
ABSTRACT

This study aimed to understand the significant relationships between human milk and a newborn's developing 
immune system over the decade as well as their history, research hotspots, frequency of publications, contextual 
associations between multiple publications related to the topic, and current trends. The electronic database 

TMDimension  AI was searched using the keywords “breastfeeding”, “immunity” and “infants” to include 
manuscripts published between 2012 and 2022. Bibliometric analysis was performed using VOSviewer 1.6.14. 
Network maps were created to analyze collaborations among distinct authors and countries, and recognize top 
institutions. The study covered 334 papers that meet the inclusion criteria. According to the network 
visualization, the United States has made a substantial contribution to the study of breastfeeding's effects on 
newborn immunity, as evidenced by the country's highest number of publications 74 (22.1%). The analysis of 
journals revealed the research in this area is heavily focused on Nutrient Journal, with maximum publications 104 
(31.1%). On analyzing the contribution of institutes, the University of Western Australia showed a maximum 
publication 16 (4.7%). This bibliometric analysis highlights the United States as a leading contributor to research 
on breastfeeding's impact on infant immunity, with a significant focus on Nutrients journal and key institutional 
input from the University of Western Australia.
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Breastfeeding Practices and Immunity Outcomes among Infants: A 
Bibliometric Analysis 2012-2022

INTRODUCTION

Immunity is the body's first line of protection against 
allergies, germs, and viruses that are present in the 
environment. The infant's immune system, which is 
sometimes mislabeled as "immature," is only ignorant 

1of its brand-new extra-uterine surroundings.  The 
newborn's immune system has minimal anti-oxidant 
and anti-inflammatory activity in the respiratory and 
gastrointestinal tracts, delayed T-cell response, and 
decreased immunoglobulin secretion, particularly of 

2-4
immunoglobulin A.  Human milk has been shown to 
support the infant's developing immune system, 
perhaps due to human milk bio-actives like milk 
microbiota, antibodies, immunoglobulins, cytokines, 

5
and hormones.  
Human milk most commonly referred to as breast milk 
is a biological fluid generated by mammals' mothers' 
breasts to nourish and protect their young from 
infection until their immune systems have fully 
developed. In light of this, the World Health Organiza-
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tion (WHO) recommends breastfeeding exclusively 
during the first six months of a child's life, then 
continuing with appropriate supplemental foods for 
another two years or as long as the mother and child 

6both prefer.  At the global level, approximately 41% of 
infants are breastfed exclusively for the first six months 

7of their lives, and just 45% continue till two years of age.  
Previous study revealed that between 2010 to 2018, the 
global prevalence of early initiation of breastfeeding 
was 51.9%, of which 45.7% are exclusively breastfed for 

80-6 months, in low-or middle-income countries.  
However, India had shown significant progress in 
exclusive breastfeeding from 55% in the National Family 

9
H e a l t h  S u r v e y  ( N F H S ) - 4  t o  6 4 %  i n  N F H S - 5 .   
Breast milk consists of important elements like 
colostrum, lactoferrins, immunoglobulins (Igs), human 
milk oligosaccharides, microbiota, and many others. It 
also provides protective factors that contribute to the 
infant's immature immune system, encouraging 

10
tolerogenic responses.  Thus, it strengthens the 
immune system of infants which enables them to 
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combat infectious diseases, decreases the risk of 
diarrhea, lower respiratory infections, and acute otitis 

11media, and achieves optimum cognitive development.
In contemporary times, the culture of mixed milk 
feeding is often observed. However, this will be harmful 

12
to both the infant's and the mother's health.  Formula-
fed infants face greater risks of infectious diseases in 
the first year of life. This is so because mothers' milk 
provides innate immunity against these infections. Data 
also suggests that women who do not breastfeed have 
higher chances of diabetes mellitus type-2, obesity, 
metabolic disorders, cardio cardiovascular disorders, 

13and at times cancers.
Furthermore, breastfeeding has long-term, positive 
implications from local to national and to global 
communities, in terms of both health and economic 

7sectors.  Therefore, recognizing the importance of 
breastfeeding, the World Health Assembly has set a 
global target to foster exclusive breastfeeding for 

8,14
infants under 6 months of age to at least 50% by 2025.
As an emerging new technique to analyze and generate 
evidence, bibliometric analysis has enabled us to 
understand key research areas in terms of publications, 
citations, and other academic outputs quantitatively. 
When it was looked through the lens of evidence 
synthesis, it can be observed that such analysis helps in 
understanding shifting patterns in a particular research 
field in general and the emergence of new subtopics in 
particular, identify important contributions and high 
citation researchers, countries and institutions with 
most contributions in the particular fields, unravelling 
important collaboration networks between research-
ers and how the source of funding flows. Such 
important evidence also enables policymakers to make 

15,16informed decision making.   
The current work is designed to understand the global 
trends in breastfeeding practice and its immunity 
outcomes on infants. It provides a review of the existing 
literature on the impact of breastfeeding on immunity 
outcomes in infants given the significance of 
breastfeeding and immunity outcomes as well as the 
dearth of research that synthesizes the extant 
literature about maternal and child health. To do this, a 
bibliometric study was conducted on documents 
published from 2012 to 2022, focusing on the role of 
breastfeeding in enhancing infant immunity. Since 
bibliometrics is a collection of quantitative tools that 
can handle huge datasets related to the literature and 
also a potent method to disclose the scientific literature 
on a particular issue within a certain timeframe. It can 
discover themes and the theoretical underpinnings of 
scholarly fields where breastfeeding practices have 

been reported to have an impact on immunity, laying 
the groundwork for further research. It is still difficult to 
understand the connection between the innate 
immune system and human milk, as well as how they 
change separately and together over time. The crucial 
interactions between human breast milk and the 
developing innate immune system of the infant will be 
the main topic of this review.

METHODS

Data Sources and Search Strategies: Bibliometric 
analysis of breastfeeding and immunity-related studies 
among infants between 2012 and 2022 was carried out 
to ascertain and describe their body of literature. 
Published books, articles, chapters, and research 
papers were searched using topic search (full text and 

TM
title/abstract) on the Dimension  Database. The 
following keywords were applied to retrieve all 
relevant studies. (("Breast Feeding" OR "Breastfed, 
Exclusive”) AND ("Infant" OR "Infant, Newborn”)) AND 
("Immunity" OR "Immune Response" OR "Immune 
Process”) (("Breast Feeding" OR "Breastfed, 
Exclusive") AND ("Infant" OR "Infant, Newborn")) AND 
("Immunity" OR "Immune Response") NOT ("Food, 
Formulated") NOT ("Feeding, Complementary"). Only 
original articles were considered and all those articles 
which were found to be non-relevant were filtered 
during the screening process from the study.
Eligibility Criteria: Original research articles published 
between 2012 and 2022, written in English, and 
examining the impact of breastfeeding on infant 
immunity were included. Book chapters, magazine 
articles, review articles, news articles, and original 
research articles that did not meet the inclusion criteria 
were excluded from the study.
Data Collection: The information utilized in this study 

TMwas sourced from the Dimension  AI database, 
encompassing a comprehensive array of data 
elements. The dataset comprised details from various 
dimensions, such as published journals, countries, 
authors and co-authors, cited references, organiza-
tions, documents, sources, titles, abstracts, and sets of 
citations. To facilitate systematic analysis, the gathered 
data was consolidated and organized using Microsoft 
Excel version 2016, formatted into a .csv file for further 
examination and interpretation. The data was screened 
following the Preferred Reporting Items for Systematic 
and Meta-analyses (PRISMA) guidelines as shown in 

17Figure 1.  This meticulous approach to data extraction 
and management ensures the robustness and reliability 
of the information underpinning our research. 
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Bibliometric Analysis: The meticulously screened 
dataset was subsequently imported into VOS viewer 
version 1.6.18 for thorough analysis, presentation, and 
visualization of bibliometric networks. VOS viewer 
stands out as a powerful software tool, underpinned by 
the Java programming language, specifically designed 
for the comprehensive examination, exploration, and 
visual representation of bibliometric networks. Its 
advanced capabilities empower researchers to gain 
valuable insights into the intricate connections and 
patterns within the dataset, contributing to a nuanced 
understanding of the research landscape under 
scrutiny. This strategic utilization of a VOS viewer 
enhances the interpretative depth and clarity of the 

18,19
findings derived from the dataset.

RESULTS

This result focuses on 6 aspects, namely; sources of 
published articles, the contribution of authors and co-
authors, documentation network, field contribution of 
countries and institutions, titles, abstract, and co-
citation reference networking. 
Contributions of Countries in Publications: Figure 2a 
shows the top 10 countries with the maximum number 
of publications. The United States ranked first with 
maximum (n=74, Cluster= 1) number of publications, 
followed by Australia (n=38, Cluster=2), the United 
Kingdom (n=19, cluster=3), Netherlands (n=18, 
cluster=4), and Canada (n=15, Cluster=5) between the 
year 2012 to 2022. In this Network Visualization, total 
strength linkages (Figure 2b), were found to be 45555, 
of which the United States has more prominent link 
strength (n=17522), than Australia (n=8722), United 
Kingdom (n=7477), Canada (n=4910) and Switzerland 
(n=4736). 
C ontr i but i on  of  D i ff e r e nt  Or ga ni za t i ons  to 
Publications: The findings of Figure 3a shows that the 
University of Western Australia ranked first in number 
of publications with 16 records (cluster=2, links= 45) 
followed by Utrecht University (cluster=2, links= 45), 
University of California-Davis (cluster=1, links= 45), 
Nestle (cluster=2, links= 44) are found 3 to have 7 
records. In Figure 3b, the total link strength identified 
was 25989. Figure 3c indicates John Hopkins University 
has a maximum citation frequency (n=3855).
Contribution of Different Journals to Publications: 
Figure 4a indicates that most of the relevant papers 
were published in the following top 15 journals. Among 
all these journals, Nutrients Journal (IF= ) had the 6.706
maximum publications with 30.92%, followed by 
Frontiers in Immunology (IF=7.561) with 11.34%, Plos 

One (IF=3.24) with 8.25%, International Breastfeeding 
Journal (IF= 3.46) with 6.19%. In Figure 4b, Network 
visualization showed a total of 123 links and a total link 
strength of 3856. Figure 4c, revealed that Nutrients 
Journal has the highest citation frequency (875) and 
total link strength 34. 
Contribution of Different Authors to Publications: 
Figure 5a shows the contribution of the most active 
authors in the field. The total link strength is 7143 among 
the authors forming clusters (n=4). Figure 5b points out 
the most cited authors in this field of research. 
Fernandez (2012) shows the highest citation of 543 and 
5 linkage strength. This was followed by Smilowitz 
(2014) with a citation of 277 and a linkage strength of 4.
Trends in Publications per year during 2012-2022:
Figure 6 shows a “zig-zag pattern” of publications per 
year. The highest peak was attained in the year 2020 
(n=51) followed by the year 2013 (n=50) and the lowest 
peak was observed in 2022 (n=10) followed by 2018 
(n=13). In 2020, there was a sharp rise in publications, 
and after that a sharp decline was observed.
Thematic Clusters of Keyword Co-Occurrence: Figure 7 
illustrates thematic clusters or areas of focus in 
research on breastfeeding and immunity, as identified 
through keyword co-occurrence analysis. Key topics 
include lactation benefits (such as malnutrition and 
allergy prevention), the role of human milk (with 
elements like microbiota and immunoglobulins), and 
long-term immunity outcomes (including reduced 
chronic disease risks). Each cluster highlights the 
interconnected aspects of breastfeeding in supporting 
infant immunity and overall health.
Most Cited Articles and their Contribution: Figure 8 
shows that "Victora (2016)" has made a significant 
impact by demonstrating exclusive breastfeeding's 
role in improving child health outcomes and long-term 
immunity, influencing global health policies. Another 
important study, "Ballard (2013)," provided valuable 
insights into the immunological components of human 
milk, such as antibodies and oligosaccharides, essential 
for infant immune development. Together, these 
influential articles shape our understanding of 
breastfeeding's importance in enhancing infant health 
and guide future research.

DISCUSSION

Previous studies in this area have revealed that its long-
term immunity and antibodies impact infant health, 
analysis done from the perspective of the mother's 
health, and quality of breastfeeding, gut microbiome-
based, however, this analysis focuses on those areas 
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Figure 2: Distribution of countries engaged in research study of breast 
feeding and immunity outcomes  2a: Graph presenting top 10 countries 
engaged in this field of research 2b: Network of countries visualized in VOS 
viewer  
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Figure 1: The flow diagram of study selection process based on PRISMA guideline
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Figure 3: Distribution of Organizations engaged in research study of 

breastfeeding and immunity outcomes 3a: Graph representing the Top 10 

Organizations engaged in this field of research 3b: Network of Organization 

visualized in VOS viewer (The size of the circle represents the number of the 

study published by that Organization) 3c: Network visualization of citation 

analysis of organizations using VOS viewer
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Figure 4: Distribution of journals engaged in research study of breastfeeding 
and immunity outcomes 4a: Graph representing the Top 15 Journals by 
publication 4b: Network of Institutions visualized in VOS viewer (Size of the 
circle represents the number of studies published by that journal) 4c: Network 
visualization of journal citation frequencies analysis.

4b
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Figure 5: Distribution of Authors engaged in research study of breastfeeding and 
immunity outcomes 5a: Network of authors visualized in VOS viewer (Size of circle 
represents the number of studies published by that author) 5b: Network visualization of 
author citation frequencies analysis and linkages between them.

Figure 6: Publication in each year between 2012-2022
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which comprehensively components focusing on 
exclusive breastfeeding and then its impact studies on 

20-22
infant and child health.
The current study showed a gradual increase in the 
number of publications from 2012 to 2014 which can be 
attributed to the increased global burden of infant 
mortality being 8.8 million since 1990. Alone in 2012, a 
report from Global Health Observatory showed that 
seventy three percent of under-five deaths occurred in 

23the first year of life.  More than sixty percent of these 
deaths can alone be avoided with low-cost

interventions like exclusive breastfeeding and 
24improved nutrition.  Thus, the focus of research would 

have been increased towards improving infant 
immunity in that period. However, since 2015 a gradual 
drop was observed in several publications with 
improved infant mortality rate from 65 deaths per 1,000 

2 5
live births to 29 deaths per 1,000 live births.  
Furthermore, the graph attains its highest peak in 2021 
focusing on the impact of breastfeeding on infant 
immunity during the coronavirus disease (COVID-19) 

26
pandemic.  
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Figure 8 Most cited articles:

  

 

Figure 7: Thematic clusters of keyword co-occurrence
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The United States has a definite edge in the research 
area of breastfeeding and immunity impact on infants 
as reflected by its largest number of publications. It 
invests significant resources in scientific research and 
clinical trials. This implies that gross domestic product 
plays a crucial role in determining the number of 

27
publications by any country.  Also, the United States 
supports various interventions to reduce disparities in 
breastfeeding rates and provides evidence-based 
maternal-child healthcare such as celebrating state 
achievements in breastfeeding practices, calling for 
community participation to identify gaps, and involving 

28
various partners in this drive.  United States has various 
indicators like state early care and education licensing 
for the regulation of child care standards to encourage 
breastfeeding and by providing comfortable 
accommodations for mothers to feed their infants on-

29site.  Dominance of selected country or institution in 
research areas especially maternal, child health, and 
new born care emphasize a biased output based on 
their country parameters. This makes it more difficult 
when it comes to research gaps between developed 
and developing countries. For instance, the United 
S t a t e s  s ho w e d  t he  p re va l e nc e  o f  e x c l u s i ve 
breastfeeding to be twenty four percent, however, 
initiation prevalence was found to be eighty three 
percent. As a developed nation, funding research 
cannot be challenging as in the case of low-or middle-
income countries such as malnutrition, infectious 

30,31
diseases, etc.
Journal contribution and citation analysis have shown 
that the field research in breastfeeding and immunity 
outcomes is highly concentrated towards Nutrient 
Journal maximum citation frequency ther  with . O
popular journals like Frontiers in Immunology, Plos One, 
and International Breastfeeding Journal, have also 
shown significant citation frequency. However, in 
organization analysis, the University of Western 
Australia was among the first in the top 10 by the 
number of publications. This University, through its 
LactaResearch Group, aims to support effective 
lactation through the translation of research into 
practice. It has various forums like LactaMap, and 
LactaPedia, and provides the largest research platform 

32to improve breastfeeding outcomes.
From the title and abstract analysis, the latest hotspot 
appears to be centered around COVID-19. The majority 
of articles focused on the production of SARS-COV 
antibodies in breast milk and its impact on the immunity 

33 
of infants. The present study summarises that there 
has been a gradual shift observed from general 
immunity concerns towards more disease-specific 

immunity response and outcome in infants during 
breastfeeding. One of the study analysis showed that 
breastfeeding is considered to be the baby's first 

34vaccine and an important source of essential nutrition.  
It acts as the building block for an infant's immune 
system, promotes cognitive development, and shapes 

35
immune responses for later stages of life.
The studies till now have led to much-informed 
decision-making across countries where WHO, United 
Nations Children's Fund (UNICEF) with other regional 
and nat ional  organizat ions  have  led  to  the 
implementation of various policies to overcome the 
practice gap in the community to improve immunity 

36outcomes in infants.  For instance, Infant and Young 
Child Feeding (IYCF) operational guidelines helped to 
implement the first 1000 days plan in many countries, 
especially growing trends indicating its significance in 

37,38conflict-prone or humanitarian crises region.  
Researches that focus on sociocultural barriers has also 
focused on trends and analysis providing important 
evidence for improvement in breastfeeding rates with 
baby-friendly places based on the WHO Baby-Friendly 
Hospital Initiative (BFHI). International health 
organizations' objectives are furthered by the growth 
of research in areas like human milk microbiome, the 
relationship between breastfeeding and vaccinations, 
and removing barriers in low-or middle-income 
countries. Nonetheless, additional studies that are 
context-specific and regionally focused are required, 
especially in low-resource settings, to fully align with 
the global health disparity reduction and breastfeeding 

39,40
rate improvement goals.
The study includes its comprehensive examination of 
research trends over a significant period and its 
systematic bibliometric approach, which identifies key 
contributors. By focusing on the link between 
breastfeeding and infant immunity, it highlights critical 
insights often overlooked in the literature. The findings 
underscore the importance of breastfeeding for 
improving global health outcomes, making the study 
relevant across various disciplines.

TM  
The limitation lies in the only usage of  Dimension
Database for this bibliometric study. As the Network 
Visualization Analysis was only performed through VOS 
viewer software, Keyword network analysis was not 
undertaken. Only publications in English were 
considered, thus there might have been important non-
English publications that could not be taken into 
consideration from databases and analysis. For future 
studies, the scope of data retrieval can be broadened by 
accessing wider databases such as the Web of Science, 
Scopus, Cochrane, or Google Scholar. Additionally,  
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alternative software tools like Bibliotex, Citespace, or 
Bibliometrix can be employed for analysis, offering 
diverse perspectives and methodologies. Expanding 
the temporal horizon to consider datasets spanning 20, 
30, or 50 years has the potential to enhance the richness 
of our study results, providing a more comprehensive 
view of the evolution and trends within the research 
domain. This strategic approach to data collection and 
analysis opens avenues for deeper exploration and a 
more robust understanding of the subject matter in 
future research endeavors.
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