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Objective Tho systematically evaluate the effects of regular {luoride treatment on oral bacterial and fungal
communities in children, explore the association between these microbiome changes and the effect of dental caries
prevention,and reveal the role of fluoride treatment in regulating the balance of oral microorganisms in children.

Methods This prospective, randomized controlled study selected 40 children aged 3 to 12 years and randomly divided
them into an experimental group (7 =20) and a control group (n =20) for a period of 2 years. The experimental group
received regular fluoride treatment, while the control group did not. Samples were collected at baseline, 6 months, 12
months, 18 months,and 24 months,including saliva and dental plaque samples. The bacterial and fungal communities of
the samples were analyzed by 16S rRNA and ITS high-throughput sequencing technologies,and the data were processed
using QIIME 2 software. The Shannon diversity index and Simpson diversity index were used to evaluate microbial
diversity.and the association between microbial composition and dental caries incidence was evaluated using redundancy
analysis (RDA) and linear mixed models (LMM). Results The Shannon diversity index of the experimental group at 6
months,12 months,18 months and 24 months (3. 72+0. 28,3. 80 £0. 27,3. 85+0. 25,3. 90 = 0. 26, respectively) was
significantly higher than that of the control group (3.50240.29,3.55%0. 31,3. 60%0. 28,3. 62£0. 29, respectively) , with

« WETERTNED VYA FOE RE LR R A 20F S U H (No. GH-19301)

v WCERNGES TR Y B E Q984 A, INTEE IR W PRE/ AP0, RS 5 . O R B S a4
E-mail; yanzhen8404(@163. com



TR R R AE Y F L E
Journal of Pathogen Biology

202542 1 BB 20 B 2 W)

P values of 0.013,0.004,0.002 and 0. 001, respectively. Similarly,the Simpson diversity index of the experimental group
was also significantly higher than that of the control group at each time point, with P values less than 0. 01. In the
bacterial community,the abundance of Streptococcus mutans ,Lactobacillus and Actinomyces was significantly reduced in
the experimental group (Streptococcus mutans was 8. 32% +1.45% in the experimental group and 12. 05% £2. 22% in
the control group at 6 months. P =0. 013). In the fungal community,the abundance of Candida albicans was significantly
reduced in the experimental group (Candida albicans was 3. 32% £ 0. 85% in the experimental group and 5. 05% +
1.22% in the control group at 6 months, P=0.013). Redundancy analysis showed that the RDA1 and RDA2 values of
the experimental group were significantly higher than those of the control group at each time point,indicating that fluoride
treatment had a significant effect on the structure of the microbial community. The results of linear mixed model analysis
showed that the time effect (parameter estimate = —0.032,P =0.004) and treatment effect (parameter estimate = —
0.045,P =0.002) had a significant effect on the microbial composition and the incidence of dental caries. Conclusion

Regular fluoride treatment not only significantly improved the diversity of children’s oral microbiota, but also significantly

reduced the incidence of dental caries by regulating the structure of microbial communities and inhibiting functional genes

Feb. 2025, Vol.20,No. 2 e 165 -

related to dental caries.
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Fig. 1 Comparison of Shannon diversity index
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Table 1 Sample quality control results

- DNA ¥ i (ng/pl) Moo/ Asgo A FEA
WA AHEREA mIRREA  FHEBRA BR
Baseline  31.45+4.12 29.76+4.01 1.9240.03 1.914:0.03 40
6 mo 32.1244.98 30.54+4.19  1.91£0.02 1.92£0.03 40
12mo  30.87+4.24 30.23+£4.87 1.93+0.04 1.90+£0.02 40
18 mo  31.54+4.31 31.12+4.14 1.90%0.03 1.91+£0.03 10
24 mo  30.224+4,08 30.09+4.27 1.89£0.02 1.8940.03 40
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Table 2 Comparison of Shannon diversity index and
Simpson diversity index

Shannon #§ 4 (Mean £SD) Simpson 1§ §{ (Mean £ SD)
I ]

TR4 R4 U P LA ol U P

Baseline  3.4540.32 3.42+0.30 382.5 0.746  0.82+0.05 0.81£0.06 376.0 0.692
6mo  3.72£0.28 3.50%0.29 290.0 0.013  0.85%0.03 0.82£0.04 2845 0.009
12mo  3.80£0.27 3,55%£0.31 275.5 0,004  0.86£0.04 0.83£0.05 269.0 0.002
8mo  3.8510.25 3.60£0.28 262.0 0.002 0.87£0.03 0.84£0.04 255.5 0.001
24mo  3.90£0.26 3.6240.29 247.5 0,001  0.88£0.04 0.85£0.05 2410 0.001

Streptococcus mutansEEFL
50

L)

2 IRANMMBEATFERZERNARES
RERE B FE R S
Fig.2 The proportion of abundance of bacterial groups with
significant differences between the experimental group and

the control group over time
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B3 IBAMMBRANFEREEZSNERRENEEUMNFEESLL
Fig.3 The abundance proportion of fungal groups with significant
differences between the experimental group and the control group
changes over time

R3 HEBEEMNTUHNTRINER
Table 3 Redundancy analysis results of changes in bacterial
community structure

RDAL1 RDA2

I 8] £ 20 51 % %) F P
Baseline SEE A 35.12 15. 25 1.45 0.214
X AR 4L 34. 98 15.12 1.42 0.217
6 mo LA 40. 25 18. 45 2.32 0. 045
Xf B4R 35.12 15. 32 1.56 0.198
12 mo S 42.78 20.12 2.56 0.038
X AR 36. 45 16.78 1.68 0.189
18 mo S 44,12 21.56 2.78 0. 032
X R4 37.12 17.25 1.75 0.178
21 o S 45.56 22.45 2.98 0.028
Xf B2 38.12 18.12 1.85 0.169

x4 EHBELEUMTUNRTRINER
Table 4 Redundancy analysis results of changes in fungal
community structure
N RDA1 RDA2

I 8] £ 2051 % %) F P
Baseline SEH A 30. 12 12.25 1.32 0.241
X R AL 29. 98 12.12 1. 30 0. 245
6 mo S 35.25 15. 45 2.12 0. 052
Xf B4R 30. 12 12.32 1.45 0.223
12 mo TR 37.78 17.12 2.32 0.048
Xf HE 31.45 13.78 1.56 0.210
18 mo S 39.12 18.56 2.45 0. 042
Xf B4R 32.12 14. 25 1.62 0.198
21 o S 40. 56 19. 45 2. 62 0.038
Xof B AL 33.12 15.12 1.72 0.189
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Table 5 Changes in relative abundance of main functional genes

BifiicE g eS| i i) S A of B 4 Ui P1i
Baseline  0.45+0.12 0.46+0.11 382.5 0.746

e 6 mo 0.3240.10 0.4540.12 290.0 0.013
e 12mo  0.30%+0.09 0.44+0.11 275.5 0.004
18 mo  0.28%+0.08 0.43+0.12 262.0 0.002

24 mo  0.25%0.07 0.4240.11 247.5 0.001

Baseline 0.38+0.11 0.3940.10 376.0 0.692

6 mo 0.2840.09 0.384+0.11 284.5 0.009

T2 A i 12mo  0.26+0.08 0.37£0.10 269.0 0.002
18 mo  0.24+0.07 0.36+0.09 255.5 0.001

24 mo  0.2240.06 0.3540.09 241.0 0.001

Baseline 0.3540.10 0.3440.11 379.0 0.719

6 mo 0.254+0.08 0.334+0.10 293.5 0.015

hE b 12mo  0.234+0.07 0.32+0.09 278.0 0.005
18 mo  0.21%0.06 0.31+0.08 265.0 0.003

24 mo  0.20%0.05 0.3040.08 252.0 0.002

®6 ZTWAMMBAERRMESNBRERE(%) LR
Table 6 Comparison of dental caries incidence (%) between the
experimental group and the control group at different time points

I [7) S A X R AL U P
Baseline 15.0%+2.52 14.81%2.63 380. 5 0.736
6 mo 10.5+2.01 14.23+2. 44 295.1 0.015
12 mo 8.5041. 82 13.82+2.30 281.0 0. 006
18 mo 7.04+1.51 13.41+2.28 268.5 0.003
24 mo 5.54=+1.22 12.83%2.10 255.2 0.001
(A»tmmmﬁmsawmgtg (Bl?tﬁfnénmwﬁfl’%lﬂ“
T T
JdHHHHT ..
W Actinomyces W Aspergillus

Candida albicans
Candida glabrata
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S M Prevotella = I I I Cryptococcus
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| |
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! | ‘ Trichosporon
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BMEESL
050
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Veillonella
8
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4 KRIGAMNBAERERESH(A)AEFELEHN
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Fig.4 Changes in (A) bacterial community structure and (B) fungal
community structure in the experimental group and the control group

at different time points
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Fig.5 Comparison of changes in the abundance of functional genes
between the experimental group and the control group
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Mixed Model, LMM) P4 1 i A4 ¥ 20 18 55 0 s % i
RZE MWL, S RER, LB 6 mo, 12
mo.18 mo F1 24 mo WJHE G &M R B E IR T X B4
(£ 6),LIAFE 6 mo B IR K HE N 10. 5%, B F
T X4 Ay 14. 2% (U=295.0,P =0. 015),12 mo
2% SN 3 (U=281.0,P =0.006),

TUAR AT AT 45 F 3R B L S0 W A 1) A8 Ak 5 0 o &
AR A E ., I ALY RDAL il RDA2 {H7E 45 4
[ o5 2 3 5 v T X B (6 7 UE W T Ik R Ak B 7
A TR AR A 0 T 2 A R R AN R i A s %6 v 1 R R
YER . ZRMETR G BRI 4 BT 45 5 B, B R R08; (S 804l
= —0.032, P =0. 004) F1 4b LI (S 504 4
= —0. 045, P =0. 002) X A= 4 4 )5 1 i 5 & o 5 L
HEBERW (RS,

£7 TARMH(RDA)TEMEN AR SEREFEZ MHLR

Table 7 Redundancy analysis (RDA) to assess the relationship
between microbial composition and dental caries incidence

s 8] 215 RDA1 (%) RDA2 (%) F P

S A 35.12 15. 25 1.45 0.214
Baseline

X BT 34,98 15.12 1.42 0.217
6 SE5 A 40. 25 18. 45 2.32 0. 045

mo

X 2l 35.12 15. 32 1. 56 0.198

S A 42.78 20.12 2.56 0.038
12 mo

X B2 36. 45 16.78 1.68 0.189

| 44,12 21.56 2.78  0.032
18 mo

Xif HR 40 37.12 17. 25 1.75 0.178

SIS Y] 45.56 22. 45 2.98  0.028
24 mo _

X BEZ 38.12 18.12 1.85 0.169
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Table 8 Linear mixed model (LMM) to assess the effects of time and
treatment on microbial composition and dental caries incidence

(S SN TE brifE iR ¢ P
S ] 35 07 —0.032 0.011 —2.91 0. 004
Ab FE AL —0. 045 0.014 —3.21 0.002

g .

AW F i 3 7 48 H VA R 0 TR IR T L 1
200 TR R L TR AR R 2 0 TR AR T U W R TR A AL
HIER R SORZ MM R . 4R BN IR BRI A
R 1L T A P e iy 2 F 1 L T L AR
5 200 T R L TR AR T 2 R L R AR o R R LA B i
il 147 5 M A G L A W S e B TR T LA B A
AT RIS 4HAE 6 mo.12 mo.18 mo Fl 24 mo
9 Shannon Z B¢ {4 46 ¥R Simpson 2 FE 4495 $03
FHE TR IR RIE W IR mOG )T WA RS 7L A
EM AR 2. X — RSB R — 38 3R
B LA AN A3 A 2 L ok 00 ok S 45 1) i 2 3 i 5
PR HLA 0 T G R O 2 BT R e
I AT REAT B T 4R 1R B A A AR E L DT 1 a8 1T
fi B, TE M B dr, Streptococcus
Lactobacillus F Actinom yces W EEIE LI 4 v B &
I}%ﬁhﬁﬁﬁf i} 2ﬂtlﬂ/}ﬁﬂg$jto Streptomccus mutans
Je O B9 3 B0 1R L L R R A0 R A B SR kR
OB R OAE L B S, Lactobacillus i
Actinom yces 5§ V5 (1) & A 5% YDA OC , 3 26 41 T 19
FREREAR HE — P 3CHFE T R W6 9T 7E B I P R A AL
PERES X T E B, SCW 4 P Candida albicans .
Aspergillus Fl Penicillium W)= 7540} 6] & 14 5 3%
(AR . Candida albicans B0 FE % W EHE . 5
1 J 5 5 6 935 8 05 R T Tl A R B A OCT . LA
P AR T R SRR ST AN AU 20 B A AT R X LA
T HA W A A

TUAR I BT 25 3 W7 S92 6 4 1) A T N L T i 4
F97E 6 mo.12 mo.18 mo Fl 24 mo ¥ & 4 W A1k,
TS B A 2 AN B3 o X R BIIR A 70 1 AR
Yy ae I A Al HAT 8 RO PR PR o 200 TR I T 4
o Y S5 AR A AT RE 5 U SR T B BT A BT E R AR A
K 3X BE AR AL A By T G 10 i AR A A P AT 2D
WU B & ARBRST Al A PICRUSE T H B T 4%
AW D) RE R R S5 OR R SEER A AE 6 mo, 12
mo, 18 mo Al 24 mo KBk K k& Py AU R AR IR AN 37
AL DI REE N 42 B2 2 W R T X IR, XSS P A
JEREARR B IR BUA YT A RO T 5 0 5 A R A G
AR TR ) T RE Rk A A 3R 3k o S 49 e e 4 o) 3250168 T4 119
ARG DI RE L D R 1 77 A DT e AV O 1A 118 4 A XL

mutans .

LM TR A TR A3 A 25 2 SR o R () 800z R A B A X

TR W 2 R g o R B AT SR . TUAR M 4

W — DRI TR W B Vi 45 H 1) 78 Ak 5 0 i R

B RHOC . S 20 A A% I (A) A A 0 A 0 R B AR T

X IR A 3R B O AL P TE e AR 0 g 24 g 25 5 THD Y . 35
TEA YA FE il 2 GE A Wy 4 27 03 A B s

T WV SR T AR R P L EE T el AR BT A L AR

i s 0 345 T 2 AR T . AR BIE T 4 SRR L IR R

TR AOUE R 52 = F A WTRE Y 204 M R 4R A

Wy T i 45 vy K 90 7 s 147 o 3 S 5 A 5 O e AR AR O

P B2 ) ) i 6 DR R D /D R 1 7 A o AL X I OC T

S SRR LB T J A A 0 T R LR S 0 ) BIE A A

78T AR N RO VE FRCR AT REAT A TE — BB R . Bk

Z N AR A R R R 3l S R AR B IR AW ST L

HMFEAR B FIARR A L o 81545 5 1 38 38 1 52 B R )

PRI % T % RONS A S T AR AR B A B R S S L I

HOR A S IR UG IR B AT A A FRIRA . AR

WF SN B T 22 2~ B G RSP A BT O 32 I T

[F a0 %ok L T R 1) AT 2 % BE ik F 52 -5 Wi DR 1
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