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ABSTRACT
Acute pancreatitis (AP) is a common abdomen clinical emergency. Most APs have mild clinical 
symptoms and a good prognosis. However, about 20% of patients develop severe acute 
pancreatitis (SAP), increasing morbidity and mortality. The microbiome’s impact on AP 
pathophysiology has received increasing attention. Hence, to explore changes in oral micro
bial composition in acute pancreatitis, we collected clinical information and oral saliva 
samples from 136 adult participants: 47 healthy controls, 43 acute mild AP (MAP), 29 
moderate AP (MSAP), and 17 severe AP (SAP). Using 16S rRNA gene sequencing, 663,175 
high-quality sequences were identified. The relative abundance and diversity of oral micro
organisms in AP patients increased, with decreased beneficial bacteria such as Streptococcus, 
Neisseria, and Gemella, and increased Prevotella, Veillonella, Granulicatella, Actinomyces, and 
Peptostreptococcus in the AP group. Further changes in microbial composition occurred with 
increasing disease severity, including a decreased abundance of beneficial bacteria such as 
Neisseria, Haemophilus, and Gemella in MSAP and SAP compared to MAP. Moreover, the Lefse 
analysis showed that Prevotella, Peptostreptococcus, Actinomyces, and Porphyromonas were 
better microbial markers for AP. Therefore, oral microbiome changes could distinguish AP 
from healthy individuals and serve as an early novel predictor of disease severity in AP 
patients.
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Introduction

Acute pancreatitis (AP) is a common acute abdomen 
clinical emergency, usually due to abnormal activa
tion of pancreatic enzymes caused by multiple etiol
ogies, causing autodigestion of the pancreas [1]. The 
revised Atlanta criteria divide AP according to dis
ease severity: mild acute pancreatitis (MAP), mild 
severe acute pancreatitis (MSAP), and severe acute 
pancreatitis (SAP) [2]. Most AP patients have mild 
clinical symptoms and a good prognosis. However, 
about 15–20% of patients develop SAP with systemic 
multi-organ failure, which is dangerous and has 
a high mortality rate [3]. Although many clinical 
serological indicators, scoring systems, and imaging 
findings have been developed to diagnose AP sever
ity, the specificity and sensitivity of these biomarkers 
are still insufficient, or at the time of SAP diagnosis, 
the disease has progressed to a severe stage [4,5], 
lacking effective early warning and intervention indi
cators. Therefore, more reliable and accurate biomar
kers are urgently needed for early disease diagnosis 
and assessment.

As the second largest microbiota besides the 
intestinal tract, the oral microbial community affects 
the body’s immune function, carcinogen metabolism 
and nutrient digestion [6]. It plays an important role 
in development of oral and pancreatic cancer, period
ontal disease, cardiovascular disease, and rheumatoid 
arthritis [7]. Michaud D S et al [8] were the first to 
suggest an association of oral and fecal microbial 
composition with pancreatic ductal adenocarcinoma. 
Subsequently, Fan et al. [9] found that oral patho
genic microorganisms can be used as microbial bio
markers to predict pancreatic cancer occurrence. 
Several hypotheses exist to explain how oral micro
organisms affect pancreatic inflammation and can
ceration. First, due to the anatomical factor that the 
pancreatic duct opens at the large duodenal papilla, 
oral microbiota can be ingested and colonize the 
esophagus, stomach, intestine, and bile duct, directly 
affecting the microbiota of the pancreas through 
reflux back to the pancreatic duct [10–12]. In addi
tion, it can also communicate with digestive system 
organs through blood circulation and biliary trans
mission [13]. Diehl G E et al [14] demonstrate that 
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the microbiota also indirectly acts on the gut via 
mesenteric lymph nodes in mice model. Beger 
H G et al [15] found that Staphylococcus, 
Enterococcus, and Escherichia coli could be cultured 
in necrotic pancreatic tissue in an early prospective 
clinical study, further support for this idea. 
Mechanically, Pushalkar S et al. [11] found 
Bifidobacterium pseudolongum in the pancreas of 
mice by oral gavage, and that this strain promotes 
tumorigenesis by differentially activating selective 
Toll-like receptors in monocytes to generate 
a tolerogenic immune program. In addition, 
Porphyromonas gingivalis can affect pancreatic dis
ease by mediating toll-like receptor (TLR)-2/4, an 
innate immune and pro-inflammatory signaling 
molecule [16].

Thus, oral microbiota may be closely associated 
with pancreatic inflammatory diseases. However, 
few studies have focused on the correlation of oral 
microbiota with pancreatic inflammatory diseases. 
Saliva samples are convenient and easy to collect, 
which can reduce the economic and time burden of 
patients and improve the efficiency of sampling and 
analysis. On the other hand, saliva samples have 
higher stability than fecal samples [17]. In this 
study, we selected oral samples to explored the rela
tionship between oral microbial alterations and the 
course and severity of AP patients.

Materials and methods

Study subjects

We collected saliva samples from a cross-sectional 
cohort of 136 subjects comprising 89 AP patients 
and 47 HCs for 16s rRNA gene sequencing. Patients 
were recruited between February 2022 and 
November 2022 at the Department of Pancreatic 
Surgery, Renmin Hospital of Wuhan University. 
Patients with AP should be enrolled within 72 hours 
of onset of symptoms and meet the following diag
nostic criteria: (1) abdominal pain symptoms consis
tent with AP; (2) serum amylase or lipase activity at 
least three times higher than normal; (3) abdominal 
imaging changes consistent with AP [18]. Then, all 
the AP patients according to the disease severity were 
divided into three groups: MAP, MSAP, and SAP, 
based on the revised Atlanta criteria [2]. Subjects 
were excluded if they were under 18, pregnant, had 
oral-related diseases within the last month, taking 
antibiotics or intraprobiotic drugs, imaging sugges
tive of chronic pancreatitis and metabolic, liver, 
immunosuppressive diseases, and cancer. These HCs 
were healthy volunteers (medical examiners) from 
Renmin Hospital of Wuhan University. Their age 
and gender did not differ significantly from the 
patient population. The HC group must meet the 

following inclusion criteria: free of metabolic, cardi
ovascular, intestinal or oral-related diseases; no preg
nancy; no antibiotic or probiotic medications in the 
last 3 months. The investigation conformed with the 
principles outlined in the Declaration of Helsinki. 
Informed consent was obtained from all subjects 
before enrollment. This study was approved by the 
Ethics Committee of Renmin Hospital of Wuhan 
University (WDRY2019-K068).

Sample collection

All subjects were asked to avoid brushing, eating, or 
chewing gum for 12 h before sample collection. 
Subjects were asked to gargle with 10 mL of saline 
for one minute and spit the gargle into a 50 mL sterile 
centrifuge tube. Samples were transferred to the 
laboratory for storage −80°C within two hours.

16S rRNA gene sequencing

According to the E.Z.N.A.® soil DNA kit (Omega Bio-tek, 
Norcross, GA, U.S.) instructions, the total DNA of the 
microbial community was extracted, and the DNA con
centration and purity were determined by 
NanoDrop2000, PCR amplification on the V3-V4 vari
able region of the 16S rRNA gene was conducted Using 
the following primers: 338F (5’- 
ACTCCTACGGGAGGCAGCAG-3'); 806 R (5’- 
GGACTACHVGGGTWTCTAAT-3'). The PCR ampli
fication of the 16S rRNA gene was performed as follows: 
initial denaturation at 95°C for 3 min, followed by 27 
cycles of denaturing at 95°C for 30 s, annealing at 55°C 
for 30 s, and extension at 72°C for 45 s, and single 
extension at 72°C for 10 min, and end at 4°C. The PCR 
mixtures include 5× TransStart FastPfu buffer, 4 μL; 2.5  
mM dNTPs, 2 μL; 5 μM forward primer, 0.8 μL; 5 μM 
reverse primer, 0.8 μL; TransStart FastPfu DNA 
Polymerase, 0.4 μL; template DNA, 10 ng; and ddH2O 
up to 20 μL. Purified amplicons were pooled in equimolar 
and paired-end sequenced on an MiSeq PE300 platform 
(Illumina, San Diego, USA) according to the standard 
protocols by Majorbio Bio-Pharm Technology Co. Ltd. 
(Shanghai, China). The raw reads were deposited into the 
NCBI Sequence Read Archive database (BioProject num
ber: PRJNA935469).

Bioinformatics and statistical analysis

Raw 16S rRNA gene sequencing reads were demulti
plexed, quality-filtered by fastp (https://github.com/ 
OpenGene/fastp,version 0.20.0), and merged using 
FLASH(http://www.cbcb.umd.edu/software/flash, 
v.1.2.7). The Fastp and FLASH parameters used for qual
ity filtering and merging are as follows: 1) Filter reads 
with mass values below 20 at the end of the reads, set 
a window of 50bp, if the average mass value within the 
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window is below 20, truncate the back-end subtracted 
bases starting from the window, filter the reads with 
quality control below 50 bp, and remove the reads con
taining N bases. 2) Based on the overlap relationship 
between PE reads, splice (merge) pairs of reads into 
a sequence with a minimum overlap length of 10 bp. 3) 
The maximum mismatch ratio allowed in the overlap 
region of the spliced sequence is 0.2 to screen for non- 
conforming sequences. 4) Distinguish the samples 
according to the barcode and primers at the beginning 
and end of the sequence, and adjust the sequence orienta
tion, the allowed number of mismatches for barcode is 0, 
and the maximum number of primer mismatches is 2.

The OTUs with 97% similarity cutoff were clustered 
using UPARSE 7.1, and chimeric sequences were identi
fied and removed. The taxonomy of each OTU represen
tative sequence was analyzed by RDP Classifier 2.2 
against the 16S rRNA database (e.g, Silva v138) using 
a confidence threshold of 0.7. Alpha diversity indices 
(Shannon and Simpson index) were performed using 
the vegan package, and the beta diversity was conducted 
by adopting the principal-coordinate analysis (PCoA; 
Bray-Curtis algorithm). Bacterial taxonomic analyses 
and comparisons including bacterial phylum and genus 
were conducted between two groups using the Wilcoxon 
rank sum test. Based on the normalized relative abun
dance matrix (Data analysis using relative abundance of 
species in each sample), features with significantly differ
ent abundances between assigned taxa were determined 
by Linear discriminant analysis Effect Size (LEfSe) with 
the Kruskal-Wallis rank sum test (p < s0.05), LDA was 
used to assess the effect size of each feature (cutoff LDA 
score ≥ 3.5). Random forest models were constructed 
using the R package (v. 4.6–14), and the ROC curves 
were plotted by the ‘pROC’ package (v. 1.17.0). 
PICRUSt predicted KEGG pathways functions based on 
16S rRNA sequencing data. The predicted KEGG results 
were compared between groups according to the 
sequence number using the Wilcoxon rank-sum test. 
A p value < 0.05 were considered statistically significant. 
If the data were normally distributed and did not violate 
homogeneity, it was evaluated by the Student’s t-test, and 
one-way analysis of variance (ANOVA) for more than 
two groups. Non-normally distributed variables were 
compared with the Wilcoxon rank test (two groups).

Results

16S rRNA gene sequencing characterization of 
oral microbes in AP patients

We included 136 eligible cases: 47 healthy controls (HCs), 
and 89 AP (43 MAP, 29 MSAP, and 17 SAP). Then, we 
performed 16S rRNA gene sequencing to explore the 
differences in oral microbiota between AP patients and 
healthy controls. A total of 6,631,275 high-quality 
sequences with an average length of 424 bp were 

identified, resulting in 1032 OTUs (operational taxo
nomic units), 29 phylum, 70 classes, 161 orders, 255 
families, 472 genus, and 819 species (Table S1). The 
species accumulation curves for all samples reached 
a horizontal state after a very high rise, indicating the 
adequacy of our sample collection efforts (Figure S1). 
Alpha diversity indices were calculated to assess the dif
ferences in colony diversity between the two groups. 
According to the Shannon (Figure 1a), Simpson 
(Figure 1b), Heip (Figure S1B), Chao (Figure S1C) and 
Sobs (Figure S1D) indexes, the bacterial community rich
ness of the AP group was significantly higher than the HC 
group (Table S2). Additionally, 531 of the 971 OTUs were 
shared by HC and AP groups, and 440 were unique to the 
AP group. The histogram showed that the AP group had 
more OTUs than the HC group, consistent with the 
Alpha diversity results (Figure 1c). The Bray-Curtis prin
cipal coordinate analysis (PCoA) for the microbiome 
space between samples showed that the microbial com
position of the HC and AP groups was significantly 
separated (R = 0.1558, p = 0.001) (Figure 1d).

Taxonomic alterations of oral microbiota in AP 
patients

The bacterial richness analysis revealed significant differ
ences in the oral microbial composition between HC and 
AP groups (Figure 2). The top five oral microorganisms 
in the HC and AP groups at the phylum level were 
Firmicutes, Bacteroidota, Proteobacteria, 
Actinobacteriota, and Fusobacteriota. Bacteroidota and 
Actinobacteriota were enriched in AP compared to HC 
saliva, while Proteobacteria were reduced (Figure 2a). At 
the genus level, 15 genera, such as Streptococcus, 
Prevotella, Neisseria, Veillonella, Haemophilus, 
Porphyromonas, Rothia, and Gemella accounted for an 
average of more than 90% in both groups (Figure 2b). 
Streptococcus, Neisseria, Haemophilus, and Gemella were 
reduced in the AP group, whereas Prevotella, Veillonella, 
Granulicatella, Actinomyces, and Peptostreptococcus 
increased compared to the HC group. We then used the 
Wilcoxon rank sum test to analyze the significant differ
ences in microbial composition between the two groups. 
Bacteroidota, Actinobacteriota and Acidobacteriota were 
significantly higher in the AP group than in the HP group 
at the phylum level (Figure 2c). On the other hand, 
Proteobacteria and Cyanobacteria were significantly 
reduced in the AP group. Streptococcus, Neisseria, 
Haemophilus, Gemella, Fusobacterium, 
Corynebacterium, and 29 other genera were significantly 
reduced (p < 0.05) compared to the HC group 
(Figure 2b). The analysis at the phylum and genus level 
showed significant differences in species composition 
between the two groups (Table S3 and S4). Differences 
in class, family, and species levels were also separately 
detected (Figure S2). Additionally, we constructed Circos 
plots to visualize the microbial composition between the 
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two groups at the phylum (Figure 2e) and genus level 
(Figure 2f), and the results were consistent with the 
description above.

Potential AP-associated oral microbial 
biomarkers

Furthermore, we performed LefSE analysis to distinguish 
the bacterial abundance differences that might be asso
ciated with AP disease progression (Figure 3). First, we 
analyzed the taxonomic units of the oral bacterial flora 
between the HC and AP groups (Figure 3a) to show the 
phylogenetic distribution of the oral microbiota between 
the two groups. We restricted the LDA score to > 3.5 to 
detect valid biomarkers (Figure S3). The histogram 
showed the microorganisms with significant differences 
between the two groups. Seven genera dominated AP: 
Prevotella, Peptostreptococcus, Actinomyces, Enterobacter, 
Selenomonas, Solobacterium, and Porphyromonas. In 
contrast, Streptococcus, Neisseria, Gemella, 

Brachymonas, and Fusobacterium were better biomarkers 
for HC microbiota (Table S5). Then, we constructed 
a random forest model with 10-fold cross-validation 
between the two groups and found potential biological 
markers that could distinguish between HC and AP 
patients, similar to the LefSE analysis results 
(Figure 3b). Using the top 23 species of importance, we 
construct a receiver operating characteristic (ROC) curve 
of optimized microbial biomarkers to distinguish better 
HC and AP groups (AUC: 0.80; 95% CI: 0.72–0.87). 
These results showed that the selected oral microbial 
markers were accurate for HC and AP groups (Figure 3c).

Taxonomic characterization of the oral microbial 
profile across AP severity

Furthermore, we characterized oral microbiota 
changes during AP progression. MSAP and SAP 
have more serious clinical manifestations and poorer 
prognoses than MAP. Thus, we combined MSAP and 

Figure 1. Alpha and beta diversity analysis between AP and HC groups. (a) Alpha diversity based on the Shannon index; box- 
plot features represent the median (central line), upper and lower quartiles (box), and the maximum and minimum values of the 
data (bars). (b) Alpha diversity based on the Simpson index. (c) venn diagram reflecting the similarity and repeatability of 
species composition between two groups. (d) beta diversity based on the PCoA plot. Each symbol represents the gut microbiota 
of a sample. AP, acute pancreatitis; HC, healthy control.
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SAP into one group and analyzed it compared to 
MAP. The Venn diagram (Figure 4a) indicated that 
both groups shared 564 OTUs, and 285 were unique 
to MSAP and SAP. The histogram showed that the 
total number of OTUs in the MSAP and SAP groups 
increased compared to the MAP group. The differ
ences in oral microbiota communities at the genus 
level between the two groups (Figure 4b) were as 
follows: Neisseria, Haemophilus, and Gemella 
decreased, and Actinomyces, Peptostreptococcus, and 

Atopobium increased in MSAP and SAP. The PCoA 
plot (Figure 4c) showed that MSAP and SAP had 
a distinct microbial, distribution from the MAP 
group (R = 0.0238, p = 0.012). The oral bacteria com
position differences at the phylum and species levels 
were separately presented in Figure S3. The LEfSe 
analysis revealed a significant increase of 
Staphylococcus and Rosenbergiella and a substantial 
reduction of Prevotella and Fusobacterium in MSAP 
and SAP compared to MAP (Figure 4d).

Figure 2. Oral microbiota composition. average bacterial community composition at the phylum (a) and genus levels (b) levels. 
Analysis of species differences in oral flora between AP HC groups at the phylum(c and genus (d) levels. On the left, the X- and 
Y-axis represents the average relative abundance of the gut microbiota species in various groups and the gut microbiota species 
names at a certain classification level, respectively. On the right, the X- and Y-axis represents different gut microbiota species 
between various groups and p value of significance. *0.01 < p < 0.05, **0.01 < p < 0.001, ***p < 0.001. Circos diagram of 
microbial composition at the phylum(E) and genus(F) level in the three groups (left and right semicircles represent different 
samples and different species).
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Altered microbial functions in AP

To study the functional and metabolic changes in the 
oral microbial community of AP patients, we pre
dicted the functional composition of the microbial 
community using the Phylogenetic Investigation of 
Communities by Reconstruction of Unobserved 
States (PICRUSt) (Figure 5). Differences in metabolic 
pathways between the two groups were distinguished 
using the Wilcoxon rank sum test. 42 KEGG path
ways were predicted, and 23 significantly differed 
between the two groups based on the number of 
sequences correlated with the pathways. 12 pathways 
were significantly enhanced in the AP group: 
‘Infectious disease: bacterial’, ‘Digestive system’, 
‘Nervous system’, ‘immune system’, ‘Cell motility’, 
‘Cell growth and death’, and ‘Carbohydrate metabo
lism’ (Figure 5a). In contrast, the oral microbiome of 
the HC group was characterized by ‘Drug resistance: 
antineoplastic’, ‘Cellular community-prokaryotes’, 

and ‘membrane transport’. We detected a significant 
increase in the bacterial invasion of epithelial cells in 
the bacterial infectious disease pathway for the AP 
group (Figure 5b). Hence, the PICRUSt2 analysis 
demonstrated the dysfunctional microbial composi
tion of the two groups and the metabolic dysfunction 
of the microbial community.

Clinical factor data from different groups related 
to oral microbiota

The HC and AP groups did not differ regarding age, 
gender, ALT, and PT (Table 1). Meanwhile, serum 
inflammatory markers CRP (p < 0.0001), PCT 
(p < 0.0001) and IL-6 (p < 0.0001) were significantly 
higher in the MSAP and SAP groups, comprising 
a more severe disease compared to the MAP group. 
Moreover, we found that Ca2+ was significantly 
higher, and D-dimer was significantly lower in the 

Figure 3. LEfSe and LDA based on OTUs among AP and HC groups. (a) the circles radiating from the inside to the outside 
represent the classification level from the phylum to the genus. Each circle of a level represents that at level’s classification, and 
the circle’s diameter represents its relative abundance. Biomarkers with significant differences are colored according to the 
grouping color (‘p’ represents phylum, ‘c’ represents class, ‘o’ represents order, ‘f’ represents family, ‘g’ represents genus). (b) the 
top 23 biomarker bacterial classes were identified by applying random forests regression to their relative abundance values. (c) 
we constructed receiver operating characteristic curves (ROCs) for optimized microbial biomarkers using the top 23 microbial 
markers identified by random forest regression to better distinguish between the HC and AP groups. AUC: area under the ROC 
curve.
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MSAP and SAP groups. We used Spearman’s rank 
test analysis to investigate the correlation of the 
relative abundance of the top 50 most abundant 
genera with clinical indicators and disease severity 
(Figure 6). In the HC group, Hb was positively 
correlated with Gemella (r = -0.4, p = 0.005), 
Tannerella (r = -0.33, p = 0.02), and Filifactor (r = 
-0.47, p = 0.0007), while negatively correlated with 
Prevotella and Stomatobaculum (Figure 6A). The 
dominant genus Rosenbergiella in the AP group 
was positively correlated with CRP (r = 0.23, p =  
0.02), IL-6 (r = 0.27, p = 0.01), PCT (r = 0.24, p =  
0.02), BISAP score (r = 0.22, p = 0.03) and Sofa score 
(r = 0.23, p = 0.02). Enterobacter was positively 

correlated with Sofa (r = 0.29, p = 0.006) and PCT 
(r = 0.26, p = 0.001). Significantly reduced beneficial 
Neisseria in the AP group were negatively correlated 
with IL-6 (r = −0.23, p = 0.02), WBC (r = −0.21, p =  
0.04), and PCT (r = −0.33, p = 0.001). Similar results 
(negative correlation with inflammatory indicators) 
were found for other beneficial bacteria significantly 
reduced in AP patients. For example, Gemella was 
negatively correlated with PCT (r = −0.26, p = 0.02), 
APACHE2 score (r = −0.28, p = 0.007), BISAP score 
(r = −0.31, p = 0.02) and ICU days (r = −0.25, p =  
0.01); Haemophilus was negatively correlated with 
PCT (r = −0.23, p = 0.003), APACHE2 (r = −0.27, p  
= 0.001) and PT (r = −0.21, p = 0.04) (Figure 6B).

Figure 4. Differences in oral microbiota between MAP and MSAP_SAP groups. (a) venn diagram reflecting the similarity and 
repeatability of species composition between two groups. (b) average composition of bacterial community at the genus levels. 
(c) beta diversity analysis based on the PCoA plot. (d) microbes with differential abundance (LDA score＞3.5) were plotted as 
a histogram. LDA score histogram showing the oral microbiome with significant differences between the two groups.
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Discussion

As a habitat for many microorganisms, the oral cavity 
plays various of functions, such as forming an oral 
mucosal barrier, participating in immune responses, 
and resisting the invasion by foreign microorganisms. 
Periodontitis pathogens can stimulate cells to pro
duce inflammatory factors such as IL-1β, IL-6, and 
TNF-α [19] and enter the body circulation system 
through the broken gingival epithelium in periodon
tal pockets, causing bacteremia, or ectopic coloniza
tion in other organs [20]. The oral microbiota is 
involved in the development and progression of 
inflammatory diseases such as inflammatory bowel 
disease [21] and cholangitis [22], and associated can
cers such as colorectal tumors [23] and pancreatic 
cancer [24]. However, the correlation between oral 

microorganisms and AP has not been adequately 
studied, and this study will shed light on the correla
tion between AP and oral microbiota. This study was 
the first to describe the altered oral microbiota in AP 
patients from five aspects: species diversity, microbial 
community composition, diagnostic prediction 
model, functional prediction model, and correlation 
with clinical indicators.

We conducted a cohort study with 137 Chinese 
individuals, including 89 AP patients (43 MAP and 
46 MSAP and 17SAP) and 48 HC using 16s rRNA 
gene sequencing, and found that AP was associated 
with oral salivary microbiota dysregulation. 
Regarding the oral microbial diversity between HC 
and AP groups, the Shannon index was higher in the 
AP group than in the HC group, suggesting AP group 

Figure 5. Oral microbial functional dysbiosis in AP patients and HCs. differential KEGG pathways by PICRUSt. Significant 
differences between AP and HC groups at level 2 (a) and level 3 (b).
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presented a higher oral microbial diversity, in consis
tent with the Simpson indices. Similar results were 
previously obtained on tongue samples from pancrea
tic cancer patients [25]. However, the relative gut 
microbiota abundance and diversity of AP patients 
is reduced compared to healthy individuals [26], dif
ferent from our current findings regarding the oral 
microbiota. Existing studies have shown that oral 
microbes differ from intestinal ones, and increased 
diversity of oral microbiota often indicates inflamma
tion and disease [27], Similarly, some harmful bac
teria might increase and participate in disease 
occurrence and development [28,29]. Overall, we 
found significant changes in the oral microbiota com
position in the AP group compared to the HC group, 
Thus, these changes might provide fundamental sup
port for diagnosing and predicting of AP.

Moreover, we systematically described the differ
ences in oral salivary microbiota composition 
between AP and HC. The oral microbial composition 
in MSAP and SAP significantly differed from MAP, 
suggesting that oral microbial composition might 
affect AP severity. Streptococcus, the most abundant 
beneficial bacterium at the genus level, decreased in 
the AP group, as well as the commensal bacteria 
Neisseria and Gemella. These results were similar to 

the study of oral microbiota in pancreatic cancer 
patients [30]. Streptococcus, an early colonizing bac
terium of the oral cavity, reduces the inflammatory 
response by downregulating the nuclear transcription 
factor NF-кB in small intestinal epithelial cells, inhi
biting PPARγ transcriptional activity and reducing 
IL-8 secretion, which contributes to immune regula
tion and host defense processes [31]. Furthermore, 
S. salivarius K12 is now widely used as a probiotic to 
prevent and treat recurrent pharyngitis, tonsillitis, 
and pharyngitis [32,33]. It reduces the colonization 
of harmful bacteria in the oral and respiratory tracts 
by producing bacteriocin-like inhibitory substances 
(BLIS), promotes the balance of the organism’s 
microbiome, protects the host from inflammation 
and avoids apoptosis [33]. The oral symbiotic bacter
ium Neisseria promotes human health and partici
pates in bioremediation, preventing oral diseases 
and reducing the risk of pancreatic cancer [24,34]. 
Gemella, a fibrin degrader, produces short-chain fatty 
acids (SCFAs) in the colon. SCFAs are important 
mediators of intestinal immune regulation and main
tain intestinal barrier function by inhibiting the pro
duction of pro-inflammatory factors [35,36]. Gemella 
is reduced in AP patients, so the above response is 
inhibited, leading to intestinal bacteria displacement 
and causing AP or even aggravating. The decreased 

Figure 6. Associations between oral microbiomes and clinical indices of AP. Spearman correlations between the top 50 species 
regarding total taxonomic abundance, clinical outcomes, and disease severity indicators. Positive (red) or negative (blue) 
correlations are shown by a two-color heatmap, with asterisks denoting statistical significance (*p < 0.05, **p < 0.01).
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Streptococcus and increased Prevotella in AP are con
sistent with previous inflammatory bowel disease 
(IBD) studies [37].

Additionally, we suggested that some alterations in 
the AP oral microbiota could potentially increase 
their pathogenicity. The increase of opportunistic 
pathogenic bacteria, such as Prevotella, Actinomyces 
and Veillonella, might affect AP occurrence and 
development. For example, Prevotella predominates 
in periodontitis [38,39] and could exacerbate inflam
matory disease by stimulating the production of 
inflammatory mediators such as CCL20, IL-8 and 
IL-6 [40]. Therefore, Prevotella melaninogenica is 
usually cultured as the sole infectious agent of pleur
opneumonia, endocarditis, intra-abdominal infection, 
wound infection, necrotizing fasciitis, and purulent 
infection [41]. Veillonellabe members are associated 
with multiple infections and are significantly 
increased in alcoholic liver disease, primary biliary 
cholangitis (PBC), and other liver diseases, and Han 
M et al. [42,43] demonstrated the deleterious effects 
of Veillonella on PBC.

The Lefse results showed that beneficial commen
sal bacteria Neisseria, Haemophilus, and Gemella were 
reduced in MSAP and SAP and conditionally patho
genic bacteria such as Prevotella and Fusobacterium 
were increased compared to MAP. These results rein
force that a decrease in beneficial commensal bacteria 

and an increase in opportunistic anaerobes may have 
been involved in the development of AP and con
tinue to impair the health of AP patients. Various 
oral and gut microbial models are available for the 
diagnosing and predicting cancer, such as oral [44], 
pancreatic [34], rectal [29], and liver cancer [28], and 
other diseases such as IBD [45], coronary heart dis
ease [46], acute endocarditis [47], and Alzheimer’s 
disease [48]. Similarly, we believe the oral micro
biome can be a biological marker to predict AP. 
Therefore, we used LefSE analysis to identify some 
oral microbial markers to separate AP patients from 
HCs, after constructing a random forest model to 
perform a 10-fold crossover to validate their diagnos
tic effect. Selenomonas, Solobacterium, and 
Enterobacter population are not suitable as microbial 
markers for identifying AP patients from HCs 
because of their low population levels. Therefore, 
Prevotella, Peptostreptococcus, Actinomyces, and 
Porphyromonas are better microbiota markers for AP.

Next, we performed a functional composition ana
lysis of the microbial community between the two 
groups using PICRUSt. The membrane transport 
pathway was reduced in AP patients compared to 
HCs. In contrast, pathways associated with oxidative 
stress and toxicology increased in the AP group (e.g. 
terpenoids and polyketides and carbohydrate meta
bolisms). Furthermore, the cell motility pathway was 

Table 1. Demographic characteristics of participants.
AP HC

MAP(n = 43) MSAP_SAP (n = 46) p value1 n = 47 p value2

Age(years) 44.7 ± 12.7 49.7 ± 16.6 0.025 43.7 ± 9.4 0.059
Sex (male/female) 20/23 22/24 0.901 22/25 0.966
BMI (kg/m2) 
Smoke, n (%) 
Drink, n (%) 
Hypertension, n (%) 
Diabetes, n (%)

24.6 ± 3.6 
9 (20%) 

6 (13.9%) 
12 (29.7%) 
13 (30%)

25.8 ± 5.9 
12 (26%) 

11 (23.9%) 
14 (30%) 

16 (34.7%)

0.578 
0.567 
0.541 
0.793 
0.647

23.8 ± 2.62 
9 (19%) 
8 (17%) 

10 (21.2%) 
8 (17%)

0.026 
0.552 
0.547 
0.318 
0.052

AMY (u/L) 283 (150–744) 547 (238–930) 0.055 69 (58–80) <0.0001
LPS (u/L) 1746 (413–4000) 2022 (790–5345) 0.25 153 (95.7–195) <0.0001
WBC (109/L) 10.8 ± 4.2 13 ± 4.5 0.941 6.3 ± 1.6 <0.0001
Neu (109/L) 75.5 ± 11.4 84.1 ± 6.5 <0.0001 60.3 ± 6.2 <0.0001
Hb (g/L) 140.3 ± 21.5 133.1 ± 36 0.006 152.8 ± 8.5 <0.0001
Lym (109/L) 13.5 (9–21.7) 8.2 (5.8–11.4) <0.0001 37.4 (32.4–41.4) <0.0001
CRP (mg/dL) 31.8 (9.8–77.1) 104 (47–162) <0.0001 1.6 (0.27–2.35) <0.0001
PCT (ng/mL) 0.09 (0.04–0.2) 0.79 (0.35–2.58) <0.0001 0.05 (0.02–0.08) <0.0001
IL-6 (Pg/ml) 33.1 (20–55) 77.8 (30.2–278) <0.0001 4.2 (2.3–6.5) <0.0001
ALT (U/L) 26 (19–48) 36 (16–118) 0.307 31 (20–41.2) 0.228
AST (U/L) 24 (16–38) 39 (27–89) <0.0001 26 (19.7–33) 0.041
Cr (μmol/L) 66 (53–74) 65 (50–104) 0.616 75.5 (63.7–87.2) 0.006
TBIL (mmol/L) 16.7 (10.6–25.2) 23 (14–41.2) 0.017 14.4 (7–20) <0.0001
TC (mmol/L) 3.9 (3.4–5.1) 3.6 (3–5.8) 0.359 3.2 (1.9–4.5) 0.001
TG (mmol/L) 2 (0.8–5.7) 1.6 (0.8–10) 0.920 1 (0.5–1.5) <0.0001
Ca2+ (mmol/L) 2.15 (2–2.3) 2 (1.8–2.3) 0.011 2.3 (2.2–2.4) <0.0001
D-dimer (mg/L) 0.4 (0.2–0.8) 1.7 (0.4–3.7) <0.0001 0.23 (0.07–0.34) <0.0001
PT (sec) 
BISAP 
APACHE2 
SOFA

11.6 ± 1.3 
0 (0, 0) 
1 (0, 3) 
0 (0, 1)

12.7 ± 1.9 
1 (0, 2.5) 
5 (3, 9) 

2 (1, 3.5)

0.032 
< 0.0001 
< 0.0001 
< 0.0001

11.1 ± 1.1 0.57

Table 1 BMI: body mass index; AMY: Serum amylase; LPS: Serum lipase; WBC: white blood cell; Neu: neutrophil; Hb: Hemoglobin; Lym: lymphocyte; CRP: 
C-reaction protein; PCT: procalcitonin; IL-6: Interleukin-6; ALT: Alanine transaminase; AST: Aspartate Transaminase; Cr: creatinine; TBIL: Total bilirubin; 
TC: total cholesterol; TG: Triglycerides; PT: Prothrombin Tim; BISAP: Bedside Index for Severity in Acute Pancreatitis score; APACHE2: Acute Physiology 
and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment score. 1, HC Vs. AP 2, MAP Vs. MSAP_SAP. 
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excessive in the AP group. We know that as products 
of bacterial lysis, flagella can activate the epithelial 
expression of pro-inflammatory cytokines and che
mokines [49] and that bacterial chemotaxis and moti
lity can promote their colonization, exacerbating the 
inflammatory response [50]. The significant increase 
in the route of bacterial invasion into epithelial cells 
may indicate that potential oral pathogens adhere to 
and multiply on the surface of host cells, pass through 
the epithelial or endothelial host barrier, and enter 
the interior for activities [51]. Moreover, Enterococci 
and Enterobacteriaceae migrate from the gut to the 
circulation and pancreas, possibly leading to sepsis 
and pancreatic necrosis [52]. However, the basic 
pathways by which oral microbiota affect pancreatic 
diseases need further in-depth study.

The association between oral microbiota and clin
ical parameters provides new insights into the poten
tial relationship between the oral microbiome and 
AP. We can determine AP progression using inflam
mation indicators such as WBC, PCT, IL-6, CRP, 
D-dimer, and Ca2+, and various scoring scales, such 
as APACHE2, BISAP, and Sofa score [53,54]. 
Decreased Neisseria, Haemophilus, and Gemella in 
AP were negatively correlated with clinical indicators 
responding to disease severity. The significant 
decrease in symbiotic Neisseria and Gemella, benefi
cial oral bacteria, affects AP development. These 
results demonstrated the close correlation between 
oral microbiota and AP severity.

This study has some limitations that need to be 
addressed. First, although the number of smokers did 
not differ between AP and healthy patients, the dura
tion of smoking may change oral microbes, which 
may have an impact on the results [55]. Second, the 
16s rRNA sequencing we used cannot provide more 
accurate species level and functional prediction, but 
we investigate the relationship between oral micro
biota and AP, and the Metagenomics approach 
should be able to solve this problem. Finally, our 
article explores differences in oral microbiota 
between AP and healthy individuals, however, the 
pathways by which the oral microbiota affects pan
creatic tissue and whether the inflammatory state of 
the oral microbiome in AP patients is a cause or 
a consequence of deterioration need to be further 
investigated at the molecular level, at both the cyto
logical and zoological levels.

Conclusion

In summary, we described the differences between the 
oral microbes of the AP and HC groups. Our finding 
demostrated that differences in the oral microbiome 
could distinguish AP from healthy individuals. This 
difference was mainly manifested in the overabun
dance of opportunistic pathogenic bacteria Prevotella, 

Actinomyces, Peptostreptococcus, Selenomonas, and 
Atopobium, and the reduction of beneficial bacteria 
Streptococcus, Neisseria and Gemella. The destruction 
of this oral microbiota might affect the severe course of 
AP by aggravating the inflammatory response and 
other ways. In the future, we will study the causal 
relationship between oral flora changes and acute pan
creatitis and use it for clinical diagnosis and interven
tion to provide new ideas for treating severe AP 
patients. Oral microbiota-based biomarkers can be 
used as a non-invasive way to detect AP, but this 
needs to be confirmed with larger samples.
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