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Abstract

We investigated the vaginal flora diversity of preschool-aged (ie, 4—6-year-old) girls in southwest China.

N

Fourteen preschool-aged girls were enrolled in this study. The statuses and differences in their vaginal flora were evaluated by
Gram staining, bacterial culturing, and sequencing analysis.

Gram staining and microbial culturing showed that the main vaginal flora of the preschool-aged girls were Gram-negative bacilli,
whereas the main vaginal flora of healthy adult controls were large Gram-positive bacilli such as Lactobacillus crispatus. Shannon and
Simpson indexes indicated that the bacterial diversity tended to decrease with age. The species abundance heat map showed that
the vaginal microecology of the girls differed slightly at different ages but mainly comprised Pseudomonas, Methylobacterium,
Sphingomona,s and Escherichia. The functional abundance heat map indicated that the bacterial functions increased with age.

The vaginal microecology of preschool-aged girls differs from that of adults. A comprehensive understanding of the vaginal flora
diversity of preschool-aged girls will aid in clinically diagnosing vulvovaginitis in preschool-aged girls.

Abbreviations: COG = clusters of orthologous group, PBS = phosphate-buffered saline, PCR = polymerase chain reaction, SD =

standard deviation, spp = species.
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1. Introduction

The vaginal microecology is composed of the vaginal flora, the
endocrine regulatory system, and the reproductive tract and plays
an indispensable role in preventing genital tract infections in
women and girls."! The vaginal flora is composed of millions of
microorganisms that are both symbiotic and antagonistic to each
other."”! A better understanding of the vaginal flora in healthy

women and girls could lead to better diagnosis and treatment of
vaginal diseases.

The vaginal microecology maintains a dynamic balance
between the host and environmental factors.”! In addition to
demographics such as ethnicity, location, and age, several
environmental factors, including temperature and humidity,
affect the composition of the vaginal microbiome.”®! However, in
most cases, imbalances in the vaginal microecology are closely
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related to inflammation, cervical lesions, childbirth diseases and
sexually transmitted diseases.*®! The vaginal microecology is
also affected by hormone levels and immunity."”! Additionally,
hormone levels are greatly affected by age; therefore, the vaginal
microecology likely differs in women of different ages.!™ To date,
the vaginal microecology has been reported in women of
childbearing age and premenstrual adolescent girls but not in
preschool-aged (ie, 4-6-year-old) girls.””!°! Consequently, less is
known about the true vaginal flora composition in preschool-
aged girls. The factors triggering vulvovaginitis in preschool-aged
girls are complex and commonly include poor hygiene or
nonspecific irritants, bacterial infections, and skin diseases of the
vulva.' 713! Vulvovaginitis in preschool-aged girls has been
reported as nonspecific in 25% to 75% of cases.'*! This causes
difficulty in diagnosing vulvovaginitis. Therefore, identifying the
characteristics of the vaginal flora in healthy preschool-aged girls
is valuable for clinically diagnosing vulvovaginitis in preschool-
aged girls and will provide a relevant basis for studying the
evolution of the vaginal flora in women and girls.

Sequencing analysis is a method of microbiological analysis
that is based on second-generation sequencing technology and
enables directly detecting the presence and abundance of specific
species from complex community samples. Briefly, sequencing
analysis uses the genome of the microorganism in the sample as
the research object and then analyzes the microbial diversity,
population structure, functional activity and cooperative rela-
tionships of the microorganism."*! This technique overcomes the
problem that some microorganisms are difficult or even
impossible to culture.['®!”! Moreover, high-throughput sequenc-
ing can provide more precise, rapid and comprehensive
information regarding vaginal microbial communities.

In this study, we analyzed the vaginal flora diversity in healthy
preschool-aged girls. We also analyzed the specific composition
of the vaginal microbiome and its bacterial functions. Our study
will lay a foundation for a comprehensive understanding of the
vaginal microecology of healthy preschool-aged girls in south-
west China and provide guidance for diagnosing vulvovaginitis in
preschool-aged girls.

2. Material and methods

2.1. Study subjects

The Clinical Research Ethics Committee of West China Second
University Hospital, Sichuan University, approved this study. All
participants or their parents provided written informed consent
before the analysis (approval number 2017[25]). Fourteen
healthy preschool-aged girls were enrolled at the gynecology
clinic of West China Second Hospital, Sichuan University. The
girls were 4 to 6years’ old (mean 5.71+1.22 years) and were all
Han nationalities from southwest China. Routine examination of
their vaginal discharge showed no infections of Candida spp,
Trichomonas vaginalis, or Neisseria gonorrboeae. The microflo-
ra were mainly Gram-negative bacilli and Gram-positive cocci,
which were common in the preschool-aged girls.

Fourteen healthy women of childbearing age (mean 29.33 +
4.75 years, range 25-35 years) were enrolled as the control group.
Lactobacillus spp were the dominant bacteria in the vaginal
discharge of the control group, and no pathogenic micro-
organisms were found.

The inclusion criteria were: no complaints of vulvar pruritus or
abnormal vaginal discharge; no Candida spp, Trichomonas
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vaginalis, or Gram-negative diplococci in the vaginal discharge;
no history of systemic application of antibiotics or local vaginal
medication within 2 weeks before enrollment.

2.2. Routine examination

Because collecting cervical secretions would likely cause trauma
to preschool-aged girls, and to avoid contamination with vulvar
microorganisms during sampling, vaginal discharge from the
girls was collected near the hymenal orifice.!'8! For the preschool-
aged girls, samples of uncontaminated vaginal discharge were
collected outside the hymen. For the women, samples of
uncontaminated vaginal discharge were collected from the upper
one-third of the lateral wall of the vagina. Three samples were
taken from each participant using sterile cotton swabs. The first
sample was quickly placed in a sterile tube containing 1ml of
phosphate-buffered saline (PBS, pH 7.4) for genome isolation.
The second sample was smeared evenly on a glass slide, Gram
stained, and observed under 100 x oil immersion for microbiome
evaluation.!"”! The third sample was cultured both aerobically
and anaerobically.

2.3. Sequencing analysis

Total genomic DNA was extracted using a bacterial genomic
DNA extraction kit (Sangon Biotech Company, Shanghai, China)
and then used as a template to amplify the 400-bp sequence of the
16s rDNA V3-V4 region. The primers were universal to the
[llumina adapter: 341F (5'-CCCTACACGACGCTCTTCCGAT-
CTG (barcode) CCTACGGGNGGCWGCAG-3') and 805R (5'-
GACTGGAGTTCCTTGG

CACCCGAGAATTCCA GACTACHVGGGTATCTAATCC-
3’). The PCR volume was 30 pL, including 15 wL 2 x Taq Master
Mix, 1 pL 10 uM Bar-PCR primer F, 1 pL 10 wmol/L primer R, 10
to 20 ng genomic DNA, and H,O added to 30 nL. The reaction
conditions were 5 cycles at 94°C for 3minutes, 94°C for 30
seconds, 45°C for 20seconds, and 65°C for 30seconds, and 20
cyclesat 94°C for 20 seconds, 55°C for 20 seconds, and 72°C for 30
seconds, with a final extension step at 72°C for 5 minutes. After the
PCR was complete, a second amplification round was performed.
The total PCR reaction volume was 30 uL, including 15 pL 2 x
Taq Master Mix, 1L 10 wmol/L Bar-PCR primer F, 1pL 10w
mol/L primer R, 20 ng PCR products (last round) and H,O added
to 30 nL. The reaction conditions were 5 cycles of 95°C for 3
minutes, 94°C for 20seconds, 55°C for 20seconds, and 72°C for
30seconds, with a final extension step at 72°C for 5 minutes. The
PCR product was purified using magnetic beads (Transgen Biotech
Company, Beijing, China). The recovered DNA was accurately
quantified with a Qubit3.0 DNA detection kit (Thermo Fisher
Scientific Inc, Massachusetts), then sent to Sangon Biotech
Company for high-throughput sequencing.

2.4. Statistical analysis

The basic data were analyzed with SPSS Statistics, ver. 25.0 (SPSS
Inc., Chicago, IL). Subjects’ ages and other indicators are
presented as the mean +standard deviation (SD). Colony counts
are presented as the mean=+standard error of the mean (SEM).
Between-group comparisons were performed using one-way
analysis of variance. P<.05 was considered statistically signifi-
cant. Sequencing data analyses were conducted using R
programming language (version 3.5.1).
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Figure 1. Diversity of the vaginal microecology in preschool-aged girls. (A) Gram staining (1000x) and microbial culturing of the vaginal discharge of healthy
preschool-aged girls and women of childbearing age. (B) Analysis of species abundance heat maps for different age groups. (C) Shannon and Simpson indexes of
the vaginal microecology of preschool-aged girls in different age groups. These findings suggest that the vaginal microecology of healthy preschogl»aged girls
differs from that of healthy women of childbearing age, and the vaginal microecology diversity is closely related to age in preschool-aged girls ( P <.05 and

“P<.01).

3. Results

3.1. Diversity of the vaginal microecology in
preschool-aged girls

Vaginal discharge from both the preschool-aged girls and the
healthy women of childbearing age was smeared and stained for
microscopic examination under the same conditions. Samples
from the preschool-aged girls contained Gram-negative bacilli,
Gram-positive cocci and Gram-positive bacilli; samples from the
healthy women of childbearing age contained many Gram-
positive bacilli (Fig. 1A). The vaginal discharge was also cultured
both aerobically and anaerobically on blood agar plates. For the
species abundance heat maps, the samples were divided into the
4-year-old, 5-year-old, and 6-year-old groups. The main flora in
the vaginal discharge from the 4-year-old girls were Peproni-
philus, Ezakiella, Porphyromonas, Prevotella, Aerococcus,
Tibiella, and Campylobacter (Fig. 1B). The main flora in the
vaginal discharge of the 5-year-old girls were Pseudomonas,
Sphingomonas, Acinetobacter and Enterobacteria, and those of
the 6-year-old girls were Pseudomonas, Sphingomonas, Aero-
monas, Cetobacterium, Plesiomonas, and Burkholderia. The
Shannon index is an indicator used to estimate microbial diversity
in samples and is often used to reflect the alpha diversity index,
with higher Shannon index values indicating higher microbial
diversity. The Simpson index is used to describe community
diversity in a specific environment, and its value is inversely

proportional to the microbial diversity. Shannon and Simpson
index analyses of the vaginal discharge of the younger girls
revealed that the microbial diversity decreased with age, the
Shannon index of the vaginal discharge of 4-year-old was
significantly different from that 5-year-old (P=.035) and 6-year-
old groups (P=.003) (Fig. 1C). These findings suggest that the
diversity and species abundances of the vaginal microecology
differ among preschool-aged girls of different ages.

3.2. Community structure and bacterial functions of
vaginal microorganisms in preschool-aged girls

The distribution map of the community structure of all samples at
the genus level revealed some individual differences in the
specimens of the 4-year-old group. Samples 7 to 9 included
mainly Escherichia coli (Fig. 2A), which may have been due to
fecal contamination or because the source of the vaginal flora in
younger girls is related to intestinal microorganisms; however,
this theory remains to be verified. Studying the functional
abundance heatmap of the clusters of orthologous groups
(COGs) revealed that the bacterial functions were continuously
changing in the different age groups (Fig. 2B). In the 4-year-olds,
the vaginal bacterial colonies played a less physiological role.
However, the bacterial colony functions increased significantly in
the 5- and 6-year-old groups. This was mainly reflected in energy
production and conversion, amino acid transport and metabo-
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Figure 2. Community structure and bacterial functions of vaginal microorganisms in preschool-aged girls. (A) Distribution map of the community structure of all
samples at the genus level. (B) Functional classification of the vaginal discharge of preschool-aged girls based on clusters of orthologous groups. These findings
suggest that younger girls exhibit more complex vaginal microecology community structures. Additionally, the bacterial functions changed continuously in the
different age groups, and the functions of the vaginal bacteria were more similar and versatile in the 5- and 6-year-old groups.

lism, inorganic ion transport and metabolism, cell membrane
biogenesis and signal transduction mechanisms. These findings
suggest that the vaginal microecology community structure is
more complex in younger children. Additionally, the vaginal
bacterial functions were more similar and versatile in the 5- and
6-year-old groups.

4. Discussion

The vaginal flora is a general term for vaginal microorganisms,
which are composed of a variety of aerobic bacteria, facultative
anaerobes, and anaerobes.!*”! An imbalanced vaginal flora can
lead to genital infections in women. Untimely diagnosis and
treatment can cause serious complications such as pelvic
inflammation, premature delivery, and low birth weight and
can increase the risks of human immunodeficiency virus infection
and cervical cancer.>?! Studies have shown that hormonal,
behavioral, and physiochemical changes in the genital tract
govern the vaginal flora.?*?3! From preschool age to childbear-
ing age, hormone levels in the human body change significantly,
thus constituting an important influence on the vaginal flora.**!
In our study, the vaginal flora of preschool-aged girls differed
from that of healthy women of childbearing age. The main
vaginal flora of preschool-aged girls were Gram-negative bacilli,
whereas those of healthy adults were primarily large Gram-
positive bacilli such as Lactobacillus crispatus. Ravel et al
suggested that one or more Lactobacillus spp., including

Lactobacillus crispatus, Lactobacillus iners, Lactobacillus gas-
seri, and Lactobacillus jensenii predominate in the reproductive
tracts of most healthy women of childbearing age.”*! Consistent
with the results of our study, Lactobacillus crispatus and
Lactobacillus iners are the main vaginal microbes in most
Chinese women.**! Aerobic and anaerobic cultures of the vaginal
discharge revealed significantly more bacterial colonies in healthy
women of childbearing age than in preschool-aged girls.
Additionally, the vaginal discharge of the preschool-aged girls
contained significantly more bacterial colonies in the anaerobic
cultures than in the aerobic cultures (Fig. 1A). Furthermore, the
vaginal microecology diversity was closely related to age in
preschool-aged girls (Fig. 1B). Among the 4 to 6-year-old girls,
the bacterial diversity decreased with age (Fig. 1C). Additionally,
metagenomic sequencing showed that the younger girls had more
complex vaginal microecology community structures (Fig. 2A).
Furthermore, the bacterial functions changed continuously in the
different age groups, and the functions of the vaginal flora were
more similar and versatile in the 5- and 6-year-old girls. This was
mainly reflected in the functions of energy generation and
transformation, amino acid transport and metabolism, inorganic
ion transport and metabolism, cell membrane synthesis, and
signal transduction mechanisms (Fig. 2B).

Previously, studying the vaginal flora was difficult owing to the
limited microbiological research methods. The emergence of
culture-based methods has enabled a preliminary understanding
of the composition of the vaginal flora.l?”*8! However, because
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most of the vaginal flora are anaerobic bacteria, which require
stricter culture conditions, limitations remain in studying the
vaginal microecology in terms of pure bacterial cultures. To date,
no culture media fully meet all requirements of all bacteria.l*"!
Molecular biological methods save the cumbersome steps and
complex conditions of culturing, and the microbial community
structure can be obtained rapidly and efficiently at the gene-
sequencing level, which is no longer limited by culture conditions
and the environment. High-throughput sequencing has the
advantages of being high-throughput, inexpensive, accurate
and fast. 16s rDNA amplifier sequencing yields the entire
microbial community information for the vaginal microecosys-
tem at the gene level. This technique is quickly becoming the
preferred research method for characterizing the vaginal micro-
biome composition.*?! 16 s rDNA exists in the bacterial genome,
is approximately 1550bp long, and is the most widely used
marker gene for bacterial amplicon sequencing. 16 s rDNA genes
encode the 16s rRNA in prokaryotes and are composed of
staggered variable and conservative regions, of which, 9 (V1-V9)
are variable and species-specific. In this study, we used the V3 and
V4 regions of the variable region, which are the most common
variable regions in studying human flora.

This study had some limitations. First, few preschool-aged girls
came to the outpatient clinic for vaginal discharge collection, and
the DNA concentrations in some samples did not meet the
requirements for high-throughput sequencing; thus, limited
samples were included in this study. Second, the samples in this
study only represent the vaginal flora compositions of preschool-
aged girls in the Chengdu area of southwest China, and the
environment and subject-specific factors likely affected the
results.

In summary, we studied the vaginal flora diversity of healthy
preschool-aged girls via sequencing analysis and found that the
common dominant vaginal bacteria in preschool-aged girls were
Pseudomonas, Sphingomonas, Peptoniphilus, Prevotella, and
Aerococcus, which differed significantly from the dominant
vaginal bacteria of healthy women of childbearing age. As the
girls’ ages increased, the vaginal bacterial composition diversity
decreased, and the functional diversity increased. The main
colony functions were energy generation and transformation,
amino acid transport and metabolism, and signal transduction
mechanisms. These findings lay the foundation for a comprehen-
sive understanding of vaginal flora diversity in preschool-aged
girls, which can help in clinically diagnosing vulvovaginitis in
preschool-aged girls.
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