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ABSTRACT
Background: Oral lichen planus (OLP) is a common oral mucosal disease, clinically categor-
ized into erosive OLP (EOLP) and non-erosive OLP (NEOLP) based on symptoms, but its 
pathogenic mechanism remains unclear. This study aims to explore the relationship between 
OLP and the oral microbiome.
Methods: We collected oral mucosal samples from 49 patients and 10 healthy individuals and 
conducted 16S rRNA and ITS gene sequencing to explore the oral fungal and bacterial 
communities.
Results: We observed significantly lower α diversity of fungi in the EOLP group, with Candida 
being significantly enriched as the main dominant genus. In the NEOLP group, Aspergillaceae 
were significantly enriched. The EOLP group showed significant enrichment of 
Aggregatibacter and Lactobacillus, but the relative abundance of Streptococcus was notably 
lower than in the other two groups. In the NEOLP group, two species including Prevotella 
intermedia were significantly enriched. The microbial co-occurrence and co-exclusion net-
works display distinct characteristics across the three groups, with Lactobacillus assuming 
a significant bridging role in the ELOP group.
Conclusions: Our study indicates that EOLP and NEOLP experience varying degrees of 
dysbiosis at both the fungal and bacterial levels. Therefore, the pathogenic mechanisms 
and interactive relationships of these microbiota associated with OLP merit further in-depth 
investigation.

KEY MESSAGES
● The microbial community in the oral lesions of EOLP patients exhibits highly distinctive 

features, both in terms of bacteria and fungi.
● In NEOLP patients, the overall bacterial composition does not exhibit significant differences 

compared to the healthy population, but P. intermedia and Aspergillaceae are notably enriched.
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Introduction

Oral lichen planus (OLP) is a chronic inflammatory 
disease that occurs in the oral mucosa, with a global 
incidence rate of 0.49–1.43%, making it one of the 
most common oral mucosal diseases [1–3]. This dis-
ease often persists chronically, with recurrent pain 
and is difficult to cure completely, severely affecting 
the patient’s quality of life. Furthermore, patients 
with OLP are at an elevated risk for malignant trans-
formation, such as oral squamous cell carcinoma 
(OSCC) [4]. Classically, OLP can be divided into 
two subtypes based on symptoms: erosive OLP 
(EOLP) and non-erosive OLP (NEOLP) [3,5]. 
NEOLP is clinically characterized by the presence of 
white streaks known as Wickham’s striae, white pla-
ques, and erythematous lesions. On the other hand, 

EOLP typically presents with multiple painful ero-
sions and ulcerations that lack well-defined borders 
and have a necrotic base [3,5]. Notably, NEOLP is 
often asymptomatic and typically responds well to 
topical therapies involving corticosteroids or calci-
neurin inhibitors. By contrast, the therapy of EOLP is 
extremely tricky. Topical treatments are generally inef-
fective, and systemic therapies are usually required [6].

The pathogenesis of OLP is still unclear. Presently, 
it is hypothesized that T cells play a role in the 
pathogenesis of OLP. It is speculated that OLP may 
be caused by unknown exogenous antigens, autoanti-
gens, or superantigens inducing inflammatory reac-
tions in oral epithelial cells, leading to apoptosis of 
basal epithelial keratinocytes and chronic inflamma-
tion [7,8]. However, the exact pathogenesis and 
mechanism of OLP still need to be elucidated.
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Although the pathogenesis of OLP is complex, 
research has shown that improving oral hygiene 
and controlling dental plaque can ameliorate the 
lesions of OLP [9]. Treatment with chlorhexidine 
and antibiotics can lead to lesion regression and 
greatly alleviate symptoms [9–11]. This suggests 
that the oral microbiota plays an important role in 
the pathogenesis or exacerbation of OLP. Recent 
studies have indicated that dysbiosis of the oral 
microbiota may be closely related to OLP [12–14]. 
The mucosal microbiota composition and saliva 
microbiota of OLP patients appear to be altered, 
and there are differences between the affected and 
unaffected sites of the same patient [12–14]. 
Moreover, it has been reported that certain species 
of bacteria can invade the lamina propria, epithelial 
cells or T cells by destroying the epithelial barrier, 
leading to the production of specific T cell chemo-
kines [15].

With the continuous deepening of microbiome 
research, increasing evidence suggests that the dis-
ruption of the composition of the oral microbiota, 
which are in close contact with the human body, may 
be an important factor in promoting local immune 
imbalance [16]. Presently, research has revealed that 
the oral microbial community might be implicated in 
the pathogenic mechanisms of oral mucosal disease 
[17,18]. A balanced microbial consortium plays an 
absolutely pivotal role within the host immune sys-
tem, whereas microbial dysbiosis emerges as a driving 
factor behind immune-related disorders. For 
instance, disruptions in the intricate symbiotic micro-
bial community within the gastrointestinal tract and 
oral cavity orchestrate adjustments in both innate and 
adaptive immune responses, leading to immune- 
mediated maladies such as inflammatory bowel dis-
eases and periodontitis [19,20]. The augmentation in 
the quantity or activity of pathogenic microbial con-
sortia has been empirically demonstrated to induce 
immune system dysregulation or trigger inflamma-
tion [19,20].

With the development of amplicon sequencing 
technologies, there have been preliminary studies on 
the association between OLP and oral microbial com-
munities [12,21,22]. However, the final conclusions 
have shown significant variations. In an effort to 
address these issues, we employed swabs to collect 
microbial communities from the mucosa at the site of 
lesions (to minimize interference from unrelated oral 
microbial communities, as compared to saliva). 
Furthermore, we subdivided a larger sample of OLP 
patients into two phenotypes, and conducted simul-
taneous analyses of both bacterial and fungal compo-
nents within the microbial community based on 
amplicon sequencing. Through these methods, we 
aim to systematically and comprehensively analyze 

the relationship between the structure and interac-
tions of oral mucosal microbial communities and the 
occurrence of EOLP and NEOLP.

Materials and methods

Study subjects and sample collection

This study recruited patients diagnosed with reticular 
NEOLP (n = 27) and EOLP (n = 22) according to the 
clinical classification and diagnostic criteria defined by 
the World Health Organization (Table 1). Additionally, 
10 healthy controls matching in gender and age were 
recruited from Stomatological of Hospital Hebei 
Medical University. Demographic information was col-
lected, and oral examinations were conducted. A semi- 
quantitative scoring system [23] consistent with the 
location, area, and presence of OLP lesions was used 
to assess the clinical scores and severity of OLP. All 
participants included in this study had not undergone 
OLP treatment for at least two months and were 
instructed to avoid eating two hours prior to oral sam-
pling. Individuals with other oral diseases (such as 
periodontal disease or dental caries) or systemic dis-
eases were excluded. To reflect the structural differences 
in the overall oral microbiome, a non-invasive method 
was employed to gently collect samples from the lesion 
areas of each participant using a sterile, disposable oral 
swab between 8:00 AM and 11:00 AM. For the healthy 
control group, samples were collected from the buccal 
mucosa. Each collection lasted approximately 10 sec-
onds, and the samples were placed in sterile DNA-free 
conical tubes. All samples were transported to the 
laboratory on ice within 2 hours and stored at −80°C 
before further processing. All procedures were con-
ducted following approved guidelines.

DNA extraction and PCR amplification

Total genome DNA from samples was extracted 
using a DNA extraction Kit (Magen, Cat. No. 
D6356–02). The V3-V4 regions of the 16S rRNA 
gene were sequenced using primers 341F- 
CCTAYGGRBGCASCAG and 806 R-GGG 
ACTACNNGGTTATTAAT, as previously described 
[24]. The ITS1 region of the ITS genes was amplified 
using primers ITS1-1F-F-CTTGGTCATTTAGAGGA 
AGTAA and ITS1-1F-R-GCTGCGTTCTTCATCG 
ATGC, as previously described [25]. The PCR reac-
tions were conducted using 15 µL of Phusion® High- 
Fidelity PCR Master Mix (New England Biolabs), 2  
µM each of forward and reverse primers, and 
approximately 10 ng of template DNA. The thermal 
cycling protocol included an initial denaturation step 
at 98°C for 1 min, followed by 30 cycles of denatura-
tion at 98°C for 10 s, annealing at 50°C for 30 s, and 
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elongation at 72°C for 30 s. A final extension step was 
performed at 72°C for 5 min. For gel electrophoresis 
detection, an equal volume of 1XTAE buffer was 
mixed with the PCR products. Subsequently, electro-
phoresis was conducted on a 2% agarose gel. The 
equidensity mixture of PCR products was then pur-
ified using the Qiagen Gel Extraction Kit (Qiagen, 
Germany).

Illumina NovaSeq sequencing

Sequencing libraries were prepared using the 
TruSeq® DNA PCR-Free Sample Preparation Kit 
(Illumina, USA) according to the manufacturer’s 
instructions, and index codes were incorporated. 
The quality of the library was evaluated using the 
Qubit@ 2.0 Fluorometer (Thermo Scientific). 
Finally, the library underwent sequencing on an 
Illumina NovaSeq platform, producing 250 bp 
paired-end reads.

Sequencing data analysis and visualization

Raw data FASTQ files were imported into the for-
mat which could be operated by QIIME2 system 
[26] using qiime tools import program. 
Demultiplexed sequences from each sample were 
quality filtered and trimmed, de-noised, merged, 
and then the chimeric sequences were identified 
and removed using the QIIME2 dada2 plugin to 
obtain the feature table of amplicon sequence var-
iant (ASV) [27]. The QIIME2 feature-classifier plu-
gin was then used to align ASV sequences to the 
Silva (V138) database for 16S rRNA and UNITE 
(V8.2) for ITS gene to generate the taxonomy table 
[28]. Diversity metrics were calculated using the 
core-diversity plugin within QIIME2. Differential 
analysis of ASVs and microbiota at various taxo-
nomic levels, as well as the Constrained Principal 
Coordinate Analysis (CPCoA), were conducted 
using EasyAmplicon (V1.20) [29]. The ternary plot 
generated with the R package ggtern (V3.4.2). Linear 
discriminant analysis effect size (LEfSe) (http://hut 
tenhower.sph.harvard.edu/galaxy.) was utilized for 
comparison of microbiome composition. The poten-
tial functional profiles of microbial communities, 
specifically the KEGG Orthology (KO) functional 
profiles, were predicted using PICRUSt2 [30]. The 

predicted pathway abundances were then subjected 
to comparative analysis between groups using 
R package ggstatsplot (V0.12). Random Forest 
model analysis was conducted using the R package 
randomForest (V4.7–1.1), and ROC curves were 
generated with the R package pROC (V1.18.5). 
Microbial co-occurrence network analysis was per-
formed using the R package ggClusterNet. This ana-
lysis was based on Spearman correlation coefficients, 
with edges selected if |R| ≥ 0.6 and p < 0.05, and the 
model identification utilized the fast greedy 
algorithm.

Results

Microbial profile of healthy control and patients 
diagnosed with NELOP and EOLP

In order to investigate the distinctive oral microbiota 
structural characteristics among various OLP patients 
and the healthy control, we subjected our collected 
samples to amplicon sequencing. Specifically, we con-
ducted 16S rRNA sequencing on a total of 59 samples 
(Control = 10, EOLP = 22, NEOLP = 27) and ITS gene 
sequencing on 36 samples (Control = 6, EOLP = 13, 
NEOLP = 17). After the filtration of the 16S rRNA 
sequencing data, an average of 48,199 non-chimeric 
tags were generated per sample, identifying a total of 
16,483 ASVs. The α diversity, as indicated by the 
Chao1 index, exhibited a significant elevation in the 
EOLP group compared to NEOLP, although no 
marked difference was observed in comparison to 
the control group. Notably, the β diversity, as illu-
strated in CPCoA based on Bray-Curtis distances 
(Figure 1(b)), revealed a significant dissimilarity in 
microbial compositions among the three groups (p =  
0.001). Ternary plot was constructed at the genus 
level to illustrate the distinctions in dominant species 
among the three groups and to depict the proportions 
of various species. Streptococcus, belonging to the 
Firmicutes, displayed the highest average relative 
abundance, with the NEOLP group exhibiting 
a slightly higher proportion than the other two 
groups (Figure 1(c)). Following the filtration of ITS 
gene sequencing data, an average of 55,101 non- 
chimeric tags were obtained per sample, which iden-
tified a total of 5,213 ASVs. In contrast to the 16S 
rRNA data, β diversity among the three groups 

Table 1. Demographics and clinical parameters of the study population. *:Pearson chi-square 
test. **:one-way ANOVA.

Group Control NEOLP EOLP P values

Number of subjects 10 27 22
Age (mean±SD) 45.6 ± 10.9 45.7 ± 12.9 48.5 ± 14.5 0.756**
Gender (male/female) 4/6 10/12 9/18 0.685*
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exhibited no significant differences. The α diversity, 
as assessed by the Chao1 index, demonstrated 
a notably lower value in the ELOP group compared 
to the other two groups (Figure 1(a)). This discre-
pancy primarily stemmed from the reduced fungal 
diversity within the ELOP group, where Candida 
displayed a considerably elevated relative abundance 
(58.4%), thus becoming the dominant taxon 
(Figure 1(d)).

Differential analysis and enrichment analysis of 
bacterial communities

As depicted in Figure 2(a), differential analysis of the 
ASVs identified through 16S rRNA sequencing, based 

on the edgeR software, revealed that in comparison to 
the Control group, the ELOP group exhibited signifi-
cant enrichment of multiple ASVs belonging to 
Pasteurellaceae. Conversely, the NELOP group demon-
strated significant enrichment of Streptococcaceae, 
Porphyromonadaceae, and Neisseriaceae.Subsequently, 
we calculated relative abundances at various taxonomic 
levels, ranging from phylum to species. A Wilcoxon test 
was conducted for differential analysis. The results, as 
illustrated in Figure 2(b), showcased that EOLP group 
displayed notably higher relative abundances in 
Aggregatibacter, Clostridia and Lactobacillus compared 
to the other groups. It’s important to note that while the 
p-values for Lactobacillus in the EOLP versus Control 
comparison were greater than 0.05, they exhibited an 

Figure 1. Diversity and composition of bacterial and fungal microbiota. (a) Box plot depicting the α diversity of fungi based on 
ITS gene data. **indicates pvalue < 0.01. (b) CPCoA analysis of bacteria based on 16S rRNA data and Bray-Curtis distance. (c, d) 
Ternary plots illustrating the distribution of bacterial and fungal genera at the genus level, where each circle represents a genus, 
circle size corresponds to the relative abundance of the respective genus, and colors represent phyla as indicated in the legend, 
with coordinates indicating the percentage of genera in the corresponding group.
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LDA score greater than 2 in LEfSe analysis 
(Supplementary table S1). In the case of NEOLP 
group, two species belonged to Prevotella were notably 
enriched, and the relative abundances of 
Streptococcaceae and Streptococcus were significantly 
higher than those in the EOLP group and slightly 
higher than the Control group. The Control group 
also showed significant enrichment of multiple 
species.

Differential analysis and enrichment analysis of 
fungal communities

According to the LEfSe analysis results based on relative 
abundances from the phylum to the genus of fungi, 
EOLP group exhibited significant enrichment in 
Candida and Saccharomycetes (Figure 3). When con-
sidering the preceding microbial distribution data 
(Figure 1(a,d)), it becomes evident that, in comparison 

Figure 2. Differential analysis of bacterial taxonomic levels and ASVs. (a) Differential analysis of ASVs. The horizontal axis 
represents the phylum corresponding to the ASVs, and the vertical axis represents -log10(P), where results from edgeR analysis 
with p < 0.05 and fdr < 0.1 are considered significantly different. (b) Differential analysis of bacterial taxonomic levels from phylum 
to species. Red, blue, and green circles represent EOLP, NEOLP, and Control groups, respectively, with the horizontal axis indicating 
relative abundance. The heatmap on the right shows differential analysis between pairs, where colors correspond to -log10(P), and 
*indicates significance with Wilcoxon test p < 0.05 and fdr < 0.1.
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to the other two groups, EOLP group featured 
a reduced diversity of fungal species, with Candida 
emerging as the predominant fungal genus. On the 
other hand, NEOLP group was primarily characterized 
by significant enrichment in Aspergillaceae and 
Talaromyces. In contrast, the Control group exhibited 
numerous significantly enriched genera, highlighting its 
higher diversity. These results underscore the highly 
significant distinctions in fungal composition between 
different OLP phenotypes and the Control group.

KEGG function prediction analysis

We employed the PICRUSt2 software to predict the 
functional potential of the bacterial communities. 
Subsequently, we employed the Kruskal-Wallis test 
to assess the significance of differences among the 
three groups, and visualized the top 30 significantly 
different pathways using a heatmap (Figure 4(a)). 
The results indicated that EOLP and NEOLP 
group, in comparison to the Control group, exhib-
ited varying degrees of distinction in microbial 
metabolism, resistance, biofilm formation, biosynth-
esis, and degradation, among others. For instance, 
concerning the relative abundances in pathways such 
as ‘Biofilm formation’ and ‘Cationic antimicrobial 
peptide (CAMP) resistance’ both EOLP and 
NEOLP group exhibited significantly higher values 
than the Control group (p.adjusted <0.05). 

Additionally, within the ‘NOD-like receptor signal-
ing pathway’, EOLP group showed a significantly 
higher relative abundance than NEOLP, although 
no notable difference was observed between ELOP 
and the Control group (Figure 4(b)).

Random forest analysis

The random forest, a machine learning method, was 
employed to further identify key species that can 
distinguish between NEOLP, EOLP, and the 
Control group. Utilizing the R package 
randomForest, we conducted an analysis on the 
relative abundances at the genus level and generated 
dot plots for the top 20 genera based on 
MeanDecreaseGini (Figure 5(a,b)). Generally, 
a higher MeanDecreaseGini value for a feature indi-
cates a greater contribution to the overall perfor-
mance of the random forest. The results indicated 
that, among bacteria, Aggregatibacter exhibited the 
highest value, followed by Lactobacillus and 
Streptococcus. Subsequently, we conducted ROC 
curve analysis for top 5 genera and pairwise combi-
nations to assess their discriminative ability for dif-
ferent phenotypes, as detailed in the Supplementary 
table S2 and Figure 5(c). When comparing EOLP 
with the Control group, Aggregatibacter achieved an 
AUC value of 0.918, indicating excellent discrimina-
tion between the two groups. Comparatively, it also 
performed well against the NEOLP group, with the 

Figure 3. Differential analysis at various taxonomic levels for fungi based on LEfSe. The horizontal axis on the bar chart on the 
left represents the significance of differences, measured by the Linear Discriminant Analysis (LDA) score. Biomarkers with an LDA 
score exceeding 2 are considered statistically significant. The right graph represents the evolutionary branch. Colored nodes 
from the center to the periphery represent marked phylum(p), class(c), order(o), family(f), and genus(g) differences detected 
among EOLP (red), NEOLP (blue) and Control (green) groups. Only phylum to family levels were labeled and annotated on the 
right side of the cladogram.
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Figure 5. Random Forest and ROC curve analysis. (a, b) Top 20 genera ranked by MeanDecreaseGini based on the Random 
Forest model, with color mapping to phyla in the legend, a for bacteria, B for fungi. (c, d) ROC curves for bacteria and fungi, 
where the red curve represents a combination of two genera, and the black curve represents a single genus.

Figure 4. KEGG functional prediction and differential analysis. (a) The heatmap illustrating the top 30 significantly different 
pathways sorted by p-values from the Kruskal-Wallis test, with relative abundances normalized using z-score. (b) Boxplots and 
violin plots of pathways. The y-axis represents relative abundance, and the graph only annotates the differential comparison 
groups with p.Adjust <0.05.

JOURNAL OF ORAL MICROBIOLOGY 7



best performance observed when combining the 
relative abundance of Aggregatibacter and 
Lactobacillus (AUC = 0.870). No bacterial genus 
could effectively distinguish NEOLP from the 
Control group, with Haemophilus showing the best 
performance (AUC = 0.689). In the case of fungi, the 
random forest model indicated that Talaromyces 
demonstrated the highest MeanDecreaseGini value, 
followed by Candida (Figure 5(b)). We also per-
formed ROC curve analysis using the same 
approach, as illustrated in Figure 5(d). In the com-
parison between EOLP and NEOLP, the combined 
relative abundance of Monascus and Neoascochyta 
exhibited the highest AUC (0.882). Similarly, in the 
comparison between EOLP and the control group, 
this combination also showed a high AUC (0.833).

Microbial co-occurrence and co-exclusion 
network analysis

To further explore the differences in bacterial-fungal 
interactions between OLP patients and the healthy 
population, we calculated the spearman correlation 
coefficients based on the relative abundance of gen-
era. Subsequently, we compared the correlations 
between the top 20 fungi and bacteria in terms of 
their average relative abundance among the three 
groups (Figure 6 and Supplementary table S3). 
Overall, there were noticeably more genera exhibiting 
high correlations between bacteria and fungi in the 

Control group. Additionally, many differences could 
be observed in detail. In the EOLP group, 
Actinobacillus exhibited a strong negative correlation 
with Candida, while showing a strong positive corre-
lation with Aspergillus. However, such pronounced 
correlations were not observed in the other two 
groups. In the NEOLP group, Rothia displayed 
a strong positive correlation with Malassezia, con-
trasting with the other two groups. Additionally, the 
correlations of Aggregatibacter with several fungal 
genera, such as Longiostiolum, showed significant 
differences among the three groups. Both 
Lactobacillus and Muribaculaceae exhibited strong 
correlations with multiple fungal genera in all three 
groups. Subsequently, we filtered data with |R| > 0.6 
and p < 0.05 to construct co-occurrence and co- 
exclusion networks (Figure 7 and Supplementary 
table S4). The results showed similar node numbers 
in the three networks, but the network of Control 
group had 4356 edges, significantly higher than those 
of the NEOLP and EOLP groups, which had only 
1923 and 2461 edges, respectively (Figure S1). 
Additionally, the clustering coefficient of the 
Control group’s network was noticeably higher than 
that of the other groups. Regarding network modu-
larity, EOLP had the highest value of 0.45, followed 
by NEOLP at 0.36, and Control at 0.27. In the net-
work of EOLP, the node Lactobacillus exhibited the 
highest betweenness, with a relatively high degree 
value of 53, indicating its pivotal role in the network. 

Figure 6. Spearman correlation analysis between abundant fungal and bacterial genera across samples. Only the top 20 genera 
in terms of relative abundance for both bacteria and fungi are displayed, with blue rectangle frames highlighting the pairs with 
significant differences among the three groups.
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Dorea and Phialemoniopsis showed the highest 
betweenness in the NEOLP group. In the Control 
group’s network, the node Candida displayed rela-
tively high betweenness, whereas this situation was 
not observed in the other groups.

Discussion

This study reveals that the α diversity of the oral 
fungal community in EOLP patients is significantly 
lower than that in the NEOLP group and the healthy 
control group. Conversely, bacterial diversity shows 
an opposite trend. Specifically, the bacterial diversity 
in the EOLP group is significantly higher than that in 
the NEOLP group, and although it does not differ 
significantly from the Control group, the α diversity 
mean is slightly higher than that of the Control 
group. This trend in the variation of bacterial and 
fungal diversity is largely consistent with the results 
of the study by Li et al. [31], as well as with similar 
trends observed in certain intestinal diseases [32]. 
However, it is diametrically opposite to the trends 
in microbial diversity observed in some mucosal dis-
eases [21,33]. Based on the relative abundance data at 
the genus level and the LEfSe results, the significant 
reduction in oral fungal diversity in OLP patients is 
primarily attributed to a substantial increase in the 
relative abundance of Candida, especially pro-
nounced in the ELOP group, where Candida becomes 
the dominant genus. However, a research by Hong 
et al. [34] indicates a detection rate of only 18.87% 
and 18.75% for Candida albicans in the oral mucosa 
of EOLP and NEOLP patients, respectively, suggest-
ing that OLP may not be solely attributed to a single 
species of infection.We propose that the compro-
mised epithelium in the oral cavity of OLP patients 
may create favorable conditions for the colonization 
of Candida on mucosal surfaces, thereby exacerbating 
the condition. Although it cannot be definitively 

stated whether Candida is a primary cause of OLP, 
the relative abundance of Candida is closely asso-
ciated with the progression and phenotypes of OLP. 
Moreover, the relative abundance of Aspergillaceae in 
the NEOLP group is significantly higher than in the 
other two groups. The main genus, Aspergillus, is also 
an opportunistic fungal pathogen often associated 
with various infections and inflammatory diseases 
[35,36], including gingivitis [37]. There is 
a noticeable difference in the ratio of Candida and 
Aspergillus combinations between EOLP and NEOLP, 
and this distinction may be linked to the diverse 
clinical manifestations of OLP. Additionally, it should 
be noted that the alteration in fungal diversity is 
closely correlated with the composition and structure 
of the bacterial community. Studies by Peleg et al. 
[38] suggest that anaerobic bacteria often inhibit the 
growth of fungi, implying that the significant increase 
in specific fungi may be due to an imbalance in 
certain bacteria, leading to changes in the oral envir-
onment that are more conducive to the infection of 
pathogenic fungi such as Candida.

By comparing bacterial relative abundance across 
multiple taxonomic levels, EOLP manifests various 
distinctive features. Firstly, Aggregatibacter is signifi-
cantly enriched compared to the other two groups. 
Aggregatibacter includes various pathogenic bacteria 
such as Aggregatibacter actinomycetemcomitans, 
which is equipped with several potent virulence fac-
tors capable of inducing cell death, inflammation, or 
evasion. The diverse virulence properties of this bac-
terium contribute to its pathogenicity, particularly in 
the context of early and rapidly progressive forms of 
periodontal disease [39]. Previous research has sug-
gested that pathogenic bacteria associated with peri-
odontal disease may also be involved in or exacerbate 
the pathogenic processes of OLP. Studies by Ertugrul 
et al. [40] found that OLP patients are more suscep-
tible to infection by bacteria such as Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, 

Figure 7. Bacterial and fungal co-occurrence and co-exclusion network. Based on relative abundance, spearman correlation 
coefficients were computed, and relationships with |R|≥0.6 and p < 0.05 were selected to construct the correlation network.

JOURNAL OF ORAL MICROBIOLOGY 9



Prevotella intermedia, Tannerella forsythia, and 
Treponema denticola compared to healthy indivi-
duals. These bacteria are potentially associated with 
periodontal disease. Therefore, the colonization and 
proportion of Aggregatibacter within the microbial 
community may be closely associated with the occur-
rence of EOLP.

Furthermore, the relative abundance of 
Lactobacillus is significantly higher than in the other 
two groups. Lactobacillus is typically associated with 
the normal microbial community in the oral cavity. In 
the bacteriome-mycobiome network of the EOLP 
group, Lactobacillus exhibits a remarkably high 
betweenness and degree, indicating that Lactobacillus 
serves as a key or bridging node in the network, play-
ing a crucial role in the connectivity and interactions 
in the microbial ecosystem of the ELOP oral mucosa. 
Lactobacillus may interact with other microbial com-
munities through antibacterial activities [41], induc-
tion of antifungal immunity [42], and modulation of 
the microenvironment of the oral mucosa by its meta-
bolic products. The significant enrichment of Candida 
can create an anaerobic environment favorable for 
Lactobacillus and Lactobacillus may produce more 
lactic acid as a carbon source for Candida.

Finally, the relative abundance of Streptococcus in 
the EOLP group was significantly lower than in the 
NEOLP group and slightly lower than in the control 
group. Previous research has indicated that the rela-
tive abundance of Streptococcus is significantly higher 
in healthy individuals compared to OLP patients 
[14,15,31]. This suggests that the ecological niche of 
normal bacterial communities belonging to 
Streptococcus in the oral mucosa of EOLP patients 
may have been displaced by other bacteria with 
increased abundance, such as Aggregatibacter and 
Lactobacillus. In contrast to previous research find-
ings, we observed a significant difference in the rela-
tive abundance of Streptococcus between EOLP and 
NEOLP group, which may be attributed to factors 
such as sample size and variations in sampling meth-
ods. Overall, the bacterial community structure in 
NEOLP more closely resembles that of the Control 
group, with a significantly lower degree of disruption 
compared to the EOLP group. This aligns with the 
clinical manifestation that NEOLP tends to present 
milder symptoms than EOLP. We propose that the 
oral mucosa of NEOLP patients may not have devel-
oped an aggregation of various pathogenic bacteria 
and still retains a substantial portion of microbial 
community associated with health.

However, in the NEOLP group, we still observed 
a significant enrichment of a small number of patho-
genic bacteria, including Prevotella intermedia. 
P. intermedia is a crucial pathogen associated with 
periodontal disease [43], playing a significant role in 
biofilm formation [44]. It is a key factor triggering 

periodontitis [45] and can stimulate the release of 
pro-inflammatory cytokines, proteases, and matrix 
metalloproteinases, thereby promoting the develop-
ment of periodontal inflammation [46]. Moreover, 
P. intermedia is believed to possess a virulent 
mechanism capable of effectively incapacitating and 
causing the death of neutrophils, thus protecting 
other pathogens and facilitating the establishment of 
persistent infections [47]. In another study, it was 
found that the detection rate of P. intermedia in the 
oral cavity of patients with both OLP and periodontal 
disease was significantly higher than in those with 
only periodontal disease [48]. Recently, 
P. intermedia has been found to potentially inhibit 
the expression of tumor suppressors, alter the tumor 
microenvironment, and promote the progression of 
OSCC [49]. These studies suggest a potential correla-
tion between P. intermedia and the pathogenic 
mechanisms of NEOLP. It is noteworthy that the 
results of predicting bacterial community functions 
using PICRUSt2 indicate a significantly higher abun-
dance of functional pathways related to biofilm for-
mation in both EOLP and NEOLP compared to the 
Control group. Biofilm serves as a gathering place for 
various microorganisms, including bacteria and 
fungi, providing a foundation for sustained infection 
and inflammatory responses. It should be noted, 
however, that PICRUSt2, which is based on 16S 
rRNA sequencing data, cannot directly identify path-
ways but rather predicts them through the composi-
tion of microbial communities. Therefore, its 
functional prediction accuracy is generally lower 
than that of metagenomics, which can directly mea-
sure gene-related data.

Through random forest analysis, we identified the 
top 3 genera in bacteria, ranked by MeanDecreaseGini, 
as Aggregatibacter, Lactobacillus, and Streptococcus. 
ROC curve analysis indicated that Aggregatibacter 
effectively distinguishes EOLP from the other two 
groups, with an AUC of 0.827 compared to NEOLP 
and an AUC of 0.918 compared to the control group. 
This is highly consistent with the results of differential 
analyses. Regarding fungi, the most contributive gen-
era were Talaromyces, followed by Candida. The LEfSe 
analysis revealed a significant enrichment of 
Talaromyces in the NEOLP group, making it the top- 
performing biomarker in distinguishing NEOLP, with 
AUC values of 0.796 and 0.775 in comparisons with 
EOLP and the control group, respectively. Although 
Talaromyces marneffei may cause infections in non- 
immunocompromised individuals [50], Talaromyces is 
rarely reported in oral-related diseases, suggesting that 
it may not be a common oral pathogen and its rela-
tionship with the pathogenic mechanism of NEOLP 
deserves further in-depth research.

Network analysis reveals that the Control group 
exhibits significantly more edges and higher 
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clustering coefficient and average path length, indi-
cating that microbial communities in the oral mucosa 
of healthy individuals form tightly-knit community 
structures with higher global connectivity. This is 
further validated by the analysis of the top 20 genera 
correlations, where the Control group shows a greater 
number of strongly correlated pairs between bacteria 
and fungi. In contrast, the EOLP group’s network has 
the lowest average path length and centralization of 
closeness but has a higher modularity compared to 
the other groups. This suggests that the microbial 
communities in the EOLP group tend to form smaller 
community modules with tightly interconnected 
internal relationships. On the other hand, the 
NEOLP group has the most nodes in the network 
but the fewest edges, indicating lower internal con-
nectivity among microbial communities compared to 
the other two groups.

This study still has certain limitations that need to 
be addressed in future research. Firstly, the sample 
size needs to be further increased, particularly for the 
healthy control group, to enhance statistical power 
and thereby render the conclusions more robust. 
Secondly, all samples in this study were recruited 
from a single hospital, which may introduce selection 
bias and limit the generalizability of the findings to 
other populations. Including participants from multi-
ple centers or regions could improve the external 
validity of the study, making the sample more repre-
sentative. Lastly, 16S rRNA and ITS gene sequencing 
provide taxonomic information only at the genus 
level. Supplementing with higher resolution metage-
nomic sequencing techniques could validate the study 
results and allow for more in-depth exploration at the 
species and gene levels.

Conclusion

The microbial community in the oral lesions of EOLP 
patients exhibits highly distinctive features, both in 
terms of bacteria and fungi. Random forest and ROC 
curve analyses indicate that Aggregatibacter is 
a promising biomarker for distinguishing EOLP 
from the other two groups. In NEOLP patients, the 
overall bacterial composition does not exhibit signifi-
cant differences compared to the healthy population. 
However, some bacteria, such as P. intermedia, are 
significantly enriched. Moreover, distinct features are 
observed in fungi, where the relative abundance of 
Candida falls between the ELOP and Control groups, 
while Aspergillaceae is notably enriched. The micro-
bial co-occurrence and co-exclusion networks display 
distinct patterns across the three groups, with 
Lactobacillus assuming a pivotal role in the ELOP 
group. These findings suggest that the differing 
microbial structures in EOLP and NEOLP may be 
closely linked to clinical phenotypes and pathogenic 

mechanisms. Further in-depth research is warranted 
to explore the enriched bacteria and fungi, as well as 
their interactions within the entire microbial 
community.
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