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A B S T R A C T :  The human intestinal microbiota plays important roles in the 
metabolism and immunology of the host, associated with various 
metabolic, psychiatric and immunological diseases. The impossibility of 
analyzing microbiomes in vitro has led to the application of bioinformatics 
in the knowledge of this booming area. We analyzed the temporal/spatial 
dynamics of studies on MIH with bioinformatics through a scientometric 
review, using systematic review and bibliometric techniques. Articles and 
meta-analyses published between January 2018 and August 2023 were 
selected, using the descriptors “gastrointestinal microbiome”, “gut 
microbiome”, “gut microbiota”, “human gut”, “metagenomics”, “meta-
analysis” and “bioinformatics”. The results revealed the growth of 
publications, their impact and relevance and the articulation of 
partnerships between countries, institutions and authors. The panorama 
of studies on MIH with the aid of bioinformatics techniques indicates the 
potential for growth in the area and the importance of future studies for 
better understanding and clinical and preventive health applications. 
K E Y W O R D S :  Bioinfo. Gastrointestinal. Scientometrics. Science mapping. 
Systematic review. 

R E S U M O :  A microbiota intestinal humana desempenha funções 
importantes no metabolismo e imunologia do hospedeiro associada a 
diversas doenças metabólicas, psiquiátricas e imunológicas. A 
impossibilidade de análise in vitro dos microbiomas, levaram à aplicação 
da bioinformática no conhecimento dessa área em plena expansão. 
Analisamos a dinâmica temporal/espacial dos estudos sobre MIH com a 
bioinformática através de uma revisão cientométrica, utilizando técnicas 
de revisão sistemática e bibliometria. Foram selecionados artigos e meta-
análises publicados entre janeiro de 2018 e agosto de 2023, usando os 
descritores “gastrointestinal microbiome”, “gut microbiome”, “gut 
microbiota”, “human gut”, “metagenomics”, “meta-analysis” and 
“bioinformatics”. Os resultados revelaram o crescimento das publicações, 
seu impacto e relevância e a articulação de parcerias entre países, 
instituições e autores. O panorama dos estudos sobre MIH com auxílio das 
técnicas de bioinformática indicam potencial de crescimento da área e a 
importância de estudos futuros para o melhor entendimento e aplicações 
clínicas e de prevenção à saúde. 
P A L A V R A S - C H A V E :  Bioinfo. Cientometria. Gastrointestinal. Science 
mapping. Revisão sistemática. 
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INTRODUCTION 

The human gut microbiota (HGM) is a complex and highly diverse ecosystem that remains little 

understood. It is estimated that the gut microbiota consists of approximately 100 trillion 

microorganisms, including bacteria, fungi, viruses, and protozoa. Of these, bacteria represent the 

predominant group, comprising 1,000 to 1,150 different species1,2,3. The predominant bacterial phyla 

are Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria, collectively representing 97% of the 

microbiota, with approximately 70% residing in the large intestine. These microorganisms engage in a 

mutually beneficial relationship with gut epithelial cells, influencing various aspects of human health4,5,6. 

The composition of the microbiota varies across different regions of the body, life stages, and in 

response to external and internal factors, including stress, diet, genetics, and diseases4,6,7. An imbalance 

in the microbiota, or dysbiosis, can affect the regulation of the host's gastrointestinal functions and 

brings implications to many health and disease processes10,11,12,13,14,15,16. By enhancing metabolic 

processes and nutrient absorption, a balanced microbiome plays a pivotal role in prevention of chronic 

diseases, including obesity and type 2 diabetes. Various studies have demonstrated correlations 

between HGM and physiological processes, including immune system activation, gut permeability, 

digestive functions, and neurological pathways. This has led to the hypothesis that alterations in the 

HGM contributes to the development of various health conditions, including irritable bowel disease, 

obesity, diabetes, and mental health disorders2,3,4,6,19,20,21,22,23. Research indicates that the microbiome 

exerts a significant influence on mental health through the gut-brain axis, affecting mood and behavior. 

Consequently, the importance of maintaining a healthy microbiome by adhering to a diet abundant in 

fiber, prebiotics, and probiotics, this is crucial for enhancing well-being and preventing diseases24,25,26. 

The use of new tools, such as bioinformatics, helps to fill gaps in the relationship between HGM 

and other diseases, as well as contributing to the development of treatments and preventive 

strategies10. The recent advancement of sequencing technologies has enabled an exhaustive 

examination of microbial communities within the human gut8,9. This has in turn led to a more 

comprehensive understanding of their role in human health and disease. The use of bioinformatic tools 

is of great importance in the identification of microbial species, the assessment of their functional 

potential, and the study of microbe-host interactions within the gut microbiome27. Thus, to gain a deeper 

insight into the use of bioinformatic tools in studies on HGM, a bibliometric analysis was performed. This 

allowed us to identify key statistical and structural insights, while observing the production and 

evolution of scientific knowledge, including its historical progress and/or decline, major trends, 

techniques, and research opportunities39. By examining the scientific literature and applying bibliometric 

techniques, the aim was to identify trends, research topics, key players, and knowledge gaps revealed 

by bioinformatics in the study of HGM39.  

The objective of this study was to provide a comprehensive overview and analysis of the 

evolution of bioinformatic tools utilization in HGM research through bibliometric analysis28,29. This 

analysis will contribute to defining the current state of research in this field and will also inform future 

directions of research for younger researchers. 

METHODOLOGY 

This is a scientometric review that uses systematic review and bibliometric techniques. It was 

conducted in 3 phases: 1). bibliographic survey; 2). systematic review and 3). scientific mapping (Figure 
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1). In the first phase, keywords were extracted from MeSH using descriptors related to the topic (Table 

1). The set of keywords showing potential was subjected to specificity and sensitivity analysis through 

exploratory searches in databases. 

A comprehensive search of the literature was conducted in databases including PubMed, Scopus, 

and Web of Science (Table 2). The inclusion criteria adopted were: Articles that were published in 

accepted journals and use of the following descriptors: gastrointestinal microbiome, gut microbiome, 

gut microbiota, human gut, metagenomics, meta-analysis, and bioinformatics. Reviews were excluded; 

as well as descriptors such as: mice, animals, mouse, rats, murine, rodent, fishes, piglets, dogs, canine, 

porcine, broilers, equine, rabbit, and birds; and others that did not address the topic. Duplicate papers 

were excluded, and the remaining articles were selected in accordance with the previously defined 

eligibility, exclusion, and inclusion criteria (Table 3). 

 

Figure 1. Flow chart of the process of carrying out and analysis of the results of the systematic search. During the 

exporting of raw archives from PubMed to Rayyan, 32 papers were lost. Due to this, the total analyzed archives 

were 1345, not 1377 as previously obtained (1549 - 172 = 1377 papers). 

Source: the authors, 2024. 
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Table 1. Stages and steps of the methodology. 

Stages Steps 

1. Systematic search strategy 

1.1. Keywords were extracted from MesH 

1.2. Sensitivity analysis test was conducted 

1.3. The Systematic Search Strategy was defined 

2. Systematic Search 
2.1. Articles retrieved (Scopus, WoS and PubMed) 
2.2. Duplicates were identified 
3.1. Included or excluded articles were selected 

3. Science Mapping 3.2. Data analysis with bibliometrix package – R software was conducted 

Source: the authors, 2024. 

For the temporal scope, analysis was confined to publications from the past five years (2018-

2023). This time frame was chosen because research on this topic increased greatly during this period. 

In addition, during the COVID-19 pandemic, there was a boom in publications on the subject, with some 

topics related to change. The results were exported in *ris format from the Scopus and Web of Science 

databases and in *txt (plaintext) from PubMed. The results were imported in text format (*txt, or plain 

text) (PubMed and Web of Science) and in comma-separated values format (*csv) (Scopus)27. Relevance 

and adequacy of the results obtained were evaluated, and a systematic research strategy was then 

employed. The research strategy, data collection, and data analysis were conducted using reference 

management software. 

Table 2. Research strategy and quantity of obtained papers in each database. 

Database Strings Results 

Scopus 

(TITLE-ABS-KEY (“gastrointestinal microbiome” OR “gut microbiome”) AND TITLE-
ABS-KEY (“computational biology” OR bioinformatics) AND TITLE-ABS-KEY 
(human)) AND PUBYEAR > 2017 AND PUBYEAR < 2024 AND (LIMIT-TO (DOCTYPE 
“ar”)) AND (LIMIT-TO (SRCTYPE, “j”)) 

1314 

PubMed 

((“gastrointestinal microbiome”[Title/Abstract] OR “gut microbiome” 
[Title/Abstract]) AND (“computational biology” [Title/Abstract] OR 
“bioinformatics”[Title/Abstract]) AND “human[Title/Abstract]”) AND 
(2018/1/1:2023/8/31[pdat])) 

140 

Web of Science 
“gastrointestinal microbiome” OR “gut microbiome” (Topic) and “computational 
biology” OR bioinformatics (Topic) and human (Topic) and 2018 or 2019 or 2020 
or 2021 or 2022 or 2023 (Publication Years) and Article (Document Types) 

95 

Source: the authors, 2024. 

Table 3. Terms of reference for inclusion/exclusion criteria and eligibility used in paper selection. 

Step Analyzed metadata Selected terms 

Inclusion/ 
exclusion 

Title, abstract and Keywords 

Inclusion: bioinformatics, gastrointestinal microbiome, gut 
microbiome, gut microbiota, human gut, meta-analysis e 
metagenomics 

Exclusion: review, mice, animals, birds, broilers, canine, dogs, 
equine, fishs, mouse, murine, piglets, porcine, rabbit, rats e 
rodent 

Eligibility 
Title, abstract, keywords, 

introduction, materials and 
methods 

i) Research that used bioinformatics tools in HGM research 
ii) Research conducted in human groups 
iii) Research realized with data from meta-analyzes 

Source: the authors, 2024. 
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During the 2nd phase, Rayyan and R package bibliometrix software were employed. The papers 

were selected based on identification of specific terms after a thorough examination of the title, 

abstract, and keywords of each paper. Papers that satisfied both criteria were labeled as included, while 

those that satisfied only one criterion were classified as maybe. Papers that did not meet any of the 

established criteria were excluded. Concurrently, papers were selected in accordance with the 

established eligibility criteria. 

The bibliometrix functions were only able to identify 168 duplicated papers It was then necessary 

to undertake a manual check and exclude duplicate papers. Subsequently, as a way of comparing and 

checking, papers that did not meet the established inclusion and exclusion criteria were excluded, 

resulting in the same quantity of included papers being systematically organized using the Rayyan 

software. All information and data presented were generated using the bibliometrix package and the 

biblioshiny application28 from the RStudio 2023.06.1 programming kit, which is part of the R software 

(version 4.2.2)30. The raw data as well as complementary graphics and sheets is available at 

https://github.com/arthur-82/biblioanalysis_bioinfo_hgm_2024.git. Additional information can be 

requested via email to the corresponding author. 

RESULTS 

The absolute number of publications followed an upward trend until 2021, followed by a decline 

in the following years (Figure 2A). A total of 123 articles were published through August 2023. The annual 

mean for citations decreased, ranging from 8.42 in 2018 to 1.28 in 2022. The downward trend was 

confirmed for the year 2023, with an average of 0.29 citations through August 2023 (Figure 2B). Roughly 

322 journals have published articles on this topic, and 5 of them with more than 20 articles each. The 

periodical Frontiers in Cellular and Infection Microbiology published the greatest number of articles on 

the theme (71), followed by Gut Microbes (62), Frontiers in Microbiology (41), Microbiome (36), Frontiers 

in Immunology (26), Nutrients (19), Scientific Reports (16), International Journal of Molecular Sciences 

(15), PLOS One (15) and Nature Communications (14) (Figure 2C). The ten most relevant journals, as 

determined by the h-index for impact measurement (Figure 2D), were Microbiome (h=17), Frontiers in 

Cellular and Infection Microbiology (h=16) and Gut Microbes (h=15). The list is completed by Nature 

Communications (h=13), Frontiers in Immunology (h=12), Frontiers in Microbiology (h=12), Nutrients 

(h=10), International Journal of Molecular Sciences (h=9), Plos ONE (h=8), and Scientific Reports (h=8). 

AUTHOR PRODUCTIVITY 

A total of 4,534 researchers contributed to knowledge in this field of study during the period 

under review (Table S7). The ten researchers who published the most were Wang, Y. (40), Li, Y. (37), Liu, 

Y. (31), Zhang, Y. (26), Li, X. (24), Zhang, X. (23), Li, J. (22), Zhang, J. (22), Chen, Y. (22), and Wang, H. (21) 

(Figure 2E). 
  

https://github.com/arthur-82/biblioanalysis_bioinfo_hgm_2024.git
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Figure 2. (A) Annual scientific publishing in absolute numbers. (B) Annual average of citations. (C) The 10 periodicals 
with more publications. (D) The 10 most relevant periodicals, ranked by impact measuring (h index). (E) Number of 

published papers for each author. (G) Measurement of impact of each author (h index). 
Source: the authors, 2024. 

The ten researchers with the greatest impact, as measured by the h-index, are shown in Figure 

2F. Note that the authors Zhang, X. and Zhang, Y. presented comparable values for the h-, g- and m 

indices. The lists of the ten most prolific authors and the ten most impactful researchers exhibit a high 

degree of overlap. It is notable that all ten of the most influential and impactful researchers are of 

Chinese nationality, which highlights China's significant contribution to research on this topic. The 

collaborative author network (Figure S23) depicts four clusters. The size of each circle presents the 

number of published papers for each author, while the width of each line is proportional to the 
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frequency of collaboration between researchers. The colors represent clusters of authors who 

collaborated the most with one another. 

INSTITUTIONAL PRODUCTIVITY 

Authorship analysis shows that the authors of the analyzed articles were associated with 1,365 

research institutions. Only ten institutions were responsible for more than half of the total number of 

publications in the period (Tables S11, S12). The ten most productive universities were as follows: Capital 

Medical University (94), China; Southern Medical University (91), China; University of Bologna (74), Italy; 

University of Ottawa (71), Canada; Fudan University (70), China; Huazhong University of Science and 

Technology (65), China; Shanghai Jiao Tong University (57), China; Sichuan University (56), China; 

University College Cork (54), Ireland; and Central South University (53), China (Figure 3A). The 

collaborative network between the analyzed research institutions highlights significant insights such as 

partnerships and interrelations between institutions, represented by color clusters, and the extent of 

cooperation between them, represented by line width (Figure S24). It was observed that some 

universities, such as Jiangnan University and Zhejiang University School of Medicine, demonstrated a 

proclivity towards the development of research and papers in collaboration with other institutions. In 

contrast, other institutions, such as Imperial College London and Central South University, exhibited a 

tendency to conduct research with minimal institutional collaboration or even in isolation from other 

institutions.  
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Figure 3. (A) Number of publications of the 10 most productive research institutions. (B) Number of 

publications per country. (C) Number of times papers from each country were cited. (D) Proportion of papers in 

co-authorship for the 10 most productive countries. SCP = Single Country Publication. MCP = Multiple Countries 

Publication. 

Source: the authors, 2024. 

PRODUCTIVITY BY COUNTRY  

A total of 55 countries were represented by the researchers who published papers on the theme 

(Tables S14, S15). China demonstrated the greatest output of published papers (316), followed by the 

USA (198), Germany (32), the UK (28) and Italy (28) in descending order (Figure 3B). Figure 3C provides 

a summary of the results for the most cited countries. USA was the most cited country with 3,959 

citations, followed by China (3,596), UK (823), Ireland (739), and the Netherlands (732). A total of seven 

countries had papers that had been cited on more than 500 occasions. In terms of the mean number of 

citations per paper, the Northern European countries of Norway (95.00 citations), Netherlands (73.20 

citations per paper), Ireland (61.60), and UK (45.70 citations per paper) presented the highest number 

of citations. This was followed by India (49.10 citations per paper), Spain (45.90 citations per paper), 

Pakistan (36.00 citations per paper), Ecuador (36.00 citations per paper), the USA (30.70 citations per 

paper), and Portugal (30.00 citations per paper) which comprise the list of the ten most frequently cited 

countries (Table S16). 

China, the country with the highest number of citations, occupied the 28th position in the list of 

cited papers, with an average of 12.60 citations per paper. This is due to the high quantity of published 

papers. Even though papers from Ireland were cited on 739 occasions in other published papers, there 
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were only 9 published papers from this country, which resulted in the higher average and gives Ireland 

the first position on the list. The role of international collaboration in relation to the countries under 

analysis was not a significant factor, exhibiting limited variability. Figure 3D illustrates the extent of 

international collaboration in the publications of the ten countries that published the most. It 

demonstrates that a significant proportion of these publications involved authors within the same 

country. Of the ten countries that published the most, only four (China, USA, Italy, and Canada) 

published papers with international collaboration: the USA with four papers of a sample of 129 (16.3%), 

China and Italy with two papers each from a sample of 285 (36.10%) and 23 (2.9%) respectively, and 

Canada with one paper from a sample of 22 (2.8%) (Table S13). 

Relations between countries are contingent upon a multitude of factors. A review of the data 

revealed a mere 14 instances of inter-country collaboration out of a total of 789 papers, which serves to 

illustrate the dearth of international collaboration. An examination of the collaborative network 

between countries reveals that, of the 55 countries that published on the theme, only 17 engaged in 

international co-authorship (Figure S25). China and USA demonstrated the greatest degree of 

collaboration, publishing papers in conjunction with eight countries (Table S23). This resulted in a total 

of 12 collaborations between China and 8 other countries, and 10 collaborations between the USA and 

8 other countries. A sample of 789 papers revealed that only 50 (6.33%) were published in international 

collaboration, indicating a low level of collaboration overall. China, the country with the highest number 

of publications, authors, and impactful papers, published seven papers in collaboration with other 

countries (Canada, France, Iran, Spain, Sweden and Turkey), being one paper with each country. 

Collaborations between China and the USA, the most prolific in terms of published papers, resulted in 

only five papers (0.006%). 

MOST FREQUENT KEYWORDS 

The most frequently used authors’ keywords among the papers analyzed were gut microbiota 

(172) and gut microbiome (119), followed by microbiome (84) and microbiota (57). Each of these terms 

is related to the intestinal microbiome (Figure 4A). Keywords related to bioinformatics were also 

analyzed. The most frequently used of these were bioinformatics (40), 16S rRNA (25), and metagenomics 

(25). 
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Figure 4. (A) Most frequently used keywords. (B) Word Cloud Map. (C) Map of countries productivity (top ten). 

Source: the authors, 2024. 

The Word Cloud map (Figure 4B) illustrates the most pertinent keywords employed by the 

authors in the sample analyzed. The keywords exhibited trending topics over the period, with the years 

2020, 2021, and 2022 presenting the greatest diversity of keywords (Figure S13). In 2019, the most 

frequent keywords were microbial diversity and rheumatoid arthritis. In 2021, the most studied subjects 

were associated with the term’s gut microbiome (119), microbiome (84), and bioinformatics (40). In 

2023, the final year of the period under analysis, the term mycobiota appeared five times, indicating an 

interest in another group of microorganisms that play an essential role in regulating gastrointestinal 

functions. 

QUALITATIVE ASPECTS 

The concept of bibliographic linkage is a fundamental tenet of bibliometrics, denoting the act of 

citing the same reference by two or more academic papers. If two articles, designated as A and B, make 

simultaneous citations to a third article, these papers are said to be bibliographically linked25. This 

linkage indicates the degree of correlation between the two works, considering the references in 
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common that are cited by both. This approach allows the identification of not only frequently cited 

articles by authors within a research area, but also of cited references that are bibliographically linked. 

Further, it is possible to differentiate between clusters of articles based on the keywords employed by 

the authors. Bibliometrics assess the impact of each cluster, quantifying the number of global citations 

that contain the specified keywords and determining the cluster's centrality, which is defined as the 

recurrence of keywords within the analyzed articles (Figure S14-S19). The keywords microbiome, 

microbiota, and bioinformatics were used with greater frequency in articles with a high number of 

citations, whereas the keywords gut microbiome and gut microbiota were employed in a greater 

quantity of articles (Figure S14). The group comprising the terms gut microbiota, inflammation, and 16S 

rRNA is distinguished from other groups by its simultaneous high impact and high centrality. Figure S14 

also demonstrates a robust correlation between the terms obesity and inflammation in papers of 

moderate or high impact, which reinforces a potential relationship between the most studied topics in 

this field. 

CONCEPTUAL STRUCTURE 

The co-occurrence network demonstrates the extent of correspondence between specific 

keywords within the specified period (Figure S20). The network demonstrates that the most frequently 

used terms form a multitude of combinations both within and between their respective clusters, 

resulting in associations such as gut microbiota and Helicobacter pylori. The approach allows for the 

measurement of the relevance (centrality) and development (density) of different themes within a 

study, as indicated by the keywords employed in the investigation. Figure S21 uses two axes to separate 

the keywords into 4 thematic groups: niche themes, motor themes, basic themes, and 

emergent/declining themes. Niche themes, defined by high density and centrality, are well-developed 

but with few external linkages, and can be exemplified by terms related to microorganisms, such as 

Enterococcus, Lactobacillus, and Bacteroides; Motor themes are those with high centrality and high 

density, which characterizes them as important and well developed, being exemplified by the keywords 

obesity, intestinal flora, and high-throughput sequencing; Basic themes possess high density and low 

centrality, being poorly developed but frequently used in publications; and Emergent/declining themes 

simultaneously possess low density and low centrality, explained by the uncertainty of these themes 

due to fewer studies with these themes – indicating potential for future study – or due to a lack of 

interest in the theme(s). 

INTELLECTUAL STRUCTURE 

In the context of bibliometrics, co-citation refers to the phenomenon of two papers or authors 

(A and B) being cited by the same document or author (C). The recurrence of co-citation indicates a high 

level of association between the two papers in question, as well as their relevance as references among 

authors in their respective fields of knowledge. A particularly useful tool for elucidating the way 

disparate authors can contribute to the advancement of this field of study is the co-citation network 

(Figure S23). The co-citation network illustrates mutual citations between groups of authors, elucidating 

interconnections between the subjects under investigation.  
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DISCUSSION 

To advance our understanding of microbial communities in organs and systems of the human 

body, it is important to study the genetic characteristics and interactions of the HGM with the 

environment (microbiome). The potential of microbiota studies to inform the development of new 

therapeutic approaches and in the clinical detection of diseases is immense. Since its inception, 

microbiome study and research has undergone rapid and profound changes driven by advances in 

sequencing tools and techniques. The difficulty in laboratory cultivation of microorganisms from the 

human microbiome, coupled with the loss of information even when cultivation was possible, has led 

researchers and companies to perfect devices and techniques for sequencing the genetic data of these 

microorganisms in situ, i.e. directly in their natural environment27. Our results can help researchers and 

students evaluate their research trajectories, choose potential topics and gaps, plan studies and network 

their research through future collaborations. 

Advancements in sequencing technology have enabled researchers to obtain vast amounts of 

data for processing and extraction of genetic information. Developing the requisite equipment, 

computational tools, and methods for extraction and analysis genetic data, researchers employ 

statistical techniques that give rise to the field of bioinformatics8,27. The advent of New Generation 

Sequencing (NGS) technologies in the early 2000s enabled detection, identification, and analysis of 

microorganisms, particularly those belonging to the HGM. The combination of these technologies with 

bioinformatic tools has facilitated research while integrating bioinformatics and NGS in HGM 

investigations 31. 

Due to such technological advances, the study data show a growing and cumulative scientific 

production on topics related to HGM between 2018 and 2021. This is probably due to the greater 

accessibility of genetic sequencing technologies and the progressive improvement of bioinformatics 

software and tools31. Despite this, there was a persistent and gradual decline in scientific output on the 

topic after 2022. The comparison of Figures 2A and 2B reveals a notable decline in the number of 

citations per year over the period. It might be that the decline in citations was a contributing factor to 

the observed reduction in scientific output on the topic after the year 2022. However, it is important 

that other factors may also be at play, as there was no clear causal relationship between the decline in 

citations and the observed reduction in scientific output in the earlier periods under analysis. Another 

reason for the decline in scientific production in this area is the complexity of analyzing and interpreting 

the data obtained after sequencing. This, coupled with the need for adequate computer resources and 

information technologies to store and process data poses significant challenges for studies in the field31. 

Of the five journals with the highest number of publications on the subject, the majority were 

also the most relevant according to their h and g indexes (Figures 2C and 2D). Despite having a lower 

impact factor than Microbiome, which had 36 publications and the first-highest impact (h=17) among 

the analyzed journals, the periodical Frontiers in Microbiology presented 71 publications on the theme. 

However in general, the impact of each journal was found to be related to the theme. 

Most of the authors included (being also those who contributed the most) were of Chinese 

nationality, including the ten most relevant and prolific authors who presented similar h-index values. 

For example, Li, Y. and Liu, Y. have clearly established the most central scientific relationships and 

networks with other authors. Through a comparative analysis of the most important authors, institutions 

and countries in terms of production and impact, a pattern could be identified in which China, North 

America, and Europe consistently ranked among the top five in every category. Consequently, China, 

Canada, and Italy were identified as the most prolific countries, which was directly correlated with the 
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institutions situated in these countries (those that were most productive). Another reason (apart from 

the economic output) which is remarkable for China is the growing body of research examining the role 

of gut microbiota in complementary and alternative medical practices. This is collectively known as 

“traditional Chinese medicine” (TCM), and has a longstanding and pervasive presence in the country32. 

Scientific consortia such as the Human Microbiome Project (HMP), the European MetaHIT, and 

the Integrative Human Microbiome Project (iHMP) are interested in metagenomic studies on the HGM. 

These initiatives are in line with research being conducted in countries such as China, Canada and Italy33. 

An exception to this is the United States (USA), which occupies second place in academic production, 

and yet is also a member of these research consortia, despite not hosting any of the ten most productive 

institutions. 

Concentration on a single institution, which plays a central role in promoting research in this 

area, could explain this result. Among Chinese universities, Jiangnan University and Zhejiang University 

School of Medicine were identified as the most collaborative institutions, although only when compared 

with other Chinese universities. However, though China produced the greatest number of published 

papers, it did not engage in significant collaborative efforts with other countries. This reveals a scenario 

of scientific isolation that attributable to political and economic factors that shape the way Chinese 

intellectuals engage with international scholars34. Interestingly, the USA's most important scientific 

collaborators are Brazil, England, and India. 

With respect to academic productivity, China has been identified as the leading nation, having 

published over 200 articles more than the other countries included in the analysis. Moreover, China is 

the nation with the second highest number of citations. This is the result of two factors: its high 

production of publications and the focus on collaboration with local universities. Notwithstanding, the 

highest positions in the ranking for number of citations are held by UK, Ireland, Netherlands, and Spain, 

in that order (Figure 3B). 

A review of the most frequently used keywords revealed that gut microbiota, gut microbiome, 

metagenomics, and colorectal cancer exhibited higher correlations to gut microbiota and bioinformatics 

(Figures 4A and 4B). This represents one of the lines of study in the field that addresses the importance 

of the relationship between HGM and colorectal cancer, and depends not only on the presence of 

microorganisms, but the fecal microbiota as well, which was first scientifically noted at the beginning of 

the 20th century35. 

Co-occurrence analysis demonstrated that despite the absence of direct collaboration between 

authors, their publications are similar in terms of keywords and themes. This approach allows for an 

examination of the influence of specific keywords within the context of the analyzed theme. Thus, the 

keyword gut microbiota is among the most frequently utilized, with associations extending to other 

themes such as inflammation and 16s rRNA, which is linked to technological advancements in 

sequencing and shaped by the HMP. Figure S14 reveals that microbiome is closely related to 

bioinformatics. This is due to studies investigating the association between diseases and new therapeutic 

approaches for conditions such as cancer37. 

Also, according to the mapping, the relevance and development of these themes, as well as 

related studies in bacterium of the gut microbiota, are increasing, but they are no longer considered to 

be as relevant as other themes. Since the inception of the HMP in 2007, there has been a notable surge 

in research activity, with a particular focus on identifying the existing species and functions of the gut 

microbiota35. The relationship between obesity and microbiota, as well as studies on next-generation 

sequencing and the microbiota, remain pertinent. This, given the ongoing discovery of new phenomena 

involving the brain-gut axis. 
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The co-citation network demonstrates that certain authors are particularly prominent within the 

context of the themes analyzed (Figure S17). These include Zhang, J., Zhang, X, and Li, Y., who were the 

most frequently cited authors. Figure S23 depicts four nodes, with Wang, Y. and Li, Y., represented by 

the blue node, pertaining to computational biology in microbiomes. Liu, Y. is the most frequently cited 

author in the field of bioinformatics applied to the study of gut microbiota (red node). The topic is also 

represented by the purple node, which is led by Turroni, S. The final node, depicted in green, represents 

researchers who have published in the field of genomics incorporating computational elements. The 

network demonstrates that most collaborations are between scholars from universities in China.  

Analysis of the data reveals that the number of studies on HGM has decreased. However, 

research on the relationship between HGM and other diseases continues, either directly or indirectly. In 

addition, previously abandoned topics such as the fecal microbiota have resurfaced, helping to 

understand HGM, and how to modify it to improve quality of life. Finally, this study contributes to 

understanding the behavior of scientific research in this field, analyzing potentially new and expanding 

lines of research, and as the field of research evolves, reflecting on and promoting international 

cooperation. 

CONCLUSION 

Bibliometric studies combined with systematic literature searches are an effective way to 

analyze scientific production. This is a fundamental way to analyze and anticipate findings in a field of 

study and contribute to a better understanding of HGM in comparison to other diseases. No scientific 

mapping study of the subject has been published before, which gives this work its originality, but 

prevents us from comparing the results obtained with other studies. The data from 789 published papers 

were analyzed with consideration of several factors, including publication in periodicals, impact (h-

index), productivity and the collaboration of institutions and countries, impact and collaborations 

between authors, most frequently used keywords, and correspondence within the knowledge area. The 

period from 2018 to 2023 evidenced a notable increase in the quantity of publications. China 

demonstrated a notable presence across all analyzed categories, with North American and Europe 

(despite a slight decline in absolute publication and citation numbers) also exhibiting robust scientific 

output. Papers incorporating bioinformatics as a supplementary field in diverse research endeavors have 

played a pivotal role in advancing scientific understanding, with most of the papers analyzed relating 

pathophysiology and disease diagnosis as associated with gut dysbiosis.  

The sample analyzed, despite a considerable number of authors and a relatively low number of 

papers authored by a single individual exhibited a paucity of international collaboration. This suggests a 

scenario of elevated internal collaboration yet diminished external collaboration. Some of the papers 

analyzed presented keywords indicating utilization of bioinformatic tools and techniques, including 

metagenomics, shotgun, and 16S rRNA. However, comprehensive analysis of the specific techniques and 

tools employed was not feasible, and therefore coming research should investigate further the use of 

bioinformatic techniques, examining impacts and objectives to gain insight into this growing 

phenomenon. 

To gain a more comprehensive and robust understanding of scientific production, studies should 

consider a longer time frame and include all available publications in the databases. Although this study 

employed the three most utilized databases for reviews and bibliometric research, it was determined 

that the Scopus database was inadequate for the purposes of this investigation. However, to provide a 
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more realistic representation of the bioinformatics applications in HGM studies, future research should 

include other databases within the health knowledge domain. 
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