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Differences in oral microbiota structure of females in different
states of pregnancy

RAN Lihua', FENG Yang’, YANG Zhengyan', LI Yueheng'', JIANG Dan"!

1 Stomatological Hospital of Chongqging Medical University, Chongqing 401147, China
2 Chongqing Changshou Health Center for Women and Children, Chongqing 401220, China

Abstract: [Background]| The oral microbiota changes have significant correlations with oral
diseases and systemic diseases in pregnant women. [Objective] To compare the oral microbiota
structure of females in different pregnancy states and explore the correlation between the
structure difference and different pregnancy states. [Methods] Eighteen pregnant women and
nine non-pregnant women were selected for the study and assigned into three groups (n=9):
gestational diabetes mellitus (GDM, mean age of (28.943.6) years, mean pregnancy of
(30.1£3.2) weeks), non-diabetic pregnant women (PW, mean age of (27.9£3.0) years, mean
pregnancy of (28.6+4.7) weeks) and non-pregnant women (NPW, mean age of (27.7£2.1) years).
Oral saliva (S) and supragingival dental plaque (D) samples were collected. The Illumina
Novaseq platform was used to sequence the V3-V4 variable region of bacterial 16S rRNA.
SILVA was used for the taxonomical annotation of the characteristic sequences, and QIIME was
employed to perform the bioinformatics analysis. [Results] The D-GDM samples had higher
detection rate of Capnocytophage and lower detection rate of Selenomonas than the D-PW
samples. The S-GDM samples had higher detection rate of anaerobic bacteria such as
Aeromonas and Bacteroides than the S-PW samples and lower detection rate of Veillonella than
the S-PW samples. The D-PW samples had higher detection rates of Leptotrichia, Prevotella,
and Selenomonas and lower detection rates of Aeromonas, Actinobacillus, Capnocytophage,
Neisseria, Lautropia, and Streptococcus than the D-NPW samples. The S-PW samples had
lower detection rate of Veillonella, Prevotella, Streptococcus, and Porphyromonas than the
S-NPW samples. The D-GDM samples had high detection rate of Tannerella and Leptotrichia
and lower detection rate of Roseburia than the D-NPW samples. The S-GDM samples had high
detection rates of Treponema and Campylobacter and lower detection rate of Streptococcus than
the S-NPW samples. At the species level, the S-GDM samples had higher detection rate of
Fusobacterium nucleatum, similar detection rates of Porphyromonas gingivalis and Tannerella
forsythia, and lower detection rate of Prevotella nigrescens than the S-PW samples. The S-PW
samples had high detection rates of P. gingivalis, P. nigrescens, and T. forsythia than the
S-NPW samples. [Conclusion] GDM will increase the detection rate of anaerobic bacteria in the
oral cavity, and the correlations between GDM and periodontitis-causing bacteria such as
P. gingivalis, T. forsythia, and P. nigrescens are uncertain.

Keywords: gestational diabetes mellitus; oral microbiota; saliva; supragingival dental plaque
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U O M R 9% (gestational diabetes mellitus,
GDM)& i g A WOt K hEZ —, K [E GDM &
RN 12.8%-16.7%, HZEFEHAF". GDM 5
EURAS R &5 JmA WoE Ao, flhn, SR UR b
PRIGIAZCHRIE = . BB R LR JL 35,
BLR TGl (A VPR 38 2R B A s0R A2 )L
JEL T LR B A L E WP = B LR e P
GDM 2 BRIENINA R AR YRES sy KB b, K91 5F
RAEALEE 2 BUGE PR FLO A2, R
KA AL 45 )L B2 JIE P A A AN it 32

PR S A P il DL o i it W 3 AN Ak
HEE R AR DM ER T, Il Lt
PRI RVEA L S SO 7 W A R
HoAh A LR FEEORIER 38R AE R
5 R AT W o) e PEAR YR 2R . 22 B 250
FAEAR BT, I H A R R g e
XA P e 3 L

AEXT GEUR BA B PR 95 (non-diabetic pregnant
women, PW)MI &, A# & GDM Z U1 11 =4
BRI AR 00 P A, HE 38 R PRI 0 T O 3 v
{HXT GDM 5 H A M o6 & i 9215 4%
o AR AR W RN 9 5 %, 1] llumina
NovaSeq W51 5 2087 WA AR GRR S T 2
PEO MY SN ESR, Stz zER2g
A5 AN [ AR B AR A 1] AT B8 B AH G HE | #89°) GDM
XTI s Tl A ) DV A S
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1.1 FEARFRIR

BERLIE IR R TR A X A4 D e T 2022 4F
1 JHEAT P A 18 BTN &R , Hoh 9 44
ZA U AT IR BB PR 95 (GDM) , 9 44 Z E R FRUATE IR
BRI (PW), 4155 9 AR BHERCORIERY
a5 | F@iﬁﬁ%ﬁ‘@(non—pregnant women, NPW),
AT L AR B AT RRE S R R R L

BRBE BE K 2 B T8 11 R B A8 3 23 B 4 At e
[(2020)097].

ABRIE :

(1) =20 % ;

(2) HAM 325 fE

(3) MiEFE, BIESMR.

HEBRARE -

(1) B3 4 R 003 PR A0 At ™ 8 3R GE 90
AN IME . wOHK);

(2) GF YR MR 5

(3) B JRI 05 0 HAth, 11 J 05 (An b s
i 968 S5 PR ) o

KN AFRHE -

SR S PR 2« AR i ] B b PR 1 4T iR
W54 Pp4> (International Association of Diabetes
and Pregnancy Study Groups, IADPSG) 2011 4
He A7 (12 Wibn o, RS 17 M 7 28 0 it 4t 3K 46
(oral glucose tolerance test, OGTT)45 I &
BlEA KA IZW N GDM, 287K A B 48 Iz b
M GDM F&E, NN EHE, RARR
Loe-Silness &R 4 5 £ 1 R 2 AR 47, G
A B R POR S RS . A B RIEFIJC S
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SRR IAAEBE PR AH - AR R R, R T
S, HNJCHE, RS R Loe-Silness #ii %
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PR A B A A e A o ™ F G, 3 3 A
REAPAER . BAYEESESE . BE
RS A AR ST DL K D ERIR
1.2 HAREERALE

TERFSE RAME R, 57 i A
iR EFEBERSE : ha—F ol A BUOREERTR 1Y
M (saliva, S)FNER I 2F ¥ (supragingival dental
plaque, D), AR RN ER 5-10 mL T 15 mL
I .08, S RUCE Toka s R
FI 16/26/11/31/36/46 A AL AR 1 2F B BE, @A
4 2 mL PBS VWK JCH 5 mL EP 4 rh . ik
A Y IR 1 28 TR B 7 B Fok &b, 3 0
JEE YR 55 A ) I 2 o BR T e S e R R R AR
FA IR SR B F B BEAE 4 °C. 5 000 t/min #5.0
15 min, HOHEWR MR F A BRI TTEY), RAET
—80 °CUKAf, XK.
1.3 E£YEERESH

A Trimmomatic v0.33 H{F%H M 45 2 )
raw reads #1708, SRS cutadapt 1.9.1 %X
AT B A RS S 2B, R BIAEEI
Y 517 clean reads, f# ] USEARCH v10 /4
1t overlap X BT clean reads #ATHF
$, SRJE A [R] DX I A B 9 DO Df 42 5 %k
P IEAT I B3 U8 s (] UCHIME v4.2 #4858
FF L B A A7 5115 21 i 247 308U (effective
reads). ffi F} USEARCH {4 X%} reads 7€ 97.0%
AL KPR R4 3R 26 (2R3 OTU, L SILVA
h 225 B A T AR 28 DL 30y 23 S 4 X R
GIHEAT 22 TR, A48 BB R A X 1 14
P25 R, HFMAESACEE . T 9. B, B
JEFIRNGETT SRR AL, FIH QIIME k{4
Az AN [F) 53 2K P BB Rk
1.4 SFESW

T OB BN THBCR R A B (1)
N Al (%) 22 7~ , A Shannon M & o 2 #EM: 5

At BB XTAS AL o ZFREMTE B T2
SePPAL, R ANAL UiFrac 3135 20 18] PE 25 43 b7 20
[ B £ ¥t (PERMANOVA . PCoA), #F|H
Metastats {4 XF 20 18] () 4 = B B EA T t K
3, 158 P 1A, m/EHHE P {EH(P<0.05)jfk H
T2 2 AR RE S Y FIH LEfSe M
PR3 BT 25 A ) TR 2 S 1k

2 EREG5N

2.1 WARITRIEFE

DRG04I RIS LI [GDM, 4F#%
(28.9+3.6)% , Z£JH(30.1£3.2) /8], WEURIAIERE IR
SELH[PW, 4EH(27.943.0)%, ZJF(28.6+4.7)H].
B IR AR BEPRG A [INPW , 4EI3(27.742.1) %,
A 4411; H GDM 415 PW Hhifsexd 4
YA R AR 4, NPW 4 iP5 iF 5T 5 5
PR B F JH %% ; GDM 45 PW 4 iRt 25 20
Gt L, 3HEREF LG = E L,
22 OFEMEDESHEESHT

I1lumina NovaSeq 6000 -5 X 54 /M i i)
FPAL5R45 4 302 545 %f reads, AW reads s . PF
BEJGLr= A 4 278 445 4% clean reads, B FEME
/By 61 900 4% clean reads, 1774 79 230 4%
clean reads., f#iff] USEARCH #Xf{f%f reads 7E
97.0% AL EE K T A R 2 . R 798 4
OTU, FEAMBRMZNE DE/R, BFHE A
£ 3 000 TR, JEAKF LA AHYFAEXTE
JE BRI E (F 2) R, R4 T4 eY
Flr SR 2R K s (0 4 AR LA i 2R E
T2, mULERBHEREAT S 5855, 75
P DS WA s P s R 2 B W R 2 R
AT LLHEA T 88 5307

o ZFHEHERFEESRENYMES
B K Z R T, FIAH Chaol . Shannon $8%8
(F 1, R 2)LFERFEIMLE 3) M. Chaol
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Figure 1 Total samples rarefaction curves.
B -
3507 **i{_ii;;;;iiii!et*‘ 350 gosaormmnese T L
sl SRS ® ! ;
33007 % g 30T, l.
g L g :
8 250 3. 2507
¥ Q
22001 220001 ¢
b :'r E | 2y
w - 1 P 1E
5 150077 g 150 ¢ l':Tr
£ = £ = )
: *1!4-““ = | gy
Z 100} ‘"hjffﬂ"}iin = 100 llli"‘“#ﬁ
dhitien_ +¥§i§é§§§iil:._
50 : : ' : '
0 5 10 15 20 25 500 5 10 15 20 25
Samples numbers Samples numbers
2 BAKFIFAEXFEE R R ehLk[E

Figure 2 The cumulative curve of relative abundance of species at the species level. A: D-GDM, D-PW and

D-NPW. B: S-GDM, S-PW and S-NPW.
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1 #&%H Shannon 1 Chaol 5 #({E

Table 1 Shannon and Chaol index value of each
group

Group Chaol index Shannon index
D-GDM 546.07+17.06 5.815 4+0.09

S-GDM 577.48+24.21 6.026 2+0.27

D-PW 549.15+17.95 5.715 9+0.13

S-PW 509.71+19.85 5.656 1+0.12

D-NPW 540.26+12.48 5.840 6+0.11

S-NPW 482.06+21.79 4.991 7£0.10

#z 2 A [E4AE L% Chaol #1 Shannon By P &
Table 2 P values of Chaol and Shannon were
compared among different groups

Group Chaol (P) Shannon (P)
D-GDM/D-PW 0.902 5 0.525 4
S-GDM/S-PW 0.0459 0.2301
D-GDM/D-NPW 0.7870 0.863 5
S-GDM/S-NPW 0.009 8 0.002 6
D-NPW/D-PW 0.689 6 0.4750
S-NPW/S-PW 0.3633 0.000 5

SR FHES; S-GDM FHE KT S-PW HI
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P<0.05 I 15 B A 36 (1) AT A5 BE i o 764 T B H NPW
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S-NPW 1 S-PW fll2E W B\ o3 25 (11 5).
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Figure 3 Each group of rank abundance curve. A: D-GDM, D-NPW and D-PW. B: S-GDM, S-NPW and

S-PW.
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Figure 5 PCoA analysis chart based on Weighted-UniFrac matrix. A: D-GDM, D-PW and D-NPW. B:

S-GDM, S-PW and S-NPW.
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Figure 7 Venn diagram between groups (species level). A: Plaque microbiota. B: Saliva microbiota.

D-GDM  H S AL £ 4 15 )& (Capnocytophage)
= T D-PW; D-PW 1 JE HLJifi 1 /& (Selenomonas)
BEET D-GDM. S-GDM Hi /=< H i i J
(Aeromonas) . LT I & (Bacteroides) . XUEL T
Ja& (Bifidobacterium) 1 L2 #T 1 J& (Lactobacillus)
mT S-PW HEE; T3 o2 KT & (Veillonella) ik
F S-PW (3 3, % 4),

D-PW 14} E 1§ (Leptotrichia) . i KR
AL MR & 2255 T D-NPW; &1 D-NPW
w2 S IR AT R (Aggregatibacter) . FEIfILAT
& J& (Haemophilus) . JitZEFT 1 J& (Actinobacillus) |
ARV LT MERT I R . 434 A (Neisseria) |

=3 GDM 5 PW FEHMEMES

Table 3 The difference of plaque microorganism
between GDM and PW groups

Item Capnocytophage Selenomonas
D-GDM 0.052 70+0.003 240 0.036 30+0.005 460
D-PW 0.028 50+0.005 900 0.080 50+0.013 000
P 0.002 0.004

Bk R AR Y [CH R (Lautropia) i T D-PW.,
S-PW 5 52 R | QTR . A5 BR 1A JE A bk
PR IE T S-NPW (38 5, % 6).

D-GDM H @ FE AN S A EWE & T
D-NPW; Z74:% [KWJEALT D-NPW, S-GDM
2% 12 i K J8 (Treponema) . 25 il T & &
(Campylobacter) & T- S-NPW; 4% Bk J&@ 1% T
S-NPW (% 7, %38, K 8).

FERN KO b L5 45 20 TR R v 28 ) 3800 B A
2, D-GDM B Hf H 2 i P o AL 74 (0018,
0.006, P=0.89) J 1 & i ¥H 40 14 K5 H} % (0.010,
0.003, P=0.70)/KF & F D-PW, {HZTLGIT#
X, T D-GDM B HE 7 B [ R KA
D-PW (P<0.05), S-GDM T #f h HAZ AT T
FE T S-PW (P=0.02), H:K S-GDM R REH
TR I AR B R K AR BT I 4N 1 K & T S-PW
(P>0.05), 1fii /= 223 [ B K SFAIK T S-PW (P<0.05).
PW it 2 R bk B BT L B UG TR R A B
WYY E I 8 & =T S-NPW (P<0.05).
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%4 GDM 5 PWERNENER
Table 4 The difference of salivary microorganism between GDM and PW groups

Item S-GDM S-PW P

Aeromonas 0.000 53+0.000 334 0.000 01+0.000 006 0.001
Bacteroides 0.003 10+0.001 870 0.000 14+0.000 045 0.003
Bifidobacterium 0.000 51+0.000 328 0.000 02+0.000 009 0.003
Lactobacillus 0.001 11+0.000 699 0.000 10+0.000 031 0.006
Veillonella 0.064 70+0.013 700 0.101 00+0.009 840 0.048

&S5 NPW5PW FTERBENESR
Table 5 The difference of plaque microorganism between NPW and PW groups

Item D-NPW D-PW P
Leptotrichia 0.132 00+£0.016 600 0.254 000.018 700 0.001
Prevotella 0.036 100.007 400 0.061 3040.005 660 0.023
Selenomonas 0.029 5040.004 720 0.080 500.013 000 0.002
Aggregatibacter 0.042 90+0.017 400 0.010 8040.002 290 0.008
Haemophilus 0.009 93+0.002 690 0.001 34:£0.000 491 0.003
Actinobacillus 0.000 32£0.000 213 0.000 01£0.000 001 0.006
Capnocytophage 0.071 60+0.006 790 0.028 5040.005 900 0.001
Neisseria 0.096 90+0.022 000 0.036 5040.015 500 0.026
Sreptococcus 0.058 60£0.005 940 0.033 3040.005 300 0.007
Lautropia 0.032 00£0.005 260 0.004 0240.001 250 0.001

#6 NPW 5 PWHERMEVES
Table 6 The difference of salivary microorganism between NPW and PW groups

Item \eillonella Prevotella Sreptococcus Porphyromonas
S-NPW 0.052 40+0.008 730 0.037 40+£0.004 110 0.187 00+0.023 300 0.075 90+0.009 400
S-PW 0.101 00+0.009 840 0.057 20+0.004 660 0.096 40+0.008 790 0.046 00+0.006 730
P 0.002 0.007 0.002 0.020

#7 GDM 5 NPW FHEMNEVES
Table 7 The difference of plaque microorganism between GDM and NPW groups

Item Tannerella Leptotrichia Lautropia

D-GDM 0.017 20+0.001 980 0.232 00+0.020 300 0.008 59+0.003 540
D-NPW 0.007 41+0.001 210 0.132 00+0.016 600 0.032 00+0.005 260
P 0.003 0.004 0.003

#8 GDM 5 NPW ERHEMER
Table 8 The difference of salivary microorganism between GDM and NPW groups

Item Treponema Campylobacter Sreptococcus
S-GDM 0.012 20+0.003 560 0.025 90+0.004 950 0.085 50+0.012 000
S-NPW 0.000 92+0.000 329 0.003 65+0.000 728 0.187 00+0.023 500
P 0.001 0.001 0.001
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3 Wi

WF5Ei T 16S rRNA JEH 1) V3-V4 n] 48
X3 -FIFH AR X 9 4 GDM, 9 4 PW Al
9 & NPW 4T H G WA RRAE P 2347

AHIFFE 45 5 5B 7% GDM ZF 1 R B M o A
o ZREMETC L E 225, PW Ml GDM eV B RE
o ZREPERECE E ST NPW (P<0.05), {HZF
PR BRE TR A TG S 2 25 57, XU B A iR 5 | ke 1) A B
AR AV AT g S 3 TNV DR 2 1R, TR 2 B
JC AR RE R, SR RS0 P o o 4k A S0 2 11
A ZAEPE R B N AR A R BE 3 2 TR
P B UE RS A 22 5. Hd D-PW 5
D-NPW 4[] 22 5%>D-GDM 4 D-NPW 4 [i] 2%
#>D-GDM 5 D-PW #[i] 22 % (R*=0.349>
R'=0.198>R°=0.127), 1A 4EIRIX — A= B 72

A [ D-GDM B D-PW

0 Ve:llonelfales Selenomonadales

X R TR BAE G A 0 2 K S i g v T A iR A
W DRI XT R b TR B W 2 R 5 . PW A
GDM MY (AR WD RESS M 035 22 5% 5 PCoA
S3HT IR S-PW RUE Y250 5 S-NPW A 22 572,
Ul WP A g 0 Wi 9 B R 5 4 7 A e ), 1B E Hip
XoF - 2 4 el Y R A AR R S R BRI i R AR
U A , A E A OO R s 2
AR R A A U0, AT 3 I AR
AT B 5 IR ) 5 AR A AR MY Crusell 251
Fe%: GDM 1 PW MEW o Z2AEMET0 4 22
5&, JIALE) UniFrac 5 253878 V& 4500 0 2
5 (RP=0.3, P=0.58), SAMF5T 45 FAH—2, [F]
B, 7€ Li M 05E b, &3 GDM Fil PW h
K ABEAMER I AN, (HEH o £
FevE OB 22 . AP KB GDM H JiE
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Figure 8 LDA value distribution histogram (LDA score>4.0). A: D-GDM and D-PW. B: S-GDM and S-PW.
C: D-PW and D-NPW. D: S-PW and S-NPW. E: D-GDM and D-NPW. F: S-GDM and S-NPW.
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