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The correlation of the intestinal
with pharyngeal microbiota in
early neonates

Xuejuan Wang1,2, Zhiying Shao1, Minrong Zhu1, Bingjie Li2,

Mingyu You2 and Xiaoqing Chen2*

1Department of Neonatal, Shanghai Pudong New Area Health Maternal and Child Health Hospital,

Shanghai, China, 2Department of Pediatric, The First A�liated Hospital of Nanjing Medical University,

Nanjing, China

Introduction: The gut-lung axis has long been recognized as an important

mechanism a�ecting intestinal and lung immunity. Still, few studies have examined

the correlation between the intestinal and pharyngeal microbiota in early

neonates, especially when feeding patterns are one of the main drivers of

microbiota development.

Methods: To explore the composition and function of intestinal and pharyngeal

microbiota and to analyze the e�ect of limited formula feeding on the initial

microbiota colonization in early full-term neonates, we characterized the stool

and oropharyngeal microbiota of 20 healthy full-term newborns sampled on days

0 and 5–7 after birth using 16S rRNA gene sequencing. Based on the sequencing

results, a comparisonwasmade of the compositions and functions of the intestinal

and oropharyngeal microbiota for analysis.

Results and discussion: At the phylum level, Firmicutes, Actinobacteria,

Proteobacteria, and Bacteroidetes were the most abundant in both niches. At

the genus level, the species of pioneer bacteria were rich in the intestine and

oropharynx but low in abundance on day 0. On days 5–7, Bifidobacterium

(25.40%) and Escherichia-Shigella (22.16%) were dominant in the intestine, while

Streptococcus (38.40%) and Staphylococcus (23.13%) were dominant in the

oropharynx. There were eight core bacteria genera in the intestine and oropharynx

on days 5–7, which were Bifidobacterium, Escherichia-Shigella, Staphylococcus,

Streptococcus, Bacteroides, Parabacteroides, Rothia, and Acinetobacter. As

indicated by PICRUSt analysis, on days 5–7, the intestinal microbiota was more

predictive than the oropharyngeal microbiota in transcription, metabolism, cell

motility, cellular processes and signaling, and organismal system function in the

KEGG pathway. Compared to exclusive breastfeeding, limited formula feeding

(40–60%) had no significant e�ect on the neonatal intestinal and oropharyngeal

microbiota composition during the initial colonization period. Our results suggest

that the initial colonization of microbiota is closely related to the ecological

niche environment in the intestine and oropharynx, with their core microbiota

being closely correlated. We found that early limited formula feeding could

not significantly a�ect the initial colonization of microbiota in the intestine

and oropharynx.
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1. Introduction

It is well acknowledged that the human microbiome serves as

an important mediator of health and disease. The microbes from

different body sites can have different community compositions

and functions, and cross-niche connections between microbiota

represent an unstudied influence on the infant microbiota (Grier

et al., 2018). Studies have revealed that the microbiota in distal

body sites may have a direct or indirect effect on proximal organs,

as manifested in the evidence that intestinal microbiota can affect

lung immunity via the gut-lung axis (Reyman et al., 2021; Mindt

and DiGiandomenico, 2022; Stevens et al., 2022). The gut-lung axis,

typically characterized by cross-niche microbiota interactions, has

been extensively studied. On the one hand, intestinal microbial

components and metabolites affect the development of lung

diseases through the signaling pathways that regulate immune

responses; on the other hand, lung diseases, especially infectious

diseases, can cause dysbiosis to affect the intestine through immune

regulation (Dang and Marsland, 2019). However, the majority of

studies have focused on late neonates, infants, or older children,

resulting in few studies on the initial microbiota of early neonates

(Powell et al., 2019; Chiu et al., 2020; Coffey et al., 2020). Given

the importance of obtaining and establishing a healthy microbiota

for the symbiotic host-microbiota relationship, it is necessary that

a better understanding of the initial microbiota be acquired.

The intestine, the most enriched site of the human microbiota,

is easily sampled, making it widely studied. On the other hand,

studies on the lung are currently limited because of its low biomass

and difficulty of sampling. Further, the sampling is particularly

constrained in healthy newborns due to ethical factors and parental

compliance (Hufnagl et al., 2020; Stricker et al., 2022). The density

and diversity of the airway microbiome are known to vary with

the location within the airway. The oropharynx has the highest

density of microbiota in the upper and lower respiratory tract and,

therefore representative of the airway microbiome (Ma et al., 2021).

Investigating the composition and characteristics of

oropharyngeal microbiota is one of the common approaches

to exploring the microbiota of the respiratory tract. In the

current study, we used 16S rRNA sequencing to characterize the

colonization and distribution of the intestinal and oropharyngeal

microbiota in healthy early neonates. The aim was to elucidate

the timing of the initial action of the gut-lung axis and establish a

dynamically balanced microbiota early in the colonization of the

neonates carrying commensal bacteria so that we could identify

the targets for the primary prevention and interventions of their

respiratory disease.

Colostrum was expected to be one of the sources of the first

microbiota in the intestine and oropharynx in early neonates, as

indicated by previously reported evidence that the inoculation

of microbiota from breast milk to the infant’s intestine mainly

occurred during the colostrum period (Qi et al., 2022). The

problem, however, was that a number of mothers tended to have

an inadequate supply of breast milk in the early postpartum period

or had to temporarily add a partial supplement of formula to their

newborns as a feeding transition due to certain disease statuses.

Therefore, we also examined the effect of early limited formula

feeding on the initial intestinal and oropharyngeal microflora

composition in early neonates.

2. Methods

2.1. Study design and population

A total of 20 healthy term infants were enrolled who were

delivered between September 2021 and February 2022 at Shanghai

Pudong New Area Maternal and Child Health Hospital. The

inclusion criteria were as follows: (1) 37w≤ gestational age< 42w,

BW ≥ 2,500 g, vaginal delivery; (2) singleton; (3) Being healthy

during pregnancy and without maternal history of smoking,

alcohol abuse, and illicit drug use; (4) No perinatal risk factors

for infection and no history of antibiotic application during the

perinatal period; and 5) Both the mother and newborn without

a history of using probiotic or prebiotic preparation during the

perinatal period. The exclusion criteria were as follows: (1) A

history of asphyxia and intracranial hemorrhage at the birth

of the newborn; (2) The presence of congenital malformations

or inherited metabolic disorders in the newborn; (3) Newborn

with hyperbilirubinemia or any other new-onset disease during

the study period; (4) Incomplete collection of paired samples

or incomplete data of important clinical information; and (5)

Withdraw or refusal by the guardian to cooperate in the middle of

the process. Of the 1,262 newborns screened, 20 met the inclusion

and exclusion criteria.

The current study, approved by the Committee of Medical

Ethics of Shanghai Pudong New Area Maternal and Child Health

Hospital (Approval #: 20210615B), was registered in the Chinese

Clinical Trial Registry (Registration #: ChiCTR2200056782).

Each participant’s legal guardian submitted an informed

consent.

2.2. Collection, processing, and culture of
samples

Fecal and oropharyngeal swab samples were collected by a well-

trained pediatrician on day 0 and day 5–7, respectively. The first

meconium of 3–5 g and fresh feces the newborn excreted naturally

on day 5–7 were placed in sterile lyophilization tubes. Within 4–6 h

postnatal and on day 5–7, oropharyngeal samples were collected

with sterile oropharyngeal swabs with a tongue depressor to avoid

contamination from the surrounding items by an experienced

clinician. Three samples were collected from each newborn at a

time. A consistent methodology was adopted for the storage and

processing of all samples. The samples were stored at−40◦C before

being transferred to the temperature of −80◦C within 1 week until

DNA extraction.

2.3. Bacterial DNA extraction

Total genomic DNA was extracted from the fecal and

oropharynx swab samples using E.Z.N.ATM Mag-Bind Soil DNA

Kit (OMEGA, M5635-02), according to the manufacturer’s

instructions. The extracted DNA was quantified with Qubit 3.0

(Life, Q10212).
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FIGURE 1

The flowchart of participant enrollment.

2.4. PCR method and sequencing

The bacteria genomic DNA was amplified twice with

the primers of 341F (5’-CCTACGGGNGGCWGCAG-3’)

and 805R (5’-GACTACHVGGGTATCTAATCC-3’) based

on the V3-V4 variable region of the 16S rRNA gene. The

PCR amplification products were examined for quality

by electrophoresis on a 2% agarose gel before being

sequenced using the Illumina MiSeqTM/HiseqTM platform

for library construction.

2.5. Bioinformatics analysis

The raw sequences obtained from sequencing [Sangon

Biotech (Shanghai) Co., Ltd (China)] were quality-controlled

and optimized; the optimized sequences were clustered

into operational taxonomic units (OTU) at 97% similarity

level using Usearch (version 11.0.667) so that the OTU

representative sequences were obtained. The representative

sequences were picked for each OTU to be compared

using the RDP classifier (version 2.12) based on the RDP

database (http://rdp.cme.msu.edu/misc/resources.jsp) to

annotate the taxonomic information for each representative

sequence. To compute the alpha diversity, the OTU table

was rarified, and the Shannon index and Chao1 estimator

was calculated. The abundance of species in the samples was

counted at the phylum and genus levels before performing the

clustering analysis.

2.6. Clinical data collection

The clinical data were derived from the electronic medical

record review, which included the physical examination at

enrollment and the rest of hospitalization. Demographic

characteristics included gestational age, birth weight, sex,

delivery mode, Apgar scores at 1, 5, and 10min, antibiotic

exposure, probiotic or prebiotic exposure, maternal weight add,

and maternal age.
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2.7. Statistical analysis

The analyses were performed on SPSS 26 software, and the

R 3.6.0 software was used to produce Venn diagrams of species

distributions and the box line plots of variance tests for Chao1

and Shannon indices. Based on Bray Curtis distances, the principal

component analysis (PCA) was used to illustrate the beta diversity

between groups. GraphPad Prism 8.0 software was used for plotting

the relative abundance histograms and the core microbiota double

Y-axis graphs, and PICRUSt 1.1.4 software was used to predict the

functional potential of the intestinal and oropharyngeal microbiota.

STAMP 2.1.3 software was applied to the comparing of the

abundance of sample functions between S2 and T2 groups and the

differential taxa between feeding groups.

The normally distributed continuous variables were reported

as means ± standard deviations, using two independent samples

t-test, while Welch’s t-test was used when the variables were not

equal. The non-normally distributed continuous variables were

expressed as the median (Q1, Q3) and tested using non-parametric

tests. Comparisons were made between two groups using Mann-

Whitney U tests, and for comparing two groups with unequal

number variances, the Welch’s t-test was used. The differentially

abundant taxa were identified with the LefSe tool. Between groups,

similarity was analyzed using analysis of similarities (ANOSIM

analysis) along with the PERMANOVA test. The categorical data

were presented as n (%), and the χ
2 test or Fisher’s exact tests

were used for analysis. Bilateral p < 0.05 was considered to be

statistically significant.

3. Results

3.1. Characteristics of the study population

A total of 20 neonates were enrolled in this study. As

indicated in Figure 1, all participants were born out of vaginal

delivery, with their Apgar scores being 10 for 1, 5, and 10min.

According to different sampling sites and sampling time points,

the samples were divided into four groups: stool on day 0 (S1),

oropharyngeal swab on day 0 (T1), stool on day 5–7 (S2), and

oropharyngeal swab on day 5–7 (T2). A total of 40 pairs of stool and

oropharyngeal swab samples were collected from the 20 neonates,

which contained detectable bacterial rRNA without exception. The

clinical characteristics of the mother-neonate pairs are shown in

Table 1.

3.2. High-throughput sequencing situation

A total of 80 samples were derived from the 20 neonates, from

which 5,099,357 sequencing reads were obtained. After the filtering

process, 20% of the sequences were removed, leaving 4,031,740 final

valid sequences for subsequent analysis, with an average base length

of 421.99 ± 6.07 bp. The sequence depth was sufficient to obtain

a high degree of sequence coverage for all samples (mean: 0.998;

median: 0.999; range: 0.988–0.999). More OTUs were detected in

the oropharynx than in the intestine. On day 0, the percentage

of OTUs shared by the intestine and oropharynx was 57.50%. On

TABLE 1 Clinical characteristics of 20 neonates.a,b

Characteristics Exclusive
breastfeeding

(n = 8)

Limited
formula
feeding
(n = 12)

p-value

GA, days 276.63± 8.09 278.25± 3.62 0.607

BW, g 3322.50± 443.26 3516.25±

337.36

0.281

Male, n (%) 6 (75) 10 (83.33) 1.000c

Apgar score

1-min 10 10 1.000

5-min 10 10 1.000

10-min 10 10 1.000

Vaginal delivery, n 8 (100) 12 (100) 1.000

Antibiotic

exposure, n

0 0 1.000

Probiotic/Prebiotic

exposure, n

0 0 1.000

Maternal Weight

add, kg

13.00± 3.74 15.83± 3.738 0.114

Maternal Age, y 29.38± 4.24 30.00± 4.94 0.625

aGA, gestational age; BW, birth weight. bData are presented as n (%) or mean (±SD) unless

otherwise stated. cFisher’s precision probability test.

day 5–7, the percentage of OTUs shared between the intestine and

oropharynx was 34.19%; the OTUs shared by the two decreased

steadily with the time of birth (Figure 2).

3.3. Comparison of the microbial diversity
in di�erent ecological niches

3.3.1. Alpha diversity
To assess the differences in the diversity and abundance

of intestinal and oropharyngeal microbiota, we compared the

Shannon and Chao1 indices. On day 0, the differences in the

Shannon index (p= 0.3408) and Chao1 index (p= 0.1918) between

the intestine and oropharynx were not statistically significant. On

day 5-7, no significant difference was observed in the Shannon

index between the intestine and oropharynx (p= 0.1417), while the

Chao1 index was higher in the oropharynx than in the intestine (p

= 0.0051), with a statistically significant difference (Figures 3A, B).

3.3.2. Beta diversity
The ANOSIM analysis results showed that the between-group

differences of the intestinal and oropharyngeal microbiota were

greater than those of the within-group at the two time points and

that the subgroups were comparable (Figures 3C, D). To further

compare the differences in the overall microbiota composition

of the intestine and oropharynx, PCA analysis was performed

based on OTU levels. PERMANOVA analysis showed significant

differences in the composition of the intestinal and oropharyngeal
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FIGURE 2

The Venn diagram of operational taxonomic units (OTU) abundance in each group. The sequencing reads shared by S1 and T1 was 2,928 (A), and

shared by S2 and T2 was 810 (B) (S1: stool on day 0; T1: oropharyngeal swab on day 0; S2: stool on day 5–7; T2: oropharyngeal swab on day 5–7).

FIGURE 3

Comparison of the microbial diversity between the intestine (red) and oropharynx (blue). (A, B) The Chao1 and Shannon index was shown as

estimators. On day 0 and day 5–7, no significant di�erence was observed in the Shannon index between the intestine and oropharynx (A). On day 0,

the Chao1 index between the intestine and oropharynx was not statistically significant, while it was higher in the oropharynx than in the intestine,

with a statistically significant di�erence on day 5-7 (B). The Mann-Whitney U test was used between every two groups. ns p > 0.05, **p < 0.01 (S:

stool; T: oropharyngeal swab). (C, D) Principal component analysis (PCA) at the OTU level of each group. The horizontal and vertical axes indicate the

two selected principal component axes and the percentages indicate the value of the degree of the di�erences in sample composition by the

principal components; each sign represents an individual sample, and the points of di�erent colors or shapes indicate the samples of di�erent

groupings. The closer the points of the two samples, the higher the degree of similarity in the species composition of the two samples. The distance

between S2 and T2 (D) was further than S1 and T1 (C). The PERMANOVA test was used between each two groups.

microbiota on day 0 (R2 = 0.074, p = 0.001), and the differences

increased up to day 5–7 (R2 = 0.193, p= 0.001).

3.4. Comparison of the microbial structure
of the newborns in di�erent ecological
niches

3.4.1. The microbial composition of the intestine
and oropharynx at the phylum level

The analysis of the main dominant phyla at both sites—

Firmicutes, Actinobacteria, Proteobacteria, and Bacteroidetes

(Figure 4A)—showed that on day 0, the relative abundances

of Proteobacteria were 66.95 and 29.57% in the intestine

and oropharynx (p = 0.0001), respectively, with Firmicutes

4.83% and 11.67% (p = 0.0144), Actinobacteria 5.64% and

3.56% (p = 0.0256), and Bacteroidetes 3.74% and 5.43% (p

= 0.3942), respectively. On day 5-7, the relative abundance

of Proteobacteria was 26.07% and 4.84% in the intestine

and oropharynx (p = 0.0036), respectively, with Firmicuria

30.07% and 68.09% (p = 0.0010), Actinobacteria 29.93% and

5.64% (p = 0.0256), and Bacteroidetes 12.96% and 5.56% (p =

0.2976), respectively.

When compared with day 0, the relative abundance of

Firmicutes and Actinobacteria increased significantly (p < 0.0001,

p = 0.0207) while that of Proteobacteria decreased substantially
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FIGURE 4

Comparison of the microbial structure of the newborns in di�erent ecological niches. At the phylum level, both on day 0 and day 5–7, the relative

abundances of Proteobacteria, Firmicutes, and Actinobacteria in the intestine and oropharynx all showed statistically significant di�erences, while

Bacteroidetes showed no statistically significant di�erence (A). At the genus level, only Staphylococcus and Pseudomonas showed statistical

di�erences between the intestinal and oropharyngeal microbiota on day 0, but Streptococcus, Staphylococcus, Escherichia-Shigella, Pseudomonas,

Acinetobacter, and Bradyrhizobium showed statistical di�erences on day 5–7 (all with p < 0.05) (B). The Mann-Whitney U test was used between

every two groups. *, **, and *** represent p ≤ 0.05, ≤0.01, and ≤0.001, respectively. (C) The core microbiota in the intestine and oropharynx at the

genus level on day 5-7. Approximately 8 core microbiotas were observed in the intestine, while 16 core microbiotas were observed in the oropharynx.

There were 8 core microbiotas shared by both, such as Bifidobacterium, Escherichia-Shigella, Staphylococcus, Streptococcus, Bacteroides,

Parabacteroides, Rothia, and Acinetobacter. (D) Distinct bacterial taxa for the microbiota in the intestine and oropharynx at di�erent time points that

were identified by the LEfSe analysis. Green shaded areas indicate microbe orders to better describe the oropharyngeal microbiome from both time

points of the neonates; red shaded areas indicate microbe orders to better describe the fecal microbiome from both time points of the neonates;

The prefixes “p,” “c,” “o,” “f,” and “g” represents the annotated level of phylum, class, order, family, and genus; the genera with a linear discriminant

analysis (LDA) score >3 shown for the data sets. The higher the LDA score, the greater the influence of species abundance on the di�erence.

in the intestine (p = 0.0001) on day 5-7, producing statistically

significant differences. Similarly, the relative abundance of

Firmicutes increased significantly (p < 0.0001), while that of

Proteobacteria and Bacteroidetes decreased significantly in the

oropharynx (p = 0.0001, p = 0.0012), showing statistically

significant differences.

3.4.2. The microbial composition of the intestine
and oropharynx at the genus level

On day 0, the intestinal microbiota was mainly composed

of Pseudomonas (19.45%), unidentified_Enterobacteriaceae

(13.42%), Escherichia-Shigella (10.39%), Acinetobacter

(7.91%), and Bifidobacterium (4.13%). Meanwhile, the

oropharyngeal microbiota included Staphylococcus (6.98%),

unidentified_Enterobacteriaceae (6.90%), Bradyrhizobium

(6.06%), Acinetobacter (2.07%), and Bacteroides (1.68%).

On day 5-7, the intestinal microbiota was mainly

composed of Bifidobacterium (25.40%), Escherichia-Shigella

(22.16%), Bacteroides (10.76%), Streptococcus (10.72%),

and Staphylococcus (8.78%), while the oropharyngeal

microbiota had Streptococcus (38.40%), Staphylococcus

(23.13%), Bacteroides (4.64%), Gemella (3.13%), and

Bifidobacterium (2.63%).

Of the top ten genera with average relative abundance, only

Staphylococcus and Pseudomonas showed statistically significant

differences between the intestinal and oropharyngeal microbiota

on day 0 (p = 0.001, 0.005). By day 5–7, statistically significant

differences were observed between the intestinal and oropharyngeal

microbiota in terms of Streptococcus, Staphylococcus, Escherichia-

Shigella, Pseudomonas, Acinetobacter, and Bradyrhizobium

(all with p < 0.05), with an increase in differential genera

(Figure 4B).

The core microbiota was defined as the genus present

in ≥ 50% and average relative abundance above 10% of

the samples in each group (the samples of the intestine

and oropharyngeal swab) (Bach et al., 2020). On day 5–7,

8 core microbiotas were observed in the intestine, and 16
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FIGURE 5

Di�erent analyses of the metabolic function enrichment in S2 and T2. The left indicates the proportion of the relative abundances of di�erent

microbiota functions in the two groups; the middle indicates the proportion of di�erences in the relative abundance of microbiota functions within

the 95% confidence interval; the far right shows p; p < 0.05 indicates a significant di�erence, marked in red.

core microbiotas, in the oropharynx, with 8 core microbiotas

shared by both, such as Bifidobacterium, Escherichia-Shigella,

Staphylococcus, Streptococcus, Bacteroides, Parabacteroides, Rothia,

and Acinetobacter (Figure 4C).

3.4.3. Community structure di�erences between
the intestinal and oropharyngeal microbiota

The analysis of the microbiota of fecal and oropharyngeal

swab samples using the LEfSe tool to detect potentially significant

differences in the relative abundance of the intestine and

oropharyngeal microbiota revealed that there were significant

differences between S1 and T1 groups in five genera. Pseudomonas

were more abundant in S1, and Staphylococcus, Anaerococcus,

Corynebacterium, and Ralstonia were more abundant in T1. The

results further showed that the number of different bacteria

genera increased significantly in S2 and T2 groups; the

unclassified_Gammaproteobacteria and Escherichia_Shigella

were more abundant in S2 than in T2; Streptococcus,

Staphylococcus, Gemella, Rothia, Halomonas, Streptophyta,

Sphingomonas, Acinetobacter, Burkholderia, Pseudomonas,

Bradyrhizobium, and Bacillus were more abundant in T2 than in

S2 (Figure 4D).

3.5. The functional predictive analysis of the
intestinal and oropharyngeal microbiota

To determine the function of the initial microbiota, the

functional potential of the intestinal and oropharyngeal microbiota

was predicted on PICRUSt 1.1.4. On STAMP 2.1.3 software, the

functional abundance of S2 and T2 were compared. Through the

analysis of the metabolic pathways at the Kyoto Encyclopedia of

Genes and Genomes (KEGG) secondary taxonomic level, it was

found that the intestinal microbiota carried a higher gene function

in transcription; metabolism; biosynthesis of other secondary

metabolites; immune system; cell motility; nervous system; cellular

processes and signaling; glycan biosynthesis and metabolism, and

lower gene function in metabolic pathways such as metabolism of

terpenoids and polyketides; lipid metabolism; signaling molecules

and interaction; cell growth and death; xenobiotics biodegradation
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andmetabolism; nucleotide metabolism; and translation other than

the oropharyngeal microbiota (all with p < 0.05, Figure 5).

4. Discussion

The colonization and progressive diversification of primary

microorganisms in an infant’s gut play an important role in

establishing a symbiotic system of host-microbe interactions (Shi

et al., 2018). In the current study, we used 16S rRNA gene

sequencing technology to detect the microbiota composition and

differences in the intestine and oropharynx of full-term healthy

newborns. The results showed more microbiota categories in the

oropharynx than in the intestine. The microbial diversity was

similar in the intestine and oropharynx during this research period,

while the microbiota was richer on day 5–7 in the oropharynx,

consistent with the findings of Yang et al. (2021). The results of

the PCA analysis showed a more pronounced separation between

different samples of the intestine and oropharynx, suggesting a

large individual difference between samples within the group,

which may be related to the genetic and environmental factors of

the host.

The microbial composition analysis showed that Firmicutes,

Actinobacteria, Proteobacteria, and Bacteroidetes were the most

abundant taxa in the intestine and oropharynx at the time

points of both, which was consistent with the findings of

Bach et al. (2020) and Ibironke et al. (2020). However, the

composition of the microbiota produced a significant difference

between the two niches and time points. In the intestine, the

relative abundance of Proteobacteria was highest on day 0; the

relative abundance of Proteobacteria, Firmicutes, Actinobacteria,

and Bacteroidetes were approximately equal on day 5–7. In

the oropharynx, the relative abundance of Proteobacteria was

highest on day 0, followed by Firmicutes; by day 5–7, Firmicutes

was the absolutely dominant phylum. At the genus level, the

two ecological niches were rich in species and low in the

abundance of pioneer genera on day 0, with few differential

genera; the two ecological niches steadily showed their different

specific taxa on day 5–7, with Bifidobacterium (25.40%) and

Escherichia-Shigella (22.16%) predominating in the intestine. These

findings were in agreement with those previously reported by

Bäckhed et al. (2015). On day 5–7, Streptococcus (38.40%) and

Staphylococcus (23.13%) predominated in the oropharynx, and

these findings were consistent with those previously reported

by Maleki et al. (2020). Furthermore, between the two niches,

there existed more significantly different bacteria genera. These

findings suggested that the initial microbiota could be diverse

and low in abundance in the intestine and oropharynx of

the early neonates and that the microbiota of each ecological

niche could develop rapidly during the first week of life,

with the emergence of their specific dominant microbiota,

which is consistent with the findings of Pattaroni et al.

(2022).

According to a previous study, the abundance of specific

taxa in one body site exhibited strong associations with the

community types of the others (Grier et al., 2018). In this

study, all the core microbiota observed in the intestine were

shared with the oropharynx in the early neonates. Thus, we

hypothesized that the probiotics, which are capable of regulating

the intestinal microbiota, could also regulate the respiratory

microbiota and affect lung immunity. Further analyzing the

shared core microbiota, we found that the core dominant bacteria

differed between the intestine and the oropharynx; the intestine

had Bifidobacterium and Escherichia-Shigella. Bifidobacterium,

known to be a health-related microorganism for its role as

a probiotic (Reyman et al., 2019), promotes intestinal health

and protects against pathogens (Pan et al., 2021; Lin et al.,

2022) and is associated with a lower incidence of respiratory

infections and asthma (Wypych et al., 2019). The delay in

the establishment of Bifidobacterium may have a significant

impact on the early life and future health of infants. In the

oropharynx, Streptococcuswas the core dominant genus of bacteria.

Streptococcus is an early oropharyngeal colonizer and plays an

irreplaceable role in establishing the initial microbiota, and

is characterized by a heterogeneous population that includes

commensal bacteria and pathogens. The commensal streptococci

can produce hydrogen peroxide to inhibit the growth of pathogenic

microbiota, including methicillin-resistant Staphylococcus aureus

and Pseudomonas aeruginosa in the hospital, and regulate the

immune balance of colonization sites. Thus, far, researchers

have explored using commensal streptococci as probiotics to

regulate susceptibility to respiratory infections (Al-Shehri et al.,

2016; Clark, 2020). In addition, Lactobacillus, another known

probiotic, especially sIgA-bound Lactobacillus, has been reported

to possess the potential to interact with the host gut to regulate

homeostasis (Sun et al., 2019; Qi et al., 2021). The current study

showed no significant difference in the relative abundance of

Lactobacillus in the gut and oropharynx of early neonates (p =

0.3648, 0.1115), which may be one of the directions to explore

respiratory probiotics.

It has been well recognized that feeding patterns are one of

the main factors affecting the process of microbiota acquisition

and establishment in early neonates (Ruiz et al., 2019; Kaan et al.,

2021). For newborns, exclusive breastfeeding is the best way to

get the benefits of immunity and healthy outcomes. Compared

with mature milk, colostrum performs the main function of

immunity (Toscano et al., 2017) and has been called “liquid

gold” because it plays an irreplaceable role in the initiation of

a balanced immune system and the acquisition and colonization

of the initial microbiota during the early neonatal period. In

the current study, however, we found that quite a number of

mothers had insufficient breast milk in the early stage after

delivery, and they needed partial supplementation with formula

to help their newborns make a feeding transition. As shown

in the Supplementary material, when compared with exclusive

breastfeeding, early limited formula feeding (40–60%) during

the initial colonization period had no significant effect on the

composition of microbiota in the intestine and oropharynx

of the early neonates, which was consistent with the findings

of Bäckhed et al. (2015). Therefore, we hypothesize that the

anatomical niche itself is the most important explanatory variable

for the initial microbial community composition and that the

environment of the niche is the main driver of the local

microbiota colonization.

Our study suggested that the intestinal microbiota could

perform a higher gene function in transcription, metabolism,
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biosynthesis of other secondary metabolites, immune system,

cell motility, nervous system, cellular processes and signaling,

and glycan biosynthesis and metabolism. Meanwhile, the

oropharyngeal microbiota was more highly predictable in

such metabolic pathways as the metabolism of terpenoids

and polyketides, lipid metabolism, signaling molecules and

interaction, cell growth and death, xenobiotics biodegradation and

metabolism, nucleotide metabolism, and translation. It is evident

that the intestinal microbiota can affect the metabolic, immune,

and neurological functions of the human body, as previously

established with the regulation of the intestinal microbiota that

could function as one of the effective strategies for the prevention

and treatment of lung diseases (Sencio et al., 2020; Wang et al.,

2020). Based on the relevance and differences in the composition

and function of the intestinal and oropharyngeal microbiota, the

development of probiotic agents or antimicrobial therapies could

offer an approach to preventing or treating respiratory diseases.

Although the inclusion criteria were strictly controlled and the

intensity of formula addition was equal between the observation

groups, our study still contained some limitations. One limitation

arose from the relatively small number of samples. In addition, due

to ethical concerns over the collection of the lower respiratory tract

samples from healthy neonates, we failed to conduct a comparative

follow-up of the samples. Finally, the analysis was conducted only

at the genus level, which could be explained by the limitation of

detection techniques.

In conclusion, we succeeded in identifying the key early

neonatal intestinal and oropharyngeal strain categories, which

we believe can facilitate the establishment of a normal base

model for subsequent intervention studies. Furthermore, we

confirmed that early transition feeding with moderate amounts of

formula did not alter the initial colonization of the intestinal and

oropharyngeal microbiota.
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