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Abstract

ACKGROUND: The changes in vaginal acidity

impact the composition of the vaginal microbiota,

either commensal or pathogenic. After menopause,
the vaginal tract is more susceptible to infection. Current
study was conducted to analyze the effect of vaginal
acidity changes on the vaginal microbiota composition in
menopausal women.

METHODS: A cross-sectional study was conducted on 32
subjects with vulvovaginal atrophy (VVA). Vaginal pH was
measured using a strip with colorimetric examination. The
detection of Candida sp. was done by using 10% potassium
hydroxide. Meanwhile for detection of Trichomonas
vaginalis, Gardnerella vaginalis, Lactobacillus iners, and
Lactobacillus crispatus, polymerase chain reaction was
performed. The data were statistically analyzed.

RESULTS: G. vaginalis was the mostly found pathogenic
microorganism in current study (40.63%), followed by

Candida sp. (25%). Further analysis showed that G.
vaginalis were found in L. crispatus positive samples for
9 cases and L. iners positive samples for 9 cases. Candida
sp. had an increased risk at vaginal pH >6 (OR=8.273), T.
vaginalis had a reduced risk at vaginal pH >6 (OR=0.765),
G. vaginalis had an increased risk at vaginal pH >6
(OR=1.440), L. crispatus had an reduced risk at vaginal pH
>6 (OR=0.077), while L. crispatus had an increased risk at
vaginal pH >6 (OR=1.111).

CONCLUSION:
postmenopausal women affect either commensal or

Vaginal acidity alterations in
pathogenic microorganism composition. A decrease in the
number of L. crispatus and an increase in the number of
L. iners and pathogenic microorganisms is in line with the

increase of pH.
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Introduction

Lactobacillus sp. is one of the mostly found species in
vagina. Living bacteria or yeast could give positive benefits
to the host.(1,2) Microorganisms in the vagina require
glycogen as the nutrient for metabolism. Glycogen is
converted into lactic acid by Lactobacillus, inducing an
acidic pH in vagina. The vaginal acidity inhibits the growth
of many potential pathogens.(3,4)

Several studies have shown that the ratio of

Lactobacillus ~ species, Lactobacillus crispatus and
Lactobacillus iners, can predict normal or abnormal
microflora in the vagina. A decrease in the proportion of
Lactobacilli and lactic acid production causes an increase
of vaginal pH, causing the vagina more susceptible to
infection and exacerbating the symptoms associated with
vulvovaginal atrophy (VVA).(5-10) VVA occurs around 75-
85% of postmenopausal women. Some menopausal women

complain about the burning sensation in the vulva, and at
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least 50% of postmenopausal women experience urogenital
tract changes associated with VVA.(11-16)

Decrease in estrogen levels during menopause affect
the female urogenital tract.(17) During menopause, the
proliferation of epithelial cells is reduced, causing the
thinning of vaginal mucosal epithelium, atopy of vaginal
wall, and parabasal cell dominance in the epithelial layer.
These changes trigger reduction of glycogen.(16,18)
Decreased glycogen in the vaginal epithelium causes the
vaginal pH to be more alkaline. Thus, it increases the risk of
vaginal infection or atrophic vaginitis in menopausal women.
(12,19) The most common vaginal infections are bacterial
vaginosis, vulvovaginal candidiasis, and trichomonal
vaginitis.(20-23) Candida albicans, Trichomonas vaginalis,
and Gardnerella vaginalis are common microorganisms
causing VVA.(5,6) The main cause of genital tract infection
in women is a bacterial infection.(4) Common bacterial
species associated with bacterial vaginitis are G. vaginalis
and T. vaginalis. L. crispatus and L. iners were detected in
normal and disturbed vaginal microbiota.(6,10,20,21)

After menopause, the vaginal tract has a neutral pH
and consists of mixed flora, which makes it susceptible to
infection. The abnormal microbial flora of the vagina causes
various infectious diseases, which can lead to moderate
to severe infectious conditions. It can affect the physical,
psychological, and quality of life.(24,25) Therefore, current
study was conducted to analyze the effect of vaginal
acidity changes on the vaginal microbiota composition in
menopausal women.

Methods

Study Design and Subject Recruitment

A cross-sectional study was conducted on subjects with
VVA. Subjects were recruited from Gynecology Clinic
in Kendari, from September to December 2020. The
inclusion criteria were postmenopause, menopausal
syndrome and intact uterus. Exclusion criteria were vulvar
infection, ongoing antibiotics treatment and gynaecological

malignancy. Purposive sampling method were conducted.

Table 1. List of primers used in this study.(8,24)
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The protocol of current study was approved by the Research
Ethics Commission of the Faculty of Medicine, Universitas
Halu Oleo (No. 044/UN29.17.1.3/ETIK/2020). All subjects
signed written informed consent.

Subject Information and Sample Collection

The subject information was collected with a questionnaire.
Vaginal pH was measured using a strip with colorimetric
swab using ESwab (COPAN
Diagnostics, Murrieta, CA, USA) was performed at the

examination. Vaginal
vaginal wall with approximately 2 inches depth. The swab
was sent to Microbiology Research Laboratory, Faculty
of Medicine, Universitas Halu Oleo, for the detection of
microbiota.

Detection of Microbiota

Conventional method was carried out for detection of
Candida sp. by using 10% potassium hydroxide. Detection
was conducted under a microscope with 10x and 40x
magnification. Meanwhile for detection of 7. vaginalis,
G. vaginalis, L. iners, and L. crispatus, polymerase chain
reaction (PCR) was performed. Briefly, DNA extraction
was carried out with High Pure PCR Template Preparation
Kit (Merck, Darmstadt, Germany). KAPA2G Fast HotStart
ReadyMix (Sigma-Aldrich, Darmstadt, Germany) was used
in PCR reaction. PCR was run in 40 cycles with the setting
of 55-62°C annealing temperature for 30-60 seconds. A
pre-denaturation at 94-95°C for 5-10 minutes and a final
extension at 72°C for 10 minutes were included. Primers
used in current study were listed in Table 1. The
PCR results were electrophoresed and stained with ethidium
bromide.

Statistical Analysis

Data analysis was performed with SPSS Statistics for
Windows version 23 (IBM, Armonk, NY, USA). The
relationship between variables was analyzed by the chi-
square test, with a significance value of p<0.05. The risk of
changes in the number of vaginal microbiota on vaginal pH
was analyzed by Odds Ratio, with 95% CI and significance
value p<0.05.

. . . . Product
Microbiota Forward Primer Reverse Primer Length (bp)
T. vaginalis ATTGTCGAACATTGGTCTTACCCTC TCTGTGCCGTCTTCAAGTATGC 300
G. vaginalis GCGGGCTAGAGTGCA ACCCGTGGAATGGGCC 206
L. crispatus AACTAACAGATTTACTTCGGTAATGA AGCTGATCATGCGATCTGC 145
L. iners AGTCTGCCTTGAAGATCGG CTTTTAAACAGTTGATAGGCATCATC 166
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Results

During the three months period, 32 postmenopausal female
subjects were recruited (Table 2). Most subjects were
in the age of 50-55 years (56.25%), <5 years duration
of menopause (68.75%) and >6 vaginal pH (56.25%)).
Candida sp. was detected by the appearance of the hyphae
of Candida sp. (Figure 1) and there were 8 cases of Candida
sp. found (25%) (Table 2). For other microbiota, clear and
correct length of DNA bands were seen by PCR (Figure 2).
There were 2 cases of 7. vaginalis (6.25%), 13 cases of G.
vaginalis (40.63%), 22 cases of L. crispatus (68.75%) and
21 cases of L. iners (65.63%) (Table 2).

Further analysis showed that G. vaginalis were found
in L. crispatus positive samples for 9 cases and L. iners
positive samples for 9 cases. In addition, for vaginal ph >6,
G. vaginalis cases were found positive for 8 cases (Table
3). For vaginal pH <6, there were Candida sp. (12.5%),
T vaginalis (50%), G. vaginalis (38.46%), L. crispatus
(59.09%), and L. iners (42.86%) (Table 4).

Table 2. Subject characteristic and vaginal microbiota.

Variable n %

Subject Characteristic

Age (year)
<49 5 15.63
50-55 18 56.25
>56 9 28.12
Duration of menopause (year)
<5 22 68.75
>5 10 31.25
Vaginal pH
<6 14 43.75
>6 18 56.25
Vaginal Microbiota
Candida sp.
Negative 24 75
Positive 8 25
T. vaginalis
Negative 30 93.75
Positive 2 6.25
G. vaginalis
Negative 19 59.37
Positive 13 40.63
L. crispatus
Negative 10 31.25
Positive 22 68.75
L. iners
Negative 11 34.37
Positive 21 65.63
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Figure 1. Detection of Candida sp. with potassium hydroxide
staining. Red circle: hyphae of Candida sp.

Candida sp. had an increased risk at vaginal pH >6
(OR=8.273; 95% CI: 0.877-78.010; p=0.065). T. vaginalis
had a reduced risk at vaginal pH >6 (OR=0.765; 95% CI:
0.044-13.411; p=0.854). G. vaginalis had an increased
risk at vaginal pH >6 (OR=1.440; 95% CI: 0.343-6.048;
p=0.618). L. crispatus had an reduced risk at vaginal pH >6
(OR=0.077; 95% CI: 0.008-0.718; p=0.024). L. crispatus
had an increased risk at vaginal pH >6 (OR=1.111; 95% CI:
0.256-4824; p=0.888) (Table 4).

Discussion

G. vaginalis was the mostly found pathogenic
microorganism in current study, followed by Candida
sp. In line with previous study, the common VVA causing
bacteria are G. vaginalis, Candida sp., and T. vaginalis.
G. vaginalis was reported to be associated with bacterial
vaginosis.(5-10,23)

Current study showed that L. crispatus and L. iners
were found in almost equal numbers. Both Lactobacilli
were found in healthy and altered vaginal conditions.

Lactobacillus sp. is believed to play a role in maintaining

T. vaginalis
G. vaginalis

L. crispatus

L. iners

NC PC

Subject
Figure 2. Detection of T. vaginalis, G. vaginalis, L. crispatus,

L. iners (166-bp) with PCR. NC: negative control; PC: positive
control.
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Table 3. Distribution of G. vaginalis according to Lactobacillus sp. positive and vaginal

pH >6 subjects.
G. vaginalis
Variable Negative Positive p-value
n % n %
L. crispatus (positive) 13 59.09 9 40.91 0.961
L. iners (positive) 12 57.14 9 42.86 0.722
Vaginal pH (>6) 10 55.56 8 44.44 0.725

*Significancy value p<0.05, was tested with the chi-square test.

a healthy vaginal environment.(5-10) L. iners were found
together with G. vaginalis. This result is in line with other
studies which found that L. iners increase along with the
vaginal microbiota marker of bacterial vaginosis. Difference
in the number of Lactobacillus sp. indicates a shift in the
vaginal microbiota.(26)

Number of pathogenic microorganisms increased in
line with the increase of vaginal pH (pH >6). There was
no particular type of pathogenic microorganisms that
dominated in each group. Changes in the normal flora in
the vagina lead to overgrowth of anaerobic species.
(23) Number of subjects with L. iners increased in line with
increasing pH but was not statistically significant. In line
with the previous study, L. iners could be dominant in the
disturbed vagina.(5-10)

Current study showed a significant decrease in
the number of subjects with L. crispatus in line with the
increase in pH. Epithelial thinning as well as decrease of
cell proliferation and vaginal secretions during menopause,
affect glycogen as the nutrient for Lactobacilli. This
condition is not favorable for the growth of vaginal
microbiota, especially vaginal Lactobacilli.(16,27) This
finding is in line with a study that found L. crispatus was
dominant in healthy vaginal conditions.(10) This finding is
also similar to a previous study that found a low proportion

of Lactobacillus sp. in the vagina of menopausal women.
(28,29) Current study are in line with a study conducted
on postmenopausal women using hormone replacement
therapy, which showed that the number of L. crispatus
increased. Among vaginal Lactobacilli, L. crispatus is the
most related with the reduction of sexually transmitted
infection risk.(26,30-32).

Conclusion

Based on this study, we conclude that vaginal acidity
changes in postmenopausal women affect either commensal
or pathogenic microorganism composition. A decrease in
the number of L. crispatus and an increase in the number of
L. iners and pathogenic microorganisms is in line with the
increase in pH.
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Table 4. Distribution of vaginal pH based on microbiota positive subjects.

Vaginal pH
Microbiota <6 >6 OR CI95% p-value
n % n %
Candida sp. (positive) 1 12.5 7 87.5 8.273 0.877 - 78.010 0.065
T. vaginalis (positive) 1 50 1 50 0.765 0.044 - 13.411 0.854
G. vaginalis (positive) 5 38.46 8 61.54 1.44 0.343 - 6.048 0.618
L. crispatus (positive) 13 59.09 9 40.91 0.077 0.008 - 0.718 0.024
L. iners (positive) 9 42.86 12 57.14 [.111 0.256 - 4.824 0.888

*Significancy value p<0.05, was tested with the odds ratio.
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