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Abstract 35 

Background: Premature ovarian insufficiency (POI) is a complex reproductive endocrine 36 

disease that can affect multiple systems. It is highly heterogeneous in etiology and the exact 37 

etiology remains unclear. Infectious factors may be related to POI, but researches on the 38 

alterations of microbiome in POI patients are scarce. 39 

Results: Vaginal swabs were collected from 52 POI patients (29 for sequencing, 23 for 40 

validation) and 46 healthy individuals of comparable age (26 for sequencing, 20 for 41 

validation). 16S rRNA gene sequencing targeting the V3-V4 hypervariable regions was 42 

performed to evaluate the alterations of vaginal microbiota in POI patients. The relative 43 

abundance of Actinobacteria (23.34% vs 10.65%, P=0.017), Atopobium (11.11% vs 0.01%, P44 

﹤0.001), and Gardnerella (8.05% vs 3.14%, P=0.002) were significantly increased in POI 45 

patients, while Bifidobacterium (3.95% vs 7.44%, P=0.017) was significantly decreased. 46 

Cluster analysis of dominant strains showed that the proportion of POI patients whose 47 

predominant bacteria were not Lactobacillus was increased than the control group, but the 48 

difference was not statistically significant (8/29 vs 2/26, P=0.105). More interestingly, these 49 

changes in vaginal microbiota were significantly correlated with declined ovarian function in 50 

POI patients, including decreased ovarian reserve, ovarian endocrine disruption, and 51 

symptoms of perimenopausal syndrome. Actinobacteria, Atopobium, and Gardnerella 52 

appeared to be detrimental to ovarian function, while Bifidobacterium seemed to be benificial. 53 

Conclusions: The present study revealed the correlation between vaginal microbiota and POI, 54 

fill the gap in the field of microbial and POI research and provide a new research strategy for 55 

POI. But the causal relationship is still unclear, and we could not clarify detailed roles of 56 

specific constituents of the vaginal microbiota in the pathogenesis of POI. Therefore, future 57 

studies are needed to explore potential mechanisms underlying the association of vaginal 58 

microbiota and POI. 59 



Keywords: Premature ovarian insufficiency, Vaginal microbiota, 16S rRNA gene sequencing, 60 

Ovarian reserve, Ovarian function. 61 
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Background 76 

Premature ovarian insufficiency (POI) is a clinical syndrome defined by loss of ovarian 77 

activity before 40 years old. Clinically, POI is characterized by menstrual disturbance 78 

(oligomenorrhea or amenorrhea) with raised gonadotrophins and low estradiol1. According to 79 

the epidemiological data, the prevalence of POI is approximately 1%, population 80 

characteristics such as ethnicity may affect the prevalence1-3. Recently, it is believed that the 81 

morbidity is increasing, the reported morbidity may be lower than it actually is, and the age of 82 

onset tends to be younger. There is no effective method to predict the occurrence of POI now, 83 

and when patients reach the diagnostic criteria, their ovarian function is often nearly complete 84 

failure. 85 

POI is a complex disease that can affect multiple systems. The clinical manifestation differs 86 

between individuals, mainly including menstrual disturbance, infertility and symptoms of 87 

perimenopausal syndrome1. Besides, POI patients may experience complications such as 88 

cardiovascular disease and osteoporosis, mainly due to the lack of estrogen4,5. A diagnosis of 89 

POI also has a significant negative impact on psychological wellbeing and quality of life1,6. 90 

Therefore, early prevention, early detection and early intervention to reduce the risk of 91 

long-term complications and other systemically related diseases of POI are very important. 92 

The clinically recommended treatments are hormone replacement therapy (HRT) and in vitro 93 

fertilization-embryo transfer (IVF-ET) with eggs donation based on HRT1. However, for those 94 

with HRT contraindication or no source of donated eggs, they often suffer from the disease 95 

due to the absence of effective alternative therapies. 96 

POI is highly heterogeneous in etiology and the exact etiology remains unclear. Although a 97 

wide spectrum of causes has been considered, including genetic2,7-9, autoimmune3,10, 98 

iatrogenic11-13 or environmental pollutants14,15. However, as many as half of patients are 99 

diagnosed with idiopathic POI because the causal factors are unknown. The complexity of 100 



POI, the increasing morbidity, the decreasing age of onset, and the lacking of early warning 101 

and treatment methods all indicate that it is of great importance to study POI. 102 

The vaginal microbiota accounts for about 9% of the total human microbiota and remains 103 

under-studied despite its importance for female health and future generations16-19. The bacteria 104 

inhabiting the human vagina are thought to be the first line of defense against vaginal 105 

infection as a result of both the competitive exclusion and direct killing of other, pathogenic 106 

microbes16,20,21. Disruptions of normal vaginal microbiota have long been linked to pelvic 107 

inflammatory disease22, miscarriages23, and prematurity24,25. The composition of vaginal 108 

microbiota is quite dynamic, it is influenced to a large extend by factors like age, ethnicity, 109 

genetics, sexual activity, diet, hygiene status, and gynecological or reproductive status of 110 

women17,20,26-28. Apart from these, the previous studies have also found considerable changes 111 

in the vaginal microbiota of postmenopausal women29-32. Lactobacilli is the dominant bacteria 112 

in the vaginal of most women, while it dramatically decreases in postmenopausal women, 113 

with the increase of non-lactic acid-producing bacteria, and the diversity of vaginal 114 

microbiota also increases32. Changes in vaginal microbiota lead to reduced lactic acid 115 

production and an increasing in the secretion of inflammatory factors such as tumor necrosis 116 

factor (TNF)- α, interleukin (IL)-6, and IL-8, which activate the immune system and cause the 117 

body to be in a chronic inflammatory state33-36. These findings suggest that vaginal microbiota 118 

is very important for maintaining female reproductive health and there is a relationship 119 

between vaginal microbiota and ovarian function. 120 

Menopause is a sign of ovarian aging. As a pathological ovarian aging, the reproductive 121 

endocrine status of POI patients is similar to that of postmenopausal women1,37, while 122 

whether their vaginal microbiota will undergo similar changes is still unknown and remains to 123 

be explored. In addition, inflammation and autoimmunity are important factors that affect 124 

ovarian function and promote the occurrence and development of POI3,38. Moreover, 125 

cross-sectional studies have also found that the levels of TNF- α, IL-1α, IL-1β, IL-6 in the 126 

serum and (or) follicular fluid of POI patients are significantly higher than those in healthy 127 



controls39,40. And the levels of these cytokines have significant correlations with sex hormones. 128 

Considering the important role of vaginal microbiota in maintaining female reproductive 129 

health, as well as the potential connection between POI and chronic inflammation caused by 130 

changes of vaginal microbiota, it is of great importance to explore the change pattern of 131 

vaginal microbiota in POI patients. 132 

The purpose of this case-control study was to draw the characteristic spectrum of vaginal 133 

microbiota in POI patients by comparing with healthy women of comparable age, and to 134 

analyze the correlation between changes in vaginal microbiota and the declined ovarian 135 

function. Through this research, we want to lay a foundation for further in-depth exploration 136 

of the etiology and pathogenesis of POI, and provide new research strategies for early 137 

detection and treatment of POI. 138 

Methods 139 

Study population and sample collection 140 

This was a case-control study to describe the characterization of the vaginal microbiota of 141 

POI patients. POI is defined as oligo/amenorrhea for at least 4 months before 40 years old, 142 

and an elevated follicle stimulating hormone (FSH) level﹥25 IU/L on two occasions﹥4 143 

weeks apart1. Women younger than 40 years old with regular menstruation and normal 144 

ovarian function were included as the control group. Exclusion criteria were as follows: (1) 145 

women during pregnancy or lactation, (2) women who have taken exogenous sex hormones in 146 

the past three months, (3) women who have received antibiotics, probiotics, prebiotics, 147 

intravaginal drugs, etc. in the last month, (4) women who are suffering from serious organic 148 

diseases and requiring long-term medical treatment, (5) women who are participating in other 149 

clinical trials.  150 



This study was approved by the Ethical Committee of Tongji Hospital, Tongji Medical 151 

College, Huazhong University of Science and Technology. All participants agreed to join the 152 

study and signed an informed consent form. From April 2018 to May 2019, a total of 52 153 

eligible POI patients and 46 controls were included in the Menopause & Ovarian Aging 154 

Specialty Clinic of Tongji Hospital. Participants’ basic clinical characteristics data were 155 

obtained from questionnaires and electronic medical records by experienced interviewers. The 156 

information included in the analysis included demographic characteristics, lifestyle, 157 

reproductive history, menstrual history, serum basal sex hormone levels (days 2-5 of the 158 

menstrual cycle for controls), Kupperman index (KMI) scale, Hospital anxiety and depression 159 

(HAD) scale.  160 

Vaginal swab samples were collected for each participant by experienced gynecologists. All 161 

samples were obtained in compliance with clinical ethics regulations, and the principle of 162 

sterility was strictly observed during the sampling process. Samples from 29 POI patients and 163 

26 controls were used for 16S rRNA gene sequencing, while samples from the other 23 POI 164 

patients and 20 controls were used to verify the sequencing results by quantitative 165 

polymerasechain reaction (qPCR). All samples were stored at -80℃ until assayed. Specimens 166 

from all participants were processed similarly in terms of sample collection, storage, DNA 167 

extraction, library preparation and sequencing. 168 

DNA extractions 169 

Genomic DNA was extracted from archived vaginal swab specimens using the E.Z.N.A. 170 

®Stool DNA Kit (D4015, Omega, Inc., USA) according to the manufacturer’s instructions. 171 

The reagent which was designed to uncover DNA from trace amounts of sample has been 172 

shown to be effective for the preparation of DNA of most bacteria. Nuclear-free water was 173 

used for blank. The total DNA was eluted in 50 μl of elution buffer and stored at - 80℃ until 174 

measurement in the PCR by LC-Bio Technology Co., Ltd, Hang Zhou, Zhejiang Province, 175 

China. 176 



PCR amplification and 16S rRNA gene sequencing 177 

The V3-V4 hypervariable regions of the bacterial small-subunit (16S) rRNA gene was 178 

amplified with slightly modified versions of primers 341F 179 

(5’-CCTACGGGNGGCWGCAG-3’) and 805R (5’-GACTACHVGGGTATCTAATCC-3’)41. 180 

The 5’ ends of the primers were tagged with specific barcodes per sample and sequencing 181 

universal primers. PCR amplification was performed in a total volume of 25 μl reaction 182 

mixture containing 50 ng of template DNA, 12.5 μl PCR premix, 2.5 μl of each primer, and 183 

PCR-grade water to adjust the volume. The PCR conditions to amplify the bacterial 16S 184 

fragments consisted of an initial denaturation at 98℃ for 30 seconds, 32 cycles of 185 

denaturation at 98℃ for 10 seconds, annealing at 54℃ for 30 seconds, and extension at 72℃ 186 

for 45 seconds, and then a final extension at 72℃ for 10 minutes. The PCR products were 187 

confirmed with 2% agarose gel electrophoresis. Throughout the DNA extraction process, 188 

ultrapure water, instead of a sample solution, was used to exclude the possibility of 189 

false-positive PCR results as a negative control. The PCR products were purified by AMPure 190 

XT beads (Beckman Coulter Genomics, Danvers, MA, USA) and quantified by Qubit 191 

(Invitrogen, USA). The amplicon pools were assessed on Agilent 2100 Bioanalyzer (Agilent, 192 

USA) and with the Library Quantification Kit for Illumina (Kapa Biosciences, Woburn, MA, 193 

USA), respectively. The libraries were sequenced on NovaSeq PE250 runs platform. 194 

Bioinformatics analysis 195 

Samples were sequenced on an Illumina NovaSeq platform according to the manufacturer’s 196 

recommendations, provided by LC-Bio. Paired-end reads was assigned to samples based on 197 

their unique barcode and truncated by cutting off the barcode and primer sequence. 198 

Paired-end reads were merged using FLASH (v1.2.8)42. Quality filtering on the raw tags were 199 

performed under specific filtering conditions to obtain the high-quality clean tags according 200 

to the fqtrim (v0.94). Chimeric sequences were filtered using Vsearch software (v2.3.4)43. 201 

After dereplication using DADA2, we obtained feature table and feature sequence44,45. Alpha 202 



diversity and beta diversity were calculated by normalized to the same sequences randomly. 203 

Then according to SILVA (release 132) classifier, feature abundance was normalized using 204 

relative abundance of each sample. 205 

Alpha diversity was applied in analyzing complexity of species diversity for a sample through 206 

five indices, including Observed-otus, Chao1, Shannon, Simpson, Goods_coverage, and all 207 

these indices in our samples were calculated with QIIME 246. The Shannon and Simpson 208 

indices provide a quantitative measure of species diversity (richness and evenness), whereas 209 

the Observed-otus and Chao1 indices provide a quantitative measure of species richness. 210 

Goods_coverage index refers to the microbial coverage and actually reflects whether the 211 

sequencing results represent the true situation of the sample. Beta diversity were evaluated by 212 

QIIME2, the graphs were drawn by R package. Blast was used for sequence alignment, and 213 

the feature sequences were annotated with SILVA (release 132) and NT-16S database for each 214 

representative sequence. A cluster analysis and a LEfSe analysis were conducted to compare 215 

differences in the composition of vaginal microbiota. Other diagrams were implemented using 216 

the R package (v3.5.2). Bioinformatic analysis was performed using the OmicStudio tools at 217 

http://www.omicstudio.cn/tool. 218 

Quantitative PCR and data analysis 219 

Quantitative PCR reactions were performed with Power SYBR Green PCR Master Mix 220 

(Applied Biosystems, Foster City, California, USA) in samples from the validation population 221 

to further verify the results of 16S rRNA gene sequencing. All qPCR reactions contained 10 222 

μl of 2× SYBR Green Master Mix, 2 μl of primers (final concentration 10 pm/μl), 500 ng of 223 

the DNA template. The primer sequences were listed in Supplementary table 1. The thermal 224 

cycling conditions were as follows: an initial denaturation step at 95℃ for 3 min followed by 225 

40 cycles of denaturation at 95℃ for 15 s, primer annealing at 65℃ for 30 s, extension at 226 

72℃ for 30s, and a fluorescence acquisition step at 72℃ for 10 min. DNAs extracted from 227 

vaginal samples were amplified in triplicate, and the mean values were used for statistical 228 



analysis. Amplification and detection were performed on an ABI 7900HT Fast Real Time 229 

PCR system (Applied Biosystems). The delta threshod cycle (ΔCt) value was calculated and 230 

used to compare the differences between groups in the abundance of the flora. The higher the 231 

ΔCt value, the lower the abundance of the flora in the sample. 232 

Statistical analysis 233 

Shapiro-Wilk test was conducted to test the distribution types of continuous variables. 234 

Continuous variables conforming to normal distribution were presented as mean ± SD 235 

(standard deviation) and compared by group using the Student’s t test, while variables with 236 

skew distribution were expressed as median (interquartile, IQR) or median (range) and 237 

compared using the nonparametric Wilcoxon rank sum test. Categorical variables were 238 

expressed as frequencies (percentages, %) and compared using the chi-square test. KMI 239 

scores ranging from 0-6, 7-15, and﹥16 were used to rate the degree of severity as none, mild 240 

and moderate to severe, respectively47. HAD scores ranging from 0-7, and﹥7 represented 241 

normal and anxiety/depression, respectively48. Spearman correlation was used to analyze the 242 

correlation between vaginal microbiota and clinical indicators related to ovarian reserve, 243 

ovarian endocrine function, and symptoms of perimenopausal syndrome. Meanwhile, for each 244 

important phylum or genus with significant differences, we constructed the received operating 245 

characteristic (ROC) curve and computed the area under the curve (AUC) value. A two-tailed 246 

P﹤0.05 was considered statistically significant. All data were analyzed using IBM SPSS 247 

Statistics 20.0 (SPSS Inc., Chicago, IL, USA). 248 

Results 249 

Characteristics of the study population 250 

The age range of the 55 participants (29 POI patients, 26 controls) whose samples were used 251 

for 16S rRNA gene sequencing was 17-39 years old. Among POI patients, the median age 252 



was 36 (IQR: 28-38.5), the mean body mass index (BMI) was 21.48±3.02 (Table 1). Among 253 

the controls, the median age was 33 (IQR: 28.75-38.25), the mean BMI was 20.89±2.39. 254 

There were no significant differences between the two groups in age and BMI, as did other 255 

demographic characteristics, lifestyle, reproductive history, and HAD scores (P﹥0.05) 256 

(Table1, Supplementary table 2). Whereas, the age of menarche in the POI group was 257 

significantly lower than that of the controls (P=0.022). Moreover, FSH and luteinizing 258 

hormone (LH) were significantly higher in the POI group (P﹤0.001). Serum levels of 259 

testosterone (T), estradiol (E2), anti-mullerian hormone (AMH), and inhibin B were lower 260 

among POI patients than the controls (P﹤0.001, P=0.001, P﹤0.001, P﹤0.001, respectively). 261 

Levels of prolactin (PRL) and progesterone (PRG) were not significantly different between 262 

the two groups (P﹥0.05). These differences were basically in line with the clinical phenotype 263 

and pathophysiological characteristics of POI. 264 

Differences in the vaginal microbiota diversity between POI patients and the controls 265 

No significant difference was found in the alpha diversity of vaginal microbiota between POI 266 

patients and the controls (Supplementary Fig. 1 A-E). Whereas, beta diversity was 267 

significantly different between the two groups according to the Anosim (analysis of 268 

similarities, R=0.083, P=0.01) and showed in PCA (principal component analysis) plots 269 

(Supplementary Fig. 1F).  270 

Alterations in the composition of vaginal microbiota in POI patients 271 

The dominant vaginal bacteria in both POI patients and the controls were Firmucutes at the 272 

phylum level and Lactobacillus at the genus level (Supplementary Fig. 2A, E). The top five 273 

bacterial genera in relative abundance in all samples were Lactobacillus, Atopobium, 274 

Gardnerella, Streptococcus, and Bifidobacterium, respectively belonging to Firmucutes and 275 

Actinobacteria (Fig. 1A). Moreover, at the phylum level, POI patients had a significantly 276 

higher abundance of Actinobacteria (23.34% vs 10.65%, P=0.017), while the abundance of 277 

Firmucutes was lower, but it was not statistically significant (72.34% vs 83.99%, P=0.162) 278 



(Fig. 1B). At the genus level, the relative abundance of Atopobium and Gardnerella were 279 

significantly increased in POI patients (11.11% vs 0.01%, P﹤0.001; 8.05% vs 3.14%, 280 

P=0.002), while the relative abundance of Bifidobacterium was significantly decreased 281 

(3.95% vs 7.44%, P=0.017). The relative abundance of Lactobacillus was decreased in POI 282 

patients but showed no significant difference between the two groups (62.98% vs 79.54%, 283 

P=0.08) (Fig. 1C). 284 

At the species level, hierarchical clustering of bacterial community composition data showed 285 

that the 55 vaginal samples could be assigned to six distinct clusters based on differences in 286 

the composition of relative abundances of bacterial taxa (Fig. 2A). The average proportion of 287 

Lactobacillus crispatus in cluster A (N=15) was 95.89% (95% CI: 93.92%, 97.86%), while 288 

the average proportion of Lactobacillus iners in cluster B (N=16) was 92.09% (95%CI: 289 

87.83%, 96.35%), and that of Lactobacillus sp. L-YJ in cluster C (N=8) was 54.47% (95%CI: 290 

46.33%, 62.61%). The communities in cluster D (N=2) and E (N=4) were dominated by 291 

uncultured Lactobacillus sp. and Bifidobacterium, respectively. Finally, communities in 292 

cluster F (N=10) exhibited greater diversity and evenness and included several codominant 293 

taxa, including Atopobium, Streptococcus, Gardnerella, and Haemophilus. Lactobacillus was 294 

still the dominant strain in most of the population (19/29 in the POI group, 22/26 in the 295 

control group), while the proportion of cluster F in the POI group (8/29) was higher than that 296 

in the control group (2/26), but the differences were both not statistically significant (P=0.119, 297 

P=0.105) (Fig. 2B). 298 

To identify the specific and key bacterial taxa associated with POI, LEfSe analysis was 299 

performed to generate the cladogram of the vaginal microbiota (Fig. 3B). At the phylum level, 300 

Actinobacteria was significantly enriched in POI patients (Fig. 3A). At the genus level, 301 

Atopobium and Gardnerella were dramatically enriched in POI patients, whereas 302 

Bifidobacterium was significantly enriched in the controls. According to the LEfSe analysis, 303 

these were all key phylotypes differentiating vaginal microbiota of POI patients and controls, 304 

and might be potential microbiological markers for discriminating patients with POI. 305 



Collectively, these differences in the variation of vaginal microbial composition revealed a 306 

correlation between vaginal microbiota and POI. 307 

Identification of key bacterial taxa by qPCR 308 

Quantitative PCR was performed to detect the above key bacterial taxa in samples from the 309 

validation population, including Firmucutes, Actinobacteria, Lactobacillus, Bifidobacterium, 310 

Gardnerella vaginalis, and Atopobium vaginae, and further verified the results of 16S rRNA 311 

gene sequencing. The abundance of Actinobacteria, Gardnerella vaginalis, and Atopobium 312 

vaginae were significantly enriched in the POI group (P=0.001, P=0.007, P=0.010, 313 

respectively), and no statistically difference was found in Firmucutes (P﹥0.05), in 314 

accordance with the results obtained by 16S rRNA gene sequencing (Supplementary Fig. 3). 315 

Lactobacillus was significantly decreased in POI patients (P=0.006), and no statistically 316 

difference was found in Bifidobacterium (P﹥0.05), while the sequencing results showed that 317 

Lactobacillus was decreased in POI patients but not statistically significant, and 318 

Bifidobacterium was significantly decreased. 319 

Analyses of correlations between vaginal microbiota and clinical indicators related to 320 

ovarian reserve, ovarian endocrine function, and symptoms of perimenopausal 321 

syndrome 322 

The association between vaginal microbiological characteristics (alpha diversity indices, 323 

relative abundance of bacterial taxa) and clinical indicators related to ovarian reserve (AMH, 324 

inhibin B), ovarian endocrine function (FSH, LH, PRL, PRG, T, E2), and symptoms of 325 

perimenopausal syndrome (KMI score) were investigated. No significant correlation was 326 

found between alpha diversity and these clinical indicators (P﹥0.05) (Supplementary Fig. 4), 327 

as were the relative abundances of Firmucutes, Lactobacillus, and Streptococcus (Fig. 4). The 328 

relative abundances of Actinobacteria，Gardnerella, and Atopobium were all significantly 329 

negatively correlated with serum AMH and inhibin B levels, which were usually decreased in 330 



POI patients, while significantly positive correlations were found in Bifidobacterium. The 331 

relative abundances of Actinobacteria，Gardnerella, and Atopobium were all significantly 332 

positively correlated with serum FSH and LH levels, which were usually increased 333 

dramatically in POI patients, while Bifidobacterium was significantly negatively correlated 334 

with serum FSH levels. E2 is one of the most important steroid hormones secreted by the 335 

ovaries, and its level is significantly reduced in POI patients. The relative abundance of 336 

Atopobium was significantly negatively correlated with serum E2 levels, while 337 

Bifidobacterium was significantly positively correlated with serum E2 levels. The KMI score 338 

reflects the severity of the symptoms of perimenopausal syndrome. We found that the relative 339 

abundances of Gardnerella and Atopobium were all significantly positively correlated with 340 

the KMI score. Collectively, the increase of Gardnerella and Atopobium and the decrease of 341 

Bifidobacterium in vaginal microbiota were significantly correlated with declined ovarian 342 

reserve, endocrine disruption, and symptoms of perimenopausal syndrome in POI patients. 343 

The potential of key bacterial taxa in the vagina to predict POI 344 

For key bacterial taxa with significant differences in relative abundance between the two 345 

groups, including Actinobacteria, Gardnerella, Atopobium and Bifidobacterium, ROC curves 346 

were constructed and AUC values were calculated to assess their potential to predict POI. The 347 

accuracies of Gardnerella and Atopobium in predicting POI were considered acceptable, the 348 

corresponding AUC values were 0.732 and 0.759, respectively, which were both greater than 349 

0.749 (Fig. 5). However, the accuracies of Actinobacteria and Bifidobacterium were very low, 350 

with AUC values of 0.685 and 0.678, respectively, which were both less than 0.749. Our 351 

results indicated that the accuracy of a single bacterial taxa for predicting POI was limited, 352 

and more other relevant indicators may need to be combined to provide improved early 353 

detection of POI. 354 



Discussion 355 

Principal findings of the study 356 

In this case-control study, with 16S rRNA gene high-throughput sequencing technology, we 357 

found that the relative abundance of Actinobacteria, Atopobium, and Gardnerella were 358 

significantly increased in POI patients, while Bifidobacterium was significantly decreased. 359 

Moreover, these changes in vaginal microbiota were significantly correlated with declined 360 

ovarian reserve, endocrine disruption, and symptoms of perimenopausal syndrome in POI 361 

patients. These bacterial taxa may be potential new biomarkers for POI and related to the 362 

occurrence and development of POI, but further researches and explorations are needed. 363 

Interpretation of the findings 364 

POI is highly heterogeneous in etiology and the exact etiology remains unclear. Infectious 365 

factors may also be related to POI, such as mumps virus, human immunodeficiency virus 366 

(HIV), varicella zoster virus, and shigella50. While, there are only case reports or 367 

epidemiological data, lacking of etiological mechanism research. Due to the limitations of 368 

traditional culture-based techniques, our current findings may be just the tip of the iceberg. 369 

Besides, most of these reports focus on extraneous virous infection, while it is still unclear 370 

whether the disturbance of organism microbiota, such as vaginal microbiota, the most 371 

important microbiota of the female reproductive system, are related to POI. Under this 372 

circumstance, we carried out this research, hoping to contribute to this field. 373 

In recent years, a large number of researches have shown that the vaginal microbiota plays an 374 

important role in maintaining the health of female reproductive system16,27,51-57. Although 375 

other anaerobic and aerobic bacteria colonize the vagina, Lactobacillus is the dominant 376 

species in most women32,58. The relative abundance of Lactobacillus is significantly reduced 377 

in postmenopausal women17,59, and a similar change has been observed in women with 378 



premature ovarian failure (POF)33. In our study, we also observed a decrease in Lactobacillus 379 

in POI patients, but the difference was not statistically significant. With the in-depth study of 380 

the etiology and the accumulation of clinical cases, doctors and researchers have gradually 381 

realized that ovarian aging is a group of diseases with diverse clinical manifestations, 382 

complex etiology, and progressive development, including the hidden stage, the biochemical 383 

abnormal stage and the clinical abnormal stage, and menopause, POF and POI represent 384 

different stages in the progression of ovarian aging 1,37,60,61. POI is a disease state that occurs 385 

when ovarian function declines to a certain stage before the age of 40. To a certain extent, it 386 

can reflect the diversity and progress of ovarian aging. However, menopause and POF can 387 

only represent the terminal stage of ovarian failure and cannot reflect the progression of the 388 

disease. In the definition of POI and POF, the diagnostic threshold of FSH is different. The 389 

diagnostic criteria of POF is FSH﹥40 IU/L, while the diagnostic criteria of POI is FSH﹥25 390 

IU/L. The latter lowers the diagnostic threshold of FSH in order to identify POI patients as 391 

early as possible to achieve the purpose of early diagnosis and early treatment. Therefore, in 392 

the following analysis, we divided the POI patients into two groups according to the level of 393 

FSH and then conducted a subgroup analysis. We found that POI patients with FSH levels of 394 

25-40 IU/L compared with the control group, the relative abundance of Lactobacillus was 395 

lower but not statistically significant, while the relative abundance of Lactobacillus in POI 396 

patients with FSH ≥ 40 IU/L was significantly lower than that of the control group (58.77% 397 

vs 79.54%, P=0.032) (Supplementary Fig. 5C). Our results suggest that the abundance of 398 

vaginal Lactobacillus may gradually decrease during the decline of ovarian function, and 399 

further studies are needed in the future to explore whether changes in the vaginal microbiota 400 

of patients are progressing gradually like ovarian aging. 401 

The bacteria inhabiting the human vagina are thought to be the first line of defense against 402 

vaginal infections20. Lactobacillus inhibit binding of other bacteria to epithelial cells and 403 

produce substances, including lactic acid and hydrogen peroxide, that directly kill or inhibit 404 

the growth of other microorganisms16,21,62. Intracellular lactic acid is an epigenetic regulator of 405 

gene activity, lactic acid blocks histone deacetylases, thereby enhancing gene transcription 406 



and DNA repair63. Another novel property of lactic acid is its ability to induce autophagy in 407 

epithelial cells to degrade intracellular aged or defective organelles, dysfunctional proteins as 408 

well as bacteria, viruses, protozoa, and their components, and promote homeostasis64-66. More 409 

importantly, the ability of Lactobacillus to inhibit infection without inducing inflammation 410 

can even inhibit the release of proinflammatory factors when the innate immunity is actived21. 411 

However, epigenetics, autophagy and inflammation are closely related to the occurrence and 412 

development of POI, and the reduction of Lactobacillus in the vagina of POI patients may 413 

induce the occurrence of POI and accelerate the development of it through the 414 

above-mentioned mechanisms, but further in-depth studies are essential to verify this 415 

conjecture38,67,68. 416 

We found that the relative abundances of Atopobium and Gardnerella, which both belonged to 417 

Actinobacteria, were significantly increased in POI patients, and were significantly correlated 418 

with declined ovarian reserve, endocrine disruption, and symptoms of perimenopausal 419 

syndrome in POI patients. Whereas, subgroup analysis only found significantly differences 420 

between POI patients with FSH ≥ 40 IU/L and the control group (15.28% vs 0.01%, P﹤0.001; 421 

11.08% vs 3.14%, P=0.002) (Supplementary Fig. 5E, F). Gardnerella vaginalis and 422 

Atopobium vaginae are anaerobic bacteria, which are one of the most commom pathogens 423 

causing bacterial vaginitis. The excessive growth of Gardnerella vaginalis can promote the 424 

release of TNF- α, IL-6, and IL-834-36. In vitro experiments have also found that it can active 425 

the NLRP3 inflammasome signaling pathway69. Atopobium vaginae has also been found to be 426 

related to gene mutations related to the TLR2 signaling pathway, which is one of the key 427 

pathways of inflammation70. The increase of Gardnerella vaginalis and Atopobium vaginae in 428 

POI patients may enhance the inflammatory response through a variety of mechanisms, 429 

leading to a chronic inflammatory state, thereby affecting the function of ovaries. 430 

The relative abundance of Bifidobacterium was dramatically decreased in POI patients. 431 

Bifidobacterium is mainly colonized in the human intestines, and only a small amount is 432 

colonized in the vagina. As a kind of probiotic, it has the effects of anti-inflammatory, 433 



improving immune function, and resisting oxidative damage71-73. Clinical studies have found 434 

that Bifidobacterium can improve the metabolism and cardiovascular function of 435 

postmenopausal women74-76. Studies have also found that Bifidobacterium can regulate the 436 

secretion of sex hormones in polycystic ovarian syndrome patients and significantly reduce 437 

serum LH levels and LH/FSH ratio77. There is no research on probiotics in POI patients 438 

currently. Whether probiotics such as Bifidobacterium can delay the development of POI or 439 

contribute to the treatment of POI is still unknown and remains to be explored in the future. 440 

Moreover, due to the influence of human internal factors and environmental factors, the 441 

individual differences in the use of probiotics are relatively large. The mainstream trend in the 442 

future is personalized probiotic intervention strategies. This is also true for POI patients. 443 

Individualized probiotic intervention studies need to be carried out according to the patient’s 444 

own situation. 445 

Strengths and limitations 446 

The strength of our study lies in the comprehensive description of vaginal bacterial 447 

communities associated with POI archived through 16S rRNA gene sequencing. We identified 448 

bacterial taxa that were enriched in POI patients and evaluated their value in predicting POI. 449 

Particularly, the correlations between the vaginal microbiota and the clinical characteristics, 450 

mainly ovarian reserve and ovarian endocrine function indices, were analyzed. However, the 451 

limitations of the current study also merit careful consideration. We only focused on changes 452 

in vaginal microbiota in POI patients, but did not study the microbiota in other parts of the 453 

body, such as gut, mouth, skin, etc. Furthermore, our results can only suggest that there is a 454 

correlation between vaginal microbiota and POI, but the causal relationship between them is 455 

still unclear, and we could not clarify detailed roles of specific constituents of the vaginal 456 

microbiota in the pathogenesis of POI. Therefore, future studies involving larger and wider 457 

study populations, prospective cohort, and animal models are needed to more 458 

comprehensively describe the composition of vaginal microbiota under different stages of 459 

ovarian aging and explore potential mechanisms underlying the association of the vaginal 460 



microbiota and POI. Researches on the gut microbiota of POI patients may also help to clarify 461 

the role of microbiota in POI and improve many aspects of prevention and treatment. 462 

Conclusions 463 

In summary, our study found that the relative abundance of Actinobacteria, Atopobium, and 464 

Gardnerella were significantly increased in POI patients, while Bifidobacterium was 465 

significantly decreased. Moreover, these changes in vaginal microbiota were significantly 466 

correlated with declined ovarian reserve, endocrine disruption, and symptoms of 467 

perimenopausal syndrome in POI patients. Our study revealed the correlation between vaginal 468 

microbiota and POI, filled the gap in the field of microbial and POI research and provided a 469 

new research strategy for POI. But the causal relationship is still unclear, and we could not 470 

clarify detailed roles of specific constituents of the vaginal microbiota in the pathogenesis of 471 

POI. Therefore, future studies are needed to explore potential mechanisms underlying the 472 

association of vaginal microbiota and POI. 473 
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Figure legends 761 

Figure 1. Comparison of vaginal microbiota composition of women with POI and healthy 762 

controls. A. Sankey plot showed the top five bacterial genera in relative abundance in all 763 

samples, the width of the line indicated the relative abundance of the corresponding bacteria 764 

in each group. B, C. Differences in relative abundance at phylum and genus levels. P﹤0.05 765 

was considered as statistically significant. *P﹤0.05, **P﹤0.01. 766 

Figure 2. Comparison of dominant vaginal bacterial taxa. A. Cluster analysis of vaginal 767 

bacterial communities found in 55 participants. B. Number of women in cluster A-F in the 768 

two groups. 769 

Figure 3. Comparison of vaginal microbiota phylotype between groups. A. Histogram of the 770 

LDA scores for differentially abundant bacterial taxa. B. Taxonomic representation of 771 

statistically and biologically consistent differences between the two groups displayed by a 772 

cladogram. LDA, linear discriminant analysis. 773 

Figure 4. Spearman correlation between the relative abundance of vaginal microbiota and 774 

clinical indicators related to ovarian reserve, ovarian endocrine function, and symptoms of 775 

perimenopausal syndrome. AMH, anti-mullerian hormone; FSH, follicle stimulating hormone; 776 

LH, luteinizing hormone; PRL, prolactin; PRG, progesterone; T, testosterone; E2, estradiol. P777 

﹤0.05 was considered as statistically significant. *P﹤0.05, **P﹤0.01. 778 

Figure 5. ROC curves were constructed and AUC values were calculated to assess the 779 

potential of key bacterial taxa to predict POI. A. The AUC was 0.685 for Actinobacteria, 780 

P=0.019. B. The AUC was 0.732 for Gardnerella, P=0.003. C. The AUC was 0.759 for 781 

Atopobium, P=0.001. D. The AUC was 0.678 for Bifidobacterium, P=0.023. ROC, received 782 

operating characteristic; AUC, area under the curve. 783 



Figures

Figure 1

Comparison of vaginal microbiota composition of women with POI and healthy controls A. Sankey plot
showed the top �ve bacterial genera in relative abundance in all samples , the width of the line indicated
the relative abundance of the corresponding bacteria in each group. B , C . Differences in relative
abundance at phylum and genus level s . P  0 .05 was considered as statistically signi�cant. P  0 .05, P
 0 .0 1.



Figure 2

Comparison of dominant vagi nal bacterial taxa. A. Cluster analysis of vaginal bacterial communities
found in 55 participants B. Number of women in cluster A F in the two groups.



Figure 3

Comparison of vaginal microbiota phylotype between groups. A. Histogram of the LDA scores for
differentially abundant bacterial taxa. B. Taxonomic representation of statistically and biologically
consistent differences between the two groups displayed by a cladogram. L D A, linear discriminant
analysis



Figure 4

Spearman correlation between the relative abundance of vaginal microbiota and clinical indicators
related to ovarian reserve, ovarian endocrine function and symptoms of perimenopausal syndrome. AMH,
antimullerian hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone; PRL, prolactin; PRG,
progesterone; T, testosterone; E2, estradiol. PP777  0.05 was considered as statistically signi�cant. P 
0.05, P  0.01.



Figure 5

ROC curves were constructed and AUC values were calculated to assess the potential of key bacterial
taxa to predict POI. A. T he AUC was 0.685 for Actinobact eria , P =0.019. B. T h e AUC was 0. 732 for
Gardnerella P =0.0 03 C . T he AUC was 0. 759 for Atopobium , P =0 .0 01 D. T he AUC was 0.6 78 for
Bi�dobacterium , P =0.0 23 ROC , received operating characteristic; AUC , area under the curve
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