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Abstract

Background: Lichen sclerosus (LS) is a chronic, inflammatory skin
condition primarily affecting the vulvar and perineal areas, often caus-
ing pain, pruritus, and scarring. While vulvar and vaginal microbiome
composition is understood to contribute to genital health, their relation-
ship with LS pathogenesis is unclear. Recent studies also suggest that
gut microbiome imbalances may influence LS via systemic immune
modulation. This systematic review aimed to characterize microbial al-
terations in the vulvar, vaginal, and gut microbiomes of LS patients and
explore potential mechanisms linking dysbiosis to disease progression.

Methods: A systematic search was conducted using five databas-
es: EMBASE, Medline via Ovid, Web of Science, PubMed, and
CINAHL. Eligible studies included female patients diagnosed with
LS and assessed the primary outcome of vulvar and vaginal micro-
biome composition. Gut microbiome data were considered a second-
ary outcome of interest. Following an initial double-blind screening,
eight full-text articles were reviewed in the secondary screening, and
seven articles were ultimately included in this review.

Results: Seven studies met the inclusion criteria. Across the vulvar,
vaginal, and gut microbiomes, consistent patterns emerged, including
reductions in protective taxa, such as Firmicutes and Lactobacillus,
and increases in pro-inflammatory microbes, including Proteobacte-
ria. Vulvar samples also showed higher abundances of Enterobacte-
riaceae, Peptoniphilus, and Campylobacter. Gut microbiome altera-
tions included reduced short-chain fatty acid-producing bacteria, such
as Firmicutes and Bacteroides, in addition to elevated Proteobacteria
and Rikenellaceae. Alpha diversity findings were variable, and spe-
cies-level changes were often inconsistent.
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Conclusions: Microbial dysbiosis of the vulvar, vaginal, and gut mi-
crobiomes may contribute to the development of LS through chronic
inflammation, compromised epithelial barriers, and disrupted im-
mune function. While some alterations in the microbiomes were iden-
tified, discrepancies between the results of these studies highlight the
need for larger, standardized studies to better understand the relation-
ship between the microbiome and LS pathophysiology.
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Introduction

Lichen sclerosus (LS) is a chronic, inflammatory skin disor-
der predominantly affecting the vulvar and perianal regions. It
most commonly presents in postmenopausal women, although
it can also affect premenarchal girls and, more rarely, men.
LS is characterized by hypopigmentation, atrophic diffuse
patches, intense pruritus, and dysmorphic scarring. Progres-
sion often leads to architectural changes, such as narrowing of
the vaginal opening and fusion of the labial folds [1]. These
morphological changes lead to discomfort, dyspareunia, and
even psychological distress, greatly impacting the quality of
life of those affected [2]. LS also increases the risk of vulvar
invasive carcinoma via the differentiated vulvar intraepithe-
lial neoplasia (dVIN) pathway, highlighting the importance
of early diagnosis and long-term management [3, 4]. While
the exact etiology of this disease is unclear, LS is believed to
be autoimmune-related, with contributions from genetic, hor-
monal, and environmental factors [2, 3]. High-potency topi-
cal corticosteroids remain the first-line treatment for symp-
tom control and scar prevention, and long-term maintenance
therapy is necessary to reduce the risk of developing vulvar
invasive carcinoma [4, 5].

The composition of the vulvar and vaginal microbiome sig-
nificantly influences urogenital health [6]. The vaginal micro-
biome is dominated by Lactobacillus species, which maintain
a low vaginal pH (< 4.5) that can prevent pathogen overgrowth
and sexually transmitted infections (STIs) [7]. Dysbiosis with
anaerobes like Prevotella and Gardnerella increases the risk
of infections and obstetric complications [8]. Although less
extensively studied than the vaginal microbiome, the vulvar
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Table 1. Inclusion and Exclusion Criteria

Study characteristics Inclusion criteria

Exclusion criteria

Population Female patients with lichen sclerosus diagnosed
clinically or via biopsy of any age

Context Vulvar skin and/or vaginal microbiome
composition in the setting of lichen sclerosus

Study design Retrospective chart reviews, cohort studies, case-
control studies, case series, cross-sectional studies

Publication After 2000; accessible in English

Animals, males

General population only (not involving
patients with lichen sclerosus)

Case reports, review articles, editorials, protocols,
animal studies, studies with < 5 participants

Before 2000; not accessible in English

microbiome is also essential for genital health. Influenced by
vaginal, anal, and skin microbes, a healthy vulvar microbiome
is primarily composed of Lactobacillus, Staphylococcus, and
Corynebacterium species [9]. Unlike healthy tissue, in LS
microbial dysbiosis is often characterized by a reduction in
protective bacteria and an increase in inflammatory microbes,
such as Prevotella, Peptoniphilus, and Streptococcus [10]. Vi-
ral infections, particularly human papillomavirus, have also
been detected in LS lesions, complicating its pathogenesis
[9]. Emerging evidence indicates that even gut microbiome
dysbiosis may influence LS progression through systemic im-
mune modulation [11]. Dysregulation of the gastrointestinal
microbiome has been implicated in a range of autoimmune
and inflammatory disorders, including systemic lupus erythe-
matosus and rheumatoid arthritis, highlighting the potential for
concomitant autoimmune conditions [12].

Despite growing recognition of the microbiome’s role in
genital health, there is limited research on the relationship be-
tween microbiome dysbiosis and LS. Existing studies suggest
significant alterations in vaginal, vulvar, and gut microbiomes
in LS, but the specific taxa involved and their impact are poorly
understood. This review aims to explore microbiome dysbiosis
in patients with LS. Furthermore, it seeks to characterize the
specific microbial alterations associated with the disease and
identify potential mechanisms linking these changes to disease
progression, with the goal of informing new diagnostic and
therapeutic strategies.

Materials and Methods

Eligibility criteria

Inclusion and exclusion criteria were established to ensure a
meticulous study selection (Table 1). Studies included in the re-
view involved female patients of any age diagnosed with LS,
either clinically or via biopsy. Eligible studies were required to
focus on the primary outcome of interest: vulvar skin or vaginal
microbiome composition in the setting of LS. Information re-
garding the gut microbiome composition was collected only as a
secondary outcome of interest. Acceptable study designs includ-
ed primary literature, such as retrospective chart reviews, cohort
studies, case-control studies, case series, and cross-sectional
studies, all published in English. Excluded studies were those
published prior to 2000, those with fewer than five participants,

and certain study designs, such as case reports, review articles,
editorials, research protocols, and animal studies.

Search strategy

The population, concept, and context strategy was used to
guide the research question: “Do the vulvar skin and vaginal
microbiomes differ in patients with LS?” The population was
patients with LS, the concept was vulvar and vaginal microbi-
ome composition, and the context was studies published after
2000.

Search terms were developed by one of the authors (SR)
and reviewed by another author (DB) (Supplementary Mate-
rial 1, jcgo.elmerpub.com). Author SR conducted searches
in EMBASE, Medline via Ovid, Web of Science, PubMed,
and CINAHL, on April 14, 2024. Additionally, the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) method, as illustrated in Figure 1 [13], was em-
ployed to track the progress of our search.

Study selection, data appraisal

A comprehensive search across five databases initially re-
trieved 929 articles. An automated search for duplicates in
Rayyan [14] eliminated 424 articles, resulting in 505 studies
included in the primary screen. Researchers SR and TR in-
dependently conducted the initial, double-blind screening of
titles and abstracts using the criteria in Table 1. Of the 505 ar-
ticles screened, 490 articles were excluded. Of the 15 remain-
ing articles, eight were retrievable for full-text review in the
secondary screening process. In the secondary screening, SR,
TR, and UM carried out a thorough review of all full texts,
and seven articles remained. Screening results, including the
PRISMA diagram, are displayed in Figure 1.

The seven articles were strictly assessed for quality and
bias using the Joanna Briggs Institute (JBI) Critical Appraisal
Tool checklist for case-control studies, which can be seen in
Supplementary Materials 2 and 3 (jcgo.elmerpub.com). Each
article was independently evaluated by SR and TR, and any
discrepancies in scoring were discussed and resolved. Articles
were included if they achieved a mean score exceeding 70% on
JBI checklists. All seven articles met this threshold and were
thus included in the study. A data-charting form was developed
by SR to extract key variables. Data extraction was performed
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[ Identification of studies via databases and registers ]

Records identified from
Databases (n = 5):
Embase (n = 408)
Ovid (n = 153)
Web of Science (n = 187)
PubMed (n = 143)
CINAHL EBSCO (n = 38)

Identification

Records removed before
screening:
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(n = 505)

Reports sought for retrieval
(n=15)

Screening

Reports assessed for eligibility
(n=8)

Studies included in review
(n=7)
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[

Duplicate records removed in
Rayyan (n = 424)

Records excluded
(n =490)

Reports not retrieved
(n=7)

Reports excluded:
Missing Primary Outcome
(n=1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. Adapted from Ref [13].

by SR and reviewed for accuracy and completeness by DB.

As this study is a systematic review of previously pub-
lished data, institutional review board approval was not re-
quired. No new studies with human or animal participants
were conducted. All included studies were conducted in ac-
cordance with the ethical standards of their respective institu-
tions as well as with the Helsinki Declaration.

Results

Search results

A systematic search of the available literature was completed

using five electronic databases: EMBASE, Medline via Ovid,
Web of Science, PubMed, and CINAHL. Figure 1 outlines
the PRISMA flow diagram with designated reasons for study
exclusion. In total, 505 articles were included in the primary
screen, and 15 articles remained. The full texts for eight of
these articles were included in the secondary screen, and seven
articles underwent data collection and analysis.

Vulvar microbiome

Five studies compared the vulvar skin microbiome of LS
patients with healthy controls, as shown in Table 2 [9-11,
15, 16]. Liu et al (2022) and Chattopadyay et al (2021) de-
scribed a higher abundance of bacterial taxa, while Pagan et
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Table 2. Differences in Vulvar Skin Microbiome of Patients With and Without Lichen Sclerosus

Study Alpha diversity

Microbes of interest

Chattopadhyay et
al (2021) [15]

No difference (Shannon)

Liu et al (2022) [10] Lower (ACE, Chaol)

No difference (Shannon, Pielou)

Ma et al (2024) [11]

Pagan et al (2023) [9] Lower (Shannon)

No difference (Chaol)

Pyle et al (2024) [16] Lower (4/4)

No difference (ACE, Chaol, Obs richness)

Firmicutes* (L)

Prevotella (H)

Peptoniphilus (H)
Campylobacter (H)
Porphyromonas (H)
Clostridium (H)

Enterobacter cloacae (H)
Prevotella melaninogenica (H)

Firmicutes (L)

Gammaproteobacteria (H)

Clostridia (H)

Lactobacillales (L), Lactobacillaceae (L)
Atopobiaceae (L), Atopobium (L)
Enterobacteriaceae (H)

Prevotella (N)

Lactobacillus (L)

Peptoniphilus (H)

Porphyromonas (H)

Campylobacter (H), Campylobacter ureolyticus (H)
Lactobacillus jensenii (H)

Lactobacillus iners (L)

Prevotella (L)
Campylobacter ureolyticus (H)

Papillomaviridae (H)
Prevotella (L)
Alphapapillomavirus (H)

Firmicutes (L - perineum)

Lactobacillus (L - clitoris)

Atopobium (L - clitoris)

Candida (H - labia minora), Candida glabrata (L - all)
Lactobacillus jensenii (L - perineum)

Alpha diversity metrics are described as higher, lower, or no difference by comparing vulvar lichen sclerosus patients to controls. Taxa are described
to be in higher (H) or lower (L) relative abundance or no difference (N) when comparing patients with lichen sclerosus to patients without lichen scle-

rosus. *Not statistically significant. All other values have a P-value < 0.05.

al (2023) reported an increased abundance of viral taxa in the
LS patients’ vulvar microbiome. Firmicutes, Bacteroidetes,
and Actinobacteria were dominant phyla in both groups,
though relative abundances varied. Three studies found Fir-
micutes to be less prevalent in LS [10, 15, 16]. Proteobacte-
ria was also identified as a dominant bacterial phylum [15].
A higher relative abundance of both Gammaproteobacteria
and Clostridia classes in LS females (linear discriminant
analysis (LDA) score > 4) was reported by Liu et al (2022),
along with a lower abundance of the order Lactobacillales
and family Lactobacillaceae (LDA score > 4). The fam-
ily Enterobacteriaceae was also noted to be significantly
increased in the LS patient group [10]. Similarly, Ma et al
(2024) found a significantly higher abundance of Enterobac-
ter cloacae in LS. Only Pagan et al (2023) examined the vi-
rome of the vulva, finding increased Papillomaviridae in LS
patients (P = 0.045).

There was no consensus regarding the abundance of the
genus Prevotella: Ma et al (2024) and Pagan et al (2023) re-

ported a lower prevalence, Chattopadhyay et al (2021) noted
a higher prevalence, and Liu et al (2022) indicated that there
was no significant difference between LS and healthy controls.
Peptoniphilus and Campylobacter genera were significantly
more prevalent in LS patients [10, 15]. When investigating
Lactobacillus prevalence in the vulvar microbiome, Liu et al
(2022) described a lower abundance at the labia majora (P <
0.0001), and Pyle et al (2024) found lower levels at the clito-
ris (P = 0.006). While Liu et al (2022) described an overall
decrease in Lactobacillus species, Lactobacillus jensenii was
noted to be enriched (LDA score > 4) and Lactobacillus in-
ers was depleted (LDA score > 4). Pyle et al (2024), however,
reported that Lactobacillus jensenii decreased at the perineum
(P =0.003). Atopobium was decreased in LS at multiple sites,
while Porphyromonas was elevated in two studies [10, 16].
Campylobacter ureolyticus was reported to be more prevalent
in LS patients by both Ma et al (2024) and Liu et al (2022).
Only Pyle et al (2024) studied the fungal composition of the
vulvar microbiome, reporting a higher abundance of Candida
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Table 3. Differences in Vaginal Microbiome of Patients With and Without Lichen Sclerosus

Study Alpha diversity

Microbes of interest

Brunner et al (2021) [17]

Ma et al (2024) [11]

Nygaard et al (2023) [18]

Pyle et al (2024) [16] No difference (Shannon)

No difference (Simpson, Chaol, Shannon)

Lower (ACE, Chaol, Obs richness)

No difference (ASV, Shannon, Pielou)

Streptococcus (N)
Lactobacillus (N)
Lactobacillus iners (H)
Streptococcus anginosus (N)

Fusobacteriota (L), Fusobacteriia (L)
Bifidobacteriaceae (H)
Prevotellaceae (L)

Streptococcus (N)

Lactobacillus (N)

Lactobacillus crispatus (H)
Lactobacillus acidophilus (H)
Bifidobacterium bifidum (H)
Prevotella sp. (L)

Streptococcaceae (H - Lower vagina)
Bifidobacterium (H - Lower vagina)
Streptococcus (H - Lower vagina)
Lactobacillus (N)

Saccharomyces (H)
Candida (H)

Alpha diversity metrics are described as higher, lower, or no difference by comparing vulvar lichen sclerosus patients to controls. Taxa are described
to be in higher (H) or lower (L) relative abundance or no difference (N) when comparing patients with lichen sclerosus to patients without lichen scle-

rosus. *Not statistically significant. All other values have a P-value < 0.05.

at the labia minora (P < 0.001), but decreased prevalence of
Candida glabrata at several sites.

Alpha diversity indices were inconsistent. Three of the five
studies described at least one metric indicating loss of diversity
in LS [9, 10, 16]. Two studies observed decreased species rich-
ness [10, 16]. Additionally, two articles described a decreased
overall species diversity [9, 16]. Only Liu et al (2022) assessed
species evenness, finding no significant differences.

Vaginal microbiome

The vaginal microbiome was investigated in four studies (Ta-
ble 3) [11, 16-18]. Ma et al (2024) found significantly lower
Fusobacteriota and Fusobacteria in the LS vaginal microbi-
ome, with Bifidobacteriaceae dominant in LS and Prevotel-
laceae dominant in healthy controls. One study identified
regional differences in vaginal microbiota and found Strepto-
coccaceae to be more abundant in the upper vagina but not
in the lower vagina [18]. Brunner et al (2021) identified two
microbiome clusters in both groups: Lactobacillus-dominant
and polymicrobial, with the latter primarily containing Gard-
nerella, Bifidobacterium, and Atopobium. Another study found
Atopobium dominant in the upper vagina and Bifidobacterium
in the lower vagina [18].

The reported genus-level composition varied between the
four studies. Streptococcus was dominant in healthy controls
but not LS patients [11, 17]. Nygaard et al (2023), however,
observed a significantly higher relative abundance of Strepto-
coccus in the lower vagina of women with LS. Three studies
found no variation in the relative abundance of Lactobacillus

[11, 17, 18]. Pyle et al (2024) primarily focused on fungal mi-
crobiome composition, reporting significantly higher Saccha-
romyces and Candida in LS.

At the species level, Ma et al (2024) noted five species
to be increased in LS, including Lactobacillus crispatus, Bifi-
dobacterium bifidum, Lactobacillus acidophilus, Lactobacil-
lus UMNBX11, and Sphingomonas sp. 3F27F9 (P < 0.05 for
all five species). This study also reported that 42 individual
species were less prevalent in LS patients, including seven
Prevotella species. Brunner et al (2021) reported a higher
relative abundance of Lactobacillus iners (P = 0.027), but no
significant difference in Streptococcus anginosus (P = 0.832)
prevalence. Only Ma et al (2024) recorded measures of alpha
diversity, finding significantly lower diversity, richness, and
observed species counts (abundance-based coverage estimator
(ACE), Chaol, and Observed richness) in LS patients.

Gut microbiome

Although the gut microbiome was not a primary focus, sev-
eral key findings were found and are displayed in Table 4
[11, 15, 18]. Chattopadhyay et al (2021) identified Firmi-
cutes, Bacteroidetes, Actinobacteria, and Proteobacteria as
dominant phyla in LS patients and healthy controls. Although
dominant in both groups, the relative abundance of Firmi-
cutes was significantly lower (P < 0.05) in LS patients’ gas-
trointestinal microbiome, whereas Proteobacteria abundance
was significantly higher (P <0.05) [15]. Conversely, Nygaard
et al (2023) noted a greater prevalence of Euryarchaeota in
LS patients (P < 0.05). At the class level, Gammaproteobac-
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Table 4. Differences in Gut Microbiome of Patients With and Without Lichen Sclerosus

Microbes of interest

Study Alpha diversity
Ma et al (2024) [11] Higher
Chattopadhyay et al (2021) [15] Higher

Nygaard et al (2023) [18] No difference

Gammaproteobacteria (H)

Rikenellaceae™ (H)

Bacteroidaceae*, Bacteroides* (L)
Coriobacteriales bacterium DNF00809 (H)

Firmicutes (L)
Proteobacteria (H)
Clostridiales (H)
Rikenellaceae (H)

Euryarchaeota (H)
Coriobacteriia, Coriobacteriales (H)
Bacteroidaceae, Bacteroides (L)

Alpha diversity metrics are described as higher, lower, or no difference by comparing vulvar lichen sclerosus patients to controls. Taxa are described
to be in higher (H) or lower (L) relative abundance or no difference (N) when comparing patients with lichen sclerosus to patients without lichen scle-

rosus. *Not statistically significant. All other values have a P-value < 0.05.

teria and Coriobacteriia were reported to be elevated in LS
patients by Ma et al (2023) and Nygaard et al (2023), respec-
tively. Coriobacteriales and Clostridiales orders were also
enriched in the stool samples of LS patients [15]. At more
specific taxonomic levels, the Rikenellaceae family was con-
sistently more prevalent in LS and uniquely dominant only in
this group; however, this finding was not statistically signifi-
cant in the study by Ma et al (2024) [11, 15]. Both Bacteroi-
daceae and Bacteroides are dominant in the LS and healthy
patient groups but significantly lower in the gastrointestinal
microbiome of LS patients [11, 18].

Two studies reported higher alpha diversity, defined as
species diversity within a community, in LS gut microbiomes
[11, 15]. Ma et al (2024) reported that all three metrics of alpha
diversity, including ACE, Chaol, and observed (obs) richness,
were significantly higher for patients with LS (P < 0.001, P <
0.0001, and P < 0.01). A higher Shannon diversity index in the
LS group was observed by Chattopadhyay et al (2021). Con-
versely, Nygaard et al (2023) observed no difference between
the two groups in terms of alpha diversity via three tests: ASV
richness (P = 0.059), Shannon diversity index (P = 0.276), and
Pielou’s evenness (P = 0.609).

Discussion

Main findings

This systematic review reveals significant variations in the
vulvar, vaginal, and gut microbiomes between patients with
LS and healthy individuals. Considering the seven studies in-
cluded in this review, LS was found to be associated with al-
terations in bacterial, viral, and fungal communities within the
vulvar, vaginal, and gut microbiomes. These findings suggest
that microbiome dysbiosis may either contribute to the devel-
opment of LS or arise as a consequence of disease progression.
Because many of the predominant microbial taxa identified are
known to influence immune responses, it seems probable that
the microbiome contributes to LS pathogenesis. However, in-

consistencies across studies highlight the need for additional
larger studies to better clarify these relationships.

Vulvar microbiome

Of the three microbiomes investigated, the vulvar microbi-
ome was the most frequently studied. Several trends were
observed. Three of the studies reported a reduction in Firmi-
cutes, which may have an impact on immune function [10,
15, 16]. Firmicutes produce short-chain fatty acids (SCFAs),
which support anti-inflammatory signaling and maintain mu-
cosal integrity. Therefore, a lower abundance of Firmicutes
can contribute to local inflammation and increased suscepti-
bility to tissue injury [19, 20]. There were also alterations in
the abundance of Lactobacillus, which plays a key protective
probiotic role in the genitourinary microbiome. Lactobacil-
lus iners was depleted [10], while Lactobacillus jensenii had
variable abundance across all sampled vulvar sites [10, 16].
These alterations can compromise mucosal protection, pro-
mote dysbiosis, and facilitate colonization by opportunistic
pathogens, suggesting that these microbial alterations may
have an impact on LS pathogenesis.

The vulvar swabs of patients with LS also revealed an
increased prevalence of Enterobacteriaceae, Campylobac-
ter, and Peptoniphilus; all of these opportunistic bacteria
promote local inflammatory responses [10, 11, 15]. Reduced
abundance of Atopobium likely reflects a broader microbial
imbalance, contributing to increased susceptibility to inflam-
mation and subsequent tissue damage [10, 16]. Conversely,
Porphyromonas is increased in abundance [10, 16]. This gram-
negative bacterium has an inflammatory effect and promotes
extracellular matrix degradation through protease secretion,
induction of pro-inflammatory cytokines, and immune system
evasion [21]. Fungal microbiome alterations were only men-
tioned in one study, which noted an elevation in the prevalence
of Candida at the labia minora [16]. Three of the five studies
described reduced species richness and overall diversity in the
vulvar microbiome of patients with LS [9, 10, 16]. This find-
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ing could reflect the loss of protective taxa and may increase
susceptibility to inflammation and further tissue damage. Of
note, microbial composition may also vary across different
vulvar sites. Pyle et al (2024) was the only study to compare
the vulvar microbiome across multiple locations. Although the
authors did not definitively report how the microbiome differs
between sites in the context of vulvar lichen sclerosus (VLS)
versus healthy controls, they suggested that factors such as
skin type, moisture, and proximity to the anus may influence
site-specific microbial composition.

Vaginal microbiome

The vaginal microbiome findings were less consistent. Al-
though overall Lactobacillus abundance was not significantly
changed, species-level shifts were reported. Lactobacillus
iners, a known pathogenic bacterium, was found to be in-
creased [17]. This species expresses virulence factors, such as
inerolysin and AB-1 adhesins, that can disrupt epithelial bar-
riers, induce local inflammation, and reduce immune protec-
tion against other pathogenic bacteria [22, 23]. Additionally,
Bifidobacterium appears to be more dominant in patients with
LS [11, 18]. The clinical significance of this finding remains
unclear; this change may either contribute to dysbiosis or be
a response to the microbial imbalance. Other pathogenic taxa
had inconsistent reports on their relative abundances. Multiple
Prevotella species were noted by Ma et al (2024) to be reduced
in abundance. Prevotella species secrete proteases and inhibit
complement, resulting in immune evasion and inflammation
[24, 25].

Fungal taxa, including Candida and Saccharomyces, were
observed to be elevated in LS. These microbes may potentially
exacerbate pruritus, chronic irritation, and tissue fragility, and
their increased abundance may result from decreased resil-
ience against pathogens and a pro-inflammatory environment
[16]. Overall, alpha species diversity was not altered in LS,
but regional differences within the vagina may complicate this
finding [9, 10, 16]. Afopobium was dominant in the upper va-
gina, whereas Bifidobacterium was more prevalent in the low-
er vagina [18], suggesting that dysbiosis in the setting of LS
could be site-specific. Additional studies should be conducted
to further understand a potential confounding effect second-
ary to site sampling. All of these findings suggest subtle shifts
in the vaginal microbial population that may contribute to the
pro-inflammatory environment present in LS.

Gut microbiome

The gut microbiome of patients with LS demonstrated several
alterations. A reduced abundance of Firmicutes was observed
in multiple studies and has been linked to a pro-inflammatory
environment. Firmicutes are key producers of SCFAs, which
play a role in maintaining mucosal integrity and regulating
immune responses [11, 15]. Lower levels of Firmicutes may,
therefore, lead to a compromised gut barrier and chronic gas-
trointestinal inflammation. Bacteroides is also a commensal

bacterium that produces SCFAs, like butyrate, that stabilize
epithelial junctions in the gastrointestinal tract and promote
immune homeostasis by modulating T regulatory cell activity
[26, 27]. There was a reduction in the abundance of this genus
in patients with LS [11, 18]. This reduction may contribute to
inflammation and poor immune function, emphasizing the gut
microbiome’s potential role in the pathophysiology of LS.

Conversely, Proteobacteria, especially members of the
Enterobacteriaceae family, were increased in the gut microbi-
ome of LS patients [11, 15]. These microbes produce lipopoly-
saccharide (LPS), an endotoxin that activates toll-like recep-
tors, triggering the release of pro-inflammatory cytokines.
Elevated levels of LPS due to high Proteobacteria abundance
can disturb the intestinal barrier, leading to a leaky gut and
exacerbating inflammation [28]. There was also a reported in-
crease in the prevalence of the bacterial family Rikenellaceae,
dominant only in LS patients [11, 15], which supports the role
of gut dysbiosis as a contributor to immune dysregulation and
systemic inflammation in LS. Despite this finding, further
studies are certainly warranted to better understand whether
these microbial changes precede disease or reflect downstream
immune changes secondary to disease progression.

Limitations

The included studies shared several limitations. Most notably,
all included studies had small sample sizes and varied designs,
which limited their statistical power and generalizability. The
majority of these papers utilized 16S rRNA amplicon sequenc-
ing, which restricts microbe identification to the genus level.
Additionally, most studies did not investigate non-bacterial
microbes, which may play a role in dysbiosis. Multiple studies
also lacked longitudinal data or information on potential con-
founding factors, including menstrual cycle, hormone levels,
sexual activity, and hygiene. These limitations highlight the
need for larger longitudinal studies to determine the role of
microbial dysbiosis in LS.

Conclusion

This systematic review describes the significant alterations in
the vulvar, vaginal, and gut microbiomes of patients with LS
and suggests that microbial dysbiosis may contribute to the
disease’s pathogenesis. Consistent trends included decreases
in protective taxa, such as Firmicutes and Lactobacillus, and
increases in pro-inflammatory microbes, including Proteo-
bacteria. These observed changes in the microbiome likely
contribute to compromised epithelial barriers, disrupt immune
regulation, and promote chronic inflammation, leading to tis-
sue fragility and worsening of LS symptoms. There was con-
siderable variability in study design, small sample sizes, and
limited assessment of non-bacterial microbes, pointing to the
need for more standardized, longitudinal research to clarify the
relationships between microbial alterations and disease pro-
gression. A better understanding of the microbiome’s role in
LS disease progression could potentially influence the devel-
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opment of new diagnostic tools and therapies, while enhancing
the quality of life in those who suffer from LS.
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