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Abstract

Objective: To explore the impact of pre-pregnancy vaginal Mycoplasma hominis (M. hominis) colonization of low
abundance on female fecundability.

Methods: In total, 89 females participating in a pre-pregnancy health examination program were included, and their
pregnancy outcomes were followed up for 1 year. Vaginal swabs were collected, 16S rRNA genes were sequenced,
and M. hominis colonization was confirmed by gPCR. Cox models were used to estimate the fecundability odds ratio
(FOR) for women with M. hominis.

Results: The prevalence of M. hominis was 22.47% (20/89), and the abundance was relatively low (the cycle thresh-
olds of the gPCR were all more than 25). In terms of the vaginal microbiome, the Simpson index of the positive group
was significantly lower than that of the negative group (P=0.003), which means that the microbiome diversity
appeared to increase with M. hominis positivity. The relative abundance of M. hominis was negatively correlated with
Lactobacillus crispatus (rho = —0.24, P=0.024), but positively correlated with Gardnerella vaginalis, Atopobium vaginae
and Prevotella bivia (P all <0.05). The cumulative one-year pregnancy rate for the M. hominis positive group was lower
than that in the negative group (58.96% vs 66.76%, log-rank test: P=0.029). After controlling for potential confound-
ers, the risk of pregnancy in the M. hominis positive group was reduced by 38% when compared with the positive
group (FOR=10.62, 95% Cl: 0.42-0.93).
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Conclusion: The vaginal colonization of M. hominis at a low level in pre-pregnant women is negatively correlated

with female fecundability.

Keywords: Mycoplasma hominis, Vaginal microbiome, Fecundability, Time to pregnancy

Introduction

The reduction of female fertility is a complex problem of
public health; its potential causes include social, environ-
mental and physiological factors [1, 2]. A meta-analysis
showed that the female infertility was associated with
vaginal microbiota, [3] but most evidence was derived
from case—control studies, which limited the causal infer-
ence. Recently, two prospective cohort studies illustrated
that the female time-to-pregnancy (TTP) index was asso-
ciated with the vaginal microenvironment or bacterial
vaginitis (BV) status [4, 5]. TTP is a typical indicators
reflecting couples’ fecundability, which is defined as a
couple’s probability of conception in one menstrual cycle,
given regular intercourse and no method of contracep-
tion [6]. However, the structure of the vaginal mocribi-
ome is complex, there are hundreds of different species
in this environment even among healthy women, and
which of them are vital factors with an impact on female
fecundability is unknown.

Mycoplasma are prevalent, and are the smallest geni-
tal Mollicutes in the vaginal microbiome; they are unique
genera with no cell wall around the cell membrane [7].
Mycoplasma hominis (M. hominis) is the most common
Mycoplasma species in the vagina. Some studies have
found that the colonization rate of M. hominis is 3.1-15%
[8]. Although some evidence suggests that vaginal M.
hominis infection is associated with BV [9] and preterm
birth [10], it is still regarded as an opportunistic pathogen
[8] because many asymptomatic females are positive. Our
previous preliminary study showed that the colonization
of M. hominis was associated with the structure of the
vaginal microbiota, [11] which suggested that M. hominis
might play an important role in female health. Inconsist-
ent findings suggest that vaginal M. hominis infection is
a potential reason for female infertility, [12] but no stud-
ies have shown whether vaginal M. hominis might affect
the female TTP. Therefore we used the data from a preg-
nancy-planning cohort to explore, among asymptomatic
pregnancy-planning females, whether a low abundance
of M. hominis colonization can impact the TTP, in order
to provide an innovative perspective for female infertility
prevention.

Materials and methods

Study population

A pregnancy-planning cohort study was conducted at
the Maternal and Child Health Center of Gulou district,

Nanjing, China, from September 2018 to June 2019. All
the women who participated to the free pre-pregnancy
health examination program and stated that they were
ready to attempt pregnancy were included. This pro-
gram was supported by Chinese government from 2010,
which aimed to reduce birth defects rate among popula-
tion. The original design, organisation and implementa-
tion of the program have been described previously [13].
With this program, we set the following exclusion criteria
to carry out this study: (1) females who had been preg-
nant when participating in the program; (2) those who
were diagnosed with reproductive malformation, or their
male partners with testicular loss; (3) women who were
infected with Treponema pallidum, cytomegalovirus or
Toxoplasma gondii; (4) those who did not collect the vag-
inal swabs because of a menstrual period; (5) women who
were diagnosed with BV or colpomycosis, which required
medical treatment. A total of 102 women met the crite-
ria and were recruited, after giving informed consent.
The Ethics Committee of Zhongda Hospital approved
this study (2018ZDSYLL072-P01), all methods were per-
formed in accordance with the declarations of Helsinki.
In the follow-up phase, 13 females who gave up attempt-
ing pregnancy within 3 months and refused to tell us the
exact time they had have kept the desire of pregnancy
were excluded. Thus, 89 females were analyzed in this
study.

Vaginal bacterial nucleic acid extraction

Gynecologists used two sterile swabs and a speculum to
collect vaginal secretions. The swabs were transferred
to a—80°C refrigerator, and saved for bacterial nucleic
acid extraction. Following the standard procedures in
our laboratory, [14] swabs were eluted in 2ml PBS, and
TIANamp Bacteria DNA Kits (Tiangen Biochemical
Technology, Beijing, China) were used to extract and
purify DNA. The concentrations of DNA were measured
through Nanodrop one (Thermo Scientific Co.,Ltd., MA,
USA). All the nucleic acid samples were taken success-
fully, the average concentration is 63.46 +10.26 ng/ul.

16S rRNA gene sequencing and M. hominis identification

The V3-V4 hypervariable regions of the DNA sam-
ples were amplified by polymerase chain reaction (PCR)
using universal primers (338F: 5-ACTCCTACGGGA
GGCAGC3 and 806R: 5-GGACTACHVGGGTWT
CTAAT-3’). The PCR products were sequenced on an
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[luminaHiseq 2500 platform (Beijing Biomarker Tech-
nologies Co. Ltd., Beijing, China). Sequencing data was
processed on the Biomarker biocloud platform (www.
biocloud.org). Paired-end reads were merged by FLASH
(v1.2.7,  http://ccb.jhu.edu/software/FLASH/).  Some
low quality tags were removed using Trimmomatic
(v0.33). Denoised sequences were clustered using USE-
ARCH (version 10.0), and tags with similarity >97%
were regarded as operational taxonomic units (OTUs).
Subsequently, the NCBI database was used to annotate
taxonomic information with QIIME. The information
on OTU relative abundance was normalized using a
standard sequence number corresponding to the sample
with the fewest sequences. The samples with represent-
ative sequences of M. hominis were judged as the posi-
tive group, and the qPCR method was used to confirm
the abundance by cycle threshold value (CT). Consider-
ing that the study participants were all asymptomatic,
CT <35 was regarded as positive. The primers (5'-TCA
CTAAACCGGGTATTTTCTAACAA-3' and 5'-TTG
GCATATATTGCGATAGTGCTT-3") were used. The
ChamQ SYBR qPCR Master Mix (Vazyme Biotechnology
Co.,Ltd., Nanjing, China) was used for reaction prepara-
tion (20 pl), and a standard amplification program was set
up in the Real-Time PCR System (StepOne plus, Applied
Biosystems Co., Ltd., USA). There were 3 replicates for
each sample, at least two consistent CT values were con-
sidered credible results, otherwise, we would repeat the
detection.

Outcome assessment

All the participants were followed up by telephone every
3months until 1 year later; whether they were pregnant
and their last menstrual periods (LMP) were recorded.
The TTP was calculated as the interval between the date
of participation in the study and the date of the LMP
obtained at follow-up (if pregnant within 1year) or last
follow-up date (if not pregnant).

Statistical analysis

The continuous variables were described as
mean =+ standard deviation (normal distribution), or
median with interquartile range (non-normal distribu-
tion); comparison among groups was assessed by t test
(normal distribution) or Kruskal-Wallis test (non-nor-
mal distribution). The chi-square test was used to test
differences in frequency distribution among groups.
Alpha diversity indices, including Simpson and Chaol
indices, were calculated by mothur software (version
1.30). A higher Chaol index and lower Simpson index
mean a more diversity for microbiome, the details are
shown in the Supplementary text. The binary Jaccard
distance, one of the B-diversity indices that focuses
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on differences in taxonomic abundance profiles from
multiple samples, was assessed with QIIME software,
and following principal coordinate analyses (PCoAs),
and permutational multivariate analysis of variance
(PERMANOVA) were used to compare the differ-
ences between groups. PCoA is a non-constrained data
dimension reduction analysis method, which is also a
visualization method to study the similarity or differ-
ence of data. Differences between individuals or groups
can be observed through PCoA plot, thus it was widely
used in microbiome data analysis [15]. The correlations
between the abundance of M. hominis and other species
were evaluated using the Spearman correlation coeffi-
cient. Linear discriminant analysis effect sizes (Lefse)
were calculated to determine biomarkers between the
groups. Kaplan—Meier plots and the log-rank test were
used to present the cumulative pregnancy rate among
different groups. In order to adjust for some potential
confounders, Cox models were used to estimate the
fecundability odds ratio (FOR) and the 95% confidence
interval (CI). The FOR estimated the odds of becoming
pregnant in the current month for participants with or
without M. hominis infection, conditional on not being
pregnant in the previous month, thus FOR <1 indicated
a reduction in fecundability. Model A was adjusted by
age, pregnancy history and menstruation regularity
and couples’ age differences; Model B was additionally
adjusted by vaginal cleanness grading and the Shannon
and Simpson index to control for the impact of overall
vaginal microenvironment. A two-sided P value <0.05
was deemed statistically significant.

Results

Participants and basic characteristics

Among the 89 women, the average age was 28.60years.
After qPCR confirmation, the M. hominis positive rate
was 22.47% (20/89). Among these samples, all the CT
values were more than 25 (28.32 +2.31). The woman’s
age, age differences within couples, pregnancy history
and menstruation situation were comparable between
the M. hominis positive and negative groups (P>0.05,
Table 1). Although the proportion of vaginal cleanness
grades III-IV in positive group was higher than in the
negative group, the difference did not have statistical
significance (35.0% vs 26.1%, P =0.484).

Vaginal microbiome and M. hominis colonization status

In terms of a diversity indices, the Simpson index of the
positive group was significantly lower than that of the
negative group (P=0.003, Fig. 1A), which means that
the microbiome diversity appeared to increase with M.
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Table 1 The basic characteristics of the participants based on M. hominis status
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M.hominis negative M.hominis positive t/x2 P
N=69 N=20
Age, mean£SD 28.65+3.30 2845+£297 0.26 0.800
Age difference 1.02 (—040~341) 145 (0.09~3.20) 0.08% 0.963
Pregnancy history, n (%)
No 62 (91.2) 17 (85.0) 0.15 0.703
Yes 6 (8.8) 3(15.0)
Regular menstruation, n (%) 049 0.485
No 13(194) 6 (30.0)
Yes 54 (80.6) 14 (70.0)
Vaginal cleanness grading, n (%) 049 0484
-l 51(73.9) 13 (65.0)
-1V 18 (26.1) 7(35.0)
@ Kruskal-Wallis test
1.01 P=0.003 807 P=0.836
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(€) and (D) are PCoA plots based on binary Jaccard distances

Fig. 1 The a and 3 diversity between M. hominis positive and negative groups. A Simpson index between groups; B Chao1 index between groups.
The middle line indicates the medians, the bars indicate the interquartile ranges, and all the P values were from nonparametric Kruskal-Wallis tests.
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Table 2 The Spearman correlation coefficients between M.
hominis and other major species in the vaginal microbiome

Species rho P

Lactobacillus crispatus —0.240 0.024
Lactobacillus iners —0.017 0.875
Lactobacillus gasseri —0.003 0.977
Gardnerella vaginalis 0.245 0.021
Atopobium vaginae 0.382 0.001
Streptococcus —0.143 0.182
Prevotella bivia 0.215 0.043
Ureaplasma parvum 0.040 0.712

hominis positivity. However, the Chaol indices were
not significantly different between groups (P=0.836,
Fig. 1B). From the PCoA analysis, two groups related
to bacterial infection were separate: the positive spots
gathered on the left but negative spots gathered on the
right (Fig. 1C and D), and the difference had statistical
significance (PERMANOVA test, R>=0.082, P<0.001).

Further, we explored the potential M. hominis-related
bacteria using Lefse analysis. Figure 2 shows that the M.
hominis positive group had higher abundance of Act-
inobacteria class, Bacteroidales order, Prevotella genus,
etc. Meanwhile, the M. hominis negative group had
higher abundance of the Lactobacillus genus. At the

species level, we explored the association between the
relative abundance of M. hominis and the other main
species. Table 2 shows that M. hominis was negatively
correlated with L. crispatus (rho=—0.24, P=0.024)
and positively correlated with Gardnerella vaginalis,
Atopobium vaginae and Prevotella bivia (P all <0.05),
but it was not associated with Ureaplasma parvum.

Female fecundability and vaginal M. hominis colonization
status

Overall, 51 women achieved pregnancy in 1 year. The
median TTP for the M. hominis positive group was
6months; that in the negative group was 11months.
The Kaplan—Meier method showed that the cumulative
pregnancy rate for the M. hominis positive group was
lower than that of the negative group (58.96% vs 66.76%,
P=0.029, Fig. 3).

After controlling for potential confounders, the risk
of pregnancy in the M. hominis positive group was
reduced by 38% compared with the negative group
(FOR=0.62, 95% CI: 0.42-0.93). After adjusting for
the indices reflecting the vaginal microenvironment,
including vaginal cleanliness grading and Shannon and
Simpson index, this association remained (FOR =0.63,
95% CI: 0.40-0.99, Table 3). This means that the M.
hominis status has significance when evaluating female
fecundability beyond the aggregative indicator of the
vaginal microenvironment.
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Fig. 3 Kaplan—-Meier plot for cumulative pregnancy rate based on M. hominis status

Table 3 The fecundability odds ratios for women with positive
M. hominis status

M.hominis Crude FOR Model A FOR Model B FOR
status (95%Cl) (95%Cl) (95%Cl)
Negative Ref Ref Ref

Positive 0.65 (0.43-0.96) 0.62 (0.42-0.93) 0.63 (0.40-0.99)

Model A was adjusted by female age, pregnancy history, menstruation regularity
and couple’s age difference;

Model B was additionally adjusted by vaginal cleanliness grading and Shannon
and Simpson index based on Model A

Discussion

In this prospective cohort, the pre-pregnant women with
vaginal M. hominis colonization with low abundance had
a unique vaginal microbiota structure, and had 37% lower
fecundability. This association was independent from the
overall vaginal microenvironment. This finding suggests
the importance of M. hominis screening for women plan-
ning pregnancy.

Many epidemiological studies have found that vaginal
M. hominis is an opportunistic pathogen. The prevalence
of M. hominis has ranged between 3.1 and 15% in non-
pregnant sexually active symptomatic and asymptomatic
women [8]. The bacterial load of M. hominis increases in
the dysbiosis of BV,[9, 16] but one third of women with
BV do not carry M. hominis; therefore, it is not a suit-
able biomarker for BV diagnosis [17, 18]. Miyoshi et al.
[10] found that a positive vaginal M. hominis culture is an
independent predictive factor for preterm birth in patients
with symptomatic threatened preterm labor. M. hominis

infection was also associated with postpartum endometri-
tis among women undergoing a cesarean section [19]. The
association between M. hominis and female infertility is
controversial. A meta-analysis showed that, in Iran, infer-
tile women had a high prevalence of M. hominis [20]. Ma
et al. [12] reported a similar finding that M. hominis is a
potential risk factor for female infertility, but the effect size
was small (OR=1.56, 95% CI: 1.02-2.38). Previous stud-
ies have always used a case—control design, which leads to
difficulty in making a causal inference because we cannot
infer whether the M. hominis infection was earlier than
the infertility. Thus, our study provides more convincing
evidence that M. hominis infection reduces female fecund-
ability, by using a prospective design.

The development of genomics has increased the under-
standing of the pathogenic mechanisms of M. hominis.
In sequenced amniotic fluid/placental isolates, Allen [21]
identified two new genes from M. honimis that encode
surface-located membrane proteins, which is associated
with colonization and/or infection of the upper reproduc-
tive tract during pregnancy and with preterm birth. Addi-
tionally, a surface lipoprotein, MHO_0730, has been found
to have effects on promotion of infection and modulation
and evasion of innate immunity [22]. Previous studies have
suggested that vaginal pathogenic bacteria lead to ascend-
ing infection and fallopian tube adhesion,thus causing tubal
infertility [23]. M. hominis can also cause direct tubal dam-
age or altered ciliary activity within the fallopian tubes [24].
However, many unexplained cases of infertility could also
be attributed to the vaginal microbiome. Researchers have
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put forward many hypothesis to explain it, including the
impact of vaginal bacteria on sperm motility, [25] bioactive
metabolites of the vaginal microbiome entering the blood
to cause fecundability reduction, [26] and the potential
effect of the vaginal microbiome on the hypothalamic pitui-
tary ovarian axis [27]. Although there is no direct evidence
that M.hominis would impact female fertility through
above three pathways, these hypotheses are also reasonable
for M.hominis. Additionally, M.hominis had been found to
be associated with local inflammatory level, which might
participate in the regulation of female fertility [28]. Further
studies are needed to explore the specific mechanisms that
explain the association between vaginal M. hominis coloni-
zation and female TTP.

This study is strengthened by its prospective design, and the
TTP was used to evaluate fecundability. According to clini-
cal practice guidelines, infertility should be diagnosed when
a women has not become pregnant after having 12months
of regular, unprotected intercourse [29]. This means that
women with TTP of more than 12months are more likely
to have infertility, so TTP is an indicator with clinical signifi-
cance. In previous case—control studies, it was hard to inves-
tigate the vaginal microbiome before the definitive diagnosis,
but our study overcame this problem. In addition, many sen-
sitivity analysis were used to demonstrate the robustness of
our results. Our study suggested that, whatever the status of
the vaginal microbiome, detection of M. hominis is meaning-
ful for evaluation of fecundability, because this association is
independent from the vaginal microenvironment.

There are several inevitable limitations to this study.
First, although the high-throughput sequencing method
we used is a frequently used method of bacterial detec-
tion, it is not yet popular in clinics. Some samples with
low abundance of M. hominis would not be accurately
identified by culture. Therefore, our results lack com-
parability with other studies. Second, some research-
ers think that the vaginal microbiome shows dynamic
change within one cycle, so our one-time assessment may
not reflect the vaginal microenvironment in its entirety.
Third, like all other prospective TTP related studies,
there is inevitably selection bias [30]. Because the cou-
ples who have difficulties regarding pregnancy would be
more likely to participate this program, however, unin-
tended pregnant women could not be included in our
study. Fourth, our strict exclusion criteria might increase
selection bias, especially the women who were menstrual
period when they took part in this program were excluded
because M. hominis information could not be get. The
future work should require the participants to collect
vaginal swabs at a same fixed time in their menstrual
cycle. Additionally, 13 women who refused to continue
the follow-up without exact TTP in the first 3months
were excluded, which might expand selection bias. Fifth,
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our findings needs to be further validated because many
potential confounding factors were not collected and did
not be taken into account, such as male partners’ sperm
quality, M. hominis infection status, and the couples’
regularity of sexual relations. In addition, couples’ educa-
tional levels is also important to be considered, because it
can indirectly reflect the ability of couples to identify the
fecundity period in the female menstrual cycle. Lastly, our
findings should be interpreted cautiously, because all the
participants were from Nanjing, China, and the sample
size is small. The vaginal microenvironments ae diverse
among females with different ethnicity, [31] and therefore
whether this finding is generalizable to other pregnancy-
planning women requires further study.

In summary, vaginal colonization by M. hominis in
women pre-pregnancy is negatively correlated with
female fecundability. M. hominis screening is necessary
for pre-pregnancy health examination.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512866-022-02545-7.

Additional file 1 Supplementary text. The formula about Chao1 and
Simpson indices

Acknowledgments
The authors thank all the patients who agreed to participate in this study.

Authors’ contributions

H.X.and W.B. designed this study. H.X,, Y.J, WW. and ZF. analyzed the data
and interpreted the results. H.X. drafted the manuscript and interpreted the
data. H.X, Y.H. and ZX. obtained the project funding. All authors revised the
manuscript and approved the final version of the paper.

Funding

This research has received funding from: the National Natural Science Founda-
tion of China (Grant No. 81872634); Scientific research project of Jiangsu
Provincial Health Commission (Grant No. ZD2021047); The research project of
Jiangsu Health Development Research Center (JSHD2021045).

Availability of data and materials
The genome sequences can be accessed at https://www.ncbi.nlm. nih.gov/
bioproject/browse using Bioproject PRINA741092.

Declarations

Ethics approval and consent to participate

The Ethics Committee of Zhongda Hospital approved this study
(2018ZDSYLL0O72-P01). All the participants signed the informed consent. All
methods were performed in accordance with the declarations of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details
'Department of Epidemiology and Health Statistics, School of Public
Health, Southeast University, Key Laboratory of Environmental Medicine


https://doi.org/10.1186/s12866-022-02545-7
https://doi.org/10.1186/s12866-022-02545-7
https://www.ncbi.nlm
http://nih.gov/bioproject/browse
http://nih.gov/bioproject/browse

Hong et al. BMC Microbiology ~ (2022) 22:121

and Engineering of Ministry of Education, 87#, Dingjiagiao Road, Gulou Dis-
trict, Nanjing City, Jiangsu Province, China. 2Maternal and Child Health Center
of Gulou District, Nanjing, China. *Department of Obstetrics and Gynecology,
Zhong Da Hospital, Southeast University, Nanjing, China. *Jiangsu Health
Development Research Center, Nanjing, Jiangsu, China. °NHC Key Laboratory
of Contraceptives Adverse Reaction Surveillance, 277#, Fenghuangxi Road,
Gulou District, Nanjing City, Jiangsu Province, China.

Received: 21 January 2022 Accepted: 28 April 2022
Published online: 05 May 2022

References

1. Wang B, Zhou W, Zhu W, Chen L, Wang W, Tian Y, et al. Associations of
female exposure to bisphenol a with fecundability: evidence from a
preconception cohort study. Environ Int. 2018;117:139-45.

2. Fan D, LiuL, Xia Q Wang W, Wu S, Tian G, et al. Female alcohol consump-
tion and fecundability: a systematic review and dose-response meta-
analysis. Sci Rep. 2017;7(1):1-12.

3. Hong X, Ma J,Yin J,Fang S, Geng J, Zhao H, et al. The association between
vaginal microbiota and female infertility: a systematic review and meta-
analysis. Arch Gynecol Obstet. 2020;302(3):569-78.

4. Hong X, Zhao J, Zhu X, Dai Q, Zhang H, Xuan Y, et al. The association
between the vaginal microenvironment and fecundability: a register-
based cohort study among Chinese women. BJOG: an international
journal of obstetrics and gynaecology. 2022;129(1):43-51.

5. Lokken EM, Manhart LE, Kinuthia J, Hughes JP, Jisuvei C, Mwinyikai K, et al.
Association between bacterial vaginosis and fecundability in Kenyan
women planning pregnancies: a prospective preconception cohort
study. Human reproduction (Oxford, England). 2021;36(5):1279-87.

6. Nguyen RH, Wilcox AJ. Terms in reproductive and perinatal epidemiology:

. reproductive terms. J Epidemiol Community Health. 2005;59(11):916-9.

7. Krzyszton-Russjan J, Chudziak J, Bednarek M, Anuszewska EL: Develop-
ment of new PCR assay with SYBR green | for detection of Mycoplasma,
Acholeplasma, and Ureaplasma sp. in cell cultures. Diagnostics (Basel)
2021, 11(5).

8. Horner P, Donders G, Cusini M, Gomberg M, Jensen JS, Unemo M. Should
we be testing for urogenital Mycoplasma hominis, Ureaplasma parvum
and Ureaplasma urealyticum in men and women? - a position statement
from the European STl guidelines editorial board. J Europ Acad Dermatol
Venereol: JEADV. 2018;32(11):1845-51.

9. Taylor-Robinson D. Mollicutes in vaginal microbiology: Mycoplasma
hominis, Ureaplasma urealyticum, Ureaplasma parvum and Mycoplasma
genitalium. Res Microbiol. 2017;168(9-10):875-81.

10. MiyoshiY, Suga S, Sugimi S, Kurata N, Yamashita H, Yasuhi I. Vaginal
Ureaplasma urealyticum or Mycoplasma hominis and preterm delivery
in women with threatened preterm labor. J Matern Fetal Neonatal Med.
2020:1-6.

11. Hong X, Zhao J, Ding X, Yin J, Ma X, Wang B. A preliminary study on the
associations between Ureaplasma, Mycoplasma and the vaginal microbi-
ome. Med Microecol. 2021;100041.

12. MaC,DuJ,DouY,ChenR, LiY, Zhao L, et al. The associations of genital
mycoplasmas with female infertility and adverse pregnancy outcomes: a
systematic review and Meta-analysis. Reproductive sciences (Thousand
Oaks, Calif). 2021.

13. Zhou Q, Acharya G, Zhang S, Wang Q, Shen H, Li X. A new perspective
on universal preconception care in China. Acta Obstet Gynecol Scand.
2016;95(4):377-81.

14. Hong X, Qin P.Yin J, ShiY, Xuan Y, Chen Z, et al. Clinical manifestations of
polycystic ovary syndrome and associations with the vaginal micro-
biome: a cross-sectional based exploratory study. Front Endocrinol.
2021;12:662725.

15. LiL, Zhong SJ, Hu SY, Cheng B, Qiu H, Hu ZX. Changes of gut microbiome
composition and metabolites associated with hypertensive heart failure
rats. BMC Microbiol. 2021;21(1):141.

16. Cox C, Watt AP, McKenna JP, Coyle PV. Mycoplasma hominis and Gard-
nerella vaginalis display a significant synergistic relationship in bacterial
vaginosis. Eur J Clin Microbiol Infect Dis. 2016;35(3):481-7.

17. Shipitsyna E, Roos A, Datcu R, Hallén A, Fredlund H, Jensen JS, et al.
Composition of the vaginal microbiota in women of reproductive

Page 8 of 8

age--sensitive and specific molecular diagnosis of bacterial vaginosis is
possible? PLoS One. 2013;8(4):e60670.

18. Malaguti N, Bahls LD, Uchimura NS, Gimenes F, Consolaro ME. Sensitive
detection of thirteen bacterial vaginosis-associated agents using multi-
plex polymerase chain reaction. Biomed Res Int. 2015;2015:645853.

19. Berman SM, Harrison HR, Boyce WT, Haffner WJ, Lewis M, Arthur JB. Low
birth weight, prematurity, and postpartum endometritis. Association with
prenatal cervical Mycoplasma hominis and chlamydia trachomatis infec-
tions. Jama. 1987;257(9):1189-94.

20. Moridi K, Hemmaty M, Azimian A, Fallah MH, Khaneghahi Abyaneh H,
Ghazvini K. Epidemiology of genital infections caused by Mycoplasma
hominis, M. genitalium and Ureaplasma urealyticum in Iran; a system-
atic review and meta-analysis study (2000-2019). BMC Public Health.
2020;20(1):1020.

21. Allen-Daniels MJ, Serrano MG, Pflugner LP, Fettweis JM, Prestosa MA,
Koparde VN, et al. Identification of a gene in Mycoplasma hominis associ-
ated with preterm birth and microbial burden in intraamniotic infection.
Am J Obstet Gynecol. 2015;212(6):779.e771-13.

22. Cacciotto C, Dessi D, Cubeddu T, Cocco AR, Pisano A, Tore G, et al.
MHO_0730 as a surface-exposed calcium-dependent nuclease of Myco-
plasma hominis promoting neutrophil extracellular trap formation and
escape. J Infect Dis. 2019;220(12):1999-2008.

23. Tsevat DG, Wiesenfeld HC, Parks C, Peipert JF. Sexually transmitted dis-
eases and infertility. Am J Obstet Gynecol. 2017;216(1):1-9.

24. Lyons RA, Saridogan E, Djahanbakhch O.The reproductive significance of
human fallopian tube cilia. Hum Reprod Update. 2006;12(4):363-72.

25. Zhang F, Dai J, ChenT. Role of Lactobacillus in female infertility via
modulating sperm agglutination and immobilisation. Front Cell Infect
Microbiol. 2020;10:875.

26. Parris KM, Amabebe E, Cohen MC, Anumba DO. Placental microbial—
metabolite profiles and inflammatory mechanisms associated with
preterm birth. J Clin Pathol. 2021;74(1):10-8.

27. Giampaolino P, Foreste V, Di Filippo C, Gallo A, Mercorio A, Serafino P,
et al. Microbiome and PCOS: state-of-art and future aspects. Int J Mol Sci.
2021,22(4):2048.

28. Tantengco OAG, de Castro SM, Velayo CL. The role of genital mycoplasma
infection in female infertility: A systematic review and meta-analysis. Am J
Reproduct Immun (New York, NY : 1989, 2021,85(6):e13390.

29. Quaas A, Dokras A. Diagnosis and treatment of unexplained infertility. Rev
Obstet Gynecol. 2008;1(2):69.

30. Weinberg CR, Baird DD, Wilcox AJ. Sources of bias in studies of time to
pregnancy. Stat Med. 1994;13(5-7):671-81.

31. Serrano MG, Parikh HI, Brooks JP, Edwards DJ, Arodz TJ, Edupuganti L, et al.
Racioethnic diversity in the dynamics of the vaginal microbiome during
pregnancy. Nat Med. 2019;25(6):1001-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The associations between low abundance of Mycoplasma hominis and female fecundability: a pregnancy-planning cohort study
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study population
	Vaginal bacterial nucleic acid extraction
	16S rRNA gene sequencing and M. hominis identification
	Outcome assessment
	Statistical analysis

	Results
	Participants and basic characteristics
	Vaginal microbiome and M. hominis colonization status
	Female fecundability and vaginal M. hominis colonization status

	Discussion
	Acknowledgments
	References


