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ABSTRACT

Aim: In this study, we focus on the complex and mutable ecological of vaginal microbiome to expound the association 
between phenotype. 

Methods and results: In a study of 39 Taiwan women, 4 microbial community types were identified by initial 
unsupervised clustering analysis base on the microbial abundance using 16S rRNA sequencing data. We found that 
species diversity was different among these community types, which was mainly reflected in evenness (p<0.001). 

Human Papilloma Virus (HPV) infection and more serious cervical intraepithelial neoplasia and squamous 

reduced with severity from ASC-US to CIN2 and HSIL. Functional analysis from inferred metagenomes showed 
that the low evenness group was showing some pathways including DNA repair, recombination protein, DNA 
replication protein and DNA activity such as pyrimidine and amino sugar, nucleotide. Amino acid metabolism and 
biosynthesis were enriched in high evenness group. 

Conclusion: According to our finding, we emphasized that the species evenness might play an important role in 
vaginal microbiota, potentially leading to shifts in functional pathways underlying the influence of vaginal diseases. 

Significance and impact of the study: This study reveals that the ecological balance, especially species evenness, can 
shape the vaginal microbiota.

Keywords: Vaginal microbiota; Community evenness; Complex and mutable ecological

INTRODUCTION 

Bacteria account for 50% of the cells of the human body, and 
together with archaea and lower eukaryotes are collectively 
termed ‘human microbiota [1,2]. The link between health, disease 
and the human microbiota is a fast-moving and contentious 
area of research. An appreciation of the variation in microbiota 
composition amongst individuals is expanding our understanding 
of the pathophysiology underlying a variety of diseases affecting 
many body systems, including many physiological phenotypes of 
vaginal health. However, imbalance of vaginal microbiome can 
cause serious diseases, such as bacterial vaginosis [3-5], Human 

Papilloma Virus (HPV)-induced cervical carcinogenesis [6,7], local 
and systemic immune responses[8,9]. Therefore, the composition 
of vaginal microbiota is not fixed under different phenotypes of 
the human body. Besides what we have known some main factors 
that modify vaginal microbiota such as menopause [10,11], sexual 
behaviour [12,13], pregnancy [14-16], age [17,18], menopause [19] 
and even smoking [20,21] are diverse in different study. In recent 
years, more and more studies have clarified that the content of 
Lactobacillus could be variable in different countries, regions, races 
and even in the same region and race [22-25]. The vagina and its 
microbiota form a balanced ecosystem, and microbes normally 
play an important role in preventing colonization by pathogenic 

Compared to other community types, low evenness group shown high relative abundance of Lactobacillus , higher 

intraepithelial lesion. In other groups dominated by Gardnerella and Streptococcus , we found Gardnerella  gradually 
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organisms. Lactobacillus has been reported to defend against 
pathogens and sexually transmitted infections [12,26] through 
maintenance of a hostile pH [27,28], production of species-specific 
metabolites [27,29] bacteriocins [30] and disruptionof biofilms [31]. 
Microbial cell–cell interactions in the vaginal flora are clarified to 
play an integral role in the development of biofilms and, ultimately, 
they can also generate an array of serious gynecological and 
obstetric complications [32]. The description of a polymicrobial 
biofilm on the epithelial surface from Bacterial Vaginosis (BV) 
vaginal biopsy specimens puts Gardnerella, the major component of 
these multispecies communities, at the center of BV pathogenesis 
[33-35]. The vaginal microbiota is different from the intestinal 
microbiome because the vaginal microbiota colonizes in an open 
lumen. Similarly, they do not belong to the human body, but 
only exist as an independent microbial community that mutually 
benefits with the human body. However, previous research focused 
on factors associated with vaginal health [36]. Therefore, it is 
meaningful to analyze the microbial community structure from an 
ecological perspective. Early research has shown that community 
biodiversity is mainly determined by species richness and evenness. 
Its balance affects the structure and function of the entire ecological 
community [37,38]. It is known that complex and mutable 
ecological of vaginal microbiome is associated with vaginal diseases 
and potentially with systemic disease such as cervical cancer. 
Previous research has mainly focused on certain types of microbes, 
and rarely involves the ecological balance with vaginal microbes as 
the core. In this study, based on the perspective of the diversity of 
the vaginal microbiota, we will analyze the impact of changes in 
the species richness and evenness of the vaginal microbiota on the 
vagina microbial community, thereby causing effects on the human 
vaginal microenvironment.

MATERIALS AND METHODS

Sample collection and DNA extraction

Samples are from department of OBS/GYN in TaoYuan Hospital. 
Subjects had abnormal smear results and no history of autoimmune 
diseases. History of childbearing and sex life and medication are 
also collected. This study was approved by the Medical Ethics and 
Institutional Review Board of Taoyuan General Hospital, Ministry 
of Health and Welfare (Date: 2019. 09. 20, #IRB: TYGH106076) 
and was conducted in accordance with the ethical standards of 
the declaration of Helsinki. Vaginal swab samples were collected 
using ∑ -Transwab® Sigma Swab and transport to the lab in 
Health GeneTech Taiwan on 4°C within four hours. Samples were 
centrifuged at 14,000 rpm for 1 min upon arrival. After removing 
the supernatant, the samples were stored at -20°C till DNA and 
RNA extraction. Physical bead beating method was applied to 
the samples to achieve better bacterial lysis before the DNA was 
purified by Zymo BIOMICS™ DNA Miniprep Kit. RNA was 
isolated by Trizol method and purified by Direct-zol RNA Miniprep 
Kit. 3 ug of total RNA was subjected to rRNA depletion with the 
MICROBExpress kit before library preparation.

Library construction and sequencing

16S metagenomics library was constructed using two rounds of 
PCR reactions. The first PCR amplified the V3-V4 region of 16S 
rRNA gene as well as adding adaptor sequences. Ilumina index 
sequences were added into the PCR product in the second PCR 
products using AMPure beads at 1:1 ratio. The library DNA was 
QC for its fragment size by electrophoresis and for its concentration 
using real-time quantitative PCR before sequenced using Miseq V3 

600 cycles kit.

Bacterial 16S rRNA analyze

We got 40 subjects contained 80 paired end sequence. Formatted 
reads (FASTQ file formats) were subjected to the FastQC 
(Babraham Bioinformatics, Cambridge, CBE) for quality filtering 
(at quality score=20(Q20)) using the split_libraries_fastq.py script 
of QIIME (version 1.9.1) [39]. We compared the difference among 
Q19, Q20 and Q30 which Q20 was the best choice (Supplement 
Figure 1). Operational Taxonomic Units (OTUs) were assigned 
to the reads using QIIME’spick_closed_reference_otus.py script 
against the Greengenes Database. Sequences were clustered into 
OTUs using a 97% similarity threshold. The OUT, less than 2 
sequences, was discarded and remaining were summarized from 
phylum to genus level. The reconstruction of 40 subjects was also 
performed using Uparse [40] and taxa were assigned to consensus 
sequences using rdp against the Greengenes Database. In the 
end we got the composition of microorganism in each subject 
from phylum to genus. The microorganism construction was 
used to investigate possible divergence in taxonomic assignment 
between the two methods. The microbial community diversity, 
alpha diversity and beta diversity, was performed using QIIME. 
Unsupervised hierarchical clustering based on relative abundance 
at genus level was applied to define clusters according to abundance 
and taxa diversity of each sample. The results were classed into 3 
groups and we its association with the regard to known risk factor 
and smear result. The alpha diversity of each defined group was 
estimated using the Shannon index, Phylogenetic Diversity (PD) 
whole tree index, chao1 index and observed otus index. clustering 
analysis was carried out using a website tool named ‘Morpheus’ 
Bacterial metagenome content was predicted from 16S rRNA 
gene-based microbial compositions, and functional inferences 
were made from the Kyoto Encyclopedia of Gene and Genomes 
(KEGG) catalog, using the PICRUSt algorithm [41]. A total of 
6,909 inferred genes were categorized into 328 KEGG functional 
pathways. The KEGG pathways of each subjects were subjected to 
the Linear Discriminative Analysis (LDA) Effect Size (LEfSe) [42] 
of linux environment to get the significant difference of KEGG 
functional pathways in 3 groups obtained from clustering result. 
And the differentially abundant KEGG pathways were used to be 
correlation with risk factor.

Statistical analysis

Patients’ sociodemographic and clinical data have been summarized 
with frequency and average (average ± SD). The alpha diversity of 
the different group was compared using the Mann-Whitney test in 
GraphPad Prim 8. The different distribution of all regarded risk 
factors associated with 3 groups was investigated by GraphPad Prim 
8 (for discontinuous data) and Origin 2018 (for continuous data), 
and the statistical analyses was carried out using R 3.6.1 (Kruskal-
Wallis rank sum test and Fisher's Exact Test were used). LEfSe 
based on linux, using Kruskal-Wallis and estimating the effect size 
of the comparisons, was used for evidencing significantly different 
KEGG pathways obtained from PICRUSt. A 95% confidence 
interval has been used in this analysis and the LDA score threshold 
was set to one.

RESULTS

Sociodemographic and clinical baseline characteristics

We enrolled 39 women into the study who were from Taiwan. The 
average age of participants was 55 years old and the average BMI 
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index is 23.56. Approximately 69% of the women were insomnia, 
and 38% for vaginal inflammation, 44% for pelvis inflammation 
18% for bladder urethra inflammation (Table 1).

Table 1: Sociodemographic characteristics of the studied participants.

Characteristics index Index Sample

Age (average ± SD) 55 ± 13 37

BMI 23.52 ± 3.73 36

Insomnia 69%(27/39) 38

Vaginal inflammation 38%(15/39) 38

Pelvis inflammation 44%(7/39) 38

Bladder urethra 
inflammation

18%(7/39) 38

Diabetes 18%(7/39) 38

HPV infected 54%(21/39) 39

First sex (average ± SD) 23 ± 6 38

Sexual partner (average 
± SD)

2 ± 1 38

Pregnancy (average ± 
SD)

3 ± 2 38

Fertility (average ± SD) 2 ± 1 38

Menstrual regularity 46% (18/39) 38

Menopause 62% (24/39) 38

Stay up late 23% (9/39) 37

Sports 72% (28/39) 38

Microbiome community diversity

To further understand the microbial community composition of 
each sample, the software QIIME1 was applied. A total of 6053730 
reads with an average of 151343 was processed and 3950423 high 
quality reads with an average of 98761 were involved into study 
after quality control using QIIME1. As a result, 2541 Operational 
Taxonomic Units (OTUs) were constructed, with an average of 
63 OTUs per sample. We further analyzed the distribution of 
microbial composition in phylum and genus (Figures 1A and 
1B). 17 phyla were enriched where 5 phyla were detected as highly 
abundant (within relative abundant >1%): Firmicutes (55.35%) 
Proteobacteria (11.45%), Actinobacteria (18.96%), Bacteroidetes 
(10.56%), Fusobacteria (1.35%) (Figure 1B). We also identified 233 
genera in which Lactobacillus, Streptococcus, Gardnerella, Prevotella 
and Bifidobacterium are most abundant (top 5 highly abundant). 
In this study, we performed 2 strategies to construct microbial 
community, showing a high degree of similarity. Fitting using 
initial unsupervised clustering analysis resulted in four community 
types among all 39 individuals at genus level, named Group1,2,3,4 
(Figure 1C). Relative abundance of different community types 
was analyzed except Group 4 (only 1 sample: N23). Group 1 was 
dominated by Lactobacillus; the total of Gardnerella, Prevotella and 
Lactobacillus were more than 40% in Group 2; Streptococcus are 
highly enriched in Group 3. Obviously, Group 2 and 3 showed 
higher bacterial diversity and lower Lactobacillus abundance than 
Group 1. On the contrary, Gardnerella was only highly enriched 
in Group 2 (Figure 1D). To further analyze the diversity of 
microbial species among the three groups, we selected Shannon 
index, Phylogenetic Diversity (PD) whole tree index, Chao1 index, 
Observed otus index for evaluation. The Shannon index showed 
a significantly lower in Group 1 compared to the remaining 
community types (Group 2 and Group 3) (Figure 2A), but no 
significant difference was detected among the three community 

types at the level of Phylogenetic Diversity (PD) whole tree, 
Chao1 and Observed otus index (Figures 2B-2D). Suggesting the 
community evenness was mainly contribution to the community 
types difference rather than the community richness. For exploring 
the impact of the difference in the dominant microorganism among 
the three groups, we used smear results as a feature to describe the 
distribution in three groups. Some clinical indicators were involved 
in these subjects that we could make a different distribution in 
three community types. We summarized the smear test results in 
Figure 3A, including adenocarcinoma, Atypical Glandular Cell 
(AGC), Atypical Squamous Cells of Undetermined Significance 
(ASC-US), cervical intraepithelial neoplasia 1/2/3(CIN1, CIN2, 
CIN3) and High grade Squamous Intraepithelial Lesion (HSIL). 
Gardnerella was dominant in Group 2, In particular, we found it 
gradually reduced with severity from ASC-US to CIN2 and HSIL 
(Figure 3B). Streptococcus, main component of Group 3, showed no 
distinct trends in ASC-US and HSIL, but Veillonella and Prevotella 
were enriched in ASC-US (Figure 3C). In this study, we combined 
CIN2, CIN3, and HSIL, named ‘high risk group’ because of 
more serious cervical intraepithelial neoplasia and squamous 
intraepithelial lesion. The ‘high risk group’ was contained in 
Group 1 with 60% ratio. In comparison, 47% in Group 2 and 
33% in Group 3 (Figure 3A).

Analysis of different community types correlation

With regards to some known factors (age, height, weight, first sex 
age, sexual partner, pregnancy, fertility, abortion, insomnia, stay 
up, virginal inflammation, pelvis inflammation, balder urethra 
inflammation, diabetes, HVP infection, menstrual regularity, 
menstruation, sports), we examined the correlation between these 
factors in different community types to explore the feature of each 
group (Table 2). Sexual partner, sports and menstruation, compared 
to each other in three community types, showed significant 
differences (Figures 4A-4C). More sexual partners were detected 
in Group 1 with high relative abundance of Lactobacillus, slightly 
loweraverage age and higher HPV infection (Figures 4A and 4D, 
Figure 1D). More subjects in Group 1 were menstrual, but major 
part of subjects were menopause in group 2 and group 3 (Figure 
4B). In addition, we found the number of sports was increasing 
from group 1 to group 3 (Figure 4C). Moreover, all subjects in 
group 3 participated in sports with lower ration of HPV infection 
(Figure 4D). The remaining factors were insignificantly different 
in three community types. Next, for illustrating the important 
role of microorganisms, we carried out analyses to explore 
microbiota function based on inferred metagenomes through the 
Phylogenetic Investigation of Communities by Reconstruction of 
Unobserved States (PICRUSt). The PICRUSt analysis comparing 
the microbiota between three community types showed different 
KEGG Orthologs (KO) and its related KEGG pathway. In the end, 
6,909 inferred genes were categorized into 328 KEGG functional 
pathways. In order to characterize the degree of enrichment of 
pathways between three community types, another tool, named 
Linear Discriminant Analysis (LDA) effect size (LEfSe), was used 
to excavate the significant different KEGG pathways among three 
community types. We chose p<0.01 and LDA score >3 as the 
threshold to pick out the most significant KEGG pathway, which 
15 KEGG pathways included in Group 1, 7 KEGG pathways 
included in Group 2 and 10 KEG pathways included in Group 
3 (Figure 5A) (Table S5). A broad overview of these significant 
KEGG pathways was indicated that all these 3 community types 
were contained more metabolism pathways and less biosynthesis 
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Figure 2: Diversity of the vaginal microbiota in each of community types.The alpha diversity indexes, including Shannon index (A) Chao1 
index; (B) Observed tus index; (C) Phylogenetic Diversity (PD) whole tree index; (D) were performed to evaluate the species diversity in each of 
community types. Only Shannon index showed significant difference among three different groups (p<0.05; one-side Mann-Whitney U test). 
Significant changes: *, elevation with p<0.05; ***, elevation with p<0.001.

pathways. More interesting was some pathways matched DNA or 
chromosome was only found in Group 1. Besides, more about the 
metabolism pathway which included amino acid metabolism was 
mainly enrichment in Group 3, including Histidine metabolism 
and Glycine, Serine and Threonine metabolism. Moreover, 
Phenylalanine, Tyrosine, Tryptophan biosynthesis and Valine, 

Leucine, Isoleucine biosynthesis exclusively appeared in Group 
3. Compared to others groups, the number of KEGG pathway in 
Group 2 was a bit less, but we found two functions about protein, 
protein folding and associated processing and bacterial motility 
protein (Figure 5B).

Figure 1: Microbial community structure and clustering result in vaginal metagenomes (A) Composition of 39 subjects (within relative abundant  
>1%) at phylum level; (B) The average of phylum from 39 subjects; (C) Bacterial genera distributions detected in vagina using QIIME1. Clustering 
of subjects was performed using unsupervised hierarchical linkage with average Euclidean distances of the proportional bacterial abundance 
in each subject. Clustering result in four groups and some ‘risk factor’, such as sports, HPV infection, menopause, and sexual partners, were 
annotated within 4 groups; (D) Composition of high abundance genus (containing at least 10% of each group subjects within relative abundant 
>1%) in each of the three community types. The group 4 is not contained because of few number at genus level. Subjects distribution of the 
community types are fellows: group 1, n=10; group 2, n=19; group 3, n=9.
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Figure 3: The distribution of smear results and composition genus in Group 2 and Group 3 A) The distribution of smear results in each of 
community types; (B) Composition of high abundance genus (containing at least 10% of each group subjects within relative abundant  >1%) in 
women who are detected as ASC-US, CIN2 and HSIL from group 2; (C) Composition of high abundance genus (containing at least 10% of each 
group subjects within relative abundant >1%) in women who are detected as ASC-US and HSIL from group 3.

Figure 4: The significantly different of regard to known some factors in each other community types (A) The number of sexual partner showed 
different distribution in three groups (p=0.03242, Kruskal-Wallis rank sum test); (B) Menopause, important factor for women, was much less in 
Group 1 (p=0.05784, Fisher's Exact Test for Count Data); (C) Sports was more likely enriched in Group 3 (p=0.01308, Fisher's Exact Test for 
Count Data); (D) The number of HPV infection was gradually decrease from Group 1 to Group 3 (p=0.1254,  Fisher's  Exact  Test  for  Count  
Data).  The boxes represent 25th–75th percentiles, black lines indicate the median and whiskers extend to the maximum and minimum values 
within 1.5 × the interquartile range and dots indicate outliers.
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Table 2: Clustering results characteristics according to the findings of 
clinical data.

Characteristics Group 1 Group 2 Group 3 p-value

Height 159.60 ± 6.70 154.84 ± 4.83 157.22 ± 5.59 0.8246a

Weight 60.7 ± 9.70 56.06 ± 1025 58.78 ± 7.32 0.3304 a

First sex 21.70 ± 5.06 23.28 ± 7.35 23.33 ± 4.03 0.2134 a

Sexual partner 2.3 ± 1.34 1.61 ± 1.65 1.44 ± 1.01 0.0324 a

Pregnancy 2.5 ± 1.08 3.22 ± 1.44 3.11 ± 0.610 0.7771 a

Fertility 2.00 ± 1.05 2.44 ± 0.78 2.89 ± 0.60 0.1032 a

Abortion 0.5 ± 0.71 0.78 ± 1.11 0.22 ± 0.44 0.9719 a

Insomnia (never/
slight/seriou)

4:2:4 5:6:7 2:2:5 0.8813 b

Vaginal 
inflammation 
(never/slight/

serious)

5:2:3 12:2:4 5:2:2

0.8728 b 55 ± 13 55 ± 13 55 ± 13 55 ± 13

Pelvis 
inflammation 
(never/slight/

serious)

9:0:1 14:3:1 7:1:1  

0.8505b 55 ± 13 55 ± 13 55 ± 13 55 ± 13

Bladder urethra 
inflammation 
(never/slight/

serious)

8:0:2 15:1:2 7:1:1

0.9134 b 55 ± 13 55 ± 13 55 ± 13 55 ± 13

Diabetes (never/
slight/serious)

9:1:0 14:4:0 7:2:0

0.7512 b 55 ± 13 55 ± 13 55 ± 13 55 ± 13

Menstrual 
regularity 
(regular/
irregular)

6:4 10:8 5:4 1 b

Menstruation 
(yes/no)

3:7 13:5 7:2 0.0576 b

Sports (yes/no) 4:6 14:4 9:0 0.0131 b

Age 48 ± 12.16 55.88 ± 11.20 60.56 ± 13.18 0.255 a

stay up (yes/no) 3:7 5:12 2:7 1 b

HPV-infection 
(infection/

uninfection)
8:2 10:9 3:6 0.1254 b

Note: a: Kruskal-
wallis rank sum 
test; b: Fisher's 
exact test for 
count data

55 ± 13 55 ± 13 55 ± 13 55 ± 13

DISCUSSION

In this vaginal microbiome analysis, we constructed the vaginal 
microbial community using 39 subjects from Taiwan. Relatively 
consistent microbial composition was observed in QIIME and 
Uparse, suggesting that some pre-processions (dereplication, 
chimera filtering) was almost no effect on detected microorganisms 
at phylum level. In this study, we used result of QIIME to further 
analysis. 233 genera were detected in which Lactobacillus, 
Streptococcus, Gardnerella, Prevotella and Bifidobacterium were most 
abundant (top 5 highly abundant). In order to investigate the 
differences between these subjects, we performed clustering analysis 
at genus level, hoping to classify samples with similar microbiota. 
Three groups with different microbial relative abundance were 
obtained. We observed the vaginal microbiome among three 
groups were difference. To our surprised was only Shannon index 
presented significantly different among three groups. In contrast, 
the Phylogenetic Diversity (PD) whole tree, chao1 and observed 
outs index were not different, indicating the community evenness 
was main factor to influence three groups. Biodiversity was a 
complex term that includes taxonomic, functional, spatial and 
temporal aspects of organismic diversity, with species richness (the 
number of species) and evenness (the relative abundance of species) 

Figure 5: Bacterial taxa associated with clustering result were related to several gene functional pathways. Bacterial gene function was predicted 
from 16S rRNA gene-based microbial compositions using the PICRUSt algorithm to make inferences from KEGG annotated databases (A) Genus 
and KEGG pathway counts were submitted to LEfSe to evaluate the significantly different KEGG pathways; (B) 32 KEGG pathways are selected 
which 15 in Group 1, 7 in Group 2 and 10 in Group 3 using p<0.01 and LDA score  >3 as threshold.
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considered among the most important measures [43,44]. In earlier 
scientific research, the majority of studies of biodiversity-
functioning and biodiversity–stability theory had predominantly 
examined richness [37,38,45-47]. Wittebolle [48,49] has confirmed 
that community evenness was a key factor in preserving the 
functional stability of an ecosystem using experimental 
manipulations of both richness and initial evenness in microcosms 
with denitrifying bacterial communities. Therefore, when 
communities were highly uneven, or there was extreme dominance 
by one or a few species, their functioning was more likely less 
resistant to environmental stress. In this study, we got verified that 
the community evenness was different among three groups but no 
differed in species richness. Interestingly, we observed highest ratio 
of HPV infection in Group 1 and lowest in Group 3, the trend was 
gradually decreasing from Group 1 to Group 3. Besides, the 
Lactobacillus was main composition in Group 1 with ‘over threshold’ 
more than 85%. In previous research by Ravel [50], for example, 
vaginal bacterial communities dominated by Lactobacillus were 
found in 80.2% and 89.7% of Asian and white women, respectively, 
but just 59.6% and 61.9% of black and Hispanic women, 
respectively. On the other hand, occurrence of communities with 
low proportions or no detectable Lactobacillus species community 
type were elevated in Hispanic (38.1%) and black (40.4%) women 
compared to Asian (19.8%) and white (10.3%) women. These 
findings were in accordance with results obtained by Xia Zhou 
[22,25,50]. And more interesting, although a low pH environment 
promoted by lactic acid may be considered generally protective 
because of inhibition of growth potentially pathogenic species, 
HPV infection and development of CIN may be additionally 
influenced by the chemical structure of the lactic acid molecule 
[51]. Some research has revealed that women exhibit a higher ratio 
of L to D-lactate, which can lead to increased expression of 
Extracellular Matrix Metalloproteinase Inducer (EMMPRIN) and 
Activation of Matrix Metallo Proteinase (MMP-8). This expression 
could feasibly lead to altered cervical integrity and facilitate entry of 
HPV to the basal keratinocytes, where the virus thrives [51]. In 
addition, a high concentration of D-lactate produced has been 
recently shown to increase cervicovaginal mucus viscosity and 
enhance its viral particle trapping potential [52]. Therefore, we 
suspected that the distribution of vaginal microbiota in women in 
Taiwan was distinct, showing ‘over threshold’ high Lactobacillus was 
associated with HPV infection because of weaker resistance. To 
further investigate the different distribution of Shannon index, we 
got smear results involve in this study. CIN2, CIN3 and HSIL were 
classed into ‘high risk group’, and we observed the number of ratio 
in each group was gradually decreasing from Group 1 to Group 3. 
Combined with conclusion from previous analysis, we made a 
conjecture that if communities were highly uneven showing out of 
balance, their functioning is less resistant to environmental stress, 
such as high-grade disease (CIN 2 or 3, or High-grade Squamous 
Intraepithelial Lesion (HSIL). In addition, we analyzed the 
microbiota composition of Group 2 and Group 3, showing high 
Shannon index, associated with smear result. In Group 3, dominant 
by Streptococcus, no significant difference of Streptococcus was 
observed in ASC-US and HISL. In Group2, dominant by 
Gardnerrella, three states (ASC-US, CIN2, HSIL) were involved to 
show Gardnerrella gradually decreased with severity. Besides we also 
observed Peptostreptococcus was higher level in CIN2, HSIL and 
lower level in ASC-US, which was consistent with previous research 
[53]. Gardnerrella was first described in 1953 Leopold [54], and 
subsequently identified as the causative agent of a cluster of vaginal 

symptoms currently known as vaginosis. Evy Gillet [55] had 
investigated the association between Bacterial Vaginosis (BV) and 
cervical intraepithelial neoplasia, confirming a positive association 
between BV and cervical pre-cancerous lesions. However, half of 
the included studies showed no significant association between BV 
and cervical pre-cancerous lesions. And as far as we know, 
Swidsinski [56] demonstrated that a biofilm was present on 90% of 
the epithelial surfaces of BV vaginal biopsy specimens, with 
Gardnerrella the major component of these multispecies 
communities. Therefor we suspected that Gardnerrella may 
influenced the cervical pre-cancerous lesions by forming biofilms. 
With regard to known risk factors (age, height, weight, first sex age, 
pregnancy, fertility, vaginitis, pelvic inflammation, cystourethritis, 
diabetes, menstrual regularity, insomnia and stay up late) to vaginal 
microbiome, we detected no significant (p<0.05) difference among 
the three community types. More sexual partners, fewer numbers 
of menopause and sports were detected in Group 1 with lower 
average of age, higher HPV infection and higher relative abundance 
Lactobacillus. We had known that following menopause, reduced 
oestrogen and resulting vaginal atrophy were thought to lead to 
Lactobacillus depletion and increased diversity [20], which was 
consistent with our results. The Group 1, associated with more 
serious cervical pre-cancerous lesions, was showing some pathways 
including DNA repair and recombination protein, DNA replication 
protein, and more about substrate of DNA activity such as 
pyrimidine and amino sugar, nucleotide. Simple explanations for 
our finding was that due to the drastic changes in the external 
environment, the genetic and mutation of the bacteria itself were 
affected, which reflected in the enhanced activity of DNA and 
chromosomes. A recent study also showed that women with high‐
risk HPV strains had lower concentrations of amino acids and 
peptides compared with women who had only low‐risk HPV [57]. 
As to what effect this change will have on the vaginal 
microenvironment, it is not yet clearly known. This requires further 
research on metabolomics of the vagina. In summary, in this study 
of female vaginal microbiome from Taiwan, we observed that 
community evenness was a main factor to influence function of 
vaginal microbiome. We provided an ecological perspective on the 
association between complex vaginal microbial composition and 
some phenotypes of the human body, including HPV infection, 
smear result and regard to know risk factors. We suspected that 
‘over threshold’ Lactobacillus accompanied by lower community 
evenness and more enriched in DNA and chromosome activate, 
resulting more serious cervical pre-cancerous lesions (CIN2, SHIL) 
and higher HPV infection. We additionally described the 
Gardnerella was gradually decreasing serious pre-cancerous lesions 
(from ASC-US, CIN2 to HSIL). About this correlation trend, a 
simple hypothesis was proposed: Gardnerella may further mediate 
the occurrence and development of pre-cancerous lesions by 
forming biofilms, which may involve the participation of other 
anaerobic microorganisms. But unfortunately, the complex 
relationship between vaginal microbes and hosts was only observed 
in this study, as we did not directly obtain data on their interactions. 
The establishment of a clearer relationship needs to be further 
revealed by vaginal metabolomics. In our view, most of the early 
study so far has placed much emphasis on the cataloguing species 
names and the new species. In fact, we think that interventions 
that could help to treat conditions such as vaginal disease, cervical 
cancer will be discovered only if we move beyond species catalogues 
and mutable ecological and evolutionary relationships that 
microbes have with each other and with their hosts [58].
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CONCLUSION

In this study, we found species evenness were significant different 
among three community groups, while the species richness showed 
no significant, which emphasized that the species evenness might 
play an important role in vaginal microbiota, potentially leading to 
shifts in functional pathways underlying the influence of vaginal 
diseases.
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