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Introduction
The intestinal microbial system is large and complex, including 
the majority of bacteria and previously neglected species such 
as viruses, archaea, and eukaryotes [1]. Microbiota, including 
intestinal colonizing bacteria, play an important regulatory role 
in human metabolism, cell differentiation, and immune function 
[2]. The composition of the intestinal microbiota is influenced 
by a variety of factors, both genetic and environmental, such as 
infections, the application of antibiotics, and changes in dietary 
structure [3,4]. In the maternal uterus, the fetus has a sterile gut 
and acquires bacterial colonization at birth through exposure 
to microorganisms in the mother’s vagina, feces, and skin. 
From colonization to maturation, intestinal microorganisms are 
vulnerable to various factors, such as feeding type, gestational 
age, antibiotics, and delivery methods, especially during infancy 
and childhood [5]. Under the influence of these factors, there are 
more changes in the human body, such as obesity [6].

It is well known that the early infant gut microbiota plays an 
important role in normal development and is important for 
future health [7,8]. However, it is not clear when and how the 
gut microbial community develops and colonizes during early 

development and what unique species and functional markers are 
required. Although there have been some studies on the effects 
of different feeding types on infant gut microbiota, few studies 
on this factor have been conducted in China, and the early infant 
gut microbiota library is under construction.

In this study, to clarify the possible effects of different feeding 
types on the gut microbiota of infants in early life, we recruited 
100 newborns and continued follow-up until 6 weeks after birth. 
Stool samples were taken within 3 days and between 30 and 42 days 
after birth for 16S sequencing analysis to detect the gut microbiota. 

Subjects and methods
Study subjects we recruited 100 newborns born in the obstetrics 
department of Xiaoshan Affiliated Hospital of Wenzhou Medical 
University from April 2019 to August 2021, of which 41 were 
breastfed, 32 were partially breastfed, and 27 were formula 
feeding (48 boys and 52 girls). All newborns were 37–42 weeks 
of gestational age, had a birth weight of 2.5–4 kg, had premature 
rupture of membranes less than 18 hours before birth, and were 
not on perinatal antibiotics. There were no statistical differences 
between the three groups with respect to gestational age, birth 
weight, and premature rupture of membranes. The detailed 
information is shown in Table 1.
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ABSTRACT
Aim: To explore the effects of feeding type on the intestinal microbiota of early infants. 

Methods: We enrolled 100 newborns and performed stool sample sequencing analysis of the 16S rRNA gene at 3 days and 30–42 days after birth. The 
composition of the intestinal microbiota was analyzed. One hundred newborns were divided into three groups according to feeding type: breastfed, partially 
breastfed, and formula feeding. 

Results: In all 3 day old samples, Escherichia–Shigella, Streptococcus, Staphylococcus, and Bifidobacterium were the prominent genera and there were no 
statistical differences among the three groups. In the 30–42 day old samples, the prominent genera were Bifidobacterium, Lactobacillus, Escherichia–Shigella 
and Bacteroides in the breastfed group; Bifidobacterium, Escherichia–Shigella, Lactobacillus and Bacteroides in the partially breastfed group; Escherichia–
Shigella, Bacteroides, Bifidobacterium, and Clostridium in the formula feeding group. All genera showed statistically significant differences among the 
three groups (P < 0.05). By 30–42 days of age, however, microbiota from the infant stool clustered and showed significant reorganization. Microbiota were 
detected in all first-pass meconium samples, but their alpha diversity was low relative to that of the 30–42 day old group in all three feeding type groups. 

Conclusions: Intestinal microbiota in early infants differed according to feeding type. 16S sequencing technology is effective and reliable for the detection 
of intestinal microbiota in early infants.
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Stool samples were collected within 3 days of birth and at 30-42 days after birth. The gut microbiota was analyzed using 16S 
sequencing technology to compare the effects of different feeding types on the gut microbiota of infants in neonates and early life.

The study was approved by the Ethics and Safety Committee of the Xiaoshan Affiliated Hospital of Wenzhou Medical University 
(Protocol Number: 2019-XS-06). Informed consent was obtained from the subjects’ parents. The study protocol followed the ethical 
standards set by the Medical Ethics Committee.

Table1: Description of information on the 100 study subjects
Group breastfed partially breastfed formula feeding P-value
n 41 32 27
Sex (%) 0.987
boys 20(48.8%) 15(46.9%) 13(48.1%)
girls 21(51.2%) 17(53.1%) 14(51.9%)
Gestational age (w) 39.2 ± 0.8 39.2 ± 0.9 38.9 ± 0.8 0.378
premature rupture of 
membranes (h)

3.2 ± 2.3 3.3 ± 2.4 3.1 ± 1.9 0.939

Birth weight (g) 3109.5± 317.5 3073.1 ± 258.1 3128.9 ± 254.0 0.740

Methods
Sequencing procedure: After the fresh infant stool sample was collected by the parents, about 200 mg was transferred into a 2 ml 
centrifuge tube with1 ml RNAlater, mixed thoroughly, stored at 4 °C for 8–12 hours, then stored at −80 °C and transported on dry ice 
to Hangzhou Bio-science Biotechnology Company for 16S sequencing detection. Genomic DNA was extracted and detected using 1 % 
agarose gel electrophoresis. PCR amplification, fluorescence quantification, MiSeq library construction, and sequencing were performed.

Bioinformatic analysis process 
From the extracted DNA, the hypervariable regions of the 16S ribosomal gene were sequenced and an interactive cloud analysis of 
the microbiota diversity was conducted. α-diversity (diversity within samples) and β-diversity (between samples) were evaluated 
using the operational taxonomic unit (OTU) table. The Sobs index was determined as α-diversity, and its significance was calculated 
using the Student’s t-test. Qiime 1.9.1 was used to generate cumulative distribution plots of β-diversity distances.

Statistical analysis
SPSS software (version 24.0) was used for statistical analysis. Student’s t-test was used for normally distributed data and the Wilcoxon 
signed-rank test was used for non-normally distributed data in the two-way comparison between groups. Differences were considered 
statistically significant at P values < 0.05. 

Results 
The results of microbiota testing of samples collected from the three groups (breastfed, partially breastfed, and formula feeding 
groups) at birth are shown in Figure 1. For samples collected within 3 days after birth, the most abundant genera in all three groups 
were Escherichia–Shigella, Streptococcus, Staphylococcus, and Bifidobacterium, with no statistical difference between the OTU 
groups (all P > 0.05).

Figure 1: Microbiota test results for samples collected from three groups (breastfed group, partially breastfed group, and formula 
feeding group) within 3 days after birth.
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(a) Wilcoxon rank-sum test bar plot between the three groups at genus level. (b) Principal coordinate analysis (PCoA) on unweighted 
UniFrac distances between the neonatal microbiota is shown along the first two principal coordinate (PC) axes. Each point represents 
a sample, and the closer the two sample points are, the more similar the species composition of the two samples is. (c) PCoA box 
diagram representing the discrete distribution of different groups of samples on the PC1 axis and colored by feeding method: red, 
breastfed group; blue, partially breastfed group; and green, formula feeding group.

The results of microbiota testing of samples from the three groups (breastfed, partially breastfed, and formula feeding groups) at 
30–42 days after birth are shown in Figure 2. The predominant genera in the stools of the breastfed group were Bifidobacterium, 
Lactobacillus, Escherichia–Shigella, and Bacteroides. Bifidobacterium, Escherichia–Shigella, Lactobacillus, and Bacillus mimicus 
in the partially breastfed group. The predominant genera in the formula feeding group were Escherichia–Shigella, Bacillus mimicus, 
Bifidobacterium, and Clostridium. Statistical differences were found between the OTU groups compared with each bacterial group 
(all P < 0.05).

Figure 2: Microbiota test results of samples collected from three groups (breastfed group, partially breastfed group, and formula 
feeding group) at 30–42 days after birth

(a) Wilcoxon rank-sum test bar plot between the three groups at genus level. (b) Principal coordinate analysis (PCoA) on unweighted 
UniFrac distances between the early infants’ microbiota is shown along the first two principal coordinate (PC) axes. Each point 
represents a sample, and the closer the two sample points are, the more similar the species composition of the two samples is. (c) 
PCoA box diagram. Represents the discrete distribution of different groups of samples on the PC1 axis and colored by feeding method: 
red, breastfed group; blue, partially breastfed group; and green, formula feeding group.

Comparison of the Sobs indices of microbiota from the three groups within 3 days after birth and at 30–42 days after birth is shown in 
Figure 3. The sample alpha diversity was significantly higher in all three groups at 30–42 days than in the respective groups within 3 
days after birth, and the test comparing the Sobs index between the two groups showed statistically significant differences (P < 0.001). 

Figure 3: Comparison of Sobs index of microbiota in three groups of samples within 3 days of birth and at 30–42 days after birth
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(a) Comparison of Sobs index between the breastfed group samples 
collected within 3 days of birth and at 30–42 days after birth. (b) 
Comparison of Sobs index between the partially breastfed group 
samples collected within 3 days of birth and at 30–42 days after 
birth. (c) Comparison of Sobs index between the formula feeding 
group samples collected within 3 days of birth and at 30–42 days 
after birth.

Discussion 
In this study, we chose the study endpoint of 30–42 days after birth 
because infants at that age have limited human contact and have 
not been exposed to a variety of environmental microorganisms[9]. 
Feeding status refers to the status at the time of stool collection. 
Breastfed in this article refers to giving breast milk to the infant, 
whether it is direct feeding or bottle feeding after expression.

The results of the study showed no significant differences in 
microbial genus composition among the three groups in samples 
collected within 3 days after birth. This is considered to be related 
to the short time after birth during which feeding practices have not 
yet had an impact, with these dominant microbiota coming from 
the maternal intestine and skin. Bifidobacterium and Lactobacillus 
were the main microbiota in the breastfed group at 30–42 days 
after birth, which is consistent with the results of several other 
studies [10-12]. Breastfeeding is an important way to transfer 
maternal microbiota to infants after birth. Breastfeeding allows 
maternal microorganisms, including bifidobacteria, Lactobacillus, 
Staphylococcus, and Streptococcus, to continuously transfer to the 
infant’s intestine and accelerate the proliferation and maturation 
of the intestinal microbiota. In particular, breast milk contains 
oligosaccharides as a substrate for certain microorganisms 
to obtain energy, and bifidobacteria are the main species that 
can use oligosaccharides to proliferate, establish a balanced 
microecological environment, resist the proliferation of pathogenic 
microorganisms, and regulate the mucosal barrier function of the 
intestine and immune function [13].

Bifidobacterium is a member of the actinomycetes, and its main 
end products, acetate and lactate, are important sources of energy 
for colon cells [14]. Bifidobacteria produce essential nutrients, 
including riboflavin and folic acid and produce short-chain fatty 
acids that prevent pathogens, reduce diarrhea, increase nutrient 
absorption, and stimulate the immune system [15,16]. Lactobacillus 
can regulate the normal flora of the gastrointestinal tract, maintain 
the micro-ecological balance, improve gastrointestinal function, 
and lower serum cholesterol. Lactobacillus also inhibits the 
adhesion and growth of gastrointestinal pathogenic bacteria such 
as Escherichia–Shigella and the formation of an antibacterial 
intestinal barrier [17,18].

The dominant organism in the formula feeding group was 
Escherichia–Shigella, which showed significantly higher 
abundance than in the breastfed and partially breastfed groups. 
Escherichia–Shigella is considered to be a precursor to the 
development of pathology and a potential health risk [19]. 
Although microorganisms were detected in all samples within 
3 days after birth, their alpha-diversity was significantly lower 
compared to samples at 30–42 days, independent of feeding type. 
This is consistent with the previous findings of Chu et al., and 
suggests that the gut microbiota is enriched with age [9]. However, 
the mode of delivery of the newborn and the maternal diet have 
been reported to influence the early infant gut microbiota. The 
lack of analysis of the effects of these factors is a shortcoming 
of this study.

In conclusion, our results show that the gut microbiota of infants in 
the breastfed group was dominated by probiotics, while that of the 
infants in the formula feeding group was dominated by pathogenic 
bacteria, and the partially breastfed group was intermediate. In 
addition to the microbiota, biologically active substances in 
breast milk, including immunoglobulins, cytokines, chemokines, 
growth factors, hormones, and lactoferrin, are dynamically 
present throughout lactation and provide immune protection to 
the infant [20]. Some studies have also found that children who 
are exclusively breastfed have better cognitive development [21]. 
Furthermore, Ding and Schloss found that feeding type in infancy 
determines the composition of bacterial communities in adulthood 
[22]. Even brief exposure to formula may disrupt the normal 
colonization of the infant’s intestinal microbiota [23]. Therefore, 
we recommend that infants should be exclusively breastfed for as 
long as possible in the early years of life for the benefit of their 
health thereafter.

The 16S rRNA gene contains nine highly variable regions with 
genus or species specificity. Therefore, 16S rRNA can be used 
as a characteristic nucleic acid sequence and is considered the 
most suitable indicator for bacterial phylogeny and taxonomic 
identification [24]. 16S rRNA amplicon sequencing, analysis, 
and strain identification are important tools for studying the 
composition and structure of microorganisms in environmental 
samples [25]. At present, 16S sequencing technology is gradually 
being developed in China. For example, Nanjing Jinling Hospital 
used 16S sequencing technology to detect animal models of 
constipation in mice[26]. Shanghai Jiao Tong University uses 
16S sequencing technology to detect weight loss through dietary 
intervention [27]. This study applied 16S sequencing technology to 
identify gut microbiota in early infants, to provide an accurate and 
scientific data resource for establishing a gut microbiota database 
for early infants, and to provide an objective basis for interventions 
to compensate for the adverse effects of different feeding types 
on the gut microbiota of early infants, such as routine probiotic 
treatment for formula-feeding infants.

Author contributions
KYP, ZXC, LFX and HYH contributed to data collection, analysis 
and writing of the manuscript. KYP contributed to study design 
and editing of the manuscript.

Funding Statement
This research is supported by Hangzhou Medical and health 
science and technology project (Number: 0020190871).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Ethical Statement
The Institutional Review Board of The First People’s Hospital of 
Xiaoshan District approved this study (Protocol Number: 2019-
XS-06).

Acknowledgements
We would like to thank Editage (www.editage.cn) for English 
language editing.



Citation: Kaiyu Pan, Zixiu Cai, Lingfan Xu, Haiyan Han (2022) The Effects of Feeding Type on the Gut Microbiota of Neonates and Early Infants. Journal of Infectious 
Diseases & Case Reports. SRC/JIDSCR-180. DOI: doi.org/10.47363/JIDSCR/2022(3)159

Volume 3(1): 5-5

Copyright: ©2022 Kaiyu Pan, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

J Infect Dis Case Rep, 2022

References     
1.	 Jean-Christophe Lagier, Matthieu Million, Perrine Hugon, 

Fabrice Armougom,  Didier Raoult. Human gut microbiota: 
repertoire and variations[J]. Front Cell Infect Microbiol 2: 
136.

2.	 Blaser MJ, Falkow S (2009)What are the consequences of 
the disappearing human microbiota?[J]. Nat Rev Microbiol 
7: 887-894.

3.	 Elizabeth K Costello, Keaton Stagaman, Les Dethlefsen, 
Brendan J M Bohannan, David A Relman(2012) The 
application of ecological theory toward an understanding of 
the human microbiome[J]. Science 336: 1255-1262.

4.	 Lawrence A David , Corinne F Maurice , Rachel N Carmody , 
David B Gootenberg , Julie E Button et al.(2014) Diet rapidly 
and reproducibly alters the human gut microbiome[J]. Nature 
505: 559-563.

5.	 Omry Koren, Julia K Goodrich, Tyler C Cullender, Aymé 
Spor, Kirsi Laitinen et al.(2012) Cell 150: 470-480.

6.	 Zeissig S, Blumberg RS (2014) Life at the beginning: 
perturbation of the microbiota by antibiotics in early life and 
its role in health and disease[J]. Nat Immunol 15: 307-310.

7.	 Sebastien Matamoros, Christele Gras-Leguen, Françoise Le 
Vacon, Gilles Potel, Marie-France de La Cochetiere(2013) 
Development of intestinal microbiota in infants and its impact 
on health[J]. Trends Microbiol 21: 167-173.

8.	 Kathleen Sim , Elizabeth Powell, Alexander G Shaw, Zoë 
McClure, Madeleine Bangham et al.(2013) The neonatal 
gastrointestinal microbiota: the foundation of future 
health?[J]. Arch Dis Child Fetal Neonatal Ed 98: 362-364.

9.	 Derrick M Chu , Jun Ma , Amanda L Prince , Kathleen M 
Antony , Maxim D Seferovic et al.(2017) Maturation of the 
infant microbiome community structure and function across 
multiple body sites and in relation to mode of delivery[J]. 
Nat Med 23: 314-326.

10.	 Ted Jost 1, Christophe Lacroix, Christian P Braegger, Florence 
Rochat, Christophe Chassard(2014) Vertical mother-neonate 
transfer of maternal gut bacteria via breastfeeding[J]. Environ 
Microbiol 16: 2891-2904.

11.	 MB Azad,T Konya,RR Persaud,DS Guttman,RS Chari et 
al.(2016) Impact of maternal intrapartum antibiotics, method 
of birth and breastfeeding on gut microbiota during the first 
year of life: a prospective cohort study[J]. BJOG 123: 983-
993.

12.	 Amir Ardeshir, Nicole R Narayan, Gema Méndez-Lagares, 
Ding Lu, Marcus Rauch et al.(2014) Breast-fed and bottle-fed 
infant rhesus macaques develop distinct gut microbiotas and 
immune systems[J]. Sci Transl Med 6: 252ra120.

13.	 Mark R Charbonneau , David O’Donnell , Laura V Blanton, 
Sarah M Totten , Jasmine C C Davis et al.(2016) Sialylated 
Milk Oligosaccharides Promote Microbiota-Dependent 
Growth in Models of Infant Undernutrition[J]. Cell 164: 
859-871.

14.	 Shinji Fukuda , Hidehiro Toh, Koji Hase, Kenshiro Oshima, 
Yumiko Nakanishi et al.(2011) Bifidobacteria can protect 
from enteropathogenic infection through production of 
acetate[J]. Nature 469: 543-547.

15.	 Hirosuke SUGAHARA, Toshitaka ODAMAKI, Nanami 
HASHIKURA, Fumiaki ABE, Jin-zhong XIAO(2015) 
Differences in folate production by bifidobacteria of different 
origins[J]. Biosci Microbiota Food Health 34: 87-93.

16.	 Whelan K(2013) Mechanisms and effectiveness of 
prebiotics in modifying the gastrointestinal microbiota for 
the management of digestive disorders[J]. Proc Nutr Soc 
72: 288-298.

17.	 Jara S, Sánchez M, Vera R, Cofré J, Castro E (2011) The 

inhibitory activity of Lactobacillus spp. isolated from breast 
milk on gastrointestinal pathogenic bacteria of nosocomial 
origin[J]. Anaerobe 17: 474-477.

18.	 M Olivares , M P Díaz-Ropero, R Martín, J M Rodríguez, 
J Xaus(2006) Antimicrobial potential of four Lactobacillus 
strains isolated from breast milk[J]. J Appl Microbiol 101: 
72-79.

19.	 Shin NR, Whon TW, Bae JW (2015) Proteobacteria: microbial 
signature of dysbiosis in gut microbiota[J]. Trends Biotechnol 
33: 496-503.

20.	 Lorena Ruiz , Irene Espinosa-Martos , Cristina García-Carral, 
Susana Manzano , Michelle K McGuire et al.(2017) What’s 
Normal? Immune Profiling of Human Milk from Healthy 
Women Living in Different Geographical and Socioeconomic 
Settings[J]. Front Immunol 8: 696.

21.	 Cesar G Victora , Rajiv Bahl , Aluísio J D Barros , Giovanny 
V A França , Susan Horton et al.(2016) Breastfeeding in 
the 21st century: epidemiology, mechanisms, and lifelong 
effect[J]. Lancet 387: 475-490.

22.	 Ding T, Schloss PD (2014) Dynamics and associations of 
microbial community types across the human body[J]. Nature 
509: 357-360.

23.	 Jessica D Forbes , Meghan B Azad , Lorena Vehling , Hein 
M Tun , Theodore B Konya(2018) Association of Exposure 
to Formula in the Hospital and Subsequent Infant Feeding 
Practices With Gut Microbiota and Risk of Overweight in the 
First Year of Life[J]. JAMA Pediatr 172: e181161.

24.	 J Gregory Caporaso, Christian L Lauber, William A Walters, 
Donna Berg-Lyons, Catherine A(2011) Global patterns of 
16S rRNA diversity at a depth of millions of sequences per 
sample[J]. Proc Natl Acad Sci U S A 108: 4516-4522.

25.	 Noha Youssef, Cody S Sheik, Lee R Krumholz, Fares Z 
Najar, Bruce A Roe et al.(2009) Comparison of species 
richness estimates obtained using nearly complete fragments 
and simulated pyrosequencing-generated fragments in 16S 
rRNA gene-based environmental surveys[J]. Appl Environ 
Microbiol 75: 5227-5236.

26.	 Xiaolong Ge , Wei Zhao , Chao Ding , Hongliang Tian , 
Lizhi Xu  et al.(2017) Potential role of fecal microbiota from 
patients with slow transit constipation in the regulation of 
gastrointestinal motility[J]. Sci Rep 7: 441.

27.	 Shuiming Xiao , Na Fei, Xiaoyan Pang, Jian Shen, Linghua 
Wang et al. (2014) A gut microbiota-targeted dietary 
intervention for amelioration of chronic inflammation 
underlying metabolic syndrome[J]. FEMS Microbiol Ecol. 
2014,87(2):357-367.


