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Early gut microbial colonization is driven by many factors, including mode of birth,
breastfeeding, and other environmental conditions. Characters of maternal-neonatal
microbiota were analyzed from two distinct populations in similar latitude but different
continents (Oriental Asia and Europe). A total number of 120 healthy families from China
(n=60) and Spain (n=60) were included. Maternal and neonatal microbiota profiles were
obtained at birth by 16S rRNA gene profiling. Clinical records were collected.
Geographical location influenced maternal-neonatal microbiota. Indeed, neonatal and
maternal cores composed by nine genera each one were found independently of location.
Geographical location was the most important variable that impact the overall structure of
maternal and neoantal microbiota. For neonates, delivery mode effect on neonatal
microbial community could modulate how the other perinatal factors, as geographical
location or maternal BMI, impact the neoantal initial seeding. Furthermore, lower maternal
pre-pregnancy BMI was associated with higher abundance of Faecalibacterium in
maternal microbiota and members from Lachnospiraceae family in both mothers and
infants. At genus-level, Chinese maternal-neonate dyads possessed higher number of
phylogenetic shared microbiota than that of Spanish dyads. Bifidobacterium and
Escherichia/Shigella were the genera most shared between dyads in the two groups
highlighting their importance in neonatal colonization and mother-infant transmission. Our
data showed that early gut microbiota establishment and development is affected by
interaction of complex variables, where environment would be a critical factor.

Keywords: maternal, neonate, gut microbiota, geographical location, Bifidobacterium
1 INTRODUCTION

An adequate early microbial colonization is crucial for proper immunological and metabolic
development (Clemente et al., 2012). Shifts during this process have been linked to an increased risk
of non-communicable diseases (NCDs) such as allergies, metabolic disorders, as well as other long-
lasting effects (Milani et al., 2017).
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Neonatal gut colonization represents the de novo assembly of a
complex microbial community, a process that is influenced by
several environmental and also, host factors (Koleva et al., 2015).
This complex process, still not well understood, and follows a time
frame sequence depending on primary events at birth, such as
delivery mode and feeding type, and subsequently undergoes a
dynamic and non-random process during the development and
maturation of infant gut microbiota (Sprockett et al., 2018). In this
scenario, maternal microbiota represents one of the major
determinants in the assembly of the offspring’s microbial profile
(Dominguez-Bello et al., 2010; Ferretti et al., 2018). Maternal gut
microbiota would reflect the impact of specific factors and other
environmental exposures, such as diet, lifestyle and antibiotic
exposure, which could be transferred to the neonate at birth and
later, during lactation (Dominguez-Bello et al., 2010; Koleva et al.,
2015). Thus, mode of delivery and type of feeding have been
proposed as the main drivers and contributors that would shape
the neonatal gut microbiota (Dominguez-Bello et al., 2010). Several
studies have explored the impact of perinatal factors on early gut
microbial colonization, but available information about the
potential impact of geographical location, including diet, lifestyle
and climate on maternal-neonatal microbiota composition, is still
scarce. Previous studies have been shown a differential impact of
specific factors on milk microbiota according to geographical
location (Kumar et al., 2016), while the data on maternal-
neonatal gut microbiota was not provided.

In this sense, geographical location has been highlighted as an
important factor shaping the microbiota composition in the adult
population due to differences in dietary patterns, cultural practices,
and religion (Singh and Mittal, 2020). Thus, the current study
aims to assess the impact of the maternal microbiota on the
distribution of infant gut microbial communities at birth from two
distinct populations.
2 MATERIAL AND METHODS

2.1 Study Design and Participants
The study comprised 194 mother-neonate pairs from two
independent cohorts from China and Spain, corresponding to 87
dyads from each location.

2.1.1 Chinese Cohort
Mother-infant pairs were recruited from a community-based
randomized controlled trial conducted in Shaanxi Province,
China (Latitude 34.34 and Longitude 108.940). All mother-
infant pairs lived in Bin county, Shaanxi Province, China.
Mothers were recruited after admission to the hospital for
delivery. The eligibility criteria for the present study included:
healthy pregnant women without complications such as
hypertension, diabetes, or any other diagnosed disease, singleton
pregnancies and healthy full-term neonates. All the participants
were informed about the study and gave written consent. The
study protocol was approved by the Ethic Committee of Xi’an
Jiaotong University Health Science Center, China. Furthermore,
the study was registered on the ClinicalTrials.gov platform, with
the registration number NCT02537392.
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2.1.2 Spanish Cohort
Mother-infant pairs were randomly selected as a subset from a
prospective and observational MAMI birth cohort recruited from
2015-2017 in the Spanish-Mediterranean area (Latitude 39.46 and
Longitude 0.375), as detailed elsewhere (Garcıá-Mantrana et al.,
2019). Clinical parameters of the mother and the newborn were
obtained from medical staff’s clinical records at the hospital. The
inclusion criteria included healthy pregnancies without diagnosed
disease, and mothers older than 18 years of age. The exclusion
criteria were the non-compliance with any of the inclusion criteria
and, pro- and prebiotic treatment or the use of any othermedication
and drugs. Women were enrolled at the end of gestation and with
follow-up participation during the first year of life. All participants
received oral and written information about the study and written
informed consent was obtained from all the families. The study
protocol was approved by the Hospital Ethics Committees (Hospital
Universitario y Politécnico La Fe and Hospital Clinico Universitario
de Valencia). The study is registered on the ClinicalTrial.gov
platform, with the registration number NCT03552939.

2.2 Biological Samples
In both cohorts, maternal fecal samples were collected by trained
personnel prior birth. In the newborns, the first-pass fecal samples were
collected at birth and within the first 24 hours. Both samples were
stored in pre-numbered sterile tubes and immediately stored at -80°C
until further analysis.

2.3 DNA Extraction and 16S rRNA
Amplicon Sequencing
2.3.1 Chinese Cohort
Total DNAwas extracted from approximately 200mg of fecal sample
by using the QIAamp Fast DNA Stool Mini Kit (51504, QIAGEN,
Germany), according to the specifications from the manufacturer.
DNA concentration and purity were detected on NanoDrop2000
(ThermoFisher, USA) and 1.0% agarose gel electrophoresis.

2.3.2 Spanish Cohort
Total DNA was extracted from the fecal material (approx. 50-100
mg) using the Master-Pure DNA extraction Kit (Epicentre, Madison,
WI, US) following the manufacturer’s instructions with the following
modifications: samples were treated with lysozyme (20 mg/mL) and
mutanolysin (5U/mL) for 60 min at 37°C and a preliminary step of
cell disruption with 3-mmdiameter glass beads for 1min at 6m/s by a
bead beater FastPrep 24-5G Homogenizer (MP Biomedicals) as
described elsewhere (Garcıá-Mantrana et al., 2019). Purification of
the DNA was performed using DNA Purification Kit (Macherey-
Nagel, Duren, Germany) according to manufacturer’s instructions.
DNA concentration was measured using Qubit® 2.0 Fluorometer
(Life Technology, Carlsbad, CA, US) for further analysis.

2.3.3 Sequencing
The V3-V4 region of the 16S rRNA sequence was amplified using a
specific primer (Klindworth et al., 2013; Michelsen et al., 2014).
DNA libraries were performed with the amplification of the V3-V4
variable region of the 16S rRNA gene. A multiplexing step was
conducted by the NextEra XT Index Kit (FC-131-2001) (Illumina,
San Diego, CA, United States). Amplicons were checked with a
February 2022 | Volume 11 | Article 663513
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Bioanalyzer DNA 1000 system (Agilent Technologies, Santa Clara,
CA, United States) and libraries were sequenced using a 2x300bp
paired-end run (MiSeq Reagent kit v3) on an Illumina MiSeq
platform according to manufacturer instructions. Controls during
DNA extraction and PCR amplification were also included and
sequenced. The sequenced data were submitted to SRA with the
accession number of PRJNA637167 and PRJNA614975.

2.4 Bioinformatic and Statistical Analyses
Raw sequences from both locations were processed in the same
manner but independently. The resulting taxonomical tables were
then merged at genus level to avoid the potential bias at amplicon
sequence variant level (ASV). The paired-ends reads were merged
using FLASH v1.2.7 (Magoč and Salzberg, 2011). Then, Deblur
method of Quantitative Insights into Microbial Ecology2 (QIIME2)
software (v2020.1) (Bolyen et al., 2019) was used to extract
taxonomical composition from the sequencing reads with the
standard recommended options for the filtering and denoising
process as well as in the chimeral identification and removal.
Taxonomic assignment was conducted using the Silva v138
database (Yarza et al., 2008) and the available pretrained naive
Bayes classifier (Bokulich et al., 2018; Kaehler et al., 2019). Final
QIIME2 objects were imported to Rstudio environment for further
quality filtering and statistical analysis. To manage the potential
contaminants, all sequences from the negative controls from both,
Spain and China data sets, were obtained and included in the
pipeline. Furthermore, the decontam package (Davis et al., 2017) in
R environment (R Core Team, 2019) was used to determine the
presence of potential contaminants-related sequence and they were
removed from the final table. Additionally, samples with less than
1000 sequences were removed from the final data set (n=0).

Alpha diversity indices, including those for determination of
richness (Chao1), diversity (Shannon) was obtained through the
phyloseq package (McMurdie and Holmes, 2013) after the
rarefaction of the tables to the minimum reads per sample (3947
reads). Differences in alpha-diversity index were performed using
Mann-Whitney test considering a p<0.05 as significant. Beta
diversity analysis were performed based on Bray-Curtis distance
using also phyloseq package. Adonis test from vegan package
(Oksanen et al., 2019) was used to assess the association between
gut microbial community composition and studied variables
(Bäckhed et al., 2015). The analysis included the following
variables for the study of maternal microbiota: geographical
location, maternal age, maternal body mass index (BMI) and
delivery mode. Principal Coordinate Analysis (PCoA) and
Discriminant analysis of Principal components (DAPC) were
performed to the visualization of the b-diversity similarities
according to geographical location through the adegenet (Jombart
and Ahmed, 2011), ggplot2 (Wickham, 2016) and vegan package.

Maternal and neoantal core genera were obtained through the
microbiome package. A threshold of 0.01% in 95% of the samples
and 85% was considered for the identification of maternal and
neonatal microbial core, respectively. The core taxa were plotted
using ggplot2 with a after log transformation of the data to facilitate
the visualization. For the core genera the co-occurrence OTUs were
verified. Spearman’s rank correlation was calculated and employed
to identify the co-occurrence patterns among the relative abundance
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
of core genera. R package “corrplot” (Wei and Simko, 2021) was
used to plot the correlations matrix. For the analysis of the
compositional differences between the studied variables two
approaches were used. For the initial exploration, differences in
the phyla and core genera were assessed by Mann-Whitney analysis
on the centered log ration (CLR) normalization through the
microbiome package (Lahti and Shetty). To control for multiple
testing, false discovery rate (FDR) values were estimated by the
Benjamini-Yekutieli method (Benjamini and Yekutieli, 2001)
(referred as q-value). Besides this, Maaslin2 package (Mallick
et al., 2021) was used to performed multivariate analysis for the
effect of geographical location in the relative abundance of microbial
genera in both maternal and infant microbiota including the
potential influential covariables (maternal BMI, delivery mode
and age). For multivariate analysis in Maaslin2 those genera that
appear less than 3 times in at least 10% of the samples were removed
(remaining 181 genera). Mann-Whitney test was also used for
testing the differences between the bacterial counts, for total
bacteria and Bifidobacterium genus, in infant samples measured
by quantitative PCR using GraphPad prism software (GraphPad
Prism version 8.4.3 for Windows, GraphPad Software, San Diego,
California USA, www.graphpad.com).

2.5 Bacterial Quantification by Quantitative
PCR Analysis
A small subset of infant samples (n=67) according to DNA
availability (China n=36; Spain n=31) were used for the specific
bacterial count determination by the qPCR. Total bacterial and
Bifidobacterium genus counts were measured by quantitative
system based on the amplification of specific 16S rRNA gene
region by use of Light Cycler 480 Real-Time PCR System (Roche,
Basilea, Switzerland). Primers used were for total bacteria (Fwd: 5’-
CGTGCCAGCAGCCGCGG-3’, Rv: 5’-TGGACTACCAGGGTAT
CTAATCCTG-3’) and for Bifidobacterium genus (5’-GATTCTGG
CTCAGGATGAACGC-3’; Rv: 5’-CTGATAGGACGCGACCCCA
T-3’) (Gueimonde et al., 2004; Farhana et al., 2018). Reactionmixture
consisted in SYBR Green I master mix (Roche, Basilea, Switzerland),
0.25 µM of each specific primer set and 1 µl of DNA. Melting curves
were also assessed to test the specificity of the reaction. Standard
curves for the specific targeted bacterial group were generated
using Ct values and the calculated gene copy numbers were
determined based on the fragment amplification length.
3 RESULTS

3.1 Study Population
A total of 194 pregnant women from China and Spain were
included in the study, of which 74 dropped out. Reasons for the
drop-out of participants included the following: no longer
fulfilling the inclusion and exclusion criteria (n=31),
withdrawal of informed consent (n=25), missing data of
subjects (n=11) and other reasons (n=7). Finally, 120 mother-
neonate dyads (240 fecal samples) were suitable for analysis. The
characteristics of the subjects participating in the study are listed
in Table 1. Chinese mothers were younger than the Spanish ones
(a median of 27 vs 31.6 years) (p=0.001). Similarly, a slight
February 2022 | Volume 11 | Article 663513
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difference was observed in gestational age showing lower gestational
age in Chinese population than in Spain, although both were term
deliveries (38.8 vs 39.6 weeks) (p<0.001). No differences were
observed in the other recoded clinical characteristics.

3.2 Sequencing Summary and Gut
Microbiota Characteristic in Maternal-
Neonatal Dyads
After data filtration and chimera removal, the 120 mother-
neonate dyads dataset contained 7,218,087 reads (min-max
reads: 3947- 93206). The resulted phyloseq object consist in a
total of 944 different genera catalogued in the Silver138 database
(Figure 1). Furthermore, the retrieved genera were distributed
among 37 phyla and 364 families. Among genera, 171 were
shared between Chinese and Spanish population (18.11%)
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
(Figure 1A). The microbial core at genus level of maternal and
neonatal microbiota were composed by 9 genera in both
populations (Figures 1B, C and Supplementary Data, Table S1).

For the brief characterization of the maternal-neonatal gut
microbiota from China and Spain, the most abundant bacterial
phyla are presented in Figure 1. In 120 pregnant women,
Firmicutes (average 63.47%) and Bacteroidetes (average
13.45%) were the most dominant phyla, and Bacteroides
(8.33%), Subdoligranulum (8.50%) and Bifidobacterium (8.62%)
were the most abundant genera on average (Supplementary
Data, Table S1). Regarding neonatal microbiota, Proteobacteria
(41.24%) and Firmicutes (37.73%) were the dominant phyla, and
the main genera were Escherichia/Shigella (18.35%) and
Bifidobacterium (9.41%) (Figure 1D).

3.3 Impact of Location on Maternal
Gut Microbiota
There were nine core genera present in 120 mothers which is
composed by Subdoligranulum, Bifidobacterium, Bacteroides,
Blautia, Lachnospiraceae spp., Roseburia, Streptococcus,
Ruminococcus torques group and Ruminococcaeae unclassified
spp. (Figure 1B; Supplementary Data, Table S1). The collective
core was overwhelmingly dominant (abundance >30%) in almost
two thirds of the subjects (64%) but showed dramatic variations
in the relative abundance of each genus in different cohorts,
regardless of geography, lifestyle, and ethnicity (Supplementary
Data, Figure S1). Spearman’s rank correlation test was performed
to identify the co-occurrence patterns among the 9 core genera
(Figure 1E). In general, correlations were found among the core
genera components from related genera such as Lachnospiraceae
TABLE 1 | The demographic and birth characteristics of subjects from China
and Spain.

China (n=60) Spain (n=60) P

Maternal characteristics
Maternal age (y) 27.0 (21.3-37.3) 31.6 (22.3-40.1) 0.001*
BMI 21.3 (16.6-28.3) 22.5 (16.4-29.7) 0.110
Infant characteristics
Gestational age 38.8 ± 1.1 39.6 ± 1.1 >0.001*
Male 39/65% 35/58.3% 0.453
Female 21/35% 25/41.7%
Vaginal delivery 45/75% 50/83.3% 0.261
Non-vaginal delivery 15/25% 10/16.7%
Birth weight (g) 3205.7 ± 399.5 3347.5 ± 440.3 0.067
*P < 0.05.
A

D

E

C

F

B

FIGURE 1 | Microbial composition of maternal-neonatal microbiota in both populations, China and Spain. (A) Venn diagram of the shared genera between mothers
and neonates as well as both populations. (B, C) The relative abundance distribution of the core genera in the whole maternal (B) and neonatal group (C). Microbiota
data at genus level was transformed to log10-values for plotting [log (x+1)]. (D) The microbial composition of the whole population at phylum level according to both
geographical location and mother/infant category. Phyla with a relative abundance lower than 5% were groups as “Others”. (E, F) Co-occurrence patterns among the
core genera across the 120 maternal (E) and neonatal (F) samples determined as Spearman’s correlation. Data were transformed to relative abundance for correlations
analysis. Only the significant relations are colored.
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and Ruminococacceae groups and Subdoligranulum, Blautia and
Roseburia with a rho ranged 0.2-0.48. A negative association was
found between some of these genera such as Blautia (rho=-0.27,
p=0.003) and Suboligranulum (rho=-0.20, p=0.031) with
Bacteroides genus.

Despite the common core, significant differences were found in
maternal microbiota between China and Spain (Adonis, F.model =
19.30; R2=0.138, p=0.001) which were visualized by PCoA
(Figure 2A). In terms of alpha-diversity, spanish mothers (M-
ES) showed higher richness based on Shannon (p<0.001) index
than chinesse mothers (M-CN) group, but no differences were
found in microbial diversity (p=0.730) (Figure 2B).

Compositional analysis revealed that China mothers
harbored a microbiota enriched in Actinobacteriota (p=0.003,
q=0.008) and Verrucomicrobiota (p=0.006, q=0.019) phyla while
mothers from Spain showed higher relative abundance of
Proteobacteria (p=<0.001, q<0.001) and Bacteroidota (p=0.008,
q=0.019). Among the nine core genera present in 120 mothers,
the maternal microbiota core had significant difference between
the two countries, for Bifidobacterium (p<0.001, q<0.001),
Blautia (p=0.006, q=0.012), Subdoligranulum (p=0.014,
q=0.021), Roseburia (p=0.006, q=0.012) and those groups from
Ruminococcaceae family (Figure 2C). Indeed, the adjusted
multivariate analysis revealed that Chinese mother harbored
higher relative abundance of Faecalibacterium (q<0.001),
Ruminococcus gnavus group (q<0.001), Eubacterium_
coprostanoligenes_group (q<0.001) or Enterococcus (q<0.001),
among others compared to Spanish mothers (Figure 2D).
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However, Finegoldia (q<0.001), Ezakiella (q<0.001), Prevotella
(q<0.001) or Campylobacter genera had significantly lower relative
abundance in the M-CN group than in the M-ES group.

Furthermore, the multivariate analysis revealed that maternal
BMI was significantly negative associated to Eubacterium eligens
group (Coef=-0.84, q=0.020), Lachnospira (Coef=-0.78, q=0.021)
and Oscillonospiraceae UCG005 (Coef=-0.93, q=0.023) after
adjustment by covariates (Supplementary Data, Table S2).

3.4 Impact of Location and Delivery Mode
on Neonatal Gut Microbiota
There were nine core/predominant genera present in 120
neonatal microbiota including Escherichia/Shigel la ,
Bifidobacterium, Streptococcus, Bacteroides and Blautia as the
most abundant/prevalent (Figure 1C and Supplementary Data,
Table S1). Indeed, these nine collective cores were dominant
(abundance >30%) in more than 73% of the subjects
(Supplementary Data, Figure S2). Results of Spearman’s rank
correlation test showed that except for the Eschericha/Shigella
genus, most of the other core genera were positively correlated
with each other (Figure 1F).

Differences in neonatal microbiota between countries were
revealed by PCoA (Figure 3A) (Adonis, F.model=4.36,
R2=0.034, p=0.001). In terms of alpha-diversity, higher microbial
richness was observed in Spanish infants compared to those born
in China (p=0.022) while no differences were found in diversity
measured as Chao index (p=0.590) (Figure 3B). Among nine
core genera present in 120 neonates, Mann-Whitney test on the
A B D

C

FIGURE 2 | Impact of geographical location on the maternal gut microbiota. (A) Principal Co-ordinates Analysis (PCoA) analysis based on Bray-Curtis distance at
genus level according to location. (B) Differences in alpha-diversity of the maternal microbiota (Shannon and Chao1 index) according to location. Significance of the
differences were assessed by Mann-Whitney test. (C) Comparison of core genera relative abundance between mothers from both locations. Significance was
assessed by Mann-Whitney test after centered log ration transformation (CLR). Microbiota data were transformed to log10-values for plotting. (D) Results from the
multivariate Maaslin2 analysis showing the differences in terms of microbial composition according to location adjusted by maternal age and body mass index. Only
those genera that appeared more than 3 times in at least 10% of samples were included in the analysis. To facilitate the visualization, only those genera with a
coefficient higher than 3 was plotted (complete list in Table S2). (*P < 0.05; ***P < 0.001).
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CLR data, revealed that Subdoligranulum (p<0.001, q=0.001),
Staphylococcus (p=0.001, q=0.001) and Lactobacillus (p<0.001,
q=0.001), showed a significant difference in terms of relative
abundance between the two countries (Figures 3C, D). However,
in the multivariate analysis, the relative abundance of
Ruminococcus gnavus group (q=0.001), Enterobacter (q<0.001)
and Corynebacterium (q<0.001) among others, were observed
higher in Chinese neonates compared to Spanish ones, while
Eggerthella (q<0.001), Finegoldia (q<0.001) or Prevotella
(q=0.007) were all significantly lower in Chinese neonates
compared to Spanish ones (Figures 3C, D; Supplementary
Data, Table S3). Furthermore, Chinese neonates group showed
higher total bacterial counts (p=0.001) than those born from
Spain group (Figure 3E). Indeed, while no differences in terms of
total counts of Bifidobacterium were observed according to
country (p=0.542); higher number of infants from Spanish
group showed a Bifidobacterium counts lower than the
detection values (100% positive samples in China group
compared to 77.4% of Spanish samples) (Figure 3E).

Delivery mode also showed an effect in the overall b-diversity
of the neonatal microbiota at delivery (F.model=3.36, R2=0.026,
p=0.002). The multivariate analysis adjusted by nationality
demonstrated that vaginally delivered neonates were associated
with an increased relative abundance of Escherichia/shigella
genus (q=0.001) (Supplementary Figure S2 and Table S2).
However, C-section neonates showed a higher abundance of
Veillonella (q=0.001) genus (Supplementary Data and Figure S3
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
and Table S3). Due to the potential impact of geographical
location on specific genera, the microbiota similarity among
Chinese neonates (N-CN) and Spanish neonates (N-ES)
groups in vaginal and cesarean delivery was assessed separately
(Supplementary Data, Figure S3). Among 120 neonates, within
the same delivery mode, the gut microbiota composition showed
a significant difference between the two countries (N-CN vs. N-
ES, Adonis, vaginal delivery, F=2.71, R2=0.028, p=0.006; cesarean
delivery, F=3.87, R2=0.14, p=0.001). Within the same country,
while there was no difference observed according to delivery
mode in children born in Spain (vaginal vs. cesarean, Adonis, N-
ES; F.model=1.71, R2=0.029, p=0.062), delivery mode showed an
impact in the overall microbial b-diversity in samples from
children born in China (vaginal vs. cesarean, Adonis, N-CN;
F=3.83, R2=0.062, p=0.001).

The multivariate analysis adjusted by the previously stated
covariables also revealed that some genera from neonatal
microbiota were negatively associated with maternal BMI,
including Lactobacil lus (q=0.035), Lachnospiraceae_
NK4A136_group (q=0.003) and Ruminococcus (q=0.023),
among others (Supplementary Data, Table S3).

3.5 A Genus-Level Phylogenetic Shared
Microbiota in Maternal-Neonate Dyads
For the shared genera between maternal-neonate dyads,
simultaneously detected genus at the same maternal-neonate
dyads was regarded as a positive shared genus (Figure 4). Three
A B D

E

C

FIGURE 3 | Influence of geographical location on the neonatal gut microbiota. (A) Principal Co-ordinates Analysis (PCoA) analysis based on Bray-Curtis distance at
genus level according to location. (B) Differences in alpha-diversity of the neonatal gut microbiota (Shannon and Chao1 index) according to location. Significance of
the differences were assessed by Mann-Whitney test. (C) Comparison of core genera relative abundance between neonates from both locations. Significance was
assessed by Mann-Whitney test after centered log ration transformation. Microbiota data was transformed to log10-values for plotting. (D) Results from the
multivariate Maaslin2 analysis showing the differences in terms of microbial composition according to location adjusted by maternal, body mass index and delivery
mode. Only those genera that appeared more than 3 times in at least 10% of samples were included in the analysis. To facilitate the visualization, only those genera
with a coefficient higher than 2 was plotted (complete list in Table S3). (E) Comparison of the quantitative analysis of total bacterial and Bifidobacterium counts
expressed as log10 (number of copies of 16S rRNA gene for each group/ng of DNA). Significance of the differences were assessed by Mann-Whitney test on the log-
transformed data. (**P < 0.01; ***P < 0.001).
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shared modes were established, M+N+ (genus exists both in the
mother and her neonate); M+N- (genus exists only in the
mother, not in her neonate); M-N+ (genus does not exist in
the mother, only in her neonate).

When the maternal and infant core genera was analyzed,
Bifidobacterium, Escherichia/Shigella or Streptococcus were
observed in the M+N+ mode in more than 95% of the dyads
indicating stable and important functions of those two genera in
the gut microbiota for the maternal-neonatal microbial relation.
Some genera from the maternal-neonatal core were observed
only in mothers in both populations and were rarely observed in
an infant without being in the mother including Blautia,
Subdoligranulum or Lachnospiraceae spp. and unclassified
genera from Ruminococcaceae family suggesting a potential
maternal transference to the offspring microbiota during the
delivery. On the contrary, Staphylococcus, specially in Spanish
population, showed higher presence of the M-N+ pattern.
4 DISCUSSION

Human gut microbiota co-evolved with the host and participates
in maintaining local and distant physiological homeostasis.
During the birth process and immediately after, newborns
experience vast contact with maternal and surrounding
environmental microorganisms, which serve as early
inoculation sources affecting short and long-term health
outcomes (Bäckhed et al., 2015). Certain features of the infant
gut microbiota, such as reduced diversity or atypical
composition, have been linked to diseased states in the
following childhood or adulthood, including asthma,
inflammatory bowel disease or metabolic disorders (Sevelsted
et al., 2015; Milani et al., 2017).

Bacterial transference from the mother at birth is one of the
main contributors to neonates’ first contact with bacterial
communities. Multiple factors can affect the “seeding” process
and the maternal transference of microorganisms to the
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
newborn, such as mode of delivery, gestational age at birth,
antibiotic exposure, maternal diet, neonate feeding mode,
environment (family lifestyle and geographical location) or
host genetics (Milani et al., 2017). The birth mode is one of
the most studied parameters affecting neonatal microbiota
acquisition, but population or region-specific factors
influencing the microbiota composition of newborns are
largely unexplored. Our study aims to assess the impact of the
maternal microbiota on the distribution of infant gut microbial
communities at birth from two distinct populations, and we
proposed a hypothesis that differential microbiota patterns
associated with distant geographical locations are also
transferable to the newborns.

Different geographical locations are related to specific dietary,
behavioral, climatic and economic factors that shape the human
microbiota (Benezra et al., 2012). Previous research has shown
significant microbiota composition variations in healthy
individuals from different races and ethnicities belonging to
different or proximal geographical areas (Gupta et al., 2017).
The microbiota of children (age from 1-6) of Europe and rural
Africa (De Filippo et al., 2010), children (age from 9-14) of urban
Bangladesh and suburban United States (Lin et al., 2013), infants
(1 year of age) of Caucasian and South Asian descent (Stearns
et al., 2017) significantly differ. We observed an effect of
geographical location in microbiota profiles of first-pass
neonatal and maternal fecal samples from China and Spain.

In our study, nine core genera present in 120 mothers
constituting a genus-level phylogenetic core where location
(country) is the main contributor of the microbiota variations.
Among the core genera, Chinese women had a higher abundance
of Bifidobacterium and Subdoligranulum than their Spanish
counterparts, likely promoting maternal-infant transmission at
birth and a primary ethnographic impact. The role of birth mode
on bacterial transmission has been widely reported, however,
recent studies described stable meconium microbiota structure
regardless of mode of delivery (Chu et al., 2017). Liu reported
three distinct types of meconium samples not influenced by the
A B

FIGURE 4 | Distribution of the shared genera between mother-neonate dyads Only those genera from both maternal and neonatal core were included in the study
of shared genera in China (A) and Spain (B) populations. Three modes of genera presences/absence were established: M+N+ (genera present in both mother and
infant of each dyad), M+N- and M-N+ (genera present in only mother or only neonate, respectively). The percentage of dyads in each share mode were calculated
for each core genera.
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delivery mode (Liu et al., 2019). In our results, regarding the
diversity of neonates’ gut microbiota, it seems geographical
location has a higher influence than delivery mode. Thus, the
first neonatal microbiota acquisition is a multifactorial process
that needs to consider multiple factors such as birth mode,
geographical location, maternal diet, environmental
parameters, drugs/antibiotic exposure, parental contact, and
many others still unknown. These results point out the need
for further research on the maternal transmission of microbiota
to the newborn.

Different studies have determined the microbiota
composition of the first pass feces in neonates, showing that
Bifidobacterium, Enterobacteriaceae, Enterococcaceae, and
Bacteroides-Prevotella were prevalent genera (Hansen et al.,
2015). Our microbiota in first-pass fecal sample results from
120 neonates are in line with published data, with a core
microbiota composed mainly by Escherichia/Shigella,
Bifidobacterium, Enterococcus, Streptococcus and Bacteroides in
both geographical locations, however with specific differences in
relative abundances between the Spanish and Chinese groups.
Differences in first-pass neonatal fecal microbiota would be
related to the sampling time as samples from Spain were
collected immediately after birth in the delivery room while
samples from China were collected during first 24h where the
neonate would be exposed to other bacteria. In both cases, the
microbial alpha-diversity indexes were comparable to those from
the maternal gut and potentially higher than infant gut
microbiota during first days, as reported previously (Mueller
et al., 2017; Selma-Royo et al., 2020).

In our study, Bifidobacterium is the only bacteria shared in
almost 100% of the maternal-neonate dyads at birth with no
ethno-geographical difference. Bifidobacterium is established in
the neonatal gut within the first days after delivery, but antibiotic
exposure or reduced maternal transference can lag in engrafting
on neonatal gut communities. In addition, it has been reported
that delayed or disturbed colonization of Bifidobacterium during
infancy increases the risk of suffering childhood diseases such as
asthma or allergies but could also modulate the host health in
adulthood by affecting the programming and development of the
immune system and the protective functions of epithelial cells
(Bailey et al., 2014). Previously, B. breve, B. infantis and B.
longum were the most found species in an infant’s gut
(Grönlund et al., 2011; Mikami et al., 2012; Matsuki et al.,
2016). Toda et al. reported 11 isolates of B. pseudocatenulatum
from a total of 48 isolates of feces and oral fluids of Japanese
vaginally born neonates (Toda et al., 2019); in particular, the
authors reported a B. pseudocatenulatum with high DNA
homology in fecal samples of mothers, and oral cavity and
fecal samples of the newborns, indicating possible fecal/oral
route of transmission during birth. Thus, in vaginally delivered
infants, acquisition of Bifidobacterium seems to occur via an oral
route, which would explain the lower prevalence of
Bifidobacterium species in neonates from cesarean section births.

Previously, Mikami et al., found a significant association
between gut maternal colonization by B. bifidum and B. breve
and increased numbers of Bifidobacterium species in the infant
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
gut at 1 and 6 months (Mikami et al., 2012). Likely, observed
changes in our study could be maintained during a critical
window of an infant’s immune development (Milani et al.,
2017). Recently, Yang et al., studied the fecal microbiota and
bifidobacterial communities of 111 healthy Chinese volunteers of
varying age profiles, from childhood (1-5 years) to long-lived
individuals (≥90 years) (Yang et al., 2020). Bifidobacterium
species have been isolated from human milk samples, therefore
maternal transmission through breastfeeding may be a primary
source for the infant gut (Turroni et al., 2019). In our study, the
presence of Bifidobacterium in first-pass feces may derive from
another source than breastmilk. Remarkably, Chinese neonates
showed a higher number of positive samples for Bifidobacterium
genus than Spanish samples. The first-pass fecal samples were
obtained during the first 24 hours of life in Chinese population;
therefore, some influence of early breastfeeding could be present
in the sample. Similarly, Chinese infants showed higher total
bacterial counts than the infants form Spain, which could also
indicate a potential impact of the first 24h.

On the other hand, the genus only found in neonatal samples
are likely acquired by different sources than the mother (M-N+),
such as Staphylococcus or Enterococcus in Spanish neonates. The
increase of Enterococcus in children has been related with food
sensitization (Chen et al., 2016), however, the consequences of
differential gut microbiota acquisition and temporal patterns of
microbiota evolution in our cohorts would require longitudinal
studies assessing specific health outcomes. Compared to the
Chinese cohort, the Spanish cohort has more M-N+ samples,
likely due to different birth practices (e.g., wiping or aspiring the
neonates’ mouth, time from birth until breastfeeding or
disinfecting products.) or differential environmental microbiota.
Adams et al., showed that geography and building type shape
indoor environmental microbes (Adams et al., 2015). Lax et al.,
showed that bacterial communities on patients’ skin and hospital
room surfaces became similar throughout a patient’s stay (Lax
et al., 2017), which involves a two-way sharing process between
humans and the indoor environment. Indoor hospital microbiota
would likely be different between China and Spain, influencing the
microorganisms found in both populations. The presence of more
shared genera (M+N+) between Chinese mothers and newborns
indicates a more efficient vertical transmission of the microbiota,
which can be associated to external/environmental influences (e.g.,
diet, birth practices) or inherent factors from both host (e.g.,
genetics) or microbiota (e.g., structure, resilience) and deserves
further attention.

The acquisition and early maturation of infant microbiota is
not well understood despite its likely influence on later health. In
our study, the microbiota overlap between the maternal fecal
sample and neonatal first-pass feces was minimal, while the
similarity between paired maternal-neonate gut microbiota was
more pronounced. The sources of a large proportion of infant
microbiota could not be identified in maternal microbiota, the
sources and function of seeding of infant gut microbiota remain
to be elucidated.

This study has important strengths and also, some
limitations. We had a bigger sample size compared to the prior
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studies of maternal-neonatal gut microbiota at birth time, and it
includes gut microbiota data directly from maternal-neonatal
dyads in two geographical locations, where the ethnicity,
geographical location, maternal diet, and environmental
parameters were all in consideration. Other limitation would
be associated with the low-biomass present in the samples from
first pass neonatal gut microbiota and the potential contaminant
removal that would introduce some bias in the data and
interpretation. It is difficult to completely control for certain
effects, particularly different birth practices for the first-pass fecal
samples. Despite those limitations, our main aim was to show the
impact of the environment on the maternal-neonatal microbiota.
In our study, geographical location would imply different diet,
lifestyle, and genetic background, among other parameters.
Therefore, it is so difficult to distinguish the main contributors
to the maternal-neonatal variation and specific information on
diet and lifestyle was not fully completed and not included in the
study. Thus, further studies targeted to identify the main
contributors are needed.

In all those potential influences, we verified that differential
microbiota patterns associated with distant geographical
locations are also transferable to newborns. Bifidobacterium is
the only bacteria shared in almost 100%maternal-neonate dyads.
The sources, function and shaping of seeding of neonate gut
microbiota need, require more follow-up data and warrants
further studies focused on microbial strain-level transference as
well as on the potential microbiome functionality. Furthermore,
more studies are needed to clarify how geographical location and
differences in lifestyles could modify the effect of other perinatal
factors on the initial microbial seeding. The consequences of
differential gut microbiota acquisition and temporal patterns of
microbiota evolution in our cohorts would require longitudinal
studies assessing specific health outcomes.
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