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Abstract

Background Patients with cleft lip and palate (CLP) have an oronasal communication differed from the closed state
in healthy individuals, leading to a unique oral microbiome. This study aimed to determine if variances in the oral
microbiota persist among CLP patients who have received treatments for the closure of these fistulas compared to
the microbiota of healthy individuals.

Methods Saliva samples were collected from a cohort comprising 28 CLP patients (CLP group) and 30 healthy
controls (HC group). Utilizing 16S rRNA sequencing on the lllumina NovaSeq platform, we conducted a
comprehensive analysis of the diversity and composition of the oral microbiota.

Results The analysis of the microbiota in the saliva samples revealed a total of 23 microbial phyla, 38 classes, 111
orders, 184 families, 327 genera and 612 species. The alpha diversity with microbial abundance and evenness
indicated the significant difference between the CLP and HC groups. Principal coordinate analysis (PCoA) and

the ADONIS test further supported the presence of distinct microorganisms between the two groups. The CLP
group displayed elevated abundances of Neisseria, Haemophilus, Porphyromonas, and Granulicatella, as indicated
by LefSe analysis. Conversely, Rothia, Veillonella, and Pauljensenia exhibited significant reductions in abundance in
the CLP group. The results of the PICRUSt analysis indicated significant differences in the relative abundance of 25
KEGG pathways within the CLP group. Through Spearman correlation analysis, strong associations between Rothia,
Veillonella, and Pauljensenia and 25 functional pathways linked to CLP were identified.

Conclusion Findings of this study offer a thorough comprehension of the microbiome profiles of CLP patients after
the restoration of oronasal structure and are anticipated to present innovative concepts for the treatment of CLP.
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Background

The cleft lip and palate (CLP) is a prevalent congenital
malformation in the oral and maxillofacial region that
significantly impacts oral functions such as chewing, pro-
nunciation, aesthetics, and even psychological well-being
[1, 2]. This condition is generally attributed to the failure
of lambdoidal junction development or fusion [3], result-
ing in velopharyngeal insufficiency and an open connec-
tion between the oral and nasal cavities [4]. Abnormal
oral structural conditions can lead to dysbiosis of the oral
microbiota, resulting in local oral diseases such as dental
caries, gingivitis, and periodontal disease [5]. In addition,
it has been demonstrated that oral infections, specifically
periodontitis, have a significant impact on the pathogen-
esis and development of numerous systemic illnesses,
including cardiovascular disease, bacterial pneumonia,
and diabetes mellitus [5].

Previous studies have found differences in the cario-
genic and pathogenic bacteria between individuals with
CLP and those in the normal population [6-9]. However,
these studies typically depended on conventional micro-
bial culture or DNA-DNA hybridization methods which
offered restricted sensitivity and biased selectivity. These
methods solely target specific bacteria instead of pro-
viding a thorough analysis of the overall microbial com-
munity [10]. High-throughput sequencing has enabled
several studies to reveal distinct differences in the overall
oral microbiome composition between CLP individuals
and healthy individuals [11-14]. Zhou et al. discovered
that the salivary microbiota of CLP individuals signifi-
cantly differed from that of healthy individuals utilizing
454-pyrosequencing technology [11]. The research is
limited due to the small number of people and samples,
and more relevant research needs to be carried out. CLP
subjects in prior studies retained oronasal fistulas, exhib-
iting structural disparities in their oral cavities when
compared to healthy populations. However, it remains
unknown whether differences in the oral microbiota per-
sist between healthy and CLP individuals without orona-
sal fistulas after therapies.

In this study, we conducted 16S ribosomal RNA
(rRNA) sequencing on an Illumina NovaSeq platform to
compare the salivary microbiota between the CLP who
have undergone treatments for oronasal fistula closure
and healthy individuals.

Methods

Subject recruitment and saliva collection

This cross-sectional study recruited participants with
nonsyndromic CLP without oronasal fistulas follow-
ing treatment and healthy controls from the Affiliated
Stomatological Hospital of Nanjing Medical University.
Approval for the study protocol was granted by the Ethics
Committee of the Affiliated Stomatological Hospital at
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Nanjing Medical University (PJ2022-033-01). The parents
or grandparents of these participants were fully informed
about the study objectives and provided the written
informed consent, as needed by the Ethics Committee.

We recruited patients with CLP (CLP group) aged 8—-22
years (mean age 13.21+4.8 years) and healthy controls
(HC group) aged 8-24 years (mean age 14.3+4.7 years).
Individuals with gingivitis, periodontitis, or systemic dis-
eases as well as those who had consumed antibiotics or
probiotics within the 2 weeks preceding sampling, were
excused from participating. The detailed information
of the participants was shown in Table 1. Unstimulated
saliva samples were collected using sterile tubes from 58
individuals in the morning between 8:00-9:00, following
an 8-hour fasting period without brushing their teeth. A
trained dentist supervised the collection of unstimulated
saliva from each participant, which was subsequently
transferred to 1.5-mL sterile microcentrifuge tubes. The
samples were frozen at -80 °C for future use.

DNA extraction and 16S rRNA gene sequencing

Following the manufacturer’s instructions, DNA was
extracted from various samples using the cetyl trimethyl
ammonium bromide (CTAB) method (details see Sup-
plementary Method) [15]. PCR was used to amplify the
hypervariable regions of the bacterial 16S rRNA gene
known as V3-V4. The primer sets 341 F (5'-CCTAC-
GGGNGGCWGCAG-3') and 805R (5-GACTACH-
VGGGTATCTAATCC-3') were employed for this
purpose [16]. The bacterial 16S rRNA genes were ampli-
fied using a PCR procedure that comprised an initial 30 s
denaturation step at 98 °C, 32 cycles of 10 s denatur-
ation at 98 °C, 30 s annealing at 54 °C, and 45 s extension
at 72 °C, and a final 10 min extension at 72 °C. During
PCR, ultrapure water was used as a negative control to
exclude the interference of false positives. Confirmation
of the amplified PCR products was conducted through
agarose gel electrophoresis, utilizing a 2% agarose gel.
Following confirmation, the PCR products was purified
utilizing AMPure XT beads (Beckman Coulter Genom-
ics, Danvers, MA, USA). Quantification of the purified
PCR products was then performed utilizing Qubit (Invi-
trogen, USA). In order to facilitate the sequencing pro-
cess, we evaluated the quantities and dimensions of the
amplicon pools using a Library Quantification Kit for
[llumina (Kapa Biosciences, Woburn, MA, USA) and an
Agilent 2100 Bioanalyzer (Agilent, USA), respectively.
Subsequently, the NovaSeq PE250 platform was utilized
to carry out the sequencing of the libraries.

Data processing and bioinformatic analysis

Sequencing was performed on an Illumina NovaSeq
platform following the manufacturer’s guidelines. The
distinct barcodes were utilized to assign the paired-end



Jiang et al. BMC Oral Health (2024) 24:623

reads to their corresponding samples. The paired-end
reads were merged using FLASH (version 1.2.8) [17] after
eliminating the barcode and primer sequence, applying
parameters with a minimum overlap threshold of 10, a
maximum threshold of 100, and a maximum allowed
mismatch ratio of 0.25 for accurate merging. To ensure
the production of high-quality clean tags, the raw reads
underwent quality filtering with fqtrim (version 0.94)
under specific filtering conditions. Subsequently, the
removal of chimeric sequences was performed using
Vsearch software (version 2.3.4) [18]. By implementing
DADAZ2 [19] for dereplication with the truncation length
set at 400, a feature table and feature sequence were
obtained. Normalization to the same randomly selected
sequences allowed for the calculation of alpha diversity
and beta diversity. The normalization of feature abun-
dance was carried out by using the relative abundance of
each sample based on the Greengenes2 reference data-
base (version 2022.10) [20].

Bioinformatics analysis was conducted using QIIME2
(version 2023.5) [21]. Alpha diversity analysis was con-
ducted to assess species diversity within each sample
through 6 indices, including Chaol, observed species,
Pielou evenness index, abundance-based coverage esti-
mator (ACE), Simpson index and Shannon-Wiener
index. Beta diversity analysis was performed using prin-
cipal coordinate analysis (PCoA) based on weighted
UniFrac distances at the ASV level. We employed the
ADONIS [22] test to determine the significance of beta
diversity differences. For biomarker discovery, we uti-
lized linear discriminant analysis (LDA) effect size analy-
sis (LEfSe) with a cut-off of 4.0 on the logarithmic LDA
score [23], on the online platform of Wekemo Bioin-
cloud (https://www.bioincloud.tech). Additionally, we
employed the online platform of Wekemo Bioincloud
for the Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt) [24].
This allowed us to predict microbial functions by anno-
tating the gene catalog based on the Kyoto Encyclopedia
of Genes and Genomes (KEGG) modules [25]. Lastly,
we conducted Spearman correlation analysis using the
R package to examine the relationship between different

Table 1 Basic characteristics of the participants

CLP (N=28) HC (N=30) P value
Gender
Male 7 (25.0%) 10 (33.3%) 0.683
Female 21 (75.0%) 20 (66.7%)
Age 13.2(4.8) 143 (4.7) 0.404
Dentition
Mixed dentition 15 (53.6%) 10 (33.3%) 0.197
Permanent dentition 13 (46.4%) 20 (66.7%)

Note Mean (standard deviation) was used to present continuous variables, while
the number of individuals (percentage) was used to present other categorical
variables. CLP: cleft lip and palate; HC: healthy control
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genera and KEGG pathways. R version 4.3.1, vegan ver-
sion 2.6-4, ggplot2 version 3.4.4, corrplot version 0.92,
psych version 2.3.9 and phyloseq version 1.44.0 packages
[26] were utilized for the above statistical analysis and
generation of diagrams.

Statistical analysis

We utilized chi-square tests and Student’s t tests to com-
pare the demographic data, analyzing categorical and
continuous variables that follow a normal distribution,
respectively. The alpha diversity, following its assessment
for normal distribution, was compared with Student’s
tests. To evaluate the significant separation of clusters
based on the weighted UniFrac distance matrix, we con-
ducted ADONIS. Statistical significance was determined
using a P value threshold of less than 0.05. In order
to compare the relative abundances of ASVs between
groups, we performed LEfSe. Additionally, we used
Welch’s t test to assess differences in the relative abun-
dance of KEGG pathways between the two groups. To
minimize the likelihood of false positives, we considered
Bonferroni-corrected P values below 0.01 to indicate sta-
tistical significance.

Results

Characteristics of subjects

Based on the study criteria, two patients in the CLP
group were excluded, and a total of 58 subjects were
identified. The clinical demographics of the subjects were
presented in Table 1, including 28 CLP patients (7 men,
21 women) and 30 healthy controls (10 men, 20 women).
The mean age of the CLP group was 13.2 years, with
53.6% in the mixed dentition stage and 46.4% in the per-
manent dentition stage. The HCs had a mean age of 14.3
years, with 33.3% in the mixed dentition stage and 66.7%
in the permanent dentition stage. No significant differ-
ences in sex, dentition or age were found between the
groups (Table 1).

Microbial profiles of saliva samples

From the 58 saliva profile data, 2,581,390 final reads were
generated after filtering, with a mean of 44,507 (range
5,309-78,188) reads per sample. We ultimately detected
2384 amplicon sequence variants (ASVs). Microbiota
analysis revealed 23 microbial phyla, 38 classes, 111
orders, 184 families, 327 genera and 612 species in the
saliva samples. The oral microbial composition of both
groups exhibited a dominance of the following gen-
era with a relative abundance exceeding 5% (CLP; HC):
Streptococcus  (29.61%; 30.27%), Neisseria (18.62%;
5.99%), Prevotella (8.82%; 8.93%) in Table S1. The results
for the top 20 genera and species were respectively shown
in Fig. 1 and Fig. S1.
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Fig. 1 Microbiological profiles at the genus level in the CLP and HC groups. The bar graphs illustrate the mean relative abundances of the top 20 genera

identified in the study cohorts. CLP: cleft lip and palate; HC: healthy control

Species richness (number of ASVs) or evenness (rela-
tive abundance of ASVs) in a single sample determines
the alpha diversity of an ecosystem. There was no signifi-
cant variation observed in the overall species diversity,
assessed through the Shannon-Wiener and Simpson indi-
ces (P>0.05; Fig. 2), between the CLP and HC groups.
However, within the CLP group, there was a possibility
of a more evenly distributed microbial community with
a greater Pielou evenness index (P<0.001; Fig. 2). Con-
versely, in the HC group, even though there were more
microbial species (ACE, Chaol, and observed species
were larger, P<0.001; Fig. 2), they might not be distrib-
uted evenly. These results suggested that microbial com-
munities in the CLP might have unique ecological traits
and structural differences.

Weighted UniFrac distance measurements were
employed to compare the variation in the composition of
salivary bacterial communities between the CLP and HC
groups. PCoA plots showed distinct clusters representing
the CLP and HC groups, indicating a significant differ-
ence in their salivary microbial communities (Fig. 3). This
significant difference was further confirmed by ADONIS
(P=0.001; R*=0.237).

Variations in each study group’s oral microbiota

To investigate the impact of CLP deformity on the
oral bacterial composition, we performed a compara-
tive investigation to analyze the relative abundance of
microbial communities in the saliva of two groups: CLP
and HC. Using LEfSe, we identified 7 genera that were
notably different between the study groups, with LDA
scores greater than 4. The HC group exhibited signifi-
cant increases in the abundances of Rothia, Veillonella,

and Pauljensenia, while the CLP group had greater
abundances of Neisseria, Haemophilus, Porphyromonas,
and Granulicatella (Fig. 4B). These genera could serve
as markers for the CLP group. Based on the hierarchi-
cal relationships, the depicted phylogenetic tree illus-
trated the marker taxa ranging from the phylum to the
genus levels (Fig. 4A). Within the CLP group, two marker
branches were observed: Bacteroidota-Bacteroidia-Bac-
teroidales-Porphyromonadaceae-Porphyromonas and
Proteobacteria-Gammaproteobacteria-Enterobacterales-
Pasteurellaceae-Haemophilus. On the other hand, the
HC group had two marker branches: Actinobacteriota-
Actinomycetia-Actinomycetales-Micrococcaceae-Rothia
and  Actinobacteriota-Actinomycetia-Actinomycetales-
Actinomycetaceae-Pauljensenia. The enrichment of car-
iogenic bacteria and periodontal pathogens in individuals
with CLP may indicate a correlation with the higher inci-
dence of dental caries and periodontal diseases associ-
ated with CLP [27-29].

Potential function of the oral microbiome in CLP patients

Functional pathways associated with the salivary micro-
biota of CLP patients were predicted through PICRUSt
analysis of the ASV table. A total of twenty-five func-
tional pathways were found to be differentially abundant
between CLP and HC groups (P<0.05, Welch’s t test).
Among these pathways, 15 (amino acid metabolism, cell
motility, translation, immune system, energy metabo-
lism, endocrine system, replication and repair, global and
overview maps, nervous system, metabolism of other
amino acids, cell growth and death, nucleotide metabo-
lism, endocrine and metabolic disease, transcription
and cardiovascular disease) were downregulated, while
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Fig. 2 The alpha diversity of the saliva microbiome between the CLP and HC groups. The indices are Abundance-based Coverage Estimator (ACE), Chao1,
observed species, Simpson Index (Simpson), Shannon-Wiener index (Shannon) and Pielou evenness index (Pielou) in the order. CLP: cleft lip and palate;

HC: healthy controls; NS. No significance; *** P<0.001

ten pathways (lipid metabolism, membrane transport,
drug resistance: antimicrobial, glycan biosynthesis and
metabolism, neurodegenerative disease, signal transduc-
tion, metabolism of cofactors and vitamins, infectious
disease: bacterial, circulatory system and immune dis-
ease) were upregulated in the CLP group (Fig. 5A). The
Spearman correlation analysis was conducted on the
25 distinct functional pathways and 7 unique bacterial
genera (Fig. 5B). Rothia, Veillonella, and Pauljensenia,
which were the taxa whose abundance decreased in the
CLP group, exhibited positive correlations with most
KEGG pathways, albeit with similar strengths. On the
other hand, Neisseria, Haemophilus, and Porphyromo-
nas, which were the genera that increased in abundance
in the CLP group, did not show any correlation with the

functional pathways, except for Granulicatella, which
exhibited a weak correlation. Furthermore, it is worth
noting that the circulatory system pathway did not cor-
relate with any of the seven differential genera. Changes
in the differential KEGG metabolic pathways associated
with divergent bacterial genera suggest that intracellular
homeostasis, energy production, and tissue development
may be compromised, thereby influencing the high inci-
dence of inflammatory diseases in CLP individuals [30].

Discussion

The potential spatial variability in geomorphic and envi-
ronmental characteristics influences the structure and
functional spatial pattern of the bacterial community.
Bacteria from differing ecological sites, such as the nasal
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Fig. 3 Beta diversity of the oral microbiota of the CLP and HC groups. PCoA plots indicated a marked distinction between the CLP and HC groups based
on the weighted UniFrac distance. CLP: cleft lip and palate; HC: healthy control

passages, oral cavity, and pharynx, communicate with
each other or spread throughout other remote regions
within the organism in cases of CLP. The connection
between the oral and nasal cavities in CLP patients can
have an impact on the oral microecological environment.
This can potentially disrupt the oral microbiome and
increase the susceptibility of CLP patients to certain dis-
eases [8]. This study provided an analysis of the salivary
microbiome in individuals with and without CLP fol-
lowing the restoration of oronasal structure by employ-
ing 16S rRNA sequencing on the Illumina NovaSeq
platform. Our analysis took an overall microbial com-
munity approach and explored the characteristics of the
oral microbiota, as well as potential changes in functional
pathways associated with CLP.

Statistical differences were observed in alpha diversity
between the CLP and HC groups across datasets using
standard estimates, such as ACE, Chaol, observed spe-
cies, and pielou. These findings have been previously
reported in other studies [31]. The low diversity of sali-
vary microbiota in the CLP group reduces the stability
of the microecological environment, making them more
susceptible to diseases like dental caries [32]. However, a
separate investigation uncovered a lack of notable dispar-
ity in alpha diversity when comparing the CLP and HC
cohorts [11]. The discrepancy in the study results could
be attributed to the limited number of participants and
the classification of participants into various groups. This
could have resulted in a decreased statistical power, hin-
dering the accuracy and reliability of the findings. We
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employed ADONIS testing to evaluate beta diversity and
found significant associations between groups, as indi-
cated by the weighted UniFrac distance. These findings
align with Funahashi et al’s study [33]. Previous research
has indicated that CLP patients experience transient
changes in their microbial community shortly after sur-
gical treatment, but the oral microbiota tends to revert
to its pre-surgical state over time [34]. This suggests
that the significant differences in the oral microbiota
between patients with repaired oronasal fistulas in CLP
and healthy individuals may stem from the long-standing

oronasal communication in CLP patients, which has
altered their inherent oral microbiota, leading to the
establishment of an unique oral microecology [35]. Even
subsequent treatments that modify the oral structure to
resemble that of healthy individuals may not easily alter
the established intrinsic oral microbial community.

We further compared the oral microbial composi-
tion between the CLP group and the HC group based
on LEfSe. The abundance of oral pathogenic bacteria,
including Neisseria, Haemophilus, Porphyromonas, and
Granulicatella, was found to be increased in the CLP
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Fig. 5 Functional prediction by PICRUSt 2. A Twenty-five KEGG pathways with significant differences across the groups according to Welch's t test
(P<0.05, corrected by Benjamini-Hochberg). B Seven genera were identified as differentially correlated with pathways through Spearman correlation
analysis. Positive correlations between genera and pathways are represented by red, while negative correlations are represented by blue. The numbers
indicate the Spearman correlation coefficient. CLP: cleft lip and palate; HC: healthy control

group. Prior research has established a strong associa-
tion between Neisseria and the occurrence and devel-
opment of cavities, as it produces acid that reduces the
pH of the mouth and leads to enamel demineralization
[36]. The notable prevalence of Neisseria genus in the
CLP group is consistent with previous research findings
[37], underscoring its potential as a caries indicator [27].
The Haemophilus genus, which consists of opportunistic
pathogens, is often found in infants before undergoing

the first stage of repair of the soft palate [38]. This is par-
ticularly relevant as Haemophilus genus is a common
pathogen associated with otitis media, a frequent compli-
cation in CLP patients [39]. Porphyromonas, known for
its association with periodontal diseases [28], could play
a key role in the development of oral health issues in CLP
individuals. Variations in Porphyromonas abundance
may disrupt microbial equilibrium, increasing the risk
of periodontal infections. Additionally, Granulicatella, a
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significant contributor to plaque biofilm formation, may
have a crucial role in plaque-related conditions like peri-
odontal disease and dental caries in individuals with CLP
[40]. These findings imply that the increased abundance
of these genera in the CLP group could potentially con-
tribute to the progression of plaque disease or other bac-
terial infectious diseases, such as otitis media.

In parallel, our analysis also demonstrated a decrease
in the abundance of Rothia, Veillonella, and Pauljensenia
in the CLP group. Rothia, Veillonella, and Pauljensenia
are common oral commensal flora [41]. The decreased
abundance of Rothia, recognized for its capacity to pro-
duce antimicrobial compounds and promote oral health,
may suggest a compromised defense mechanism against
harmful pathogens in CLP patients [42]. Similarly, Veil-
lonella [43] is associated with lactate and short-chain
fatty acid metabolism, which contributes to the mainte-
nance of oral pH and overall oral health. This reduction
may disrupt microbial equilibrium, potentially affecting
the oral environment’s resilience against acid-producing
bacteria and, consequently, increasing susceptibility to
oral diseases. Moreover, further studies of Pauljensenia,
a genus recently renamed Actinomyces, are needed to
determine its specific functional characteristics in the
oral microbiota of CLP patients [44].

To describe the functional characteristics of the CLP
microbiome, we profiled the functions of all saliva sam-
ples via the KEGG database. The identification of 25
differentially enriched KEGG pathways revealed the
functional landscape associated with CLP, with the most
prominent differences observed in glycan biosynthe-
sis and metabolism, cell motility, amino acid metabo-
lism, the metabolism of cofactors and vitamins, and
lipid metabolism. Notably, within the CLP group, lipid
metabolism, glycan biosynthesis and metabolism, and
metabolism of cofactors and vitamins were upregulated,
while amino acid metabolism and cell motility pathways
were downregulated. Spearman correlation analysis fur-
ther revealed strong associations between the decreased
abundances of the Rothia, Veillonella, and Pauljensenia
genera and the 25 differentially enriched KEGG path-
ways. This correlation suggested a potential link between
alterations in microbial composition and the observed
functional changes in CLP patients. The upregulation
of lipid metabolism, metabolism of cofactors and vita-
mins, as well as glycan biosynthesis and metabolism in
the CLP group indicated a shift in functional priorities,
potentially reflecting changes in energy utilization, sig-
naling pathways, and biosynthetic processes [45-47].
These alterations may have implications for cell surface
structures, extracellular matrix composition, and overall
cellular function [48]. Conversely, the downregulation
of amino acid metabolism and cell motility pathways in
the CLP group suggested potential disruptions in cellular
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homeostasis, energy production, and tissue development
[49]. The correlation observed with certain decreasing
genera highlights the complex relationship between the
composition and function of the oral microbiota in indi-
viduals with CLP. However, no correlation was found
between the KEGG pathways and increase in Neisseria,
Haemophilus, or Porphyromonas in the CLP group, while
a weak correlation was observed between the functional
pathways and Granulicatella. These findings suggest that
the differences in functional pathways between CLP
patients and healthy individuals may be primarily asso-
ciated with the decrease in commensal bacteria rather
than the increase in pathogenic bacteria. Therefore, the
control of oral microbes in CLP patients may begin by
replenishing commensal flora and adjusting the balance
of microbial flora rather than solely focusing on eliminat-
ing pathogenic bacteria.

Our research revealed the differences of the oral micro-
biota and potential metabolic pathways between CLP
individuals with oronasal fistula closure and healthy indi-
viduals, suggesting that anatomical repair alone might
not suffice to reconcile the disparities in the oral micro-
bial ecosystem between CLP individuals and the general
population. Nonetheless, our cross-sectional design was
unable to capture its temporal dynamics or changes pre-
and post-CLP treatment. It remained uncertain whether
the specific microbiota identified in CLP individu-
als correlated with an increased risk of CLP-associated
complications, such as a higher incidence of caries and
periodontitis. Future research should employ metage-
nomic or metabolomic sequencing to delve into the func-
tional differences between CLP individuals who have
undergone oronasal fistula repair and healthy individu-
als. Subsequent in vivo and in vitro experiments should
be conducted to functionally validate the impact of these
differential bacteria on disease outcomes associated with
CLP.

Conclusion

The structure and composition of the salivary microbiota
in CLP patients after oronasal fistula closure significantly
differed from those of healthy individuals. The presence
of Neisseria, Haemophilus, Porphyromonas, and Granuli-
catella was significantly increased in CLP patients, while
the abundance of Rothia, Veillonella, and Pauljensenia
significantly decreased. The reduced abundance of these
bacteria was closely associated with the distinct func-
tional pathways observed in the CLP group. Therefore,
managing the oral microbiota in CLP patients after oro-
nasal fistula closure should prioritize enhancing the com-
mensal flora to preserve the oral microbial ecosystem’s
equilibrium.
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