ARERmRE 20256 128 $£33% F128
Journal of Prevention and Treatment for Stomatological Diseases, Dec. 2025,Vol.33 No.12  https://www.kqjbfz.com - 1041 -

[ DOI ] 10.12016/j.is5n.2096-1456.202550322 - iR -

FiEEEMEREERTISS LAELSF
0 2 1 YRR AE 53 A

®yy', ANAET, EW', O, Kt
LEHEARFRELTRER, LF(100730); 2,400 = B E L, # i 44 (310006)

(WE] B8 WA LS R B R R N A 0SS e A WA - T kKO 2 5 A7 e 3k
A WEYE S 2F PR b RS R A R R SOR E B RN R AR . i ARl B AR R
S AL UE , BT BEPEGI A 2020 4F 10 A 22 2022 48 8 H #5232 AR T [A) 5L N B8 TR K4k iR 97 19 9 491 4 A |
52 98 B R AESCE 53 Y Y 2R 2 N S R bR A , X 168 rRNA #E4T Hlumina MiSeq il /¥ 5 & J§ DADA2
B RS 1 1 7 51 28 f& (amplicon sequence variants , ASV) , I LA A S B 6 4= 90 20 %0408 % (human oral micro-
biome database , HOMD ) {3 B¢ 22 W Ff K- o b3 PER A A ASV 946 H 28 S LA T 601585 e vk v 1) AR ) 32 5
R FH A8 1 A R IR S AT I BEVE R Gtk H 43 M T L2 2 B (Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States 2, PICRUSI2) Tl #&5 AE AR ZZ 3L N4 T . &R 70| 8 F IR AFF LA
ASV 3 ASV DIARAT B & /)N P BT 1 ek B g i A5 B TR T R i A o DL 5 EG e, R P o B T L B
PR AT B E 2200 B8 35 P BB A2 A 1Y, ELAE AR 0 S8 8 S R rh i AR XS 2 > 5%, 6 Bl i 3 AP E BRI
sl Mt o6 T i 1 () — ASV At 5 LA AR AT 1A EL A S Ao R 2 i M bl BP L TR 1) X6 1N ASV AE - SE IRV T
FERES TRAERWHFHL ., PICRUS2 JIRE T £/, b a0 82 MR 38 55 R IR ASV o5 L 5 8ksE T
05 40 L PR A5 3 200 B R T 45 10 2% RS I I A OC ;s BR AR R AR A, A TE B AR IR R 5 Y 2R A4
5 005 MR AR B R IR ASY i FUAROCHEAR . R BR BAZARAT I ASV 5, ERARSCHER s . &k A
IF 5% A8 0 - T AR K PR S 28 PR b 651 52 8 £ 3 4R B I g TR 2F AR 2 b A 8 R =2 ) A e S =2 1 B A= )
T, - U5 e VR AR X S A R ) A I - TR R J T R A R AT T LA ST e R S S R B T Ay 2 R
b ASE ARG TR AR AL T R G A W I

[k@iA] A LsER; MAEMTHE; mEENFE; BERTE;: IR,
FHEBOR R ; A AEURRE; 165 rRNA

([FEH%S] R78 [X#iFED] A [XEHS] 2096-1456(2025)12-1041-12 BAEA RS
[SIAZERENX] iy, 2 R, EHE, 5 F M RS R B FIRT B 5 s a 6ok Wik i R Ak i
[J]. BRI BTG, 2025, 33(12): 1041-1052. doi:10.12016/.issn.2096-1456.202550322.

Characterization of the shared microbial profile between infected extraction socket and maxillary sinus in pa-
tients with odontogenic maxillary sinusitis LU Chang', QIN Yicheng’, WANG Ye', XU Min', LIN Jiang'. 1.

Beijing Tongren Hospital, Capital Medical University, Beijing 100730, China; 2. Hangzhou Stomatology Hospital,
Hangzhou 310006, China

Corresponding author: LIN Jiang, Email: kelvinperio@163.com

[Abstract] Objective To explore whether infected granulation tissue in tooth extraction sockets and maxillary
sinus pus share a common microbial profile at the subspecies-strain level in patients with odontogenic maxillary sinus-
itis (OMS), providing evidence for infection origin tracing and precise antimicrobial therapy in OMS. Methods This

study was reviewed and approved by the institutional ethics committee. Nine consecutive OMS patients who underwent
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synchronous endoscopic sinus surgery and tooth extraction from October 2020 to August 2022 were prospectively en-
rolled. Under general anesthesia, paired specimens were collected from infected extraction-socket granulation tissue and
maxillary sinus pus. Bacterial DNA was extracted, and the full-length 16S rRNA gene was sequenced on the I[llumina
MiSeq platform. Amplicon sequence variants (ASVs) were generated using the DADA2 algorithm and taxonomically an-
notated to the subspecies level against the Human Oral Microbiome Database. The detection rate of shared ASVs be-
tween the two sites and their relative abundance in sinus pus were compared. Functional profiles were predicted using
Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 2 (PICRUSt2). Results Shared
ASVs were identified in seven of the nine patients. Fusobacterium, Parvimonas, Porphyromonas, and Prevotella were the
most prevalent genera. Porphyromonas gingivalis and Fusobacterium nucleatum were co-detected in multiple patients,
with relative abundances exceeding 5% in sinus pus of several cases. Identical ASVs of F. nucleatum or Porphyromonas
spp. were detected in six patients; the ASVs corresponding to F. nucleatum subsp. nucleatum and Porphyromonas
endodontalis were significantly more abundant in sinus pus than in extraction-socket granulation tissue. PICRUSt2 func-
tional profiling revealed that the proportion of socket-derived microbes in sinus pus was strongly correlated with 10
pathways, including ferroptosis, adipocytokine signaling, and apoptosis, et al. Except for biotin metabolism, the remain-
ing pathways showed weak correlation with the proportion of extraction socket-derived ASVs in the extraction-socket
granulation tissue and maxillary sinus pus. Removing F. nucleatum ASVs markedly attenuated these associations. Con-
clusion At the subspecies-strain level, this study confirmed the presence of a shared microbial profile between in-
fected extraction-socket granulation tissue and maxillary sinus pus in patients with odontogenic maxillary sinusitis. The
co-detected subspecies-strains with high relative abundance in maxillary sinus pus included Fusobacterium nucleatum
subsp. nucleatum and Porphyromonas endodontalis, thus providing strain-level microbiological evidence for infection
source tracing in OMS.
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Lane M represents the DNA marker. Lanes 1 to 18 show PCR products from different samples. The presence of a distinct band in each lane, corre-

sponding to the expected size, confirms successful amplification of the 16S TRNA gene. CK indicates the negative control without template DNA

Figure 1  Gel electrophoresis image after PCR amplification of the 16S rRNA region
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Figure 2 Representative imaging of a typical odonto-
genic maxillary sinusitis case from periapical periodontitis
2 HRAQJAI RIS I PR 552 48 AL AR
BB

PR 6 636.6 M FHI . ARG 15891 ASV, K
FEH AL ECR 1453 bp (25% 157 BT 75% 151 5053 531 N
1441 bp A1 1 464 bp) . FEIR A B W ZFA LS 16
SEMB LA Y ASV 1 R 2k (18] 3) R g A 7 il
AR I R B AR P SRR R B R A A AE S
K

2.3 A ASV 4 B K 20,

W PR, 9 Wl b, 7 0 E A ASV 7E4R
FE AL b S R LA Y R R
e, SRR ASV B 6552 R ASV ARG S
40% . /)N 5 JE (Parvimonas) 1R AT T J& (Fuso-
bacterium ) W 1 J& ( Porphyromonas ) 35 75 1K
18 )& (Prevotella ) XTIV ASV 1£ Z 9 635 4R K 55 - L
sE LA o AR 4 BT R A5 R AL R AR
ASV F22 X8 7 J& 9% 43 28 bR 3 5 Al DL, i obi 5 i 7 iR
( Porphyromonas ) Fl % T 1 J& ( Fusobacterium ) £
o3 B8 A0S e BT B A AR
2.4 A ASV AR P 4R

HE— 20 53 By LG Y ASV X B B AP S AL 4
5 it , A di bk 5L TR ( Porphyromonas gingiva-
lis) /NN T (Parvimonas micra) JHAZARFF 16
( Fusobacterium nucleatum ) 55 XF N f¥) ASV 15 4 %5
P 2R 2L 1 sE o LA B 2, HLAR R O AR
AU YR AR X B R A 5% .



AR &R bE

2025 128 $33%F F 128

Journal of Prevention and Treatment for Stomatological Diseases, Dec. 2025,Vol.33 No.12  https://www.kqjbfz.com *

1045 -

Cumulative number of co-detected ASVs

1 2 3 4 5 6 7
Number of oral samples
The x-axis represents the cumulative number of patient pairs
(each pair includes infected extraction socket granulation tissue
and maxillary sinus pus from the same patient); the y-axis shows
the cumulative count of co-detected ASVs. The plateau indicates
that the current sample size is sufficient to capture the full spec-
trum of shared ASVs. ASV: amplicon sequence variants. OMS:
odontogenic maxillary sinusitis
Figure 3 Accumulation curve of 16S rRNA co-detected
ASVs in granulation tissue in the extraction socket and
maxillary sinus pus from patients with OMS
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Genus-level distribution and relative abundance of ASVs co-detected via 16S rRNA sequencing in patients with odontogenic

maxillary sinusitis

ASV Relative

ASV Relative

No .of
Patient Age / abundance in abundance in Co-detected genera
Gender shared Source
ID  years Asy extraction maxillary sinus (listed only if co-dectected in at least three patients)
s
socket (%) pus (%)
39 39  Female 35 Periapical 80.3 14.0 Parvimonas, Porphyromonas, Prevotella, Filifactor, Odoribacter
Periodontal-
52 67 Male 26 38.0 73.3 Parvimonas, Porphyromonas, Prevotella, Dialister, Odoribacter
Periapical
50 41 Female 24 Periapical 92.9 98.6 Parvimonas, Fusobactertum, Porphyromonas, Filifactor, Odoribacter
Parvimonas, Fusobacterium, Porphyromonas, Prevotella, Dialister,
42 63 Male 13 Periapical 11.3 14.0
Filifactor

53 62 Female 5 Periapical 0.7 19.3 Fusobacterium, Prevotella, Dialister
41 42 Male 4 Periodontal 1.3 43.1 Parvimonas, Fusobacterium
44 43 Female 1 Periapical 0.2 8.9
38 65 Female 0 Periapical 0 0
51 41  Female 0 Periodontal 0 0

ASV: amplicon sequence variants
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Genus-level classification and relative abundance of co-detected ASVs were analyzed by 16S rRNA sequencing. The x-axis shows sample IDs.
Sample IDs: first two digits = patient ID; third digit = sampling site (1 = extraction socket, 3 = sinus pus); and fourth digit = infection origin (1 =
periapical, 2 = periodontal, 3 = combined). OMS: odontogenic maxillary sinusitis. ASV: amplicon sequence variants.

Figure 4  Genus-level distribution of co-detected ASVs in extraction-socket granulation tissue and sinus pus from patients with

OMS by 16s rRNA sequencing
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Only ASVs detected in at least two patient pairs are shown, ordered by mean relative abundance in sinus pus. Sample IDs: first two digits = patient
ID; third digit = sampling site (1 = extraction socket, 3 = sinus pus); and fourth digit = infection origin (1 = periapical, 2 = periodontal, 3 = com-
bined). OMS: odontogenic maxillary sinusitis. ASV: amplicon sequence variants. OMS: odontogenic maxillary sinusitis
Figure 5 Species-level distribution of co-detected ASVs in extraction-socket granulation tissue and sinus pus from patients with
OMS by 16S rRNA sequencing
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Phylogenetic tree of Fusobacterium nucleatum  Phylogenetic tree of Porphyromonas spp.
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Maximum-likelihood phylogenetic tree based on 16S

rRNA sequences. Colored nodes indicate ASVs co-

411214231 detected in both the extraction socket and sinus pus.
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Figure 6  Phylogenetic tree of Fusobacterium
nucleatum and Porphyromonas ASVs
co-detected in extraction-socket granulation
tissue and sinus pus from patients with OMS by
16S rRNA sequencing.
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Table 2 Shared ASVs assigned to Fusobactertum nucleatum and Porphyromonas spp. detected in granulation tissue in the extraction

socket and sinus pus from patients with OMS with their relative abundances

Relative abun-

Relative abun-

dance in maxil-

Patient 1D ASV ID dance in extrac- ASV sannotation
tion socket (%) fary sinus
pus (%)
41 fe2dh91dd3eeb9e1b749ad315bd96692 0.5 16.2 Fusobacterium nucleatum subsp. vincentii
41 5437a73¢0a999¢h002f09d98448d1951 0.2 7.8 Fusobacterium nucleatum subsp. vincentii
50 243¢b34918f37e0139103d999df850e 4.9 2.1 Fusobacterium nucleatum subsp. vincentii
50 ac31ade967ef987452h3839¢34db0a3 5.4 1.8 Fusobacterium nucleatum subsp. vincentii
50 1680e420ed16d91da91c07bh9be291f6 6.4 3.7 Fusobactertum nucleatum subsp. vincentii
50 bca23fd8016126a6804c4c88cdadf931 6.4 1.0 Fusobacterium nucleatum subsp. vincentii
50 1b518e23ad28476e475e4caeccleth9s 4.6 10.9 Fusobactertum nucleatum subsp. nucleatum
50 03717b19b1a8774eb511d48e4b0f13e6 11.5 32.1 Fusobacterium nucleatum subsp. nucleatum
50 dd37d95{750d97¢7c407daf19f433bb0 44 10.5 Fusobacterium nucleatum subsp. nucleatum
53 0eb6fce6dd352¢822a8127d{86aa5496 0.1 5.2 Fusobacterium nucleatum subsp. vincentii
39 62fe71b8c566¢c24a8c6a4h730f111d9 34.8 3.6 Porphyromonas gingivalis
42 5¢90869902¢98cae630dc4efdf837eh9 0.4 2.5 Porphyromonas endodontalis
50 a41{8585chda55e9e45ah378(48faede 0.1 8.5 Porphyromonas endodontalis
50 e621b114e26af177eh3955de8aa2e9a4 0.3 4.1 Porphyromonas gingivalis
52 c6ceca3579dcl 1efdf507f1becObe637 0.5 4.2 Porphyromonas endodontalis
52 867d35beclcdb7a4¢631¢9681d08h92b 0.5 8.3 Porphyromonas endodontalis
52 62h2d5¢99¢68651fa093132b6h6fd8de 23.1 14.1 Porphyromonas gingivalis

OMS: odontogenic maxillary sinusitis. ASV: amplicon sequence variants

3 PICRUSK2 T A 1A 8 %55 L 60052 e vh 35 F 85 SR R ASV (i LU YR R 23 B

Table 3 Correlation between PICRUSt2-predicted metabolic pathways and the proportion of socket-derived ASVs in maxillary sinus pus

Metabolic pathway

Correlation in OMS pus (r)

o Correlation in OMS pus without
Correlation in socket sample (r) )
Fusobacterium nucleatum (r)

Ferroptosis 0.72
Adipocytokine signaling pathway 0.71
Apoptosis 0.66
Apoptosis-fly 0.66
Thermogenesis 0.64
PPAR signaling pathway 0.61
Biotin metabolism 0.57
Thiamine metabolism 0.54
PI3K-Akt signaling pathway 0.54
One carbon pool by folate 0.54

0.19 0.32
0.10 0.12
-0.49 0.13
-0.17 0.67
NA 0.05
NA -0.03
0.67 0.31
0.54 N/A
0.38 N/A
0.24 N/A

PPAR: eroxisome proliferator-activated receptor signaling pathway. PI3K-Akt: phosphatidylinositol 3-kinase-protein kinase B signaling pathway. OMS:

odontogenic maxillary sinusitis. ASV: amplicon sequence variants. PICRUSt2: Phylogenetic Investigation of Communities by Reconstruction of Unob-

served States 2

HME DL 4 5L 28 R BR T 1 A 52 N ARG 1 R YR Gl

L7/

2% OMS L P ORBER 9 Bl 1, 6
191 S KR AR J SR, 2 481 Ay F TR R, 14910 SR Bk R
U BRAE SCHR 22k B R DR 3R 0 2 IR b a5

REVE EEORE R GO R IR
PR A AR o 2 J6 98 L 6052 2 R R 1)
B R AR RIS 5 Uk K b ASE R
HOANHRE DRRJE AR N £, SEERE—
B AWEUY], BERET H A WGAHE 2 #2
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Top 10 functional pathways most strongly correlated with the proportion of socket-derived ASVs in sinus pus, as predicted by PICRUSt2, along

with their relative abundances. PICRUSt2: Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 2. ASV: amplicon

sequence variants

Figure 7 Functional pathways associated with socket-derived ASVs in sinus pus from patients with odontogenic maxillary

sinusitis
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