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[Abstract] Objective:To analyze the diversity and composition of the maternal gut microbiota and vaginal microbiota in late
pregnancy, neonatal meconium microbiota and vernix caseosa microbiota, and analyze the similarities, differences and correlations.
Methods- This is a prospective study. Maternal stool samples and vaginal swabs in late-pregnancy, and neonatal meconium samples
were collected from 11 mother-infant pairs at Xinhua Hospital, Shanghai Jiao Tong University School of Medicine from August to
November 2018; the vernix caseosa from three sites (forehead, axilla, and inguinal crease) and meconium samples were collected
from 14 healthy newborns at International Peace Maternity and Child Health Hospital, Shanghai Jiao Tong University School of
Medicine in December 2018. All births were vaginal deliveries. The 16S rRNA gene V3—V4 region sequencing was used. The
diversity, composition and similarities/differences of the maternal gut microbiota, the vaginal microbiota, and the neonatal
meconium microbiota from the 11 mother-infant pairs, as well as the neonatal vernix caseosa microbiota and the meconium
microbiota from the 14 newborns were analyzed. Results- The number of operational taxonomic units (OTUs), ACE index, Chaol
index, and Shannon index of maternal gut microbiota were all higher than those of vaginal microbiota; the ACE indices and the
Chaol indices of the vernix caseosa microbiota at three sites were all higher than those of meconium microbiota (P<0.01). The 3
diversity varied among the maternal gut microbiota, vaginal microbiota, and neonatal meconium microbiota (P<0.01). The f
diversity of neonatal vernix caseosa microbiota from three sites (forehead, axilla, and inguinal crease) was similar, but different from
meconium microbiota (P<0.01). At the phylum level, the dominant bacteria were Firmicutes (52.76%) and Bacteroidetes (41.67%)
in the maternal gut microbiota, Firmicutes (74.36%) and Actinobacteria (21.25%) in the maternal vaginal microbiota, and Firmicutes
(84.22%) and Proteobacteria (8.80%) in the neonatal vernix caseosa microbiota. The dominant bacterium in the neonatal meconium
was Proteobacteria in the two batches of samples (81.11% and 88.72%, respectively). At the genus level, the dominant bacteria were
Bacteroides (35.42%) and Faecalibacterium (10.12%) in the maternal gut microbiota, Lactobacillus (69.10%) and Bifidobacterium
(11.30%) in the vaginal microbiota, and Lactobacillus (79.81%) and Pseudomonas (3.23%) in the vernix caseosa microbiota. The
dominant bacterium in the neonatal meconium was Escherichia in the two batches of samples (55.21% and 31.18%, respectively).
Conclusion - The a diversity of maternal gut microbiota is higher than that of vaginal microbiota and neonatal meconium microbiota,
and it is higher in neonatal vernix caseosa than that in meconium microbiota. The Firmicutes is the predominant phylum in the
maternal late-pregnancy gut microbiota, vaginal microbiota, and neonatal vernix microbiota. Lactobacillus is the predominant genus
in both maternal vaginal and neonatal vernix caseosa microbiota. Proteobacteria in phylum and Escherichia in genus are
predominant in meconium microbiota. The microbiota composition is similar in vernix caseosa at different body sites, but there are
differences between the vernix caseosa microbiota and meconium microbiota.

[Key words] vertical transmission of mother-infant microbiota; gut microbiota; vaginal microbiota; meconium microbiota; vernix
caseosa microbiota; newborn
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Tab 1 Clinical characteristics of 11 pairs of mothers and newborns
Characteristic Value
Maternal characteristic (n=11)
Age/year 29.00+4.03
Education level/n(%)
High school or below 3(27.3)
College or above 8(72.7)
Parity/n(%)
0 8(72.7)
>1 3(27.3)
Antibiotics use during child delivery/n(%)
No 8(72.7)
Yes 3(27.3)
Early pregnancy BMI/n(%)
<18.5kg'm™ 0(0)
18.5-23.9 kg'm™ 8(72.7)
24.0-27.9 kg'm™ 1(9.1)
>28 kg'm™ 2(18.2)
Pre-delivery BMI/n(%)
<18.5kg:m™ 0(0)
18.5-23.9 kg'm™ 0(0)
24.0-27.9 kg'm™ 6(54.5)
>28 kg'm™ 5(45.5)

Note: SGA—small for gestational age; AGA—appropriate for gestational age; LGA—Ilarge for gestational age; GBS—group B streptococcus; NICU—

neonatal intensive care unit.
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Tab 2 Clinical characteristics of 14 newborns and their mothers
Characteristic Value
Maternal characteristic (n=14)
Agelyear 30.43+2.90
Education level/n(%)
High school or below 3(21.4)
College or above 11(78.6)
Parity/n(%)
0 10(71.4)
>1 4(28.6)
Antibiotics use during child delivery/n(%)
No 11(78.57)
Yes 3(21.43)
Early pregnancy BMI/n(%)
<18.5kg'm™ 0(0)
18.5-23.9 kg'm™ 11(78.6)
24.0-27.9 kg'm™ 2(14.3)
>28 kg'm™ 1(7.1)
Pre-delivery BMI/n(%)
<18.5 kg'm™ 0(0)
18.5-23.9 kg'm™ 2(14.3)
24.0-27.9 kg'm™ 8(57.1)
>28 kg'm™ 4(28.6)
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Characteristic Value
Weight gain in mid to late pregnancy/kg 12.69+4.50
Gestational diabetes mellitus/n(%) 1(9.1)
GBS positive/n(%) 0(0)
Puerperal fever/n(%) 0(0)
Infant characteristic (n=11)
Infant gender/n(%)
Girl 4(36.4)
Boy 7(63.6)
Weight for gestational age/n(%)
SGA 2(18.2)
AGA 8(72.7)
LGA 1(9.1)
Entering NICU after birth/n(%)

Yes 1(9.1)
No 10(90.9)
Gestational age at birth/week 40.18+0.75
Length/cm 50.27+1.62
Birth weight/g 3 536.36+423.66

Head circumference/cm 34.55+1.21
Birth BMI/(kg'm™) 13.96+1.15
Neonatal antibiotics use/n(%) 0(0)

Characteristic Value
Weight gain in mid to late pregnancy/kg 11.09+9.63
Gestational diabetes mellitus/n(%) 1(7.1)
GBS positive/n(%) 0(0)
Puerperal fever/n(%) 0(0)
Infant characteristic (n=14)

Infant gender/n(%)

Girl 7(50.0)

Boy 7(50.0)
Weight for gestational age/n(%)

SGA 0(0)

AGA 10(71.4)

LGA 4(28.6)
Entering NICU after birth/n(%)

Yes 2(14.3)

No 12(85.7)
Gestational age at birth/week 39.14+0.95
Length/cm 50.00+0.88

Birth weight/g
Birth BMI/(kg-m™)

Neonatal antibiotics use/n(%)

3418.93+371.51
13.66+1.26
0(0)
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Note: A. Maternal gut microbiota, and vaginal microbiota in late-pregnancy and neonatal meconium microbiota from the 11 pairs of mothers and newborns.
B. Neonatal vernix caseosa (at forehead, axilla, and inguinal crease) and meconium microbiota from the 14 newborns.
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Note: M—maternal gut microbiota; V—maternal vaginal microbiota; N—neonatal meconium microbiota.
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Fig 2 Box plots of Ace (A), Chaol (B), Shannon (C), and Simpson (D) indices of maternal gut microbiota and vaginal microbiota in late-
pregnancy and neonatal meconium microbiota
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Note: Sl—neonatal vernix caseosa at forehead; S2—neonatal vernix caseosa at axilla; S3—neonatal vernix caseosa at inguinal crease; F—neonatal meconium.
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Fig3 Box plots of Ace (A), Chaol (B), Shannon (C), and Simpson (D) indices of microbiota in neonatal vernix caseosa and meconium
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Note: A. Maternal gut microbiota and vaginal microbiota in late-pregnancy and neonatal meconium microbiota from the 11 pairs of mothers and newborns. B.

Neonatal vernix caseosa (at forehead, axilla, and inguinal crease) and meconium microbiota from the 14 newborns.
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Note: A/B. Maternal gut microbiota and vaginal microbiota in late-pregnancy and neonatal meconium microbiota from the 11 pairs of mothers and newborns
at the levels of phylum (A) and genus (B). C/D. Neonatal vernix caseosa (at forehead, axilla, and inguinal crease) and meconium microbiota from the 14
newborns at the levels of phylum (C) and genus (D). M1-M11: maternal gut microbiota; V1-V11: maternal vaginal microbiota; N1-N11: neonatal meconium
microbiota; S1-1-S1-8: neonatal vernix caseosa at forehead; S2-1—-S2-10: neonatal vernix caseosa at axilla; S3-1—-S3-10: neonatal vernix caseosa at inguinal
crease; F-2, F-5, F-8, F-11-F-14: neonatal meconium.

E5 AEEREEEIFBKEDMBXEEERE

Fig 5 Histogram of relative species abundance at the phylum and genus levels in different samples
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Note: Due to the potential significant differences in relative abundance of species, sample clustering was affected. After multiplying the relative abundance by
100, a log transformation with a base of 10 was performed [y=Ig(100x)]. If the relative abundance of species in the sample was 0, it would be replaced with the

log value of half of the minimum value (#0) of species abundance in all samples.
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Fig 6 Species composition heatmaps at the level of phylum (A) and genus (B) in the maternal gut microbiota and maternal vaginal

microbiota in late-pregnancy and neonatal meconium microbiota
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Note: Different colors in the figure represent different microbial communities. The yellow nodes represent microbial communities that do not play an
important role in the 3 groups. The green nodes represent microbial communities that play an important role in the maternal gut microbiota. The blue nodes
represent microbial communities that play an important role in the maternal vaginal microbiota. The red nodes represent microbial communities that play an
important role in the neonatal meconium microbiota. From the inside out, each circle consists of species at the level of phylum, class, order, family, and genus.
7 BERZBIBMER. AEREMITEILRERR LESe S5 E

Fig 7 LEfSe cladogram of analysis on the maternal gut microbiota, and vaginal microbiota in late-pregnancy and neonatal meconium microbiota
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Note: The red nodes represent the microbial communities that play an important role in the neonatal vernix caseosa at forchead. The blue nodes represent the
microbial communities that play an important role in the neonatal vernix caseosa at axilla. The green nodes represent the microbial communities that play an
important role in the neonatal vernix caseosa at inguinal crease. The purple nodes represent the microbial communities that play an important role in neonatal
meconium. From the inside out, each circle consists of species at the level of phylum, class, order, family, and genus.
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Fig 8 LEfSe cladogram of analysis of the neonatal vernix caseosa microbiota and meconium microbiota
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Note: A. Maternal gut microbiota, and vaginal microbiota in late-pregnancy and neonatal meconium microbiota from the 11 pairs of mothers and newborns.

B. Neonatal vernix caseosa (at forehead, axilla and inguinal crease) and meconium microbiota from the 14 newborns. M1-M11: maternal gut microbiota;

V1-V11: maternal vaginal microbiota; N1-N11: neonatal meconium microbiota; S1-1-S1-8: neonatal vernix caseosa at forehead; S2-1-S2-10: neonatal vernix

caseosa at axilla; S3-1-S3-10: neonatal vernix caseosa at inguinal crease; F-2, F-5, F-8, F-11-F-14: neonatal meconium.
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Fig 9 UPGMA analysis of the microbiota from different samples
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