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1. A&

Agote] 7] wAETS A QD Hdte] ofsh ol Rk oy} 7] WA 2
HeE Ageks ASdowd Fa3 s sk, Aok FAAl A, tiAk, AA
71l W] Fad o3g dtrh(Gensollen, et al, 2016; White, et al., 2013).
Agote] 7] m AT Aol A4 wheo] QlE BRE ofy gt ] ol rk ARIA7] 9
JFAAQN v Pl Tt AdFde o, wige dAy AWe Edit
Ht}(Cassir, et al., 2016).

T ol e mAET A4S AT Iy AHew #Aget, HE 7 =S
A3t W 58579 nAE FFYoRE FEPUT Jtt(Ferretti, et al., 2018; Kénoénen
and Gursoy, 2022; Schmidt, et al.,, 2019; Selway, et al., 2023). Ao}9] +7
= Aok Fol 4 Ak Bk oy g} Aobo vk, & A A gH(Dzidic, et al.,
2018), =79 9548 AT To AA AsHn #do] e AowE dHA
AtH(Xiao, et al., 2020).
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AR oA AlAel 2 o] n A E S thokst A1 A F-$Jo) A o] Fo] A (Bogaert, et



al., 2023; Ferretti, et al.,, 2018; Wu, et al., 2021), Ao} n|PET-2] 50% o]Ato]
AR o] thekdk AlA oA ddFEct(Bogaert, et al., 2023). AlAolel %7 A
v =S AR AU mAES 7P fAkekE, O v e s A, A, 95 v s
frAbstot (Ferretti, et al., 2018). Wk, AlAote] 7] 7 w| A& AbRe 7
m A= 7P ARk, O vhg o= v, AL A v &3 fAFsk T (Ferretti, et al.,
2018). 29y tfFEe Aot Aot sy He S OAA FelelAd wAdEE
TAbekE H 23e SEem, dA7MA AMRS AgAFERE Aot oY
AAFAZE A= AY S YR dA9E fioh ES AL Agdew

FERI YA, Agope)

AraA] )b sk o] A1 M AE I FAFSHA Wt (Ferretti, et al., 2018). AlAo}
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2 ATE 384 4 dEgF dolgHE e on, Aradad I A &7
9193 (Institutional Review Board, IRB, IRB no. 4—2021-0419) 2 A th&tw

At g aA A3 &7 993 (IRB no. 2—2021-0091) 9] #9& o}

Al Y =] ST}
2.1. A7
Fa FSTEOE= 2016 19%E 20224 1297H4] MBI o] st

AR A "9l Aol 9], VA, 7 mAEC] ot Wik HAAF Ay
ABFAE Y AR W Alotate] o] 7|5& B8 Eelsioict. #uk d AbRe)
AR vAE vk A E4 F 0~39 W Ao 9, 71#A, 74 mAE wl
Avtel vlwsR om (F ¢ 0.04 £ 0.209, 71#4A 0.16 £ 0.46%9, +7 1.15 +
0.79¢), AAotol A nlAE AE oo} 4 29l 7] AW S Al

A s EE 20219 8¥FE 20239 7€7A ABRIAHA L
73] Abrel 879 Aot (597 9] ol 287 2] thE|oh) 7} EZFFE STt AR

A g B Algere] 9], Z1aA, A vA=el ek wjF A Ak AR

~

welsh Wl Al gelste] o /=2 e FAsieh. 4 F 0~29 ) A4ore] 9,

71BA, 7 v AAE wek A (EA 9 0.02 £ 0.156¢, 71¥A] 0.04 £ 0.20Y, 74



1.18 £ 0.939) 9 o8 &4 a2l 7o AdgdS ZAESTE OMNIgene.ORAL |
OMR110 kit (DNA Genotek, Ottawa, Canada) & AF&3lo] &4 25 Aol 7

MES AFSH 16S rRNA AR 24= Aldskslon, Aol 74 vdE9

[¢]

chep st o2 24 291 7o) AR & AT

= ATl Aol vdEe FFe = e A eade A A, 24 A,

[¢]

=4 5 gelom FRSgh 24 A QRleEs AR FAF Al o], AR

FTEAA = 713 Ul A&, et 8], Curosurf 7, g Ul A AA gk of §

FHH THEAAE Aol 4F A2 A9, 713 ) A, HEF A ol R, daby
49 AW oRE ZASAT. R0 R abwsh AAole] trekg A4 9]o)A 9

ureelo} @& of e} 57 wejelole] A of ¥ w3 AT

AARZAZIF-E] 71l whet ZAF Al AFR yolrh 3540 o] w wAtow

G STE 2AF o3 AE) T4 10 ho] 2APOH(<ITF) 9 WHAtoh(=37F) 7
FRSIATh Rt 1F S FAHH 0 R Al 7 DFOR o), 2534 2AH(<28F),
TG AOH(228% W <327), F7] BAbH(232% B 37F)E ERath 24

AZF=L AAZF(<2,5000) 7 AA AF=(=2,500g) o2 FEHYL. AAZE IS

F7t2 2954 AAF(K1,0008), =& AAF(=1,000g 2 <1,500g),



AAF(=1,500g 2 <2,500g) 0.2 A3}ttt APGAR dF+= A 5F olF
S8kl on, ol & 53 APGAR A= A os3ith. 5 APGAR A5 785 7T o2

FOFoR FHRAH

2.3. P EEA

2.3.1. 498 A& 9 Amplicon sequence variants (ASVs) Ho]& +%

1

Raw paired—end Illumina sequences += DADAZ2 pipeline (version 1.28.0)%
AFg-3to] 2284t (Callahan, et al.). Primert  ‘filterAndTrim’ & AMg-she] Adt
4 FEF Y. 4 AFE VIR o e MG 2 67K (E) odel
gr= AAEGgon, Hge 7247 280 base pairs (A8 2 260 base pairs (34}
o] f-o AetE vt DADA2 algorithms Ab&-3te] A€ A DelA FEsk ASVE

FE3t WS AASHT. ASVe tist B7F+= FHA bootstrap AFE 50

N

|5 ° 2 Expanded Human Oral Microbiome Database (eHOMD version 15.1) &
%83 naive Bayesian classifier® AF&3lo] =33}t 2 A ZoA BEF ASVE

T5 71530 ASV HolES AT

2.3.2. PhyloseqE ©]-&3t vlo]| 3 2Hlo] & &4

ASV Elo]E, A% doly U BFaA

o

X X E Phyloseq objects (version

1.44.0) 2 WZ3d R environmentol =& 2th(McMurdie and Holmes, 2013).



F714 1 AZ dlo]E W57} Phylosequencing Hlo]E Ho] &l 715 A}, 784
i (phylum)e] == &2 ASVE ZHAYHE F F(species) oA HAEH ST

e HF ASV Ho] &4 Phyloseq® ‘estimate_richness()’ % ‘ordinate()’

T o] g3l & 2 WEr A A EE AAsE T HE TR 248 fEl v
BAF2A 9 39 o 7)uk 24 24 (PERMANOVA) & 7247} vegan (version 2.6—4)

4 pairwise Adonis (version 0.4.1) 7| A& o] &35}y P35}t
Differential abundance analysis (DAA) + DESeq2 package (version

1.40.2) 2 AFg3sto] 859t (Love, et al., 2014). HaE 71 E do]go] &o]dt

=

2as AL, A¥rs 7o W4 aQlewm dAste] FA4s3it. DESeq()’
g AMgshlen, e A4S 918 p—value 274> Benjamini-Hochberg &
A g3kt log2 fold change Augke] 1xXt 33 ®AHE p ko] 0.001 wREQI

PHRES AFHOR FRE A0R AFAUL PAAN-5F FELE AL )

_ﬁ
ojr
&
=)
0%
iCl
fijo
2
)

ot
ol
£

DAACIA A p gko] 0.05 m9ko] 1 PHI-baseo A el 7
=AY T BE 1~ ggplot2 I 7]A] (version 3.4.4) & ARE-slo] AYAJEFSI T
Heatmap< Complex Heatmap 3 7]#] (version 2.16.0) & ©]&3}o] 2435 (G,

2022). R E 224 9 A17}s}= R(version 4.3.2) 2 R Studio 34 oA 43 5 ¢l T},

2.4. FAEA

EAEA = SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA) ¢ R

(version 4.0.0; R Foundation for Statistical Computing, Vienna, Austria) <
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3. 2%

3.1. AR A Aotz n|FE AL

O

FEFY ATl AR AR R, Aot f, V1aA, 7 vAE ws AdE

ol &<l T (Fig. la-d). AR AgAFolME Lactobacillus

N

4 (genus) -+
o] Ao (31.2%), Aot fle} 7|#A M= Streptococcus %01 242t
23.2%% 10.8%= AR, Aot FAANXM= Staphylococcus %°] 50% =
Al AEEAT. ZF FLlelA A9l 5719 & vl A, AbRe] At
nAAEY 7P =S FAMEE Bl AL Aot 9] mAEoIlY, I HHoE
Al Aol G733} 7)1 HA] | AE 07 FAMS A E BHAY. LactobacillusE A &34,
Streptococcus, Staphylococcus, Escherichia 0] AR A7, Aol 9,

7N BA], T Bl AR S0 2 SRl H Qi
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Fig 1. The genera of bacteria identified from culture samples of both
mothers and neonates.

Bacterial composition identified in (a) cervical specimens from mothers and (b—
d) gastric, bronchial, and oral samples from neonates. The horizontal axis
indicates the bacterial genera detected, while the vertical axis shows their

detection frequency.
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Table 1. Association between natal factors and bacterial detection in various neonatal body sites in

a retrospective study

Gastric (n=1,107) Bronchial (n=573) Oral (n=20)
(G SRS Not detected Detected p-value' Not detected Detected p-value! Not detected Detected p-valuelt
(n=1,021) (n=86) (n=540) (n=33) (n=14) (n=6)

Neonatal factors

Gender Male 584(57.2) 54(62.79) 0.3135 311(57.59) 20(60.61) 0.7337 7(50) 4(66.67) 0.6424
Female 437(42.8) 32(37.21) 229(42.41) 13(39.39) 7(50) 2(33.33)

Birth type Full term 214(20.96) 22(25.58) 0.3149 29(5.37) 0(0) 0.40061 1(7.14) 0(0) 1.0000
Preterm 807(79.04) 64(74.42) 511(94.63) 33(100) 13(92.86) 6(100)

Birth weight Normal 319(31.24) 27(31.4) 0.9768 73(13.52) 6(18.18) 0.43621% 2(14.29) 0(0) 1.0000
Low birth weight 702(68.76) 59(68.6) 467(86.48) 27(81.82) 12(85.71) 6(100)

APGARS score <7 262(25.66) 28(32.56) 0.1624 248(45.93) 21(63.64) 0.0478" 7(50) 5(83.33) 0.3246
>7 759(74.34) 58(67.44) 292(54.07) 12(36.36) 7(50) 1(16.67)

Delivery mode ~ NSVD 294(28.8) 50(58.14) <.0001" 82(15.19) 7(21.21) 0.3534 2(14.29) 1(16.67) 1.0000
C-sec 727(71.2) 36(41.86) 458(84.81) 26(78.79) 12(85.71) 5(83.33)

Multiple Singlet 778(76.2) 71(82.56) 0.1804 378(70) 23(69.7) 0.9706 10(71.43) 4(66.67) 1.0000

Pregnancy Multiplet 243(23.8) 15(17.44) 162(30) 10(30.3) 4(28.57) 2(33.33)

Prenatal factors

Advanced <35 624(61.1) 52(60.5) 0.9053 308(57.0) 14(42.4) 0.1005 6(42.9) 1(16.7) 0.3544

maternal age
>35 397(38.9) 34(39.5) 232(43.0) 19(57.6) 8(57.1) 5(83.3)

Maternal PMH ~ Hypertension 90(8.8) 5(5.8) 0.3400 48(8.9) 2(6.1) 0.75851% 3(21.4) 2(33.3) 0.6126
Diabetes 111(10.9) 14(16.3) 0.1281 61(11.3) 6(18.2) 0.25861" 4(28.6) 1(16.7) 1.0000
Chorioamnonitis 156(15.3) 26(30.2) 0.0003" 123(22.8) 14(42.4) 0.0102" 4(28.6) 3(50) 0.6126
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Table 1. Association between natal factors and bacterial detection in various

neonatal body sites in
a retrospective study (continued)
Gastric (n=1,107) Bronchial (n=573) Oral (n=20)
Characteristics p-value' p-value' p-value'
Not detected Detected Not detected Detected Not detected Detected
(n=1,021) (1=86) (n=540) (n=33) (n=14) (1=6)
Postnatal factors
Sepsis 13(1.27) 6(6.98) 0.0022" 9(1.67) 8(2424)  <.0001" 1(7.14) 2(33.33) 02018
NEC 20(1.96) 4(4.65) 0.10927 23(4.26) 412.12) 00624 1(7.14) 1(16.67) 0.5211
NICU "
hospitalization 839(82.17)  74(86.05) 03644 536(99.26)  33(100) 1.0000 14(100) 6(100)
Intubation 497(48.68) 42(48.84) 0.9773 504(93.33) 31(93.94) 1.00007 13(92.86) 6(100) 1.0000

Results are displayed as number and proportion (%).

NSVD;, Normal spontaneous vaginal delivery, C—sec; Cesarean section, PMH, Past medical history,

NEC, Necrotizing enterocolitis, N/CU, Neonatal intensive care unit.

T chi—sqaure test; T T Fisher's exact test
* p<0.05
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Table 2. Association between natal factors and bacterial detection in various neonatal body sites in

a prospective study

Gastric (n=383) Bronchial (n=71) Oral (n=82)
G Not detected Detected p-value! Not detected Detected p-vahue Not detected Detected p-value
(n=74) (n=9) (n=66) (n=5) (n=71) (n=11)
Neonatal factors
Gender Male 36(48.7) 6(66.7) 0.4827 37(56.1) 2(40) 0.6518 36(50.7) 6(54.6) 1.0000
Female 38(51.4) 3(33.3) 29(43.9) 3(60) 35(49.3) 5(45.5)
Birth type Full term 19(25.7) 1(11.1) 0.6802 13(19.7) 1(20) 1.0000 22(31.0) 1(9.1) 0.1685
Preterm 55(74.3) 8(88.9) 53(80.3) 4(80) 49(69.0) 10(90.9)
Birth weight Normal 20(27.0) 1(11.1) 0.4370 14(21.2) 1(20) 1.0000 23(32.4) 1(9.1) 0.1620
Low birth weight 54(73.0) 8(88.9) 52(78.8) 4(80) 48(67.6) 10(90.9)
APGARS score <7 27(36.5) 5(55.6) 0.2965 26(39.4) 5(100) 0.0131" 24(33.8) 5(45.5) 0.5073
>7 47(63.5) 4(44.4) 40(60.6) 0(0) 47(66.2) 6(54.6)
Delivery mode NSVD 3(4.1) 2(22.2) 4(6.1) 1(20) 5(7.0) 19.1)
C-sec 71(96.0) 7(77.8) 0.0885 62(93.9) 4(80) 0.3136 66(93.0) 10(90.9) 1.0000
Multiple Singlet 52(70.3) 4(44.4) 0.1428 43(65.2) 3(60) 1.0000 48(67.6) 7(63.6) 1.0000
Pregnancy Multiplet 22(29.7) 5(55.6) 23(34.9) 2(40) 23(32.4) 4(36.4)
Prenatal factors
Advanced <35 36(48.7) 2(22.2) 0.1699 34(51.5) 1(20) 0.3570 36(50.7) 2(18.2) 0.0555
maternal age
>35 38(51.4) 7(77.8) 32(48.5) 4(80) 35(49.3) 9(81.8)
Maternal PMH Hypertension 16(21.6) 0(0) 0.1950 14(21.2) 0(0) 0.5753 14(19.7) 3(27.3) 0.6895
Diabetes 12(16.2) 4(44.4) 0.0649 11(16.7) 2(40) 0.2244 12(16.9) 2(18.2) 1.0000
Chorioamnonitis 4(5.4) 2(22.2) 0.1251 4(6.1) 2(40) 0.0536 3(4.2) 19.1) 0.4445
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Table 2. Association between natal factors and bacterial detection in various neonatal body sites in

a prospective study (continued)

Gastric (n=83) Bronchial (n=71) Oral (n=82)
Characteristics p-value' p-value' p-value'
Not detected Detected Not detected Detected Not detected Detected
(n=74) (n=9) (n=66) (n=5) (n=71) (n=11)
Postnatal factors
IUGR 23(31.1) 0(0) 0.0569 17(25.8) 0(0) 0.3280 17(23.9) 5(45.5) 0.1545
Intubation 59(79.7) 9(100) 0.2015 61(92.4) 5(100) 1.0000 56(78.9) 9(81.8) 1.0000
PPV 51(68.9) 9(100) 0.0569 48(72.7) 5(100) 0.3199 48(67.6) 9(81.8) 0.4897
Curosurf 49(66.2) 7(77.8) 0.7111 48(72.7) 5(100) 0.3199 45(63.4) 8(72.7) 0.7385

Results are displayed as number and proportion (%).
NSVD; Normal spontaneous vaginal delivery, C—sec; Cesarean section, PMH, Past medical history,

IUGR; Intrauterine growth retardation, PPV, Positive pressure ventilation.

T Fisher's exact test
* p<0.05
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Table 3. Correlation of bacterial presence across various body sites in a retrospective analysis

Gastric (n=1,107) Bronchial (n=573) Oral (n=20)
Characteristics Not detected Detected A Not detected Detected AN Not detected Detected prvalue”
(n=1,021) (n=86) (n=540) (n=33) (n=14) (n=6)
Culture Growth
Cervix 984(96.4) 86(100) 0.1082" 515(95.4) 33(100) 0.3881" 13(92.9) 6(100) 1.0000
Gastric 0(0) 86(100) <.0001" 28(5.3) 16(50) <.0001"" 2(14.3) 3(50) 0.1313
Bronchial 16(3.1) 16(36.4)  <.0001'" 0(0) 33(100) <.0001"" 2(15.4) 3(50) 0.2621
Oral 3(20) 3(60) 0.13137 3(21.4) 3(60) 0.26211" 0(0) 6(100) <.0001"
Pathogen growth
Cervix CoNS 456(44.7) 39(45.4) 0.9021 200(37.0) 15(45.5) 0.3323 8(57.1) 3(50) 1.0000
ig;gf;g;m 85(8.3) 22.3) 0.0471" 35(6.5) 1(3.0) 0.7131' 0(0) 1(16.7) 0.3000
Escherichia coli 225(22.0) 33(38.4) 0.0006" 77(14.3) 7(21.2) 0.3067' 4(28.6) 2(33.3) 1.0000
Candida sp. 160(15.7) 14(16.3) 0.8817 93(17.2) 7(21.2) 0.5577 4(28.6) 3(50) 0.6126
Gastric CoNS 0(0) 7(8.1) <.0001 1(0.2) 0(0) 1.0000" 0(0) 0(0)
ig;if;z:"”s 0(0) 3(3.5) 0.0005'" 1(0.2) 2(6.3) 0.00921" 0(0) 1(16.7) 0.3000
Escherichia coli 0(0) 18(20.9) <.0001 6(1.1) 5(15.6) 0.00021" 1(7.1) 1(16.7) 0.5211
Bronchial Escherichia coli 0(0) 2(4.6) 0.00617 0(0) 2(6.1) 0.00321 0(0) 1(16.7) 0.3158
Oral CoNS 3(20) 0(0) 0.5395" 3(21.4) 0(0) 0.53041 0(0) 3(50) 0.0175"
jgjgj;;gm 0(0) 1(20) 0.2500 0(0) 1(20) 0.26321 0(0) 1(16.7) 0.3000
Escherichia coli 0(0) 1(20) 0.2500'" 0(0) 1(20) 0.2632' 0(0) 1(16.7) 0.3000
Candida sp. 0(0) 1(20) 0.2500'" 0(0) 1(20) 026321 0(0) 1(16.7) 0.3000

Results are displayed as number and proportion (%).

CoNS; Coagulase—Negative Staphylococcus

T chi—sqaure test; T T Fisher's exact test

* p<0.05

-17 -



Table 4. Correlation of bacterial presence across various body sites in a prospective analysis

Gastric (n=383) Bronchial (n=71) Oral (n=82)
Characteristics Not detected Detected o’ Not detected Detected el Not detected Detected ol
(n=74) (n=9) (n=66) (n=5) (n=71) (n=11)
Culture Growth
Cervix 27(90) 8(100) 1.0000 28(90.3) 5(100) 1.0000 30(90.9) 5(100) 1.0000
Gatric 0(0) 9(100) <.0001" 5(7.7) 4(80) 0.0006" 5(7.5) 4(36.4) 0.0195"
Bronchial 1(1.64) 4(44.4) 0.0006" 0(0) 5(100) <.0001" 3(5.1) 2(25) 0.1046
Oral 7(10.1) 4(44.4) 0.0195" 6(9.7) 2(40) 0.1046 0(0) 11(100) <.0001"
Pathogen growth
Cervix CoNS 13(43.3) 2(25) 0.4398 13(41.9) 1(20) 0.6283 13(39.4) 1(20.0) 0.6331
ig;itfggzc“s 22(73.3) 4(50) 0.2319 21(67.7) 3(60) 1.0000 23(69.7) 3(60.0) 0.6426
Escherichia coli 6(20.0) 3(37.5) 0.3631 6(19.4) 2(40) 0.3048 7(21.2) 2(40) 0.5741
Candida sp. 12(40.0) 3(37.5) 1.0000 13(41.9) 1(20) 0.6283 12(36.4) 2(40.0) 1.0000
Gastric CoNS 0(0) 1(11.1) 0.1084 0(0) 1(20) 0.0714 1(1.5) 0(0) 1.0000
jg;ﬁt;’;;’;a‘s 0(0) 1(11.1) 0.1084 0(0) 1(20) 0.0714 0(0) 109.1) 0.1410
Escherichia coli 0(0) 4(44.4) <.0001" 2(3.1) 2(40) 0.0234" 2(3.0) 2(18.2) 0.0932
Bronchial Escherichia coli 0(0) 1(11.1) 0.1286 0(0) 1(20) 0.0704 0(0) 1(12.5) 0.1194
Oral CoNS 4(5.8) 0(0) 1.0000 3(4.8) 0(0) 1.0000 0(0) 4(36.4) 0.0002"
g’g’;ﬁ’g;;’;"’“s 0(0) 1(11.1) 0.1154 0(0) 1(20) 0.0746 0(0) 109.1) 0.1341
Escherichia coli 0(0) 2(22.2) 0.0120 1(1.6) 1(20) 0.1447 0(0) 2(18.2) 0.0166°
Candida sp. 0(0) 1(11.1) 0.1154 1(1.6) 0(0) 1.0000 0(0) 109.1) 0.1341

Results are displayed as number and proportion (%).

CoNS; Coagulase—Negative Staphylococcus

T Fisher's exact test
* p<0.05
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Table 5. A retrospective regression analysis of factors influencing neonatal microbiota

Gastric culture detected

(ref. Not detected)

Bronchial culture detected

(ref. Not detected)

Oral culture detected

(ref. Not detected)

Characteristics
Odfis C(_)nﬁdence e Odds C(_)nﬁdence i Odfis C(?nﬁdcncc e
ratio interval ratio interval ratio interval
Neonatal factors
Gender Male 1.00 1.00 1.00
Female 0.80 0.51 1.25 0.3245 0.89 0.44 1.82 0.7564 0.56 0.08 3.87 0.5528
Birth type Full term 1.00 1.00 1.00
Preterm 0.76 0.46 1.26 0.2890 3.86 0.22 67.59 0.3552 1.46 0.01 151.64 0.8724
Birth weight Normal 1.00 1.00 1.00
Igl(:'t\;/l weight 0.98 0.61 1.58 0.9464 0.67 0.27 1.63 0.3715 2.60 0.06 121.53 0.6261
APGARS score <7 1.00 1.00 1.00
>7 0.71 0.44 1.14 0.1519 0.49 0.24 1.01 0.0544 0.27 0.03 2.42 0.2436
Delivery mode NSVD 342 2.19 5.35 <.0001" 1.57 0.67 3.67 0.2951 1.36 0.11 17.56 0.8119
C-sec 1.00 1.00 1.00
Multiple Singlet 1.00 1.00 1.00
Pregnancy Multiplet 0.69 0.39 1.22 0.2067 1.04 0.49 221 09172 1.30 0.17 9.81 0.8017
Prenatal factors
Adevanced <35 1.00 1.00 1.00
matemalage 35 1.03 0.66 1.62 0.8885 178 0.88 3.60 0.1058 2.80 0.31 2531 0.3584
Maternal PMH Hypertension 0.70 0.28 1.70 0.4249 0.81 0.21 3.06 0.7510 1.83 0.22 14.97 0.5750
Diabetes 1.63 0.90 297 0.1086 1.84 0.75 4.54 0.1835 0.64 0.07 6.27 0.6985
Chorioamnonitis 242 1.49 3.95 0.0004" 2.51 1.24 5.12 0.0110" 2.33 0.33 16.42 0.3946
Postnatal factors
Sepsis 6.04 2.25 16.19 0.0004" 18.65 6.65 52.33 <.0001" 5.00 0.38 66.15 0.2219
NEC 2.67 0.92 7.73 0.0713 3.36 1.13 10.01 0.0297° 245 0.13 47.03 0.5513
E;scpliialization 1.30 0.70 2.41 0.4141 0.56 0.02 14.99 0.7307
Intubation 1.01 0.65 1.56 0.9755 0.91 0.24 3.51 0.8930 1.46 0.01 151.64 0.8724
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Table 5. A retrospective regression analysis of factors influencing neonatal microbiota (continued)

Gastric culture detected Bronchial culture detected Oral culture detected
. (ref. Not detected) (ref. Not detected) (ref. Not detected)
Characteristics
Odds Confidence _value Odds Confidence value Odds Confidence value
ratio interval p-val ratio interval p-vai ratio interval p-vai
Culture growth
Cervix 6.59 0.39 11246 0.1926 3.32 0.19 58.87  0.4140 1.46 0.01 151.64  0.8724
Gastric : : ; . 17.53 7.99 3844  <.0001°  5.00 0.58 43.29 0.1440
Bronchial 17.53 7.96 3860  <.0001" : : . . 4.60 0.53 40.15 0.1675
Oral 5.00 0.59 4207  0.1386 4.60 0.54 3906 0.1620
Pathogen growth
Cervix CoNS 1.03 0.66 1.60 0.8945 1.42 0.71 2.86 0.3222 0.77 0.12 5.06 0.7807
Alloscardovia 221 1.40 3.49 0.0007" 1.69 0.72 3.96 0.2248 1.30 0.17 9.81 0.8017
omnicolens
Klebsiella 2.05 0.80 528 0.1348 343 1.00 1176 0.0496"
peumoniae
Candida sp. 1.07 0.60 1.94 0.8137 1.36 0.58 3.15 0.4809 2.33 0.33 16.42 0.3946
Gastric CoNS 192.54 8.96 int 0.0008° 538 0.06 50627  0.4680
Streptococcus 1000.00  9.51 int 0.0207°  28.75 2.70 30622 0.0054°  7.80 0.08 79313 0.3837
agalactiae
Enterococcus 164.66 732 int 0.0013" 1.79 0.07 4783  0.7281
faecalis
Escherichia coli 55258 3045 int 0.0001°  16.04 461 5580  0.0001°  2.45 0.13 47.03 0.5513
Klebsiella 1000.00  9.51 int 0.0207°  28.75 2.70 30622 0.0054
peumoniae
Bronchial Escherichia coli  1000.00  0.00 int 0.1533  1000.00  0.00 int 0.8870 7.26 0.07 74031  0.4007
Oral CoNS 033 0.01 1158  0.5372 0.30 0.01 10.70  0.5080  28.99 0.77 int 0.0688
Streptococcus 10.42 0.10 int 0.3245 9.59 0.09 999.01  0.3403 7.80 0.08 79313 0.3837
agalactiae
Escherichia coli ~ 10.42 0.10 int 0.3245 9.59 0.09 999.01  0.3403 7.80 0.08 79313 0.3837
Candida sp. 10.42 0.10 int 0.3245 9.59 0.09 999.01  0.3403 7.80 0.08 79313 0.3837
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Results are displayed as number and proportion (%).

NSVD;, Normal spontaneous vaginal delivery, C—sec; Cesarean section, PMH, Past medical history,
NEC; Necrotizing enterocolitis, N/CU, Neonatal intensive care unit,

CoNS; Coagulase—Negative Staphylococcus.

* p<0.05
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Table 6. A prospective regression analysis of factors influencing neonatal microbiota

Gastric culture detected

(ref. Not detected)

Bronchial culture detected

(ref. Not detected)

Oral culture detected

(ref. Not detected)

Characteristics Odfis anﬁdence Seling Odfis anﬁdence Serling Odfls C(_)nﬁdence el
ratio interval ratio interval ratio interval
Neonatal factors
Sex Male 1.00 . 1.00 . 1.00 .
Female 0.51 0.13 2.06 0.3440 1.78 0.32 9.91 0.5105 0.87 0.25 3.01 0.8260
Birth type Full term 1.00 1.00 1.00
Preterm 1.99 0.31 12.67 0.4659 0.76 0.10 5.58 0.7846 3.18 0.52 19.58 0.2118
Birth weight Normal 1.00 1.00 1.00
I];l(l)“t\?]l weight 2.13 0.34 13.51 04218 0.83 0.11 6.06 0.8530 3.39 0.55 20.81 0.1870
APGARS score <7 1.00 1.00 . . 1.00
>7 0.47 0.12 1.82 0.2773 0.06 0.00 1.16 0.0629 0.61 0.17 2.13 0.4386
Delivery mode NSVD 6.81 0.99 47.02 0.0517 4.63 0.49 43.57 0.1804 1.73 0.22 13.51 0.6025
C-sec 1.00 1.00 1.00
Multiple Singlet 1.00 1.00 1.00
pregnancy Multiplet 285 073 1109  0.1305 132 024 743 07511 124 0.34 449 0.7448
Prenatal factors
Advanced <35 1.00 1.00 1.00 . .
matemnalage 5 284 0.62 1301 01777 3.19 0.46 2208 02409 391 0.88 1728 0.0723
Maternal PMH Hypertension 0.19 0.01 3.68 0.2697 0.33 0.02 6.95 0.4751 1.63 0.40 6.64 0.4933
Diabetes 4.09 0.99 16.86 0.0512 3.45 0.58 20.63 0.1752 1.25 0.26 6.00 0.7779
Chorioamnonitis 5.22 0.83 32.67 0.0774 9.92 1.35 72.66 0.0239" 2.80 0.30 26.16 0.3678
Postnatal factors
IUGR 0.12 0.01 2.19 0.1506 0.26 0.01 5.30 0.3791 2.64 0.73 9.46 0.1371
Intubation 4.95 0.25 98.31 0.2944 0.98 0.04 26.42 0.9922 1.04 0.22 4.86 0.9578
PPV 8.68 0.46 165.08 0.1506 4.20 0.21 85.97 0.3520 1.84 0.41 8.28 0.4261
Curosurf 1.55 0.33 7.16 0.5778 4.20 0.21 85.97 0.3520 1.41 0.37 5.48 0.6156
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Table 6. A prospective regression analysis of factors influencing neonatal microbiota (continued)

Gastric culture detected Bronchial culture detected Oral culture detected
. (ref. Not detected) (ref. Not detected) (ref. Not detected)
Characteristics
Odds Confidence Odds Confidence Odds Confidence
. . p-value » : p-value . . p-value
ratio interval ratio interval ratio interval
Culture Growth
Cervix 2.16 0.07 72.29 0.6665 1.35 0.04 46.76 0.8680 1.26 0.04 43.63 0.8976
Gastric . . . . 33.00 4.06 268.34 0.0011" 6.82 1.49 31.13 0.0132"
Bronchial 33.00 3.63 299.88 0.0019" . . . . 6.21 0.88 43.95 0.0675
Oral 6.82 1.52 30.68 0.0123" 6.21 0.94 41.18 0.0585
Pathogen growth
Cervix CoNS 0.50 0.09 2.65 0.4140 0.46 0.06 351 04514 0.51 0.07 3.87 0.5116
Escherichia coli 2.40 0.46 12.63 0.3022 2.30 0.41 19.11 0.2928 2.52 0.38 16.66 0.3364
Candida sp. 0.94 0.20 4.50 0.9403 0.46 0.06 351 0.4514 1.23 0.20 7.57 0.8243
Gastric CoNS 26.01 0.27 inf 0.1623 inf inf inf inf 1.98 0.02 185.57 0.7685
Streptococcus 26.01 0.27 inf 0.1623 inf inf inf inf 18.55 0.20 inf 0.2065
agalactiae
Escherichia coli 121.85 4.15 inf 0.0054" 18.15 1.93 170.42 0.0112" 6.90 0.87 54.99 0.0683
Bronchial Escherichia coli 21.77 0.22 inf 0.1881 inf inf inf inf 23.70 0.24 >999.999 0.1761
Oral CoNS 0.77 0.03 21.56 0.8759 1.55 0.05 52.89 0.8091 85.78 3.00 inf 0.0093"
Streptococcus 2438 025 inf 0.1713 inf inf inf inf 20.58 021 inf 0.1957
agalactiae
Escherichia coli 46.32 1.04 inf 0.0476" 13.66 0.73 257.09 0.0808 37.66 0.86 inf 0.0600
Candida sp. 24.38 0.25 inf 0.1713 3.68 0.04 375.40 0.5806 20.58 0.21 inf 0.1957
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Results are displayed as number and proportion (%).

NSVD;, Normal spontaneous vaginal delivery, C—sec; Cesarean section, PMH, Past medical history,
IUGR,; Intrauterine growth retardation, PPV, Positive pressure ventilation,

CoNS; Coagulase—Negative Staphylococcus.

* p<0.05
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The alpha diversity of the neonatal oral microbiome is visualized through box
plots, with the median indicated by the line within each box. (a-f) Oral
microbiome alpha diversity in relation to neonatal factors. (g, h) Alpha diversity
in connection with prenatal conditions. (i-1) Influence of bacterial detection in
various body sites on oral microbiome diversity. (m—-p) Impact of Escherichia
coll detection in the following cultures on oral microbiome diversity. "NA" refers
to samples that were not subjected to a culture test. * p < 0.05, ** p < 0.01, **x*

p < 0.001 (Wilcoxon rank sum test); T Shannon, ¥ ACE
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Fig 3. Influence of natal factors on the beta diversity of the neonatal oral
microbiome.

(a—c) Beta diversity of the neonatal oral microbiome (binomial distance)
visualized by PCoA, categorized by birth type, birth weight, and delivery mode.

(d-f) PERMANOVA pairwise comparisons highlighting differences in microbial

composition by these same natal factors.
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3.8. A 7o W& Aot 74 wBE 74 vl

x2

9 go

s fEs

2

pul

rlo

Aol 7k mAEe] vekd 7 Rl fos AolE K
o H-Qlek. whehA, Ak of o & AlAote] -7 mid = A & v sk}l

i (phylum) FFollA, Abete] 7 mAdE 4 vb2torgl zo]7 il
ZAbore]l  F7F wAE tefdol W Agloew, XAbotelA = Proteobacteriast
Firmicutes7} A SHA el ot (Fig. 4a). Differential Abundance
Analysis(DAA) ol A 422709 AA &R/ & Firmicutes$} Proteobacteria®l <53b=
77y FAboel A FolwlEtA FEP, 4170 FvlEAl A ATH(Fig. 4b).

Heatmap®l| A, v]AE2] F(species) T Atld FHE T3 A oI 7o &

fo18 2o] & Wtk (Fig. 5).
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Fig 4. Comparative analysis of oral microbiome based on birth type.
(a) Microbial taxonomy overview. (b) Differential abundance analysis (DAA)
results highlighting taxa with [log:FC| > 1 and adjusted p < 0.001 as

significantly altered.
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Fig 5. Relative abundance of microorganisms in preterm and full —term neonates.

Heatmap illustrating taxa that showed significant differences in relative abundance by birth type, based on

DAA results. Colors represent the abundance levels of each taxon (rows) across individual samples

(columns).
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3.9. ZAkolol A Sl W3t wheleolsl BAW A

DAA A3} Zitolold folaA @se wARe Wad-%F Aige

i
-
o

dlo]E Wo] A~ (PHI-base) oA &lste] 57 AWzl ARdS 43k (Urban, et
al., 2022). X A3}, Corynebacterium diphtheriae, Lactococcus lactis, Proteus
mirabilis® FUAd FH == TARolA fFosAl HAss o, Zb7 vz g ol

AU, Q=27dy Hol Qe Ao® yElwtt, W, Helicobacter pylori,

r

Enterococcus faecalis, Streptococcus pneumoniaed 34 ZTREE F2o35HA
Solstgonl, 27 914 7, B 79, slels Bele] 9l Zow thehdo(Fig. 6),

2 A=A A e FAAE S Fig. 70 Wehicith
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Fig 6. Bacteria and associated diseases

that showed significant

differences in preterm neonates based on the PHI database.

According to DAA (p < 0.05), certain bacteria showed significant changes in

preterm neonates, and their related pathogens and diseases were explored using

the PHI database. Microbes significantly altered in preterm neonates are plotted

on the y—axis, and their associated diseases are on the x—axis. In the left box,

red indicates higher relative abundance in preterm neonates, and blue indicates

lower abundance. In the right box, increasing red intensity reflects a stronger

microbe—disease association.
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Fig 7. Network plot of genes associated with bacteria—related diseases

showing significant differences in preterm neonates.

(a) Pathogens and disease—associated genes found in higher abundance in
preterm neonates. (b) Pathogens and genes linked to disease that were less
prevalent in preterm neonates. Red circles denote related diseases, green

triangles indicate associated genes, and blue squares represent the microbes.
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rAReRaL, 1 v o R v, A AU v w3 fAbs e A kel e A @ (Ferretti,
et al.,, 2018). olelst A¥= FFE A= HAolA AR ol vAEo] Aot
T Fow Aggs ARG Aot 9 mAlEo] Aol 7 vdERG AR
A7 F B =S FAMIE Bl olf= Aot 7 mAE wjk B o AR Al
T7F FaskAl &7l WA & vk 2"l =stal, LactobacillusE A28k,
Streptococcus, Staphylococcus, Escherichia <= Y| 7FA §-9] EFelA A9 o=
A=A AZE AT o2 A= AR A Aotz o] mgE HAd S glst=
S Ao, A Agote] chaFd 9] < v ARE] fAE HolFTL

AAoke] 27] WAEE FHES AREPE A 04

Gl
lo
M
o,
o
it
>,

N
)
2

g Blgenh £8, QuAoR wAR thepdo] B& Zo] we Ant)

wtolsl wage W, Ao Al wAE #RO chepyel st

B Akt 7 A ETE EA AF 2Tl B dHE Boln, dF 54
n] A Eol Aot TldA ol g B HET I 22 T ddo] 3k (Selway,
et al., 2023). o]gd o] A7E3 A, & AToNME AAFT Aot -7
v E v ol wbAY A A Al okel Ml ZFAdk Zlo] #QlE i olHd AT

Az FAakopel whatoro] Ak wIAE Al Abolvh Sles dvlsk, 2AF of -9}
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] AAES Hn v s FA Zlositty Ry ¢tk (Aagaard, et al., 2014). ©]=

Gurel gl Atme] FRuAE Wsl W vAE TAL WY £ AeS
Julshel, @ AeldE QA Fxel Hw wARS WAL

Mo

X 13k t}(Bassols, et al., 2016; Pelzer, et al.,, 2017). Aol 7 u|AyE
EjHty} oFol A fEletnE, Fel Qldl WHaE gRk mAEo] Aol 47

n] g Ee] 9

o

A 5 glen o)t ¥ A s R a

AAgorel 27] mAETol 24 F Aol AAel

to
Y
d
it

dA Uk 2 Aol = At Sy VA mAdEe] HEE By WHET
WAEC] FOSHA EokAw= e Alsklth mE, Aot Y@ oA v =0l
AEdE A A ZE EAAEC] FosAl TUbeke AR YERET o= Aot

z7] WAETH Aol A Aol 7Ee] AWAEE oA & W FxI

rr

Ayolt} (Gensollen, et al.,, 2016; Underwood and Sohn, 2017; White, et al.,

2013).
AbRO] b5 9 Bk m RS AAolel ] AgEE, AAole] 17w AL )
BE/E ARt ol 7 909 nAE 2o N AdH] Uee A B

Aol A= AlAgote] 4, §l, Z18A F919 mdE L0l A ddEo jlon,

olgjgt FolelA mgEo] HAEE AS el 74 nAE o] Hadte A
shlatoieh. weh, Atwel AlAgotellA 54 nlgEe] EA9} 7 FolelA mAE A
7o ABAE A A3}, Escherichia coli7b Aot A v BE FAeL F2u) s
ABANL A= Aow vehgth Aot 9] = FRlA  Escherichia colit
AzEd A5, 74 v E ko] Hasks AR ERlHQITh B, Aot 7oA
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Escherichia coli, 2YE2 Aa7AF-o\M  Alloscardovia omnicolens’} AEE A%
Agote] fleA wrH glol HEEC] =skow, AR A AFolA  Klebsiella
pneumoniae, Aot QoA Streptococcus agalactiae, Escherichia coll,
Klebsiella pneumoniae 7% &2 745 Aot 7|#A oA we glo} HEFO] w2

3

o
ek
olN

e
X
rlr

Ao 7 Vebsth, 129 Escherichia coli vF= T3 dtA 5, ¥ |
g A Ay 22 Ase fusttty I A Y (Guner, et al., 2009; Stoll, et
al., 2011). Alloscardovia omnicolenst= *FEo|A WAL oz 283t Z7]| ot

WS f2e 4 9t (Cardona—Benavides, et al., 2019). Klebsiella pneumoniae

%

Zab gl Aol sjdFy Aol glowm, Atrel Aol EiFolx WAgow

rr

Z+-2-3Ft}k (Khaertynov, et al., 2018; Son, et al., 2018). Group B Streptococcus =
st Streptococcus agalactiae= 1ol WEFTS Fdsts YAH oz dHA

1t} (Patras and Nizet, 2018; Stoll, et al., 2011). ¥ AF&E =3

AReb Aokl 54 AA FSlelM EAE B Aol 27 mAEY] A FFS

w3 4 glow, ol Aleke] A%l FAA FFE E 5 AeT FAsTh

APGE o & 9% vHta B3 HAt(Chang, et al., 2005; Hokuto, et al.,
2001; Wilcox and Skjaerven, 1992). g} E AFoA+= &4 AFHuE 24

oo 2 grE AL o Fol wE A vAE Y Aol E BA ST XAkote}
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TAtol zkel 4 WA= AL FYmsh zelE Blow, FAatel oAM=
Proteobacteria$t Firmicutes7t &5t WelwRt. o= XAtore] Ay wA&atol
et o] " A Axpel AR sH= dolth(Underwood and Sohn, 2017). & (species)
FFo\ M, Cronobacter sakazakii(Hunter, et al.,, 2008) Y Staphylococcus
capitis(In Kim, 2017)¢} o] Aol sjdFolv Ard Fds 28 + Ue
e glolrt FAlotel A B fo] HEHUY. Wi, ZRuloley EA4e 7R
Bifidobacterium breve(Li, et al., 2004) 8} 77 wlo]eAES o]|FH, Xo}-$-2]9]
A= TNl E5E Ao 7 WuH Veillonella rogosae(Arif, et al., 2008; Zhou, et
al.,, 2021) &= ZAtotellA o AUtk Wk, Ao} W X5 {7 #do] Qe AoR
A A Haemophilus parainfluenzae %X Porphyromonas pasteri(Relvas, et al.,
2021) & ZAbotoll Al A A yebTh. o] sk A= Aakobe] koA {92 vl Eo]
s g dqto] of wol EAE Ths A& AAFSEAIRE, ZAtolel A 54 Fowrd TS
I (strain) FEolA sty A= 2AY G714 24 ZIREe] ek Al
AS 83 F7F A7 sttt & Aol A= PHI "oy u|o] ~eke] vlu s 53l
Corynebacterium diphtheriae, Lactococcus lactis, Proteus mirabilis, Helicobacter

pylori, Enterococcus faecalis, Streptococcus pneumoniae2 ERFE7} FAlolo] A

Folv@ ol g Holt A% HaAstgow, oF ol thd fdy A8 WA

T ATels 2 A SHAIFCl EAsH. A, AR Aotz mAdE A

GAE Bty Y o 2

likil

Bt %4 35 E A7 et uebA,
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ABSTRACT

Natal factors influencing
the diversity of the neonatal oral microbiome

The establishment of neonatal microbiota is essential for the postnatal immune system and
the proper development of physiological, neurological, and metabolic functions. This study aimed
to explore the determinants of oral microbiome diversity in neonates. The study population
included two cohorts: a prospective group composed of 73 mothers and 87 neonates, and a
retrospective group involving 991 mothers and 1,121 neonates. Microbial cultures were obtained
from maternal cervix samples and from neonatal gastric, bronchial, and oral sites. Additionally,
oral microbiome was characterized using 16S rRNA gene sequencing to assess microbial diversity
and composition. The microbial profiles of neonatal samples revealed overlapping genera, with the
gastric microbiota most closely resembling that of the maternal cervix. In addition to maternal
microbial transfer, several natal factors—including birth type, delivery mode, birth weight,
maternal conditions such as diabetes and chorioamnionitis, and the detection of bacteria at other
body sites—were found to impact oral microbiome diversity. Of these, birth type emerged as the
most influential, with preterm neonates displaying reduced microbial diversity, fewer beneficial
taxa, and a higher prevalence of potential pathogens. These findings offer a valuable reference
point for future research on oral microbiota development in preterm neonates and its broader

implications for neonatal health.

Key words: Oral microbiome, Neonate, Maternal-to-newborn microbial transmission, natal factor,
preterm
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