
O R I G I N A L  R E S E A R C H

Global Insights and Key Trends in Gut Microbiota 
Research for Premature Infants: A Bibliometric 
and Visualization Study
Juanzhi Yang1, Huanxia Qu2, Qi Liu1, Yixing Wang1, Jiaxin Cao1, Feng Jiang 3, Qian Wang4, Jin Shu1

1Department of Pediatrics, The Fourth Affiliated Hospital of Jiangsu University, Zhenjiang, People’s Republic of China; 2Department of Blood 
Transfusion, Zhenjiang First People’s Hospital, Zhenjiang, People’s Republic of China; 3Department of Neonatology, Obstetrics and Gynecology 
Hospital of Fudan University, Shanghai, People’s Republic of China; 4Department of Pediatrics, Shanghai General Hospital, Shanghai Jiao Tong 
University School of Medicine, Shanghai, People’s Republic of China

Correspondence: Jin Shu, Department of Pediatrics, The Fourth Affiliated Hospital of Jiangsu University, Zhenjiang, 212008, People’s Republic of 
China, Email zjshujin@163.com; Feng Jiang, Department of Neonatology, Obstetrics and Gynecology Hospital of Fudan University, Shanghai, 200011, 
People’s Republic of China, Email dxyjiang@163.com

Background: Premature infants, defined as those born before 37 weeks of gestation, face numerous health challenges due to their 
underdeveloped systems. One critical aspect of their health is the gut microbiota, which plays a vital role in their immune function and 
overall development. This study provides a comprehensive bibliometric analysis of research trends, influential contributors, and 
evolving themes in the study of gut microbiota in premature infants over the past two decades.
Methods: We conducted a bibliometric analysis using the Web of Science Core Collection database, covering publications from 
January 1, 2004, to June 17, 2024. We employed VOSviewer, the R package “bibliometrix”, and Citespace for data visualization and 
analysis, focusing on co-authorship, co-citation, and keyword co-occurrence networks.
Results: The temporal analysis revealed a significant increase in research output on gut microbiota in premature infants, particularly in the 
last decade. Early research primarily focused on characterizing the gut microbiota of premature infants, identifying less diversity and 
a higher prevalence of pathogenic bacteria compared to full-term infants. Key research themes identified include probiotics, necrotizing 
enterocolitis (NEC), and breastfeeding. Probiotic studies highlighted the potential of strains like Bifidobacterium and Lactobacillus in 
reducing NEC and sepsis incidences. Breastfeeding research consistently showed the benefits of human milk in fostering a healthier gut 
microbiota profile. Co-authorship and co-citation analyses identified key contributors and influential studies, emphasizing strong interna-
tional collaborations, particularly among researchers from the United States, China, and European countries.
Conclusion: This bibliometric analysis underscores the growing recognition of the gut microbiota’s crucial role in the health of 
premature infants. The field has seen significant advancements, particularly in understanding how interventions like probiotics and 
breastfeeding can modulate gut microbiota to improve health outcomes. Continued research and international collaboration are 
essential to further unravel the complexities of gut microbiota in premature infants and develop effective therapeutic strategies.
Keywords: premature infants, gut microbiota, web of science, bibliometric analysis

Introduction
Premature infants, defined as those born before 37 weeks of gestation, represent a significant public health concern 
globally due to their high prevalence and associated health complications. The incidence of preterm birth varies widely 
across different regions, with rates as high as 15% in some areas.1,2 These infants are at increased risk for a myriad of 
short-term and long-term health issues, including respiratory distress syndrome, intraventricular hemorrhage, necrotizing 
enterocolitis, and sepsis.3–5 Long-term complications often extend into childhood and adulthood, manifesting as chronic 
lung disease, neurodevelopmental impairments, and growth abnormalities.6–8 The early-life challenges faced by pre-
mature infants necessitate a comprehensive understanding of their unique physiological and developmental needs to 
improve survival rates and quality of life.
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The gut microbiota plays a crucial role in the health and development of infants, particularly those born prematurely. 
Premature infants often exhibit a distinct and less diverse gut microbiota compared to full-term infants, characterized by 
a higher prevalence of pathogenic bacteria and a lower abundance of beneficial microbes such as Bifidobacteria and 
Lactobacillus species.9–12 This dysbiosis is associated with a higher risk of severe complications, including necrotizing 
enterocolitis (NEC), sepsis, and long-term impacts on immune and metabolic functions.13–15 Research into the gut 
microbiota of premature infants is essential for understanding these associations and developing targeted interventions. 
Recent studies have highlighted the potential benefits of probiotic supplementation, breastfeeding, and other microbiome- 
modulating therapies in promoting a healthier gut microbiota composition.16–18 For instance, a growing body of evidence 
suggests that specific probiotics may help prevent NEC and reduce the incidence of sepsis.11,19 Advanced sequencing 
technologies and bioinformatics tools have enabled more detailed and comprehensive analyses of the gut microbiota, 
uncovering critical insights into the microbial dynamics and their interactions with the host.20 These advancements 
underscore the necessity of ongoing research to elucidate the precise mechanisms by which gut microbiota influences the 
health outcomes of premature infants and to identify effective strategies for microbiota-based therapies.

Bibliometrics is a set of methods used to quantitatively analyze scientific literature and measure the impact and 
development of research in various fields. This analytical approach involves the application of statistical and mathema-
tical techniques to evaluate the quantity and quality of published research, citations, and other academic outputs.21 Key 
features of bibliometrics include citation analysis, co-citation analysis, bibliographic coupling, and the use of various 
bibliometric indicators such as the impact factor, and citation counts. These tools enable researchers to identify trends, 
patterns, and the overall influence of specific works, authors, institutions, and journals within a scientific domain.

The importance of bibliometric analysis lies in its ability to provide a comprehensive overview of research activities, 
highlight influential studies and emerging hotspots, and inform policy and funding decisions. By mapping the intellectual 
structure of a field, bibliometrics helps to uncover key research themes, collaborations, and knowledge gaps, guiding 
future research directions. In the context of gut microbiota and premature infants, bibliometric studies can reveal the 
evolution of research focus, identify leading researchers and institutions, and assess the impact of interventions and new 
discoveries over time. This systematic evaluation is crucial for advancing our understanding of the role of gut microbiota 
in premature infant health and for optimizing research strategies to improve clinical outcomes. Given the significant role 
of gut microbiota in the health of premature infants, it is noteworthy that no previous studies have employed bibliometric 
analysis to explore this topic comprehensively. Therefore, this study aims to fill this gap by conducting a bibliometric 
analysis of research on the role of gut microbiota in premature infants. By doing so, we hope to provide valuable insights 
into the research landscape and identify key trends and future directions in this critical area of study.

Materials and Methods
Data Sources and Literature Search
We selected the Web of Science (WoS) Core Collection as the sole database for this study due to its high-quality indexing and 
comprehensive coverage of influential, peer-reviewed journals. WoS is known for its robust citation tracking and is widely 
used in bibliometric research. While other databases like Scopus and Lens offer broader coverage, our focus was to capture the 
most impactful studies, ensuring the analysis reflects high-quality research outputs. The literature search covered publications 
from January 1, 2004, to June 17, 2024. The search strategy was designed to capture studies focusing on the role of gut 
microbiota in preterm or premature infants. The specific search terms used were: (TS= (preterm) OR TS = (premature)) AND 
(TS = (gut microbiota) OR TS = (Gastrointestinal Microbiome) OR TS = (Gut Microbiome) OR TS= (Gut microbiome) OR 
TS= (Intestinal Microbiota) OR TS= (Intestinal Microflora) OR TS= (Intestinal Flora)). The search was restricted to articles 
and reviews to ensure the inclusion of peer-reviewed and substantive research contributions. Additionally, only publications 
written in English were included in the analysis.

Data Analysis and Visualization
The collected data were analyzed using several bibliometric tools to ensure comprehensive and multifaceted insights. For 
the analysis and visualization of the bibliometric data, we employed VOSviewer (version 1.6.19),22 the R package 
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“bibliometrix” (version 4.3.1),23 and Citespace (version 6.2.R4).24 VOSviewer was used to construct and visualize 
bibliometric networks, facilitating the creation of maps based on co-authorship, co-citation, and keyword co-occurrence, 
which allowed us to identify relationships and patterns within the research landscape. The R package “bibliometrix” 
provided various statistical and graphical tools to evaluate and visualize the scientific literature, including citation 
analysis, trend analysis, and the identification of prolific authors, institutions, and countries. Citespace was utilized for 
visualizing and analyzing trends and patterns in scientific literature, aiding in detecting research frontiers, identifying 
critical turning points, and visualizing the temporal evolution of the research field through co-citation and cluster 
analysis.

Results
Trends in Publications on Premature Infants and Gut Microbiome
Figure 1A shows the flowchart of the bibliometric analysis process, detailing the steps taken to identify relevant 
publications from the Web of Science Core Collection. From this search, 1860 publications were initially identified. 
After refining the criteria to include only articles and reviews published in English from January 2004 to June 2024, 
a total of 1702 publications were included for the bibliometric analysis. Figure 1B illustrates the annual distribution of 
these publications. The trend indicates a significant and steady increase in the number of publications over the years. 
Initially, from 2004 to 2010, there was a gradual rise in publications, with a more noticeable growth starting around 2011. 

Figure 1 (A) Flowchart of the literature searching and screening in the study. (B) Global trend of publications on gut microbiota in premature infants research.
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A marked acceleration can be observed from 2015 onwards, peaking in recent years. The data suggest that research 
interest in the gut microbiome of premature infants has intensified, particularly in the last decade.

Global Research Collaboration and Productivity in Preterm Infant and Gut Microbiota 
Studies
Figure 2A illustrates the global collaboration network in research on preterm infants and gut microbiota. The map shows 
significant collaboration among leading countries, with prominent connections between the United States, China, and 
European countries including United Kingdom, Spain, Norway, etc. These strong links indicate frequent co-authorship 
and joint research efforts, highlighting the international nature of research in this field. Figure 2B presents the top 10 
countries contributing to research on preterm infants and gut microbiota. The United States leads with the highest number 
of publications, followed by China, the United Kingdom, Italy, and Germany. Other notable contributors include Canada, 
Australia, France, Spain, and Japan. This ranking underscores the substantial research output from these countries and 
their leading roles in advancing the field. Notably, the publication volumes in the United States and China have increased 
significantly in recent years, reflecting growing research interest and investment in this area. Figure 2C displays the co- 
occurrence network of countries involved in preterm infant and gut microbiota research. The network highlights the 
United States as the central node with the highest co-occurrence with other countries, reflecting its pivotal role in global 
research collaborations. China, the United Kingdom, and Germany also show strong co-occurrence links, indicating their 
significant collaborative efforts. Figure 2D showcases the institutional co-occurrence network, depicting the relationships 
and collaborative patterns among different research institutions. The leading institutions with the most extensive 
collaborative networks include Harvard University, the University of California, and the University of London. Other 
key institutions include the Chinese Academy of Sciences, Stanford University, and the University of Sydney. Table 1 

Figure 2 Collaboration networks for gut microbiota in premature infants research. (A) Global collaboration network map. (B) Publication trends of the top ten countries 
by number of publications. (C) Country/region collaboration. (D) Institution Collaboration.
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summarized top ten countries and institutions on research of gut microbiota and premature infants. These institutions are 
central to the research network, driving significant collaborative research and contributing to the field’s advancements.

Key Authors in the Research Field
The co-authorship analysis reveals several key contributors who have significantly impacted the research field of preterm 
infants and gut microbiota (Figure 3A). Josef Neu emerges as a central figure, actively contributing significant research 
efforts. Michael J. Morowitz follows closely, reflecting his consistent contributions and collaborations. Janet 
E. Berrington and Mark A. Underwood have been actively involved, highlighting their collaborative efforts in advancing 
the field. Nicholas D. Embleton also stands out for his significant collaborative research. These authors represent the core 
network driving the research forward through their extensive collaborations and shared expertise. The co-citation analysis 
identifies influential authors whose works are frequently cited together, signifying their foundational role in the field 
(Figure 3B). HARMSEN HJM is particularly prominent, indicating the substantial and sustained impact of their research. 
DE LACOCHETIÈREMF also plays a critical role, demonstrating widespread influence in the literature. DIGIULIO DB 
has widespread influence and is frequently cited. Additionally, DANI C and KUNZ C, though less frequent, still hold 
significant contextual importance. Table 2 displays the top ten authors and co-cited authors on research of gut microbiota 
and premature infants. These co-citation patterns highlight the foundational and frequently referenced contributions of 
these authors, underscoring their critical role in shaping current understanding and guiding future research in the field.

Journal Co-Citation and Overlay Analysis
The co-citation network of journals, as illustrated in Figure 4A, highlights the primary journals contributing to the 
research field. The figure reveals a dense network of co-cited journals, indicating a well-connected body of literature. 
Prominent journals such as the Journal of Pediatrics, Pediatric Research, and Journal of Clinical Investigation appear 
frequently, showcasing their significant influence in this research area. This interconnectedness suggests a strong 
collaborative network among researchers, emphasizing the integral role these journals play in disseminating research 
findings related to premature infants and gut microbiota. Figure 4B presents a dual-map overlay of journals, illustrating 
the citation relationships between different disciplines. The overlay map shows that research related to premature infants 
and gut microbiota spans across multiple fields, including medicine, microbiology, and nutrition. The citing journals are 
predominantly from the fields of health, medicine, and clinical sciences, while the cited journals span broader categories 
such as molecular biology, immunology, and genetics. Table 3 displays the top 10 journals and co-cited journals on 
research of gut microbiota and premature infants. This distribution underscores the multidisciplinary nature of this 
research area, highlighting how advancements in understanding premature infant health and gut microbiota are informed 
by a wide range of scientific disciplines.

Table 1 Top 10 Countries and Institutions on Research of Gut Microbiota and Premature 
Infants

Rank Country Count Institution Count

1 United States 697 (40.9%) University of Florida (United States) 65 (3.8%)

2 China 236 (13.8%) University of Copenhagen (Denmark) 57 (3.3%)

3 United Kingdom 141 (8.2%) University of Chicago (United States) 47 (2.7%)
4 Italy 114 (6.6%) University of California, Davis (United States) 47 (2.7%)

5 Netherlands 94 (5.5%) University of Pittsburgh (United States) 44 (2.5%)

6 France 81 (4.7%) Baylor College of Medicine (United States) 40 (2.3%)
7 Canada 80 (4.7%) Washington University (United States) 39 (2.2%)

8 Australia 80 (4.7%) Newcastle University (United Kingdom) 26 (1.5%)
9 Spain 78 (4.5%) Harvard Medical School (United States) 25 (1.4%)

10 Denmark 75 (4.4%) University of Bologna (Italy) 23 (1.3%)
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Analysis of Article Citations and Co-Citations
Figure 5A illustrates the article citation network within the field of neonatal gut microbiota research. Prominent works 
such as those by Aagaard K. (2014), Warner BB. (2016), and Stewart CJ. (2018) are highly cited, indicating their 
substantial influence on subsequent research. The visualization showcases dense clusters of citations, reflecting the 
foundational impact these studies have had in shaping current understanding and ongoing investigations. Figure 5B 
depicts the co-citation network, highlighting key articles frequently cited together. Influential studies by authors such as 
Warner BB. (2016), Stewart CJ. (2018), and Aagaard K. (2014) appear prominently, underscoring their integral roles in 
the field. The network reveals strong co-citation clusters, indicating the interconnectedness of these pivotal works. 
Table 4 displays the top 10 co-cited references on research of gut microbiota and premature infants.

Figure 3 Visualiaztion of authors and co-cited authors. (A) Visual representation of authors on the research of gut microbiota in premature infants. (B) Visual presentation 
of co-cited authors on the research of gut microbiota in premature infants.
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Keyword Analysis
Figure 6A illustrates the keyword co-occurrence network, highlighting key terms frequently used together in the research 
field of premature infants and gut microbiota. Prominent keywords include “preterm infants”, “probiotics”, “intestinal 
microbiota”, “necrotizing enterocolitis”, and “bacterial colonization”. These keywords reflect major research themes and 
focus areas, such as the role of gut microbiota in the health and disease states of premature infants, the use of probiotics, 
and the study of specific conditions like necrotizing enterocolitis. The network also shows connections between various 
terms, indicating the interdisciplinary nature and integration of multiple research aspects within this field. Figure 6B 
presents the keyword cluster network map, identifying nine major clusters that represent distinct research topics. The 
largest cluster, labeled “#0 intensive care unit”, encompasses studies related to the care and management of preterm 
infants in intensive care settings. Cluster “#1 birth weight infants” focuses on issues related to birth weight and its 
implications. Other significant clusters include “#2 human milk”, which highlights the importance of breast milk in the 
development of gut microbiota, “#3 bronchopulmonary dysplasia”, and “#4 necrotizing enterocolitis”, both addressing 
critical conditions affecting preterm infants. Additional clusters such as “#5 gut microbiota”, “#6 supplementation”, “#7 
double blind”, “#8 risk”, and “#9 preterm infant” further emphasize the diverse range of research areas, from clinical 
interventions and dietary supplements to methodological approaches and risk assessments.

The cluster timeline view network of keywords illustrates the temporal evolution of research topics related to gut 
microbiota in premature infants (Figure 7A). Key clusters identified include “intensive care unit”, “birth weight infants”, 
“human milk”, “bronchopulmonary dysplasia”, and “gut microbiota”. Over the years, the focus has shifted from general 
topics like “premature infants” and “probiotics” to more specific areas such as “oxidative stress”, “donor human milk”, 
and “vaginal microbiota”. This demonstrates a growing diversification and specialization in research topics over time. 
The timezone chart maps the progression and emergence of various keywords over the specified timeline (Figure 7B). 
Early research concentrated on foundational topics like “bacteria”, “probiotics”, and “intestinal flora”. Recent years have 
seen an increased emphasis on clinical and applied aspects such as “oxidative stress”, “gestational age”, “human breast 
milk”, and “neonatal sepsis”. This shift indicates an expanding interest in understanding specific factors influencing gut 
microbiota in premature infants and their clinical implications.

Figure 8 illustrates the top 15 keywords with the most substantial citation bursts in the study of gut microbiota in 
premature infants. The blue bars represent periods when the keywords were rarely cited, while the red bars indicate times 
of frequent citation. Keywords such as “gut microbiota”, “probiotics”, and “preterm infants” show significant bursts, 
reflecting their increasing importance and interest in recent research.

Discussion
This study provides a comprehensive bibliometric analysis of research on gut microbiota in premature infants, demon-
strating significant trends, influential contributors, and evolving research themes over the past two decades. The results 

Table 2 Top 10 Authors and Co-Cited Authors on Research of Gut Microbiota 
and Premature Infants

Rank Authors Count Co-cited authors Citations

1 Josef Neu 44 Josef Neu 545

2 Mark A Underwood 32 Christopher J Stewart 482

3 Michael J Morowitz 30 Silvia Arboleya 401
4 Christopher J Stewart 25 Mark A Underwood 368

5 Thomas Thymann 25 Maria Gloria Dominguez Bello 315

6 Erika C Claud 24 Rene Romero 303
7 Nicholas D Embleton 24 Fredrik Bäckhed 295

8 Janet E Berrington 23 Volker Mai 292
9 Jillian F Banfield 20 Mohan Pammi 282

10 Per Torp Sangild 19 John Penders 277
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illustrate a marked increase in research activity, particularly in the last decade, highlighting the growing recognition of 
the gut microbiota’s critical role in the health and development of preterm infants.

The temporal analysis of publications revealed a substantial increase in research output on gut microbiota in 
premature infants. Early studies focused on identifying the differences in gut microbiota between premature and full- 

Figure 4 Visualization of co-journals involvement. (A) Visual presentation of co-citations among journals on the research of gut microbiota in premature infants. (B) The 
dual-map overlay of journals on the research of gut microbiota in premature infants.

Table 3 Top 10 Journals and Co-Cited Journals on Research of Gut Microbiota and Premature Infants

Rank Journal Count IF Q Co-cited Journal Co- 
citation

IF Q

1 Nutrients 78 (4.5%) 5.9 Q1 PLoS One 3962 3.7 Q1

2 Pediatric Research 61 (3.5%) 3.6 Q1 Pediatrics 2913 8.0 Q1

3 PLoS One 48 (2.8%) 3.7 Q2 Pediatric Research 2438 3.6 Q1
4 Frontiers in Microbiology 46 (2.7%) 5.2 Q2 Journal of Pediatrics 2332 5.1 Q1

5 Frontiers in Pediatrics 46 (2.7%) 2.6 Q2 Nature 2303 64.8 Q1

(Continued)
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term infants, finding that premature infants often have less diverse gut microbiota and a higher prevalence of pathogenic 
bacteria.35–37 These initial findings spurred further research into interventions aimed at modulating the gut microbiota to 
improve health outcomes.38,39 The keyword analysis identified major research themes, including probiotics, NEC, and 

Figure 5 The visualization of references and co-cited references. (A) Visual representation of references on the research of gut microbiota in premature infants. (B) Visual 
presentation of co-cited references on the research of gut microbiota in premature infants.

Table 3 (Continued). 

Rank Journal Count IF Q Co-cited Journal Co- 
citation

IF Q

6 Journal of Pediatric Gastroenterology 
and Nutrition

36 (2.1%) 2.9 Q2 Proceedings of the National Academy of 
Sciences (PNAS)

2214 11.1 Q1

7 Microorganisms 33 (1.9%) 4.5 Q2 Journal of Pediatric Gastroenterology and 

Nutrition

2120 2.9 Q2

8 Frontiers in Immunology 33 (1.9%) 7.3 Q1 Microbiome 2047 15.5 Q1

9 Scientific Reports 32 (1.8%) 4.6 Q2 Nutrients 1619 5.9 Q1

10 Microbiome 28 (1.6%) 15.5 Q1 Scientific Reports 1578 4.6 Q2
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breastfeeding. Studies on probiotics have shown that specific strains, such as Bifidobacterium and Lactobacillus, can 
reduce the incidence of NEC and sepsis, highlighting the potential of probiotic supplementation as a preventive strategy. 
A landmark study by Underwood et al demonstrated that the administration of Bifidobacterium longum subsp. infantis in 
preterm infants led to significant colonization and subsequent reduction in the incidence of NEC and sepsis.40 Research 
on breastfeeding has consistently shown that human milk is beneficial for the gut microbiota development in premature 
infants, promoting a more favorable microbial profile compared to formula feeding. For example, Patel et al found that 
human milk feeding is associated with a lower incidence of NEC and promotes the colonization of beneficial bacteria like 
Bifidobacteria and Lactobacillus.41

The co-authorship analysis identified key contributors, such as Josef Neu and Michael J. Morowitz, who have 
significantly impacted the field through extensive research and collaborations. Neu’s work has been pivotal in advancing 
the understanding of the developmental biology of the preterm gut and its microbial colonization. Morowitz’s research 
has focused on the dynamics of gut microbiota in relation to neonatal sepsis and NEC, providing critical insights into the 
prevention and treatment of these conditions. The co-citation network highlighted influential studies that are foundational 
to the current understanding of gut microbiota in preterm infants. For instance, the work of Arboleya et al on the 
microbial succession in the neonatal gut has been frequently cited, underscoring its importance in the field.42

International collaboration networks showed strong research connections between the United States, China, and 
European countries, emphasizing the global effort to advance this field. Collaborative studies across these regions have 
been instrumental in sharing knowledge, standardizing methodologies, and conducting large-scale clinical trials. These 
international efforts have accelerated the pace of discovery and facilitated the translation of research findings into clinical 
practice, ultimately improving outcomes for premature infants globally.

Recent studies have provided deeper insights into the mechanisms by which gut microbiota influences the health of 
premature infants. The role of gut microbiota in modulating the immune system and its impact on inflammatory 
responses has been a critical area of research. For instance, Warner et al highlighted that preterm infants often exhibit 
delayed colonization with commensal bacteria and a higher prevalence of potentially pathogenic microorganisms. This 
dysbiosis is linked to life-threatening conditions such as NEC and late-onset sepsis, emphasizing the importance of 
understanding microbial dynamics in this vulnerable population.43 Advanced sequencing technologies have allowed 
researchers to characterize the gut microbiota more accurately, uncovering critical insights into microbial composition 
and interactions. For example, studies by Stewart et al and Hill et al utilized 16S rRNA gene sequencing to identify 
significant differences in gut microbial communities between preterm infants and full-term controls. Their findings 
revealed a higher abundance of Proteobacteria in preterm infants, which is associated with increased inflammation and 
infection risks.44,45 Another significant finding from these studies was the impact of feeding type on gut microbiota 
development. Research by Morrow et al demonstrated that preterm infants fed with mother’s own breast milk (MBM) 
had a more beneficial microbiota composition compared to those fed with donor milk or formula. Specifically, MBM-fed 

Table 4 Top 10 Co-Cited References on Research of Gut Microbiota and 
Premature Infants

Rank Co-cited reference Citations

1 Dominguez-Bello MG, 2010, P Natl Acad Sci USA, v107, p1197125 236

2 Neu J, 2011, New Engl J Med, v364, p25526 229

3 Wang YW, 2009, ISME J, v3, p94427 216
4 Penders J, 2006, Pediatrics, v118, p51128 203

5 La Rosa Ps, 2014, P Natl Acad Sci USA, v111, p1252229 200

6 Mai V, 2011, PLoS One, v630 188
7 Pammi M, 2017, Microbiome, v531 181

8 Bäckhed F, 2015, Cell Host Microbe, v17, p69032 179
9 Palmer C, 2007, PLoS Biol, v5, p155633 165

10 Aagaard K, 2014, Sci Transl Med, v634 164
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infants showed higher levels of Bifidobacteria and Lactobacillus, which are crucial for healthy gut development and 
immune function.46 Further, the research by Collado et al underscored the importance of early microbial colonization. 
They found that infants who received probiotics exhibited a more diverse and stable gut microbiota, reducing the risk of 
NEC and sepsis. This suggests that probiotic supplementation could be a viable strategy for enhancing gut health in 
preterm infants.47 In addition to probiotic interventions, studies have explored the role of specific microbial metabolites 
in influencing host health. For example, the production of short-chain fatty acids (SCFAs) by beneficial gut bacteria has 
been shown to play a critical role in maintaining intestinal barrier function and modulating inflammatory responses. This 
highlights the potential therapeutic avenues for modulating the gut microbiota to improve health outcomes in preterm 
infants.48 The advancements in gut microbiota research underscore the multifaceted interactions between microbial 
communities and host health. Understanding these relationships is crucial for developing targeted interventions to 
mitigate the health risks associated with preterm birth. For instance, research by Neu and Walker emphasizes the 

Figure 6 Keyword (A) co-occurring network map and (B) cluster network map.
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Figure 7 (A) The cluster timeline view network of keywords related to gut microbiota in premature infants. (B) The timezone chart of keywords related to gut microbiota 
in premature infants.
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significance of gut microbiota in the development of the immune system and its long-term health implications.26 Future 
research should continue to explore the longitudinal development of the gut microbiota, the impact of various clinical 
practices, and the potential of personalized microbiota-based therapies to improve the health and development of 
premature infants. Moreover, studies have identified key periods during which interventions may be most effective. 
For example, La Rosa et al noted that the first few weeks of life represent a critical window for microbiota establishment, 
suggesting that early interventions could have lasting impacts on health outcomes.29 This underscores the potential for 
early, targeted interventions to foster beneficial microbiota development and prevent adverse outcomes in preterm infants.

The bibliometric analysis underscores the need for continued research, particularly longitudinal studies that follow 
preterm infants into later childhood to understand the long-term impacts of early gut microbiota interventions. There is 
also a need for research focusing on personalized microbiota-based therapies, which take into account the unique 
microbial and health profiles of individual infants. Future studies should aim to elucidate the specific microbial strains 
and their metabolites that confer health benefits, paving the way for targeted therapeutic approaches.

This study has several limitations that should be considered when interpreting the results. First, the analysis was restricted 
to publications indexed in the Web of Science Core Collection, potentially excluding relevant studies published in other 
databases such as Scopus, Lens, or in non-English languages. This choice may have introduced a selection bias, as WoS tends 
to index high-impact, peer-reviewed journals, which could skew the findings towards more established and frequently cited 
studies. As a result, our analysis may not fully capture the broader research landscape, including emerging studies from less 
frequently indexed journals or those published in languages other than English. This limitation could affect the overall 
comprehensiveness and generalizability of the bibliometric analysis, as important contributions from diverse and non-elite 
sources may be underrepresented. Second, while bibliometric tools like VOSviewer, bibliometrix, and Citespace provide 
valuable insights into publication trends and research networks, they have inherent limitations in terms of data accuracy and 
completeness, particularly regarding author affiliations and citation counts. Third, the study period was limited to publica-
tions from 2004 to 2024, which may not capture earlier foundational research that could influence the current understanding 
of gut microbiota in premature infants. Finally, bibliometric analysis, by nature, focuses on quantitative aspects of research 
output and may not fully capture the qualitative impact and clinical relevance of individual studies. Future research should 
consider integrating bibliometric data with clinical outcomes to provide a more holistic view of the field.

Figure 8 Top 15 keywords with the strongest citation bursts. The blue bar showed that the keyword was rarely cited, and the red bar indicated frequent citation.
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Conclusions
This bibliometric analysis highlights the significant increase in research on gut microbiota in premature infants over the 
past two decades, reflecting the growing recognition of the microbiota’s critical role in preterm infant health. Key 
research themes identified include probiotics, NEC, and breastfeeding, with notable contributions from leading research-
ers such as Josef Neu and Michael J. Morowitz. The analysis underscores the importance of international collaborations, 
particularly among researchers from the United States, China, and European countries, which have been instrumental in 
driving advancements in this field.

However, this study had limitations that the analysis was restricted to English-language publications indexed in the 
WoS, potentially excluding relevant research published in other languages and databases such as Scopus and Lens. This 
limitation may have introduced a bias toward high-impact, elite journals, potentially underrepresenting important 
contributions from less frequently indexed sources.

Despite these limitations, our findings have important implications for future research. The evolving landscape of gut 
microbiota research in premature infants suggests a growing need for more inclusive, multilingual, and cross-database 
analyses to capture a broader spectrum of scientific contributions. Additionally, ongoing global cooperation and large- 
scale studies are essential to further explore the complex interactions between gut microbiota and preterm infant health. 
We recommend that future research also consider integrating clinical data to validate findings from bibliometric analyses, 
which will help translate these insights into tangible health outcomes.

In conclusion, continued research and global cooperation are critical to advancing our understanding of gut micro-
biota in premature infants, ultimately improving clinical practices and health outcomes for this vulnerable population.
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