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A b s t r ac t
Aim: Molecular analysis of the vaginal microbiome (VM) in terms of types of Lactobacilli and their role.
Material and methods: Ninety-three women of reproductive age were included in a prospective cross-sectional study. A vaginal
examination and collection of two vaginal swabs, first for Nugent score and second for molecular identification of Lactobacillus
spp. and other bacteria were performed. Identification was done by polymerase chain reaction (PCR) amplification of 16S rRNK
genes and sequencing for Lactobacillus types.
Results: Twenty-two species of Lactobacillus have been identified, 13 types in all 51 participants of the normal flora (NF) group,
19 types in 95.6% intermediate group (IM) (n = 23), and only seven in 68.4% of women in bacterial vaginosis (BV) (n = 19)
group. Three types were the most common: Lactobacillus iners, almost equally present in all three groups, predominantly as
a single type and in combination with other pathogenic bacteria (Gardnerella vaginalis and two types of Mycoplasmataceae),
and Lactobacillus crispatus and Lactobacillus casei, both significantly associated with NF. L. crispatus was more abundant in the
secretory vs proliferative phase of menstrual cycle.
Conclusion: Colonization with any Lactobacillus and especially L. crispatus and L. casei, is generally significantly associated with
NF. L. iners is associated with dysbiosis. The molecular analysis of the VM may significantly participate in developing strategies
for prevention and treatment of genital infections.
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Introduction
The human microbiome represents a community of
microorganisms of different species that co-exist and mainly
play a protective role.1 The term microbiome is a synonym
for ecological community of commensal, symbiotic, and
pathogenic microorganisms that share with us our body
space.2 One such aggregate is the VM, which is a dynamic,
balanced system of microorganisms that, under normal
conditions, provides a balance between physiological
Lactobacillus species and the pathogenic bacterial flora,
conserving the spread of pathogenic microorganisms,
including their ascendance toward uterine cavity. The role of
Lactobacilli has been identified since 1892 by Döderlein.3 They
are crucial in maintaining the acid environment of the vagina.
Some strains are more effective at protecting against
specific infections. The presence of H2O2-producing bacilli
significantly lowers the risk of developing BV.4
Historically, the dominant species in the human vagina
was considered Lactobacillus acidophilus. It was later
discovered that the group of organisms formerly known as
L. acidophilus is a diverse group that includes different species.5
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The most commonly identified species are L. iners, L. crispatus,
Lactobacillus gasseri, and Lactobacillus jensenii. The role of
L. iners is unclear, as it is detected in normal conditions as
well as in vaginal dysbiosis and BV. It is considered that they
contribute to the onset and maintenance of vaginal dysbiosis,
as well as they are a risk factor for a negative pregnancy
outcome. Opposite to that, the protective role of L. crispatus
has been confirmed and identified in numerous studies.6,7
In order to predict and prevent a genital infection we
have to understand the NF and the physiology of the human
vagina. It is a complex environment, with cyclic quantitative
and qualitative changes in the microbiome throughout
the menstrual cycle, but still consistent, although there is
qualitative variability in the composition of the bacterial
community.8
When there is a reduction in the concentration of
Lactobacilli, it means a disruption of normal vaginal flora,
so-called vaginal dysbiosis, which is a precursor for the
growth of other, mainly anaerobic bacteria. If not properly
diagnosed and treated, it leads to BV, as a precursor for the
development and ascension of genital infection.9–11
The aim of the study was to analyze VM, in terms of
genetical determination of the types of Lactobacilli and the
most dominant microbes in women with NF, IM, and BV.

M at e r ia l s

and

Methods

Prospective cross-sectional study of 93 women of reproductive
age that came for a routine gynecological control in the
outpatient department of our hospital was done. The study
was approved by the Ethics Committee of Medical Faculty,
University Ss Cyril and Methodius, Skopje.
The inclusive criteria were signed informed consent
appropriately obtained from all participants.
The exclusive criteria were pregnancy, menstrual, or other
types of uterine or vaginal bleeding, antibiotic treatment
within the previous month, sexual intercourse within the
previous 3 days, use of vaginal tablets, capsules, and gels
within the previous 3 days, transvaginal interventions
(conization, biopsy, hysterosalpingography, hysteroscopy,
and curettage) within the previous month.
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Protocol
In addition to the standard gynecological examination, after
anamnesis and the evidence about the length and the day of
the menstrual cycle, pregnancy history, and use of hormonal
contraception [combined oral contraceptive pills (COCP)], we
took two samples using sterile swabs from the fornix of the
vagina: one for bacteriological and the other for molecular
analysis. The sample for bacteriological analysis included
determination of the Nugent score12 according to which the
women were grouped into three groups: NF/negative for BV
(NBV) (score 0–3), IM/intermediate for BV (IMBV) (score 4–6),
and indicative for BV (score 7–10). Identification of the
Lactobacilli types was performed using molecular analysis.
The sample was promptly frozen at –20°C and transported to
the Genetic Engineering and Biotechnology Research Center
“Georgi D Efremov,” MASA and kept at the same temperature
until the DNA extraction.
Molecular analysis was performed to identify the
types of Lactobacilli, G. vaginalis, Ureaplasma urealyticum,
and Mycoplasma hominis. DNA extraction was performed
using the classical K-SDS proteinase digestion method,
followed by phenol-chloroform extraction and ethanol
precipitation.13 Dissolved DNA was stored at 4°C.14,15
Polymerase chain reaction amplification of the 16S rRNA
genes of Lactobacillus sp., G. vaginalis, M. hominis, and the
urease gene of U. urealyticum was performed using the
method proposed by Efremov et al.13 The primers used
for gene amplification are listed in Table 114–16 and gene
amplification cycle conditions in Table 2.14–16
Agarose gel electrophoresis (1.5–2% gels) was used to
determine presence/absence of the PCR amplified product
in 1× TBE buffer (90 mmol TRIS, 90 mmol boric acid, 2 mmol

Table 1: Primers sequences used in the process of amplification
Target gene

Primer

Primer sequences
(5′-3′)

16Ѕ rRNA gene
Lactobacillus spp.

LactoF
LactoR
U4
U5
GV1-F
GV3-R
RNAH1
RNAH2

TGGAAACAGRTGCTAATACCG
GTCCATTGTGGAAGATTCCC
ACGACGTCCATAAGCAACT
CAATCTGCTCGTGAAGTATTAC
TTACTGGTGTATCACTGTAAGG
CCGTCACAGGCTGAACAGT
CAATGGCTAATGCCGGATACGC
GGTACCGTCAGTCTGCAAT

Urease gene
Ureaplasma spp.
16Ѕ rRNA gene
G. vaginalis
16Ѕ rRNA gene
M. hominis

Amplicon length
~230 bp
344 bp
331 bp
429 bp

Samples were amplified on the thermal cycler (Applied Biosystems 2720) using cycle conditions appropriate for each target gene
(Table 2)
108
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ethylenediaminetetraacetic acid, and pH 8.3). Identification
of the Lactobacillus sp. was performed by direct sequencing
of PCR amplified DNA ABI PRISM 3500 Genetic Analyzer
(Applied Biosystems, Foster City, California, USA) using
BigDye™ Terminator Cycle Sequencing Ready Reaction Kit
and primers used for PCR. The identification of Lactobacilli
was made by amplification of 16S rRNK genes. To identify the
isolates, obtained sequences of the 16S rRNA of Lactobacilli,
which are hypervariable, were compared with the DNA
database of the BLAST algorithm (www.ncbi.nlm.nih.gov).
Based on the differences, a genealogical tree was created.
Identification of Lactobacillus species was considered
confirmed when the sequence showed 99–100% homology
to the typed species.
The data were processed using standard descriptive and
analytical methods.

women with prior abortion only in the groups of women with
prior conception, N = 55 (38/69.1 vs 16/29.1%) is statistically
significant for p < 0.05 (difference test, p = 0.0000). The
demographic characteristics of the participants are shown
in Table 3.

Identified Species of Lactobacillus
We identified 22 different species of Lactobacillus in 86
(92.5%) women (Table 4).
From the total 22 identified species of Lactobacillus,
13 were identified in the first group, 19 in the second, and
seven in the third group (Table 4). The difference in the
number of different types of Lactobacilli in the second group
vs the first and the third groups is statistically significant for
p < 0.05 (difference test, p = 0.0420, p = 0.0002). The difference
in the number of Lactobacillus species in the first group vs
third group is statistically insignificant for p > 0.05 (difference
test, p = 0.0690) (Table 4).
Most of the women had only L. iners as the single
identified species. In 26 women, L. crispatus and L. casei
were identified in combination, and in four women two
other species were identified—L. gasseri and Lactobacillus
taiwanensis in combination. The other types of Lactobacilli
are registered individually or in combination of 2, 3, 4, 5, and
even 7 (Table 5).
In the first group (NF/NBV) Lactobacilli were identified in
all 51 women, in the second (IM/IMBV) in 22 (95.6%) out of 23,
and in the third (BV) in 13 (68.4%) out of 19 women (Table 5).

R e s u lts
From the total number of 93 women, 51 were in the first
group (NF/NBV), 23 in the second (IM/IMBV), and 19 in the
third group (BV).
The mean age is 31.2 ± 6.4 in range of 18–52 years, 50%
under 31 years. Ме 31 (IQR 26.0–35.0). Women with prior
abortion only vs no conception (17.2 vs 40.9%), as well
as women with prior birth vs prior abortion only (40.9 vs
17.2%) is statistically significant for p < 0.05 (difference test,
p = 0.0004). Difference between women with prior birth vs

Table 2: Gene amplification cycle conditions (temperature/time/number of cycles)
Initial denaturation
Denaturation
Anilization
Elongation
Final elongation

Lactobacillus spp.

Ureaplasma spp.

G. vaginalis

M. hominis

95°C/10’
95°C/15”/×40
62°C/1’/×40
72°C/1’/×40
72°C/10’
4°C/

95°C/10’
95°C/1’/×30
56°C/1’/×30
72°C/1’/×30
72°C/10’
4°C/

95°C/10’
95°C/45”/ ×30
60°C/45”/×30
72°C/45”/×30
72°C/7’
4°C/

95°C/10’
95°C/1’/×35
62°C/1’/×35
72°C/1’/×35
72°C/10’
4°C/

Table 3: Demographic characteristics of the participants
Participants/N = 93
Age (mean ± standard
deviation)
Menstrual cycle (MC)
Phase of MC
Pregnancy history

Nationality

31.2 ± 6.4
Regular MC
Irregular MC
Proliferative
Secretory
Prior conception
Prior birth
Prior abortion only
No conception
Macedonian
Albanian
Other

83
10
34
59
55
38
16
38
30
58
5

89.25%
10.75%
36.6%
63.4%
59.1%
40.9%
17.2%
40.9%
32.3%
62.4%
5.3%

p = 0.0000
p = 0.0003
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Table 4: Identified species of Lactobacillus and other bacteria, individually and in combination. Distribution by groups

Identified
bacteria

Out of total
I (N = 51)
number of
participants
With
With
(N = 93)
Single other Single
other

Lactobacillus
L. iners
L. crispatus

40
33

L. casei

30

39

1
33

21

1
23

30

II (N = 23)

III (N = 19)

With
Single other

With
Single other

9

9

23

8

2

5

2
2

L. gasseri

8

3

2

L. helveticus

6

6

4

2

L. gallinarum

5

5

3

2

L. taiwanensis

5

5

2

2

1

L. johnsonii

3

3

1

1

1

L. jensenii

2

L. reuteri

2

1

1

7

1

1

1

2

1

1

1

1

L. garvieae

2

2

2

2

L. delbrueckii/
L. delbrueckii
subsp.
bulgaricus
L. paragasseri

2

1

1

1

L. plantarum

1

1

1

L. ruminis

1

L. psittaci

1

1

1

1

1
1

1

1

1

1

1

1

1

L. caviae

1

1

1

L. oris

1

1

1

L. apis

1

1

Total number of identified Lactobacillus
species (N = 22)
Other bacteria

G. vaginalis

1
13

19

7

2

2

1

1

1

1

1

1

1

1

4

4

38 (40.9%)

1

1
13 (25.5%)

7 (30.4%)

3
18 (94.7%)
Contd…
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1

1

L. fornicalis

2

13

2

L. vaginalis

Aerococcus
christensenii
Uncultured
chicken coecal
bacteria
Paenivacillus
sacheonensis
Uncultured
Firmicutes
Mixed flora

6

1

L. acidophilus

1

G.
U.
M.
vaginalis urealyticum hominis
18
19
7
7
13
1
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Contd…

Identified
bacteria

Out of total
number of
participants
With
(N = 93)
Single other

I (N = 51)

U. urealyticum

40 (43.0%)

18 (35.3%)

14 (60.9%)

8 (42.1%)

M. hominis

14 (15.1%)

3 (5.9%)

4 (17.4%)

7 (36.8%)

Single

With
other

II (N = 23)

III (N = 19)

With
Single other

With
Single other

No. of different Lactobacillus types:
II/I group—difference test, p = 0.0420
II/III group—difference test, p = 0.0002
I/III group—difference test, p = 0.069
II group: No. of L. iners + L. crispatus/all other—difference test, p = 0.0337
III group: No. of L. iners/all other—difference test, p = 0.0145
All Lactobacillus I/III, p < 0.05 (Fisher’s exact two-tailed test, p = 0.000206)
L. crispatus + L. casei I/III Fisher’s exact two-tailed test, p = 0.010405
G. vaginalis: III vs II group and III vs I group—difference test, p < 0.05
U. urealyticum: II vs I group and II vs III group—difference test, p = 0.0397

The difference in the prevalence of Lactobacillus in the three
groups is statistically significant between the first vs the third
and the second vs the third group for p < 0.05 (difference
test, p = 0.0000, p = 0.0187). Only one type of Lactobacilli was
identified in 44 women, and in the remaining 42: two types
(32 women), three types (four women), four types (three
women), five types (two women), and in only one woman,
seven types of Lactobacilli (Table 5).

Distribution of Lactobacilli by Groups
In the first group (N = 51 women), only one or two species in
combination (23 women each), three species in combination
(three women), and five and seven species in combination
(one woman each) were identified (Table 5). The most
common single identified species were L. iners (21 cases),
L. jensenii and L. gasseri (only one case) (Table 4). The most
common combination of the two species was L. crispatus
and L. casei (20 cases) (Table 5). The difference registered
between L. crispatus, L. iners, and L. casei vs other species
is statistically significant for p < 0.05 (difference test,
p = 0.0001) (Table 5). Two species—Lactobacillus paragasser
and Lactobacillus plantarum are identified only in this group,
always in combination with other Lactobacilli (Table 5).
In 22 out of 23 women (95.6%) of the second group,
19 types of Lactobacilli were identified, most often as single
(12 women—52.2%), or two species (six women) (Table 5).
Among the identified 19 species in this group, eight are
identified only in this group of women (Lactobacillus caviae,
Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus
fornicalis, Lactobacillus oris, Lactobacillus psittacii, Lactobacillus
ruminis, L. vaginalis, and L. acidophilus). Of these, only
L. delbrueckii subsp. bulgaricus has been identified as a
single species, and the rest are always in combination with
other Lactobacilli (Table 5). L. iners was the most frequent
species in the second group (nine women—39.1%). It is
followed by L. crispatus, always with at least one more species
(eight women—34.8%, of which four with two species), then
L. casei (five women—21.7%, of which four with two species),

and the other species are registered with one, two, or three
women (Tables 4 and 5). The difference registered between
L. crispatus and L. iners vs the other strains of Lactobacillus is
statistically significant for p < 0.05 (difference test, p = 0.0337)
(Table 4).
In 13 out of 19 women (68.4%) of the third group,
seven types of Lactobacilli were identified, most often as
a single species (nine women), two species (three women),
and three species (one woman) (Tables 4 and 5). The most
common species is L. iners, registered in nine (47.4%) women,
always single (Tables 4 and 5). Lactobacillus apis is identified
only in this group, in combination with other Lactobacilli
(Tables 4 and 5). The difference between L. iners vs other
Lactobacillus species is statistically significant for p < 0.05
(difference test, p = 0.0145) (Table 4).
G. vaginalis was positive in 40.9% of the total number.
The positive result is statistically significant (for p < 0.05) in
the third group (94.7%) compared to the second (30.4%)
and to the first group (25.5%). G. vaginalis was identified
simultaneously with L. iners (in 18 out of 38 women—47.4%),
that is, with L. crispatus (in 7–18.4%) and L. casei (in 6–15.8%),
always in combination with other Lactobacillus species.
U. urealyticum was identified in 40 out of 93 women
(43.0%). It was most common in the second group (60.9%),
followed by the third group (42.1%) and most rarely in the first
group (35.3%). The differences are statistically significant (for
p < 0.05, p = 0.0397) in the second group (60.9%) compared
to the first (35.3%) and the third group (42.1%). In 19 out
of 40 women positive for U. urealyticum (47.5%), L. iners
as a single species was identified and the combination of
L. crispatus and L. casei in 13–32.5%.
M. hominis was identified in 14 women out of 90. It was
most frequent in the third group (seven women), followed
by the second (four women) and most rarely in the first
group (three women). L. iners was registered alone in 7 out
of 14 women with M. hominis, and in one was combined with
other species.
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Table 5: Identified Lactobacillus spp. and combinations in a single sample
Groups according to Nugent score
Lactobacillus

I

II

III

Total

N = 51

N = 23

N = 19

L. iners
L. jensenii

39
1

21
1

9

9

L. gasseri

1

1

L. ruminis

1

1

L. delbrueckii/L. delbrueckii subsp. bulgaricus

2

2

L. crispatus; L. casei
L. gallinarum; L. helveticus

26
1

20
1

4

2

L. gasseri; L. taiwanensis
L. iners; L. reuteri

4
1

1
1

2

1

L. helveticus; L. gasseri; L. johnsonii

1

1

L. gasseri; L. paragasseri; L. taiwanensis

1

1

L. gallinarum; L. crispatus; L. casei

1

1

L. gasseri; L. johnsonii; L. apis

1

L. gallinarum; L. helveticus; L. crispatus; L. casei;

1

L. helveticus; L. crispatus; L. acidophilus; L. garvieae

1

1

L. helveticus; L. acidophilus; L. gallinarum; L. crispatus

1

1

L. helveticus; L. crispatus; L. plantarum; L. garvieae; L. casei

1

L. jensenii; L. psittaci; L. fornicalis; L. crispatus; L. casei

1

1

L. gallinarum; L. crispatus; L. johnsonii; L. vaginalis; L. caviae; L. oris; L. reuteri

1

1

No. of women/% with detected Lactobacillus

1
1

1

51/100%

22/95.6%

13/68.4%

No. of L. iners + L. crispatus + L. casei/all other—difference test, p = 0.0001
Prevalence of Lactobacilli in group I/III—difference test, p = 0.0000
Group II/III—difference test, p = 0.0187

Five women reported the use of COCPs levonorgestrelethinylestradiol, four from the NF and one from IMBV
group. L. crispatus was identified in one from the NF group,
Lactobacillus gallinarum and Lactobacillus helveticus together
in one, and L. iners in two women from the NF group as well
as in the women from the IMBV group.
L. crispatus was more abundant in the secretory vs
proliferative phase of menstrual cycle (22/33 vs 11/33) (66.7 vs
33.3%) (difference test, p = 0.0067). Concerning L. iners, there
was no statistical significance during proliferative vs secretory
phase (16/40 vs 24/40) (40.0 vs 60.0%) (difference test,
p = 0.0736). The correlation of VM with menstrual cycle and
pregnancy history is shown in the Tables 6 to 8.
112

We did not find statistical association between L. crispatus
and conception history, nor between L. iners and conception
history (Tables 7 and 8).
Colonization with any Lactobacillus is generally
significantly associated with normal vaginal flora (first group)
vs BV by p < 0.05 (Fisher’s exact two-tailed test, p = 0.000206).
Colonization with L. crispatus and L. casei is significantly
associated with normal vaginal flora vs BV by p < 0.05 (Fisher’s
exact two-tailed test, p = 0.010405).

Genealogical Tree—Dendrogram
In order to see the relationship of the Lactobacillus species
found in our study, a dendrogram was created based on the
determined 16S rRNA sequences (Fig. 1).
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Table 6: Correlation of L. crispatus and L. iners with menstrual cycle
Regular MC
(N = 83)

Irregular MC
(N = 10)

L. crispatus

29/34.9%

4/40%

L. iners
L. crispatus
vs L. iners—
difference test

37/44.6%
34.9 vs 44.6%
p = 0.2016

3/30.0%

L. crispatus
(N = 33)
L. iners (N = 40)
L. crispatus
vs L. iners—
difference test

Proliferative phase

Secretory phase

Difference test (for
p > 0.05)

11/33.3%

22/66.7%

p = 0.0067

16/40.0%
32.4 vs 47.1%
p = 0.2155

24/60.0%
37.3 vs 40.7%
p = 0.7050

p = 0.0736

MC, menstrual cycle

Table 7: Correlation of L. crispatus and L. iners with pregnancy history

L. crispatus
Pearson’s
Chi-square
L. iners
Pearson’s
Chi-square

Prior conception vs no
conception

Prior birth vs prior
conception

Prior abortion only vs prior
conception

Prior birth vs prior
abortion only

40 vs 28.95%
0.0040, p = 0.949871

34.21 vs 40%
0.3209, p = 0.571048

56.25 vs 40
1.3305, p = 0.248710

34.21 vs 56.25%
0.5583, p = 0.454957

38.18 vs 50%
1.1205, p = 0.289808

42.10 vs 38.18%
0.1444, p = 0.703943

31.25 vs 38.18%
0.2566, p = 0.612468

42.10 vs 31.25%
2.2653, p = 0.132299

Table 8: Correlation of L. crispatus vs L. iners with pregnancy history
L. crispatus
L. iners
Difference test

Prior conception (N = 55)

No conception (N = 38)

Prior birth (N = 38)

Prior abortion only (N = 16)

22/40%
21/38.2%
p = 0.8466

11/29.0%
19/50%
p = 0.0611

13/34.2%
16/42.1%
p = 0.4784

9/56.3%
5/31.3%
p = 0.1541

Discussion
In line with current trends in human microbiome analysis,
especially vaginal microbiology in terms of reproductive
health, efforts have been made to conduct this study to
determine the types of Lactobacilli in the vagina and the
most common causes of BV in our population. The results
are specific and representative of our population.
The study confirmed the hypothesis that there are
differences in the composition of the VM in women with
normal clinical and microbiological findings, compared
to those with IM or BV. Molecular analysis in our group
identified 22 species of Lactobacillus, some significantly more
common. L. iners is the most commonly registered species
in the groups, followed by L. crispatus, L. casei, L. gasseri,
L. helveticus, Lactobacillus gallinarum, L. taiwanensis, and other
species have been identified in a much smaller percentage.
The results are in line with previously published data from
similar surveys of different populations.14,17–20
The importance of the most common types of Lactobacilli
for the VM.
Out of the total number women with clearly identified
species of Lactobacillus (N = 86), in 51.2% only one species in
the sample was identified, and in the other women two or
more, even up to seven species of Lactobacillus were found to
coexist at the same time. Most different species of Lactobacilli

were registered in the group with IM (N = 19), the least in the
group with BV (N = 7), and 13 different species in the NF group.
Clear species of Lactobacillus have been identified among all
women with NF, compared to the IM and BV group where
clear species were identified in 95.6% and 68.4%, respectively.
Similar are the results of the study by Pendharkar et al. in which
out of a total of 40 analyzed, clear strains of Lactobacillus were
found in 19 out of 21 (90.5%) without BV, in three out of five
(60%) with an IM, and in 8 of 14 (57.1%) with BV.20

Characteristics of the Group with a NF
The most common species in our study in the first group
are L. crispatus and L. casei, identified in 45.1% and always
in combination, followed by L. iners at 43.1%, L. gasseri and
L. helveticus at 7.8%, and the rest below 6%. The percentage
difference registered between L. crispatus, L. iners, and L. casei
vs other Lactobacillus species is statistically significant for
p < 0.05 (difference test, p = 0.0001).
The results are in line with published studies from
different regions of the world, according to which the
dominant strains of Lactobacillus in the VM are L. crispatus,
L. gasseri, L. Iners, and L. Jensenii.21–26 L. crispatus is practically
one of the key strains of Lactobacilli that provides stability to
the VM, while L. gasseri and L. iners are somewhat predisposed
to abnormal vaginal flora.27
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Fig. 1: Dendrogram based on 16S rRNA sequences of Lactobacillus species identified in our study

Characteristics of the Group with IM
In the group with IM, Lactobacillus was not identified in
only one woman. In 11 (47.8%) women only one species of
Lactobacillus was registered in the sample, and in 11 (47.8%)
a combination of several species. The most frequent was
L. iners in 39.1%, followed by L. crispatus in 34.8% and L. casei
with 21.7%. L. crispatus and L. iners are significantly more
common than other species. The presence of L. crispatus
can be interpreted in the role of the so-called healing of the
disturbed environment with a tendency to transition to NF.
According to some data, L. iners is probably the dominant
part of the vaginal flora when the flora is in a transition
phase between abnormal and normal as a result of treatment
or physiological changes, such as variations in estrogen
levels.28 The transition phase is also characterized by a greater
diversity of species. From that aspect, our analyses showed
the greatest diversity, that is, a larger number of types of
Lactobacilli were identified compared to other groups. The
diversity of the microbiome is considered as a sign of health, a
normal condition in many parts of the body, but the diversity
of the VM, which is often interpreted as atypical or a state of
dysbiosis, is associated with disruption of the normal state
114

or disease. In this case, the diversity is interpreted as a phase
of transition between NF and BV.

Characteristics of the Group with BV
Clear strains of Lactobacillus were identified in 68.4% of
the women. The most frequent, in 47.4% is L. iners, most
commonly single. We identified the lowest number of
Lactobacilli (N = 7) compared to the other two groups and
only one species that appears only in this group, only in one
woman (L. apis). In 9 out of 13 women only one species of
Lactobacillus was identified, in three women, two species,
and in only one sample three species of Lactobacillus, which
is the maximum number of isolated species in one sample for
this group. For comparison, in the other two groups there are
cases where four, five, and even seven species are isolated in
one sample. L. iners is significantly more frequently identified
compared to other species. The results are consistent with
the results of numerous studies regarding the prevalence of
L. iners in the disturbed vaginal milieu.
According to previous studies, the most commonly
isolated anaerobes from the vagina are G. vaginalis,
Atopobium, Mobiluncus, Prevotella, Streptococcus, Ureaplasma,

Donald School Journal of Ultrasound in Obstetrics and Gynecology, Volume 16 Issue 2 (April–June 2022)

Molecular Analysis of Vaginal Microbiome in Women of Reproductive Age

Megasphaera, and so on, which can cause infections such as
BV but may also be inactive because of the protective activity
of Lactobacilli.21,22 This partly explains our positive results
from the molecular analysis for G. vaginalis among women
with NF and IM.
The degree of protection of the vaginal ecosystem
depends on the specificity of the dominant Lactobacillus.
The vaginal environment dominated by L. iners, usually
associated with dysbiosis, is unstable and prone to change.
In contrast, the vaginal environment dominated by L. crispatus
is associated with increased stability and is less likely to
progress to dysbiosis. 29–31 These analyses are consistent
with our results in terms of the prevalence of L. crispatus by
groups. Namely, this type is identified only in 10.5% of the
group with BV, compared to 45.1% of the group with NF.
L. crispatus is identified in 39.1% of the group with IM, slightly
less than the group with NF, but much more common than the
group with BV. This can be interpreted as a transition phase,
in which this species may have played a role in ensuring
balance and transition to NF, or it is the initial stage in the
transition from NF to BV, in which this species is still present.
It is also the phase in which the most action can be taken to
prevent progression.

Correlation of COCP with VM
Recent studies analyze the possible influence of hormonal
contraception on vaginal microbiome. The uninterrupted
use of COCP in period of 3 and 6 months maintains the
normal microbiota and decreases the frequency of BV,
with significant association between COCP and normal
microbiota.32 In addition to the effect of COCP, the vaginal
ring with etonogestrel/ethinylestradiol estradiol used in
a population with a high BV prevalence improves the VM
in 12 weeks period and promotes lactobacilli-dominated
vaginal microbial communities, despite the fact that biomass
accumulates on the rings.33 The comparison of two methods
in 1-year follow-up of 60 asymptomatic demonstrates a
little change of vaginal milieu in both groups, an increase
of Lactobacilli in the ring users and an increase of group B
streptococcus in COCP users. The registered leukorrhea in
the ring group interprets as a possible protective in terms of
prevention of vaginal imbalance and infection.34 In another
large study, oral contraceptives, although still rare in the
cohort, were associated with increased abundance of L. iners,
U. parvum, and Comamonas species.35
In our study only five women reported the use of COCPs
levonorgestrel-ethinylestradiol. The small number (5/93)
makes it difficult to analyze the correlation and draw a
conclusion. This may be a subject of a future prospective
follow-up study.

Correlation of the Menstrual Cycle with VM
The VM is a dynamic environment which fluctuates in
community composition and constancy, mainly affected by
time in the menstrual cycle, the menstrual phases, and other
unknown factors and this may be a reason for increased

susceptibility to disease. 36 In the cross-sectional cohort,
L. iners was relatively more abundant in the proliferative
phase (i.e., after menses and before ovulation) than in the
secretory phase (i.e., after ovulation and before menses,
waiting for implantation of embryos), while L. crispatus was
relatively more abundant in the secretory phase than in the
proliferative phase, coinciding with dynamics in progesterone
as well as threonine and arginine.35 We get the similar results
about L. crispatus, which was more abundant in the secretory
vs proliferative phase of menstrual cycle (22/33 vs 11/33)
(66.7 vs 33.3%). Concerning L. iners, there was no statistical
significance during proliferative vs secretory phase (16/40 vs
24/40) (40.0 vs 60.0%). We did not find any other statistical
significance in our study (Table 6).
One of the limitations of our study was the cross-sectional
design, so it was not possible to follow the dynamics.

Correlation of Pregnancy History with VM
Couple of studies have addressed the potential lasting
effects of pregnancy and childbirth on woman’s vaginal
microbiota composition. A US-based study showed that
number of previous pregnancies was associated with vaginal
microbiota composition in the first trimester of pregnancy.
The composition of the VM in women in their first trimester
varied depending upon whether they have been previously
exposed to the products of conception. L. crispatus was
the numerically most abundant bacterium in 76.4% of
women with a first conception opposite to L. iners in 3.8%.
There is a significant difference in L. crispatus abundance
between women with their first conception and those with
a prior birth (p = 0.0001) and between women with a prior
abortion only and those with a prior birth (p = 0.0116).37 The
recent large study of 1148 healthy Chinese nonpregnant,
reproductive-age women reported that pregnancy history is
essentially the strongest influencer of the vaginal microbiota,
surpassing the effect of, for example, menstrual cycle.35 In
both studies, dominance of L. crispatus was found to be
highest in women without previous conception. This study
also proved that L. iners confers far less protection against
bacterial and viral infections than L. crispatus. We did not
find statistical association between pregnancy history and
colonization with L. crispatus nor L. iners (Tables 7 and 8).

Genealogical Tree—Dendrogram
In order to see the relationship of the Lactobacillus species
found in our study, a dendrogram was created based on the
determined 16S rRNA sequences. The tendency of closer
grouping of L. crispatus and L. casei species with L. iners
can be noticed, while there is a separation of L. gasseri and
L. taiwanensis in another branch, which leads to the
conclusion that L. crispatus, L. casei, and L. iners have more
similar sequences vs L. gasseri and L. taiwanensis (Fig. 1).

Implementation
According to our results, we propose this method as a part of
the gynecological examination where indicated. We suggest
and practice this analysis for the women with recurrent
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vaginal infections, permanent vaginal discharge, itching
and discomfort in the intimate area with normal standard
gynecological evaluations, poor obstetric history, that is, late
abortions or preterm deliveries and infertility. The results of
this analysis are interpreted individually in accordance with
the other health issues and results. Repeated analysis in
terms of follow-up at certain intervals should help resolve
the validity and get a better picture of the dynamics and
correlation with other factors.
Further investigation of different study populations
should help to more firmly resolve the validity of our data
interpretation. The addition of analysis for the presence of
microorganisms that may play important role in the balance
and prediction of the imbalance may be subject of future
studies.
We see that the cross-sectional design is the limitation
of study, but these results are a basement to design further
follow-up investigation. The interesting issues might be the
analysis of the uterine microbiome, the possible impact
of the pregnancy on the vagino-cervical microbiome, the
recovery of the uterus and the microbiome after the delivery
and during breastfeeding that is of interest for both the
mother and future children, and the dynamics and the role
of microbiome during assisted reproductive procedures.
In the conclusion, considering the overall results,
colonization with any Lactobacillus is generally significantly
associated with normal vaginal flora (first group) vs BV and
colonization with L. crispatus and L. casei is significantly
associated with normal vaginal flora vs BV.
Over the last 10–15 years, a slightly clearer picture of the
complexity of the VM has emerged, thanks to the techniques
of molecular microbiology. We have learned that many
previously unknown bacteria are important components
of the VM, and none of them alone are of great importance.
The key challenge is research that will link the results of
studies that include different sequencing approaches and
that can be used to identify clinically important vaginal
microbiota, that is, categories of VM. Once the microbiota
that are known to have a protective role in a woman’s
health are identified, mechanisms can be developed to
explain the pathogenesis or protection. This can lead to the
development of interventions that can improve the woman’s
health.38 From the studies conducted so far, it is clear that the
VM is an area in which further research should be focused,
especially in terms of following the dynamics and analysis
of the microbiome during pregnancy. The current evidence
demonstrates the protective role of some Lactobacillus spp.,
especially L. crispatus contrary to L. iners that is associated
and may be a risk of dysbiosis, BV, and infection. According
to that, we can propose a development and suggest the use
of supplements that contain some of the proved protective
Lactobacillus species.
The available evidence from the conducted studies
in terms of human and VM are a good base, but a better
knowledge of dynamics and the mutualism between the
host and the bacterial communities is important for the
116

development of strategies to manage the vaginal ecosystem
to promote health and minimize the use of antibiotics.
However, little is known about the temporal dynamics of
communities and whether they differ in terms of resistance
and resilience to disturbances such as menses, sexual
behaviors, lubricants, and hygiene practices. 36 A better
understanding factor that contributes to the development
and maintenance of specific and stable vaginal bacterial
communities are especially important not only for
prevention but for the prediction of disturbance of the
VM which is an important step to promote and maintain
reproductive health.
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