]. Inúmeros estudos demonstraram que tais espécies 

produzem substâncias que contribuem para a manutenção do ambiente vaginal saudável 

[6, 7, 9-13]. Dentre estas substâncias está o ácido lático, que mantém o pH vaginal baixo 

entre 3,8 e 4,5 [7]. Sua produção ocorre a partir da fermentação da glicose no 

metabolismo energético dos Lactobacillus. O glicogênio disponível nas células 

epiteliais é liberado a partir da citólise dessas células, sendo ele convertido em 

monossacarídeos pelas enzimas líticas da célula, os quais são convertidos em ácido 

lático pelas bactérias [7, 13]. Algumas espécies de Lactobacillus também são capazes 

de produzir peróxido de hidrogênio (H2O2), o qual apresenta potencial antimicrobiano, 

inibindo a proliferação de micro-organismos potencialmente patogênicos [6, 10]. 

Outras substâncias antimicrobianas, como as bacteriocinas também podem ser 
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produzidas por Lactobacillus, como a lactocina e a gassericina A [11, 12]. A maioria 

das bacteriocinas tem ação pela formação de poros na membrana celular e 

consequente efluxo de adenosina trifostato (ATP) [11]. Embora os lactobacilos sejam 

as espécies mais prevalentes na microbiota vaginal, inúmeras outras bactérias 

podem estar presentes mesmo em condições normais. Aproximadamente 30% das 

mulheres com escore de Nugent correspondente a microbiota vaginal normal 

apresentam G. vaginalis concomitantemente com Lactobacillus spp [14]. Portanto, 

apesar dos inúmeros produtos de lactobacilos benéficos ao ambiente vaginal, ainda 

é necessária melhor compreensão da interação entre a microbiota vaginal normal e 

seus componentes com o hospedeiro, bem como das alterações dessa microbiota e os 

produtos do metabolismo das espécies envolvidas.  

Mediante a depleção total ou parcial dos Lactobacillus há o crescimento aumentado 

das outras espécies bacterianas que compõem o ambiente vaginal [15]. Tais espécies são em 

sua maioria anaeróbias facultativas ou estritas, dentre elas Gardnerella vaginalis, Atopobium 

vaginae, Prevotella bivia, Mobiluncus curtisii, entre outras [16, 17]. O primeiro micro-

organismo identificado como associado à vaginose bacteriana foi G. vaginalis através 

dos métodos tradicionais de cultura [18]. Posteriormente, com o avanço das técnicas 

moleculares, foi possível a identificação de outras bactérias [17].  

 

Desde o primeiro estudo acerca da composição da microbiota vaginal realizado em 

1892 por Doderlein [19], autores propuseram sistemas de classificação microscópica da 

microbiota. Os principais sistemas de classificação atualmente aceitos pelo Ministério da 

Saúde [20] são o método de Amsel [21] e o de Nugent [22], sendo este último considerado o 

método padrão-ouro para o diagnóstico da vaginose bacteriana. Ele se baseia na semi-

quantificação dos morfotipos bacterianos observados microscopicamente no esfregaço 

vaginal em lâmina após a coloração de Gram e atribui escores a essa microbiota. De forma que 

escores de 0-3 correspondem a microbiota vaginal normal; de 4-6 como microbiota 

intermediária e de 7-10 como vaginose bacteriana, enquanto que o método de Amsel se 
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baseia na presença de três ou mais dos seguintes achados: corrimento vaginal branco, fino 

e homogêneo; aumento do pH vaginal (>4,5); whiff test positivo (presença de um odor 

fétido com a adição de hidróxido de potássio a 10% ao conteúdo vaginal) e/ou a presença 

de clue cells, que são células totalmente envoltas por bactérias, no esfregaço vaginal a 

fresco em lâmina avaliado por microscopia [21]. 

A vaginose bacteriana é o principal tipo alteração de microbiota vaginal em mulheres 

em idade reprodutiva. Sua prevalência é variável, mas assume-se que em média 30% da 

população feminina em idade reprodutiva no mundo apresentem tal alteração [23-26]. 

Mulheres com essa alteração de microbiota apresentam maior risco para a aquisição de 

infecções sexualmente transmissíveis (IST) como o vírus da imunodeficiência humana (HIV), 

Chlamydia trachomatis e Neisseria gonorrhoeae [27-29]. Além disso, a vaginose bacteriana 

está associada à infertilidade e ao mau desfecho gestacional, como parto prematuro e 

baixo peso do recém-nascido [30-32]. 

A composição microbiana vaginal pode variar de mulher pra mulher e ao longo do tempo, 

dependendo da população estudada, podendo ser relativo aos hábitos comportamentais, de higiene, 

histórico clínico ou ainda a características genéticas, inclusive na vaginose bacteriana, sendo 

considerada uma condição bastante heterogênea [33, 34]. Estudos iniciais para a identificação das 

bactérias associadas à vaginose bacteriana foram baseados em métodos de cultura, 

limitando o número de espécies identificadas [15, 18, 35]. Os métodos de cultura 

tradicionais possibilitam apenas a identificação daquelas espécies capazes de crescer 

nesses meios de cultivo. Com o desenvolvimento de técnicas moleculares como a Reação 

em Cadeia da Polimerase (PCR) e a clonagem do gene bacteriano do RNAr 16S foi possível a 

identificação de outras espécies bacterianas [17], mesmo embora estas técnicas ainda 

sejam limitadas pela escolha dos primers utilizados. Estudos mais recentes têm 

utilizado técnicas moleculares mais refinadas para a caracterização exata da 

microbiota, utilizando o sequenciamento de nova geração de parte do gene bacteriano 
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que codifica o RNA ribossômico 16S [8, 36]. Dessa forma, foi possível caracterizar o 

microbioma vaginal. 

Estudo pioneiro envolvendo mulheres norte-americanas em idade reprodutiva 

verificou que a microbiota vaginal pode ser classificada em cinco tipos de comunidades (CST, 

do inglês community-state type), sendo quatro delas constituídas por espécies de 

Lactobacillus predominantes: L. crispatus (CSTI), L. gasseri (CSTII), L. iners (CSTIII) e L. 

jensenii (CSTV), representando 75% das mulheres e a CSTIV sem predominância de 

lactobacilos, na qual se enquadram a maioria dos casos de vaginose bacteriana, visto que 

nesta condição é observada maior alfa-diversidade bacteriana [8]. De fato, estudos 

de microbioma contribuíram para a melhor caracterização dos micro-organismos 

associados à vaginose bacteriana. 

Tais espécies estabelecem relações simbióticas por meio dos metabólitos 

produzidos por elas. Por exemplo, foi demonstrado que G. vaginalis produz 

aminoácidos importantes para o metabolismo de P. bivia, enquanto que P. bivia produz 

amônia, que pode ser utilizada por G. vaginalis, favorecendo o seu crescimento [37]. 

Além disso, sugere-se que os fatores de virulência produzidos por algumas bactérias 

podem agir conjuntamente, de modo que a produção de um pode propiciar 

consequentemente o aumento de outro, uma vez que já foi demonstrado que a 

produção de sialidases por determinadas cepas de G. vaginalis aumentam a 

produção de biofilme devido a sua atividade como mucinase [38]. De fato, foi 

verificada uma forte associação entre G. vaginalis e A. vaginae na formação do 

biofilme bacteriano vaginal na vaginose bacteriana [39].  

Atualmente, considera-se que a G. vaginalis seja o agente iniciador da 

formação do biofilme bacteriano vaginal, tornando um ambiente favorável para a 

proliferação de outras bactérias anaeróbias como A. vaginae e que estas espécies possam 

estar estabelecendo relações mutualísticas [39]. Esse biofilme pode estar associado à 
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transferência de carga bacteriana para o parceiro pela relação sexual desprotegida, o 

que pode estar associado à recorrência dessa condição quando não ocorre o 

tratamento do parceiro em conjunto [40]. Além disso, a produção de biofilme, subsequente 

a adesão inicial das bactérias, é de fundamental importância para a persistência dos 

micro-organismos no local, conferindo aumentada tolerância a antibióticos, o que contribui 

para a cronicidade das doenças e/ou recidivas [41]. 

O tratamento usual para a vaginose bacteriana recomendado pelo Centers for 

Disease and Control and Prevention (CDC) [42], que consiste na administração de 500 mg 

de metronidazol duas vezes ao dia durante 7 dias tem demonstrado baixa eficiência 

[43, 44]. Embora nenhuma evidência conclusiva tenha sido demonstrada, sugere-se 

que a falha no tratamento da vaginose bacteriana pode estar associada à formação 

de biofilmes e a heterogeneidade dessa condição [45]. A ausência de identificação de 

um único agente etiológico faz com que o tratamento seja baseado no empirismo, 

contribuindo assim para o aumento da resistência antimicrobiana [46]. 

A abundância de A. vaginae no ambiente vaginal já foi positivamente correlacionada com os 

valores de pH vaginal e com os escores segundo o sistema de Nugent de classificação 

microscópica da microbiota vaginal [47]. Além disso, já foi demonstrado que a G. vaginalis 

produz algumas enzimas que propiciam a invasão do epitélio vaginal, como a citotoxina 

vaginolisina, bem como prolidases e sialidases, capazes de degradar componentes da 

camada mucosa, a qual constitui uma barreira de proteção contra micro-organismos 

patogênicos [48]. De fato, a atividade de sialidases está aumentada em grande parte 

das mulheres com vaginose bacteriana. Tais enzimas contribuem para evasão dos micro-

organismos associados à vaginose bacteriana da resposta imune do hospedeiro, uma vez 

que degradam importantes moléculas envolvidas na resposta imune, como a 

imunoglobulina A e interferon-gamma [48]. A presença das sialidases tem sido 

associada a maior suscetibilidade a aquisição de IST, como por N. gonorroheae [49] e HIV 
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[50] e também a complicações gestacionais como nascimento pré-termo [51]. 

Dada a grande diversidade de fatores de virulência produzidos por G. vaginalis, 

como de enzimas propiciadoras da adesão ao epitélio vaginal, formação de biofilme e 

citotoxicidade, têm se proposto que G. vaginalis possa ser o agente etiológico primário 

na patogênese da maioria dos casos de vaginose bacteriana. Por esse motivo linhagens 

de G. vaginalis associadas à vaginose bacteriana parecem ser potencialmente mais 

patogênicas que a maioria dos outros micro-organismos também associados a essa condição 

[52, 53]. Patterson et al. [53], demonstraram que dentre os micro-organismos associados a 

vaginose bacteriana, apenas a G. vaginalis apresenta todos os três fatores, evidenciando 

que G. vaginalis possui maior potencial de virulência em relação aos outros micro- 

organismos e que os outros microrganismos sejam colonizadores oportunistas 

secundários a invasão do epitélio vaginal por G. vaginalis. Contribuindo com a hipótese de a 

G. vaginalis ser a primeira colonizadora, Machado et al. [54] demonstraram que G. vaginalis possui 

maior capacidade de adesão às células epiteliais na presença de L. crispatus, que outras 

bactérias associadas a vaginose bacteriana. No entanto, não deve ser considerado que esta 

bactéria possua sozinha essa capacidade visto que Criswell et al. [55] já tinham demonstrado em 

1969  que a inoculação apenas de G. vaginalis no fluído vaginal não era o suficiente para 

o desenvolvimento de VB, somente a transferência do corrimento vaginal de mulheres 

com vaginose bacteriana foi capaz de ocasionar a mesma condição. Portanto, há 

controvérsias com relação ao papel de G. vaginalis na patogênese da vaginose bacteriana, 

bem como dos outros micro-organismos anaeróbios associados a essa condição. 

Além dos fatores microbiológicos, os aspectos imunológicos do hospedeiro 

também estão envolvidos na proteção contra infecções vaginais, como candidíase 

ou por HPV [56, 57]. Lactobacillus spp. induzem a expressão de moléculas de defesa 

para a proteção contra infecções e manutenção de um ambiente vaginal saudável [58]. 

No entanto, até mesmo discretas alterações na microbiota são capazes de causar o 
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desequilíbrio em moléculas do sistema imune [59].  

A vaginose bacteriana já foi associada a alterações nos níveis cérvico- vaginais de 

diversos mediadores da resposta imune, dentre eles interleucinas (IL)-1beta, IL-4, IL-6, IL-10, 

IL-8, IL-3, IL-7 e IL-12, além de beta-defensinas humanas, fator estimulador de colônias 

de granulócitos e macrófagos e lactoferrina [60-62]. Além disso, os níveis de 

sialidases bacterianas já foram correlacionados com o aumento nos níveis de citocinas pró- 

inflamatórias como a IL-1beta e IL-8 [63]. Esse desequilíbrio também pode contribuir para o 

aumento do risco de IST [64].  

Levando em consideração as sérias consequências das alterações de microbiota 

vaginal para a saúde reprodutiva da mulher, é importante obter conhecimento do papel que 

desempenham os micro-organismos associados a essa condição, se sua abundância está 

associada à falha no tratamento, bem como o impacto da produção de fatores de 

virulência, como as sialidases, na composição da microbiota local. 
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Treatment failure of bacterial vaginosis is not associated with
higher loads of Atopobium vaginae and Gardnerella vaginalis

Carolina Sanit�a Tafner Ferreira,1 Gilbert Gerard Donders,2,3 Cristina Maria Garcia de Lima Parada,4

Andrea da Rocha Trist~ao,5 Thaiz Fernandes,6 M�arcia Guimar~aes da Silva1 and Camila Marconi1,6,*

Abstract

Purpose. Cervicovaginal Atopobium vaginae and Gardnerella vaginalis are strongly associated with bacterial vaginosis (BV)

and are the main components of vaginal biofilms. The low efficacy of BV treatment with metronidazole may be due to the

presence of such biofilms. Thus, the aim of this study was to compare the pretreatment cervicovaginal loads of A. vaginae

and G. vaginalis for women who restored normal flora and those who persisted with BV after a full course of oral

metronidazole.

Methodology. In this cross-sectional study, 309 reproductive-aged women were recruited in a primary health care service in

Botucatu, Brazil. Cervicovaginal samples were tested for genital tract infections, microscopic classification of local

microbiota and molecular quantification of A. vaginae and G. vaginalis.

Results. All the participants with concurrent cervicovaginal infections (n=64) were excluded. A total of 84 out of 245 (34.3%)

women had BV at enrolment and 43 (51.2%) of them completed the treatment and returned for follow-up. Evaluation of the

vaginal microbiota at follow-up showed that 29 (67.4%) women restored normal vaginal flora, while 14 (32.6%) still had BV.

The pretreatment loads of G. vaginalis were lower in women with treatment failure (P=0.001) compared to those who

successfully restored normal flora. The loads of A. vaginae did not differ between the groups.

Conclusion. Although G. vaginalis produces several virulence factors and its loads correlate positively with those of A. vaginae,

higher cervicovaginal quantities of these bacteria are not associated with treatment failure of BV after oral metronidazole.

INTRODUCTION

Bacterial vaginosis (BV) is the most frequent type of abnormal
vaginal flora in reproductive-aged women [1, 2]. Microbiolog-
ically, BV is defined by the shift from a normal lactobacilli-
dominated flora to an excessive growth of anaerobic bacteria.
In fact, several bacterial species have already been shown to be
strongly associated with BV, such as Atopobium vaginae,
Gardnerella vaginalis, Prevotella spp. and Mobiluncus spp.,
among others [3–5]. Women with BV have increased risk for
acquisition for several sexually transmitted infections, such as
human immunodeficiency virus (HIV), Neisseria gonorrhoeae
and Chlamydia trachomatis [6–8].

The microbial features of BV are not completed understood,
but studies have already shown that bacterial diversity [3–5]

and loads [9, 10] are increased in this condition compared
to normal vaginal microbiota. When assessed individually,
the loads of A. vaginae and G. vaginalis are also higher in
BV [11]. Regarding A. vaginae, it is detected in nearly all
women with BV and correlates positively with vaginal pH
and Nugent scores [9]. In addition, independently of the
presence of BV, higher vaginal loads of A. vaginae in preg-
nant women are associated with preterm birth [10]. Simi-
larly, G. vaginalis can be detected in up to 100% of women
with BV [12, 13]. It has already been shown that strains of
G. vaginalis isolated from women with BV are more virulent
compared to strains recovered from women with normal
microbiota [14]. Several virulence factors are produced by
G. vaginalis, including hydrolytic enzymes such as sialidases
and biofilms [15–18]. Sialidases produced by G. vaginalis
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degrade immunoglobulin A, impairing the local immune
response [15]. Sialidases-producing strains of G. vaginalis
also have increased capability of biofilm production [18,
19]. A. vaginae and G. vaginalis are the main components of
vaginal biofilms [16, 17, 20].

Currently, one of the most common treatments for BV con-
sists of a 1 g oral dose of metronidazole administered daily
for 7 days. This regimen is in accordance with the guidelines
from the Centers for Disease and Control and Prevention
(CDC) [21]. This is the standard treatment for nearly all
non-pregnant women attending gynaecology outpatient
clinics in the Brazilian public health system. The overall
prevalence of BV in this population is 30.0% [2]. However,
the metronidazole regimen has demonstrated low efficacy,
with high rates of BV persistence and recurrence after treat-
ment [22, 23]. The question of whether the poor response to
metronidazole therapy is due to biofilm formation by A.
vaginae and G. vaginalis and, consequently, their higher
vaginal loads, is currently under discussion [24]. Other
aspects of BV may also play a role in its treatment failure,
such as the high diversity and heterogeneity of vaginal bac-
terial species [4, 5, 25]. Moreover, antimicrobial resistance
genes have already been described in bacterial species asso-
ciated with BV [26]. Further, other conditions of vaginal
flora that are associated with loss of Lactobacillus, but are
less responsive to metronidazole, such as aerobic vaginitis
[27], may have been overlooked in some studies [28–30],
leading to a false negative assessment of the treatment effi-
cacy of metronidazole in such cases.

Taken together, these recent findings reinforce the impor-
tance of elucidating the microbiological features involved in
the failure of BV treatment in order to seek strategies to
increase its efficacy. Given that the growth of A. vaginae
and G. vaginalis is expected to be higher in the presence of
vaginal biofilms, the aim of this study was to compare their
pretreatment cervicovaginal loads in women with BV who
had successfully restored normal vaginal microbiota after
oral metronidazole with those in women who had persisted
with BV despite proper treatment.

METHODS

A total of 309 non-pregnant reproductive-aged women
attending a public primary health care service in Botucatu,
S~ao Paulo, Brazil, were invited to participate in this prospec-
tive study. All of the women enrolled in the study attended
outpatient clinics during a 6-month period in 2014 for rou-
tine cervical cancer screening (Pap test). Women were not
included if they reported urinary loss, menstrual period,
antibiotics in the previous 30 days and sexual intercourse in
the last 48 h.

Sociodemographic, behavioural and clinical history data
were assessed by applying an individual standardized ques-
tionnaire. During the physical examination for Pap test
collection, the vaginal pH was measured by allowing 1 min
of direct contact between pH strips (4.0–7.0; Merck, Darm-
stadt, Germany) and the vaginal wall. A potassium

hydroxide test was performed by placing a drop of 10%
KOH (v/v) on a swab with vaginal content. Results were
then expressed as negative, doubtful and positive (whiff
test). Microscopic analyses of vaginal wet-mount smears
were performed to detect the presence of Candida sp.-like
morphotypes, and Trichomonas vaginalis. The other vaginal
smear was Gram-stained and used for vaginal flora classifi-
cation according to the Nugent criteria as normal (score 0
to 3), intermediate (score 4 to 6) and BV (score 7 to 10)
[31]. Endocervical samples were also taken to test for Chla-
mydia trachomatis and Neisseria gonorrhoeae using end-
point PCR and real-time PCR (RT-PCR), respectively, as
described previously [27, 32, 33]. Finally, cervicovaginal
samples were obtained by rinsing the vaginal wall using a
3ml sterile NaCl 9.5% solution according to a standardized
technique [27].

The A. vaginae and G. vaginalis loads were determined by
RT-PCR for cervicovaginal samples from women with BV
and intermediate and normal flora that tested negative for
other concurrent infections. Total bacterial DNA was
extracted from the pellets of cervicovaginal samples using
the QIAamp DNA mini kit (Qiagen, Valencia, CA, USA)
according to manufacturer’s instructions for Gram-negative
and Gram-positive bacteria using a 100 µl final elution step.
The reactions consisted of a 13 ul volume of Maxima SYBR
Green/ROX mix (Fermentas, St Leon-Rot, Germany) and
the pairs of primers specifically designed to amplify 16S
rRNA regions of A. vaginae (81 bp) and G. vaginalis
(332 bp) in separate reactions with 2 ul of DNA template
[34, 35]. Amplification cycles were performed in LineGeneK
(Bioer, China) equipment in 40 repetition cycles. The bacte-
rial loads were calculated by the interpolation of cycle
threshold values for each sample on the standard curve
obtained with 10-fold serial dilution of plasmid DNA. The
plasmids contained the amplified sequences of A. vaginae
and G. vaginalis 16S rRNA genes that were constructed
according to methods described elsewhere [11]. All samples
were tested in duplicate and if a difference of more than one
cycle threshold was observed between them, reactions were
repeated. The mean values of the duplicates were calculated
and the bacterial loads were expressed by number of copies
ml�1 of cervicovaginal sample. Final bacterial loads were
obtained by multiplying the mean value by 50 in order to
reach the elution volume of 100 µl that corresponded to
1ml of the sample used for DNA extraction.

Treatment was offered to the 84 women who had BV at the
time of enrolment. The treatment consisted of oral metroni-
dazole 1 g administered daily for 7 days, as recommended
by the CDC [21]. The 32 women with intermediate flora
were only treated when they were symptomatic, and those
who had no symptoms were advised to undergo re-
evaluation within 30 days (this further visit was not part of
this study protocol). Follow-up visits for BV-treated women
were scheduled between 30 to 45 days after the end of treat-
ment, depending on their menstrual period. During this fol-
low-up visit, women were asked if they had completed the
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treatment correctly, without skipping days. They were also
asked if they had abstained from sexual intercourse during
this period. Vaginal flora was then reassessed using
Nugent’s method [31]. Women who had taken an incom-
plete course of metronidazole or had had intercourse during
treatment were not re-evaluated.

Comparison of discrete and continuous socio-demographics
and clinical variables between the women with normal
vaginal flora and BV was performed, respectively, by the
Chi-squared and non-parametric Mann–Whitney tests.
Comparison of the A. vaginae and G. vaginalis loads in
patients classified as normal flora, intermediate flora and
BV was performed using the non-parametric Kruskal–
Wallis followed by Dunn’s post-test. The Mann–Whitney
non-parametric test was used to compare the bacterial loads
of women who restored normal flora after metronidazole
and those who persisted with BV. Spearman’s correlation

coefficient was determined for the the A. vaginae and
G. vaginalis loads of the study groups. All of these analyses
were performed using GraphPad Prism 6.0 software
(GraphPad, San Diego, CA, USA), with P<0.05 considered
to be significant.

RESULTS

From the total of 309 women initially recruited, those
with vaginal candidosis (n=26, 8.4 %), trichomoniasis
(n=1, 0.3%), C. trachomatis (n=22, 7.1 %), N. gonorrhoeae
(n=2, 0.6%) or both C. trachomatis and N. gonorrhoeae
infection (n=1, 0.3%) were excluded from the study
(Fig. 1). Additionally, samples from 12 (3.9%) women
were excluded because they were not suitable for analysis.
Sociodemographic, behavioural and clinical data for the
245 women enrolled are shown in Table 1, according to
the microscopic classification of the vaginal flora. Women

309 women

245 included

129 with normal vaginal flora 32 intermediate 84 bacterial vaginosis

29 cured 14 persisted with
bacterial vaginosis

64 cases excluded:

26 Candida spp.

1 Trichomonas vaginalis

22 Chlamydia trachomatis

2 Neisseria gonorrhoeae

1 coinfection for C. trachomatis

12 samples unsuitable for
analysis

and N. gonorrhoeae

Fig. 1. Flow chart for participants in the study.
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with normal flora (n=129, 52.6%), intermediate flora
(n=84, 34.3%) and BV (n=84, 34.3%) did not differ for
most of the variables evaluated, except with regard to the
smoking habit, which was reported more frequently by
women with BV. In addition, the subset of women who

were married or lived with a partner at enrolment were
more likely to have normal flora. A positive whiff test
and higher vaginal pH were more frequent in the BV
group, followed by the intermediate and normal flora
groups.

Table 1. Demographic, behavioural and clinical characteristics of the 245 women included in the study according to their vaginal flora type at

enrolment

Continuous variables are expressed in median values (range) and categorized as total numbers (percentage). BV, bacterial vaginosis; STI, sexually

transmitted infection.

Variables Normal (n=129) Intermediate (n=32) Bacterial vaginosis (n=84) P value

Age (years)*

18–21 (n=34) 15 (44.1) 6 (17.6) 13 (38.2)

22–45 (n=193) 106 (54.9) 22 (11.4) 65 (33.7)

46+ (n=18) 8 (44.5) 4 (22.2) 6 (33.3) 0.53

Ethnicity*

White (n=142) 82 (57.7) 19 (13.4) 41 (28.9)

Non-white (n=103) 47 (45.6) 13 (12.6) 43 (41.7) 0.10

Marital status*

Single (n=79) 36 (45.6) 6 (7.6) 37 (46.8)

Married/living with partner (n=166) 93 (56.0) 26 (15.7) 47 (28.3) 0.01‡

Years at school‡ 9 (0–16) 5.2 (1–11) 8 (0–15) 0.21

Paid job*

Yes (n=133) 72 (54.1) 15 (11.3) 46 (34.6)

No (n=112) 57 (50.9) 17 (15.2) 38 (33.9) 0.65

Smoking habit*

Yes (n=47) 22 (46.8) 1 (2.1) 24 (51.1)

No (n=198) 107 (54.0) 31 (15.7) 60 (30.3) 0.005§

Body mass index† 26.1 (16.4–49.7) 26.9 (15.6–38.1) 26.7 (16.0–53.0) 0.84

Number of sexual partners (1 year)*

0 or 1 (n=216) 117 (54.2) 29 (13.4) 70 (32.4)

2 or more (n=29) 12 (41.4) 3 (10.3) 14 (48.3) 0.23

Incidences of vaginal intercourse/week† 2 (0–7) 3 (0–7) 2 (0–7) 0.26

Previous BV*

Yes (n=115) 53 (46.1) 17 (14.8) 45 (39.1)

No (n=130) 76 (58.5) 15 (11.5) 39 (33.9) 0.15

Previous STI*

Yes (n=21) 10 (47.6) 4 (19.0) 7 (33.3)

No (n=224) 119 (53.1) 28 (12.5) 77 (34.4) 0.69

Consistent condom use*

Yes (n=44) 18 (40.9) 7 (15.9) 19 (43.2)

No (n=201) 111 (55.2) 25 (12.4) 65 (32.3) 0.23

Hormonal contraceptive (last 4months)*

Yes (n=170) 58 (58.0) 11 (11.0) 31 (31.0)

No (n=145) 71 (49.0) 21 (14.5) 53 (36.6) 0.37

Vaginal pH‡ 4.4 (4.0–5.0) 4.7 (4.0–5.8) 4.7 (4.0–7.0) <0.001§

Whiff test*

Positive (n=75) 14 (18.7) 8 (10.7) 53 (70.7)

Doubtful or negative (n=170) 115 (67.6) 24 (14.1) 31 (18.2) <0.001§

*Chi-square test. P<0.05 considered as significant.

†Kruskal–Wallis, followed by Dunn’s post-test.

‡BV versus normal flora, BV versus intermediate flora.

§Differs among the three groups.
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Cervicovaginal samples obtained at baseline had signifi-
cantly higher loads of both A. vaginae and G. vaginalis for
women with BV compared to those for women with inter-
mediate and normal vaginal flora, as shown in Fig. 2. As
shown in Table 2, there was a strong correlation between
loads of A. vaginae and G. vaginalis in women with BV
[Spearman r=0.69; 95% confidence interval (CI)=0.55–0.79,
P<0.01;], while in women with intermediate flora this corre-
lation was weak and non-significant (Spearman r=0.25;
95%CI=0.11–0.56; P=0.16), and in women with normal
vaginal flora it was weak but significant (Spearman r=0.23;
95%CI=0.06–0.40; P=0.01).

Of the 84 women who had BV at enrolment, 46 (54.8 %) fin-
ished the treatment and returned for a follow-up visit. At
follow-up, two participants reported that they had forgotten
to take the medication at some point, and one had had sex-
ual intercourse during treatment, and these subjects were

excluded from the analysis. The remaining 43 women who
had completed the treatment properly were then divided in
two groups: those who had shifted from BV to normal vagi-
nal flora (n=29, 67.4%) and those who had persisted with
BV (n=14, 32.6%). In the latter group, 13 women had
Nugent scores higher than or equal to 7, and 1 had an inter-
mediate vaginal flora (score=5). The participant with inter-
mediate vaginal flora was included in the group of women
who persisted with BV because she had a vaginal pH equal
to 5.0 and continued to have abnormal vaginal discharge
complaints. As shown in Fig. 3, the baseline cervicovaginal
loads of A. vaginae did not differ between the group of
women who restored normal flora after treatment and those
who persisted with BV. However, the cervicovaginal G. vagi-
nalis loads at baseline were significantly lower in women
who persisted with BV after treatment. A strong correlation
between A. vaginae and G. vaginalis cervicovaginal loads
was observed in women with restored normal flora after
metronidazole treatment (Spearman r=0.68; 95% CI=0.42–
0.84; P<0.01) and a slightly weaker correlation in women
who persisted with BV (Spearman r=0.58; 95%CI=0.05–
0.85; P<0.01) (Table 3).

DISCUSSION

To the best of our knowledge, this is the first report to show
that pretreatment cervicovaginal G. vaginalis loads are sig-
nificantly lower in women who persist with BV after a
proper regimen of oral metronidazole compared to those
with restored normal flora after treatment. This finding is
particularly relevant, since it may contribute to a better
understanding of the role of the microbiological composi-
tion associated with BV persistence after metronidazole
therapy. This regimen for BV treatment, with exclusive use
of oral metronidazole, is still widely used in many develop-
ing countries, such as Brazil, in which BV prevalence is
quite high [2].

When comparing the absolute loads of A. vaginae and G.
vaginalis in different patterns of vaginal flora, the highest
loads for both bacteria were observed in BV, followed by
intermediate flora and normal vaginal flora. These results
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Fig. 2. Baseline cervicovaginal loads of A. vaginae and G. vaginalis in

129 women who presented normal vaginal flora, 32 with intermediate

vaginal flora and 84 with bacterial vaginosis at enrolment. Horizontal

bars represent the median values of copies ml�1 of cervicovaginal

fluid. Comparison of bacterial load among the groups was performed

using the Kruskal–Wallis test followed by Dunn’s post-test

Table 2. Number of positive samples, [n (%)], Spearman correlation

coefficient (r) and confidence interval (CI) [r (CI range)] for A. vaginae

and G. vaginalis presented at enrolment by the 245 women included in

the study

Vaginal flora

Normal
(n=129)

Intermediate
(n=32)

Bacterial
vaginosis (n=84)

A. vaginae positivity (%) 30
(23.3)

13 (40.6) 74 (88.1)

G. vaginalis positivity (%) 4 (31.0) 8 (25.0) 66 (78.6)

Spearman correlation for A.
vaginae/G. vaginalis

0.23
(0.06–
0.40)*

0.25
(0.11–0.56)

0.69
(0.55–0.79)*

*P<0.01.
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were expected and they are in agreement with the findings
of previous studies [36, 37]. Although A. vaginae and G.

vaginalis are well recognized as organisms associated with
BV, they are also detected in the cervicovaginal samples of
women with normal vaginal flora [38, 39], and this was also
found in the current study. Thus, as has already been
pointed out by other authors, the question of whether these
species present more virulent genotypes when they are
found in BV and, as a result, are more capable of disrupting
vaginal flora, is a matter for discussion [14, 19, 40].

The current data showing the positive correlation found
between A. vaginae and G. vaginalis in BV and normal vagi-
nal flora are supported by previous findings on the co-
detection of these two species in different types of flora [41].
However, in women with intermediate flora only a weak
and non-significant correlation was found. This observation
offers more evidence of the fact that the bacterial composi-
tion of intermediate flora is not classifiable as intermediate
between normal and BV flora. In fact, the literature has con-
sistently shown that the classification of intermediate flora
is very heterogeneous, since other abnormal conditions of
vaginal flora, such as aerobic vaginitis, may readily be classi-
fied as ‘intermediate’ when the Nugent criteria are used [13,
42]. As aerobic vaginitis scoring was not performed for
these samples, its influence in intermediate and BV flora
cannot be completely ruled out.

Even though G. vaginalis is one of the most frequently
found species in BV [12, 40, 43], the current data show that
women who have achieved a successful cure after treatment
with metronidazole had significantly higher baseline loads
of this organism compared to women who failed to restore
lactobacilli-dominated flora (treatment failure). Thus, it is
not possible to assign the treatment failure to an increased
load of G. vaginalis. In fact, women with high loads of G
vaginalis respond better to metronidazole treatment. This
finding highlights the importance of assessing the patho-
genic diversity among the different strains of G. vaginalis
for further determination of whether it plays a role in the
treatment outcome.

On the other hand, the bacterial diversity of vaginal flora
may also be a factor that influences BV treatment. What has
been learnt so far is that the correlation between G. vaginalis
and A. vaginae is weaker in the group of women who per-
sisted with BV after treatment. Thus, it can be hypothesized
that other micro-organisms may be interfering with this
synergism and establishing a bacterial community that is
less susceptible to metronidazole, leading to treatment fail-
ure. In a previous study performed by Bradshaw et al. [12],
the co-detection of G. vaginalis and A. vaginae was associ-
ated with recurrent BV. However, despite showing quantita-
tive data for A. vaginae and G. vaginalis, the former study
did not provide the baseline pretreatment loads for these
bacteria. The fact that the lower sensitivity of A. vaginae to
metronidazole favours a cure in women with higher G. vagi-
nalis loads could also be discussed, as a higher proportion of
A. vaginae compared to G. vaginalis may be triggering treat-
ment failure in such cases [44].
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Fig. 3. Pretreatment cervicovaginal A. vaginae and G. vaginalis loads

for 29 women with BV who restored Lactobacillus-dominant flora after

metronidazole treatment and 14 BV-positive women who who per-

sisted with BV after treatment. Horizontal bars represent the median

values of copies ml�1 of cervicovaginal fluid. Comparison of bacterial

load between the groups was performed using Mann–Whitney test.

Table 3. Number of positive samples, [n (%)], Spearman correlation

coefficient (r) and confidence interval (CI), [r (CI range)] for A. vaginae

and G. vaginalis presented pretreatment by the 45 women with BV

who completed the metronidazole course and returned for follow-up.

Treatment outcome

Normal flora

(n=29)

Persisting bacterial

vaginosis (n=14)

A. vaginae positivity (%) 24 (85.7) 13 (92.9)

G. vaginalis positivity (%) 23 (82.1) 10 (71.4)

Correlation of A. vaginae/

G. vaginalis loads

0.68 (0.42–0.84)* 0.58 (0.05–0.85)*

*P<0.01.
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The development of more refined molecular methods for
determining vaginal flora allowed the recognition of new
bacterial species associated with BV, such as BV-associated
bacteria (BVAB)-1, BVAB-2 and BVAB-3, which belong to
the Clostridiales order. It was recently suggested that these
micro-organisms can produce endospores that could lead to
fast recolonization after the antibiotics regimen ends [45].
In addition, these newly recognized species are associated
with Mobiluncus sp. suggestive morphotypes in BV. Mobi-
luncus sp. strains that have already showed significant resis-
tance rates to metronidazole in vitro [46, 47].

A previous study by this group that used flow cytometry
showed that the total bacterial count in BV does not deter-
mine the outcome to metronidazole treatment [48]. Thus,
given that the bacterial count is not associated with BV
treatment failure, while the G. vaginalis loads decrease in
such cases, the poor treatment outcome may be associated
with the replacement of G. vaginalis by other bacteria in the
niche it had occupied in the BV bacterial community. Fur-
ther, as the higher loads of G. vaginalis and A. vaginae were
shown to be useless in predicting treatment failure for BV,
future studies are essential to determine the microbiological
aspects involved in this troublesome issue. Then, more effi-
cient alternatives may be developed to protect these women
from the serious consequences of persisting with abnormal
vaginal flora for long periods of time.
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 41 
 42 

ABSTRACT 43 
 44 

 45 

Introduction: Bacterial sialidases are detected in the cervicovaginal samples in more than 46 

50% women with abnormal vaginal microbiota (AVM) and degrade IgA. Gardnerella vaginalis 47 

is strongly associated with AVM and some strains are capable of produce sialidases. 48 

However, it is still unknown if other vaginal bacterial species contribute for sialidase 49 

production. Given the impact of sialidase at local immunity, it may have an impact in 50 

microbial composition, which was not addressed so far. Objective: To test if sialidases can be 51 

detected in cervicovaginal fluid in the absence of G. vaginalis sialidase-encoding gene and 52 

also to compare the AVM-microbiome components according to the status of cervicovaginal 53 

sialidases. Methods: We cross-sectionally enrolled 114 women seeking routine Pap-test. 54 

Vaginal microbiota was assessed by microscopy for AVM detection (Nugent scores 4 to 10) 55 

and by V3-V4 16S rRNA sequencing. Detection of G. vaginalis sialidase-encoding gene was 56 

performed by real time-PCR, while sialidase measurements in cervicovaginal fluid were 57 

performed using fluorometric assay. Results: We detected sialidases in the cervicovaginal 58 

fluid of 28 out the 40 women with AVM, of which 4 (14.3%) were negative for the G. vaginalis 59 

sialidase-enconding gene. Microbiome analysis showed that among the 30 most prevalent 60 

bacterial taxa in AVM, 17 were significantly enriched in sialidase-positive samples (P<0.05), 61 

while only one taxon was enriched in sialidase negative-group. Conclusion: G. vaginalis is 62 

likely to be the main but not the exclusive source of cervicovaginal sialidases. Bacterial 63 

sialidases is associated with changes in components of vaginal microbiome, although a 64 

causality link could not be addressed.    65 

 66 

 67 

Keywords: Vaginal microbiome; Bacterial vaginosis; Gardnerella vaginalis; Sialidase. 68 
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 1. Introduction 69 
 70 

 Over decades, bacterial vaginosis (BV) has been considered the most common type of 71 

abnormal vaginal microbiota (AVM), affecting about 30% of women in reproductive age [1, 2]. It 72 

is a condition that has a high recurrence rates even after appropriate treatment [3] and is 73 

characterized by the replacement of normal Lactobacillus-dominated microbiota by an 74 

overgrowth of Gardnerella vaginalis, Atopobium vaginae, Prevotella bivia, Bacteroides spp., 75 

among other species [1, 2]. The presence of virulence factors produced by abnormal vaginal 76 

microbiota (AVM)-associated bacteria as the sialidases are associated to increased risk to 77 

acquisition of sexually transmitted infections (STI), including the human immunodeficiency 78 

virus (HIV), Neisseria gonorrhoeae, Chlamydia trachomatis and recently were associated with 79 

the persistence of cervical infection by human papillomavirus (HPV)  [4, 5].  80 

 Sialidases can impair the host immunity local by degrade sialic acid of immunoglobulin A, 81 

mucins, membrane receptors, peripheral blood mononuclear cells and of inflammatory 82 

cytokines, which constitute the first line of defense against invasion of pathogenic 83 

microorganisms in the cervicovaginal mucosa [6, 7]. Some bacteria isolated from AVM have 84 

already been demonstrated capacity of producing and releasing sialidases in culture media [8]. The G. 85 

vaginalis strains with sialidase-encoding gene have been associated with biofilm formation [9]. 86 

Vaginal biofilm hinders antibiotic action and is associated with BV recurrence [10]. Sialidases are 87 

enzymes that facilitate the attachment of BV-associated bacteria to epithelial cells by hydrolyzing 88 

the sialic acid on the terminal glycans of cellular membranes in mucous layer [11]. 89 

 Sialidases production by G. vaginalis in vaginal environment is well documented, while its 90 

production by other BV-associated bacteria as Prevotella bivia and Bacteroides spp. was only 91 

demonstrated in vitro [8, 9, 11]. Since G. vaginalis is strongly associated with BV and some 92 

strains present the sialidase-encoding gene, other possible sources of sialidase have been 93 

overlooked.  94 

 Considering the impact of cervicovaginal sialidase to the local immunity and the lack of 95 
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information regarding its source, the aims of this study were to verify if bacterial sialidases 96 

can be detected in cervicovaginal fluid in the absence of G. vaginalis sialidase-encoding gene 97 

and if this enzyme may lead to changes in vaginal microbiome of women with AVM. 98 

 99 

 100 

2. Materials and methods 101 
 102 

Study design and population 103 
 104 

 105 

 From March to September of 2014, a total of 141 non-pregnant reproductive aged 106 

women attending a primary healthcare clinic in Botucatu, São Paulo, Brazil, for routine Pap-testing 107 

was cross-sectionally enrolled. This study was reviewed and approved by the Ethics Committee of 108 

UNESP - São Paulo State University, Botucatu Medical School (Approval number 3.095.119). All 109 

women that agreed to participate of this study signed a consent term. Those women that reported 110 

urinary loss, being at menstrual period, use of antibiotics in the previous 30 days and sexual 111 

intercourse in the last 48 hours were not included. An individual structured questionnaire was 112 

applied by face-to-face interview to assess sociodemographic, behavioral and clinical 113 

characteristics of the population. 114 

 115 

Sampling procedures 116 

 117 

 During physical exam for Pap-testing, additional procedures were carried out to complete the 118 

study protocol. Vaginal pH was measured by allowing one minute of direct contact of the 119 

commercial pH strips (range 4.0–7.0, Merck, Darmstadt, Germany) with the vaginal wall. Whiff test 120 

was performed adding a potassium hydroxide drop (10% KOH v/v) on a swab with vaginal content and 121 

the results were expressed as negative, doubtful and positive. Mid-third of vaginal wall was swabbed 122 

and stored at Amies liquid medium (Copan, Brescia, Italy) at -80o C for microbiome analysis. 123 

Additional vaginal swab was smeared onto two glass slides for microscopic evaluation. Wet-mount 124 

smears were used detect presence of Candida sp.-like morphotypes and Trichomonas vaginalis. 125 
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Gram-stained smears were used for classification of the vaginal microbiota using Nugent scoring 126 

system, which is based on the semi-quantification of different bacterial morphotypes, with results 127 

expressed as normal (scores 0-3), intermediate (scores 4-6) and BV (scores 7-10) [12]. Participants 128 

with scores between 4 and 10 were classified as AVM. Endocervical samples were also taken for 129 

detection of G. vaginalis sialidase gene and assessments of C. trachomatis and N. gonorrhoeae status 130 

by PCR, according to methods previously described [13-15]. Finally, 3 mL of cervicovaginal fluid 131 

samples were obtained using sterile NaCl 9.5% [w/v] solution as standardized previously [16] and 132 

were used for measurement of sialidase levels. 133 

 134 

 Detection of G. vaginalis sialidase gene and measurement of sialidases cervicovaginal levels 135 

 Presence of G. vaginalis sialidase A gene was assessed by real-time polymerase chain 136 

reaction (PCR) on cervicovaginal DNA. Reactions were performed in 13 uL total reaction volume 137 

containing DNA template, Maxima SYBR Green/ROX mix (Fermentas, St. Leon-Rot, Germany), the 138 

pair of primers for amplification of G. vaginalis sialidase gene A (GVSI forward: 5´– 139 

GACGACGGCGAATGGCACGA – 3´ and GVSI reverse 5´– AGTCGCACTCCGCGCAAGTC – 3´) [9]. It was 140 

included positive samples, in which gene sequence was confirmed by sequencing in 3500xL ABI 141 

Genetic Analyzer platform (Applyed Biosystems, Foster, CA). Reactions were incubated at 95ºC 142 

for 10 min and 40 cycles of 15 seconds at 95ºC and 30 seconds at 60ºC resulting in melting curve 143 

analysis. All they were performed in LineGeneK (Bioer, China) equipment. Measurement of 144 

cervicovaginal sialidase levels were determined by the conversion of the fluorogenic substrate 2-(4-145 

methylumbelliferyl)-α-D-N-acetylneuraminic acid (MUAN; Sigma-Aldrich, St. Louis, MO), according 146 

to methods previously described [17]. The detection limit of the assay at this study was 0.1 ng/mL. 147 

 148 

 Microbiome assessment 149 

 150 

  151 
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 Frozen vaginal samples inoculated in transport medium were thawed on ice, shaken 152 

vigorously and the swabs were then discarded. The fluid was subjected to DNA extraction using 153 

the PowerSoil® DNA Isolation Kit (MO BIO Laboratories, Carlsbad, CA), according to 154 

manufacturer’s protocol. Analysis of vaginal microbiome was performed in the Institute for 155 

Genomic Sciences of University of Maryland (Baltimore, MD) according to Fadrosh et al. [18]. 156 

Briefly, all samples were submitted to quantification of DNA using Picogreen (Invitrogen, 157 

Carlsbad, CA) and diluted in order to reach concentration of 5 ng/uL using Qiagility (Qiagen, 158 

Germantown, MD). Posteriorly, it was performed an end-point PCR for amplification of a 159 

sequence of 532 bp of V3-V4 hypervariable region of 16S rRNA gene using a combination of 48 different 160 

primers attached to barcodes for samples identification. Amplicons were sequenced using the 400 161 

PE MiSeq (Illumina Inc., San Diego, Califórnia) equipment. Reads were de-multiplexed and quality 162 

trimmed in QIIME (version 1.8.0)Q, refer to Fadrosh et al.[20] for further details. Samples with at least 163 

1000 reads were used for subsequent microbiota analysis. Both de novo and reference-based chimera 164 

detection were conducted in UCHIME (v5.1)UQ using greengenes database of 16S rRNA sequences 165 

(Aug, 2013 vers.) as a reference. 166 

 167 

 168 

 Data analyses 169 

 170 

  171 

 Statistical analysis for comparison of socio-demographics and clinical variables between the 172 

groups were performed, by Chi-squared and by the non-parametric Mann-Whitney test. Chi-173 

squared test was also performed to test association between presence of G. vaginalis sialidase A 174 

gene and sialidases detection. Comparison of sialidases concentration between G. vaginalis sialidase 175 

A gene-positive and negative samples was performed by the non-parametric Mann-Whitney test, while 176 

the association between BV and presence of G. vaginalis sialidase A gene was tested by Chi-squared. 177 

All analyses were performed in GraphPad Prism 6.0 software (GraphPad, San Diego, CA) with P<0.05 178 

considered as significant. Linear discriminant analysis effect size (LDAES) was performed to 179 

compare the relative abundance of the top-30 more prevalent microbial taxa between women with 180 
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normal and those with AVM. Subsequent LDAES analyses were performed only in AVM women (1) 181 

according to the presence of G. vaginalis sialidase A gene and (2) according to the presence of 182 

detectable levels of cervicovaginal sialidases. Tools used for LDAES analyses are 183 

available at http://huttenhower.sph.harvard.edu/galaxy. 184 

 185 

 3. Results 186 

 187 

Of the 141 women initially enrolled, 27 (19.1%) were further excluded of the study by 188 

presenting Candida sp. (n=17; 12%), T. vaginalis (n=2; 1.4%) and C. trachomatis (n=8; 5.7%). 189 

Microscopic classification of the vaginal microbiota of the 114 remaining samples showed 64 190 

(56.1%) women with normal microbiota, 10 (8.8%) with intermediate and 40 (35.1%) with BV. 191 

Therefore, 50 (43.9%) women were classified as AVM.  192 

Sociodemographic, behavioral and clinical history data are displayed in Table 1. Bacterial 193 

vaginosis was associated with smoking habit and to women with two sex partners or more in the 194 

year prior to enrollment. Bacterial vaginosis was also associated to an increased vaginal pH 195 

(P<0.05). Intermediate microbiota was marginally associated with BV history in the previous 196 

year (P=0.04). No other association was observed for the remaining variables. 197 

As shown in Table 2, 24 (33.3%) of the samples with positive results for G. vaginalis 198 

sialidase A gene also presented sialidases at detectable levels (P<0.01). Other 48 samples were 199 

positive for sialidase gene but with enzyme levels below the detection limit of the assay. On the other 200 

hand, sialidases were detected in four samples that tested negative for G. vaginalis sialidase-201 

encoding gene. When comparing the results of the presence of sialidase gene according to 202 

the microscopic classification of vaginal microbiota (Table 2), G. vaginalis gene was more prevalent 203 

in participants with BV (P<0.01). All samples with measurable cervicovaginal sialidases levels 204 

were from women with AVM, including intermediate (n=2, 20%) and BV (n=26, 60%).  205 

Of the total of 114 samples included in the study, were successfully sequenced 100 samples for 206 

microbiome analysis, resulting in a total of 1.393.522 reads from 108 bacterial taxa identified. 207 

http://huttenhower.sph.harvard.edu/galaxy.
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Relative abundance of the most prevalent taxa (top 30) of vaginal microbiome was compared 208 

between normal microbiota and AVM. As observed in Fig. 1A, Lactobacillus spp. (L. crispatus, L. 209 

iners, L. helveticus, L. jensenii, L. vaginalis) were more abundant in normal group, while 18 other 210 

species were enriched in AVM (P<0.05). As shown in Figs. 1B e 1C, when evaluating top 30 taxa of 211 

AVM participants according to the presence of G. vaginalis sialidase-encoding gene, five were 212 

significantly enriched in gene-positive group (Atopobium vaginae, Leptotrichia amnionii, 213 

Parvimonas micra, Gemella, Prevotella genogroup 2) and only one in gene-negative group 214 

(Lactobacillus helveticus). Those five bacterial taxa significantly enriched in G. vaginalis sialidase 215 

gene-positive group were also significantly more abundant in group with sialidases detection 216 

(Fig. 1C) in addition to other 12 bacterial taxa (G. vaginalis, Anaerococcus, Dialister, BVAB, 217 

Megasphaera, Eggerthella and others). Only Pediococcus acidilacti was significantly more 218 

abundant in sialidase-negative group. 219 

4. Discussion 220 

 With relation to sociodemographic, behavioral and clinical history data of this population, 221 

other studies also could demonstrate that BV is more frequent in smokers and in those with 222 

more sex partners. The higher vaginal pH is characteristic of BV [19-21] and the fact of that 223 

BV history in the previous year to be significantly most frequent in women with intermediate 224 

microbiota compared to normal is comprehensive since it is common women with 225 

intermediate microbiota changing to BV and vice versa, what may be associated to BV 226 

recurrence [1]. 227 

The main findings of this study were of the changes of vaginal microbiome in the 228 

presence of G. vaginalis sialidase-enconding gene and in detectable levels of sialidases. 229 

Another interesting finding observed in this study was that although G. vaginalis seems have a 230 

most significant portion in sialidases production in cervicovaginal environment, other BV-231 

associated bacteria can also contribute for the production of this enzyme in this milieu, despite of 232 

these species were not the specific target of the present study. So far, the production of 233 
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sialidases by microorganisms other than G. vaginalis had only been demonstrated in vitro [8]. 234 

The sialidases activity in BV is well described and it was also shown some activity in 235 

intermediate microbiota [7, 11, 17, 22]. Indeed, in our study only women with AVM presented 236 

concentration levels for the enzyme. Although we did detect sialidase-gene in normal vaginal 237 

microbiota in several samples, there was not enzyme production in detectable levels. It may be due 238 

to some hypotheses: in these cases sialidase production may be downregulated due to gene 239 

silencing or even it may be undergoing by post translational modification. Also, it should be 240 

considered that in view of the much smaller amount of G. vaginalis found in normal 241 

microbiota, sialidases may are being produced at undetectable levels. Even it should be 242 

considered that certain substances produced by Lactobacillus spp. in normal microbiota ma 243 

degrade bacterial sialidases for obtaining growth advantages. It is well known that Lactobacillus spp. 244 

produce several antimicrobial components such as bacteriocins, hydrogen peroxidase and, 245 

especially, acid lactic which maintains a low vaginal pH [23]. It was already demonstrated that in pH 246 

4.5 the toxins activity as vaginolysin produced by G. vaginalis is reduced, thus pH may have same 247 

effect on sialidase [24]. 248 

On the other hand, the presence of certain BV-associated bacteria seems to contribute to the 249 

expression of sialidase gene. One of the most abundant bacteria, A. vaginae, is positively 250 

correlated with G. vaginalis [25] and together they are the main components of the vaginal 251 

biofilm in BV [26]. Besides A. vaginae is capable of increasing the expression of membrane- 252 

associated mucins that are one of the targets of sialidases [27]. So, it may be hypothesized that 253 

presence of A. vaginae species may induce to the expression of sialidase by G. vaginalis due to 254 

increase the bioavailability of mucins for its metabolism.  255 

As expected, from comparison of the relative abundance of bacterial taxa according to the 256 

microscopic status of vaginal microbiota, only Lactobacillus spp. were enriched in normal 257 

microbiota (Nugent score 0 to 3). On the other hand, several bacterial taxa bacteria were 258 

significantly more abundant in AVM and, all of them had been previously associated with BV [2, 28, 259 
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29]. The results from comparison between samples positive and negative for G. vaginalis 260 

sialidase-encoding gene showed that only L. helveticus seem to thrive significantly in the 261 

absence of sialidase-positive gene G. vaginalis strains, while A. vaginae, L. aminionii, P. micra, 262 

Prevotella genogroup 2 and Gemella sp. are significantly more abundant in the presence of 263 

these strains. It is known that the action of sialidases on the sialoglycans of cervicovaginal 264 

mucus may provide other substrates that can be cleaved by other glycosidases produced by 265 

vaginal bacteria [30]. Also, it must be considered that IgA and interferon-gamma degradation by 266 

sialidases hampers local immunity and certainly contribute for BV-associated bacteria 267 

overgrowth [7]. In fact, G. vaginalis has a positive effect on the growth of other BV-associated 268 

bacteria as Prevotella bivia and Fusobacterium nucleatum, while G. vaginalis itself growth is three 269 

times greater when a second anaerobe (in special P. bivia and Mobiluncus mulieres) is included 24 270 

hours after in vitro biofilm formation [31]. Therefore, the BV-associated bacteria seem to 271 

interact positively among them which may lead to expression of metabolites in order to increase 272 

the diversity of vaginal microbiota. Sialidases may be a factor underlying of this microbial 273 

interaction, as it may be an essential path to obtain free sialic acid, a carbohydrate source for 274 

bacterial growth [32]. 275 

This study focused in the presence of sialidases, but other virulence factors are produced 276 

by BV-associated species and modulate local microbiota, being necessary further 277 

investigation. Even so, this study brings more evidences of the key role of G. vaginalis for BV- 278 

pathogenesis. However, as other bacteria can also produce sialidases in the cervicovaginal 279 

environment, it is important to know better which bacteria additionally to G. vaginalis may be in fact 280 

acting as pathogenic sialidases sources to adopt strategies to prevent its release in the vaginal 281 

environment. Finally, it is fundamental the execution of longitudinal studies in order to establish 282 

the impact of bacterial sialidases on the temporal fluctuation of vaginal microbiome. 283 
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Table 1. Demographic, behavioural and clinical characteristics of the 114 participants of the 389 
 390 

study according to the microscopic classification of vaginal microbiota. 391 
 392 
 393 
 394 

Variables Normal 

 
(n=64) 

Intermediate 

 
(n=10) 

Bacterial vaginosis 

 
(n=40) 

P-value
a
 

Age, years; median (range) 35 (18-51) 31 (18-43) 35 (18-47) 0.65 

Age, years     

<35 31 (48.4) 6 (60.0) 20 (50.0) 
 

≥35 33 (51.6) 4 (40.0) 20 (50.0) 0.79 

Ethnicity 
    

White 41 (64.1) 4 (40.0) 17 (42.5) 
 

Non-White 23 (35.9) 6 (60.0) 23 (57.5) 0.06 

Marital status 
    

Single 18 (28.1) 2 (20.0) 17(42.5) 
 

Married/living together with partner 46 (71.9) 8 (80.0) 23(57.5) 0.21 

Years at school 9 (0-16) 8 (2-11) 8 (1-15) 0.23 

Remunerated activity (n/total) 
    

Yes 40 (62.5) 3 (30.0) 24 (60.0) 
 

No 24 (37.5) 7 (70.0) 16 (40.0) 0.15 

Smoking 
    

Yes 9 (14.1) 1 (10,0) 14 (35.0) 
 

No 55 (85.9) 9 (90.0) 26 (65.0) 0.03
d
 

Number of sex partner
b
 

    

0 or 1 62 (96.9) 9 (90.0) 31 (77.5) 
 

2 or more 2 (3.1) 1 (10.0) 9 (22.5) <0.01
d
 

Number of vaginal intercourse/week 2 (0-7) 3 (1-7) 3 (0-7) 0.70 
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 395 
Previous Bacterial vaginosis     

Yes 21 (32.8) 7 (70.0) 20 (50.0) 
 

No 43 (67.2) 3 (30.0) 20 (50.0) 0.04
e
 

Previous STI     

Yes 7 (10.9) 2 (20.0) 3 (7.5) 
 

No 57 (89.1) 8 (80.0) 37 (92.5) 0.51 

Consistent condom use 
    

Yes 22 (34.4) 2 (20.0) 10 (25.0) 
 

No 42 (65.6) 8 (80.0) 30 (75.0) 0.46 

Hormonal contraceptive
c
 

    

Yes 32 (50.0) 5 (50.0) 13 (32.5) 
 

No 32 (50.0) 5 (50.0) 27 (67.5) 0.20 

Vaginal pH 4.7 (4.0-5.0) 4.7 (4.4-5.5) 4.7 (4.4-5.3) <0.01
d
 

<4.5 24 (37.5) 4 (20.0) 2 (5.0) 
 

≥4.5 40 (62.5) 8 (80.0) 38 (95.0) <0.01
f
 

Whiff test 
    

Positive 17 (26.6) 2 (20.0) 7 (17.5) 
 

Doubtful or negative 47 (73.4) 8 (80.0) 33 (82.5) 0.21 

STI: Sexually transmitted infection. 396 
a
Categorical variables were made by Chi-squared or Fisher exact test when applicable and continuous by Kruskall-Wallis test, considering P<0.05 397 

as significant. 398 

b
One year prior to enrollement. 399 

c 
last 4 months. 400 

d 
Normal group differed from BV. 401 

e 
Intermediate microbiota differed from normal and BV. 402 

f 
Normal and intermediate microbiota differed from BV. 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 
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Table 2. Number of cervicovaginal samples (%) with G. vaginalis sialidase A gene-positive and 411 

 412 

sialidases-positivity in the assay. 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
 427 
 428 
 429 
 430 
 431 
 432 
 433 
 434 
 435 

 436 

a
P<0.05 considered significant. 437 

b
Mean of sialidase values 438 

c
Normal and intermediate microbiota differed from BV by Chi-squared test. 439 

 440 

 441 

 442 

 443 

 444 

 445 
 446 

 447 
 448 
 449 
 450 
 451 
 452 
 453 

   

  
 

 
(n=72) 

No 
 

 
(n=42) 

Overall 
 

 
(n=114) 

 

Negative 48 (66.7) 38 (90.5)  <0.01 

 24 (33.3) 4 (9.5)  
 

     

Normal 34 (53.1) 30 (46.9)   

Intermediate 5 (50.0) 5 (50.0)  <0.01
c
 

 33 (82.5) 7 (17.5)  
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 454 
 455 
 456 
 457 
 458 
 459 
 460 
 461 
 462 
 463 
 464 
 465 
 466 
 467 
 468 
 469 
 470 
 471 
 472 
 473 
 474 
 475 
 476 
 477 
 478 
 479 
 480 
 481 
 482 
 483 
 484 

 485 
 486 

Figure 1. A: Relative abundance of top 30 most frequent taxa according to the pattern of vagina 487 

microbiota [normal (n=53) versus abnormal vaginal microbiota - AVM (n=47)]; B: Relative 488 

abundance of top 30 most frequent taxa according to the detection of G. vaginalis sialidase-489 

encoding gene in the cervicovaginal fluid of women with AVM [0=gene-positive (n=36) versus 490 

1=gene-negative (n=11)]; C: Relative abundance of top 30 most frequent taxa according to the 491 

presence of detectable levels of sialidases in the cervicovaginal fluid of women with AVM 492 

[0=sialidase-positive (n=26) versus 1=sialidase-negative (n=21)]. 493 

 494 
 495 
 496 

 497 
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6. Conclusão 
 

A falha no tratamento da vaginose bacteriana (VB) não pode ser atribuída a maiores 

quantidades pré-tratamento das bactérias mais comumente associadas à VB: Atopobium 

vaginae e Gardnerella vaginalis. Portanto, a falha no tratamento deve estar envolvida com 

outros fatores, como a totalidade do core microbiológico da VB, bem como sua diversidade. 

Ainda, devem ser considerados os aspectos individuais do hospedeiro, bem como a presença de 

fatores de virulência nas diferentes linhagens de espécies bacterianas que colonizam microbiota 

vaginal, em especial as sialidases. O papel das sialidases deve ser mais profundamente 

investigado, uma vez que esse trabalho demonstrou que sua presença no ambiente cérvico- 

vaginal determina mudanças profundas de composição e diversidade bacteriana entre as 

mulheres com alteração de microbiota vaginal. 




