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Abstract

The gut microbiota plays a crucial role
in dairy allergy development through immune
modulation involving genes like IL-10 and IL-22.
This study presents a comprehensive
Bibliometric analysis of gut microbiota and dairy
allergy research across PubMed, Web of
Science, and Scopus (2015-2025). This
analysis examined publication trends, Research
hotspots, and collaborations among various
countries, organisations, and authors. A total of
784 documents were analysed using co-
occurrence networks for thematic mapping and
co-authorship  networks for collaborative
patterns by employing VOS viewer and
Biblioshiny in R Studio. Three dominant
research clusters were related to immunological
mechanisms involving IL-10/IL-22 regulation,
diagnostic advancements using metagenomics,
and therapeutic and dietary interventions using
probiotics. The USA, China, and European
nations emerged as leading contributors with
exponential growth post-2020. Current trends
highlight the microbiome-targeted therapies,
including longitudinal microbiome studies and
personalized nutrition approaches. The overall
analysis provides a roadmap for future
research, emphasizing the need for clinical trials
combining multi-omics data with microbiota
modulating  strategies. The  bibliometric
framework provides a way for future research
prioritization and policy development.

Keywords: Milk allergy, microbiota, gut
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Introduction
The interplay between gut microbiota
and dairy allergies is a crucial area of research

in immunology, microbiology, and nutrition
science. In recent years, scientific attention has
increasingly turned toward the gut microbiota as
a key player in modulating immune function and
allergic sensitivity (1). Disruptions to the
microbial balance, often referred to as
dysbiosis, have been linked to increased
allergic susceptibility, while certain beneficial
bacterial strains appear to offer protective
effects. It is also a rapidly evolving field of study.
There are therapeutic interventions, such as the
use of probiotics, prebiotics, and dietary
modulation, to manage or even prevent dairy-
related allergic responses.(2)

Gut Microbiota and the Immune System
Modulation

The gut microbiome consists of a
varied assembly of bacteria, viruses, fungi,
and other microorganisms that inhabit the
digestive system. It plays a pivotal role in
training and regulating the immune system.
When balanced, it helps the body recognize
the difference between harmful invaders and
harmless substances, like the proteins found
in food.(3) However, when dysbiosis (an
imbalance in microbial composition) occurs,
this immune tolerance can be disrupted,
making us more prone to allergic reactions,
such as those to dairy. This community
significantly influences immune functions by
maintaining both innate and adaptive immune
cell activity, shaping the body's overall
defense (4).

Dairy allergy mechanisms

The incidence of milk allergies is
increasing due to the false identification of
milk proteins as a harmful substance by the
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immune system, and the release of chemicals
like histamine, causing symptoms such as
skin rashes, stomach issues, breathing
problems, or even a severe reaction called
anaphylaxis (5). This occurs due to IgE
antibodies, which trigger allergic responses
when milk is consumed. Some reactions
happen quickly (IgE-mediated), while others
are delayed (non-lgE-mediated). Unlike
lactose intolerance, which is a digestive
problem caused by the inability to break down
milk sugar (lactose), a dairy allergy is an
immune response to milk proteins and can be
life-threatening (6).

Common milk proteins involved in
triggering allergies include casein, beta-
lactoglobulin, and alpha-lactalbumin (7).
Symptoms can range from mild, like itching
and swelling, to severe conditions termed
“anaphylaxis”. In non-IgE-mediated reactions,
symptoms may take longer to appear
and usually affect the digestive system (8).
Infants and in young children dairy
allergies are most common, though some
may outgrow them with age. Proper diagnosis
and management, including avoiding
dairy and carrying emergency medication
(EpiPen), are essential for those with severe
allergies (9).

Immune System Misidentification

In individuals with a dairy allergy, the
immune system perceives milk proteins (like
casein, beta-lactoglobulin, and alpha-
lactalbumin) as dangerous invaders, leading
to an overreaction. A casein allergy arises
when the immune system mistakenly
identifies the protein as a threat, leading to
the production of allergic (IgE) antibodies for
defense (10). Within minutes, the interaction
between these antibodies and the specific
protein causes the release of chemicals in the
body, such as histamine, which results in
symptoms like swelling in the lips, mouth,
tongue, face, or throat, skin reactions
including hives, rashes, or red, itchy skin, as
well as nasal congestion, sneezing, a runny
nose, itchy eyes, coughing, or wheezing. It is
crucial to pay attention to situations
associated with allergic reactions.

Role of Gut Microbiota in Dairy Allergy
Development

The microbes in a babys gut
(microbiome) play a big role in lifelong health,
especially in preventing allergies. When a
baby has less diverse gut bacteria, they may
be more likely to develop food allergies and
other allergic diseases as they grow. Factors
such as mode of delivery (vaginal vs
caesarean), breastfeeding, antibiotic use, and
diet can influence microbial composition.
However, scientists believe that the specific
types of bacteria presents are more important
than just having many different kinds (11).
Changes in gut bacteria during early life have
been linked to allergic diseases. For example,
babies with an imbalance in certain bacteria
(measured as an increased E/B ratio,
meaning more of one type of bacteria than
another) were more likely to develop food
allergies later on (12). Beneficial gut
bacteria produce SCFAs (e.g., butyrate,
acetate, propionate) through the fermentation
of dietary fibers. SCFAs (short-chain fatty
acids) play a key role in maintaining
gut barrier integrity and promoting regulatory
T cells, which help suppress allergic
responses (13).

Genes Responsible

Human Interleukin-22 Gene

The IL22 gene in humans is situated
on chromosome 12q15, close to the genes
that code for IFN-y and IL-26. This gene
produces a protein called IL-22, which is
made up of 179 amino acids that share 79%
homology between a mouse and a
human. When IL-22 is secreted from cells, it
becomes active and is slightly shorter,
with 146 amino acids. It usually works
as a single protein, also a monomer, but in
high numbers, it can form pairs, which
are dimers or groups of four (tetramers) (14).
Initial research indicated that IL-22 was
consistently expressed solely in the thymus
and brain; however, later investigations
have revealed that its expression can also
be induced in several other tissues, such
as the gut, liver, lung, skin, pancreas, and
spleen.
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The human interleukin-22 gene plays
a role in cow's milk allergy, with IL-22 levels
correlating with blood eosinophil numbers and
being reduced by elimination diet (15). IL-22
is involved in training the whole immune
system to tolerate harmless substances. If IL-
22 function is disrupted, then the immune
system may wrongly see milk proteins as
dangerous, leading to an allergic reaction
instead of tolerance.IL-22 helps maintain the
gut lining, preventing harmful substances (like
allergens in  milk) from entering the
bloodstream. In people with a milk allergy, IL-
22 levels may be altered, leading to a weaker
gut barrier and increased immune sensitivity
to milk proteins (16).

Human Interleukin-10 Gene

The IL10 gene is responsible for
producing interleukin-10 (IL-10), an important
anti-inflammatory cytokine that helps regulate
the immune system. It is located on
chromosome 1 (1932). L-10 is a protein
(cytokine) that helps control the immune
system and reduce inflammation. It is mainly
made by monocytes (a type of white blood cell)
and some immune cells. Normally, IL-10 levels
are low, but the body produces more IL-10
when immune cells are activated by bacteria,
viruses, or other immune signals (17). IL-10
helps stop the production of inflammatory

molecules (like IFN-y, IL-2, and TNF-a),
preventing excessive immune reactions. It
suppresses Th1 cells (which promote
inflammation) but stimulates Th2 cells, which
are more involved in allergic reactions. IL-10 is
produced by mast cells, which are involved in
allergic reactions. It can reduce inflammation
at the site of an allergic reaction. It helps
balance the immune system, preventing
damage from overactive inflammation while
allowing necessary immune responses to
continue (18). IL-10 plays a crucial role in milk
allergy, and its gene (IL-10) and its
polymorphisms are associated with the
development and persistence of cow’s milk
allergy. IL-10 is present in human milk and
may have immunomodulating effects on the
infant’s digestive system (19). These genetic
changes can alter IL-10 production, potentially
reducing its ability to suppress excessive
immune reactions to milk proteins. Lower IL-10
levels might lead to an overactive immune
response, increasing the risk of developing
and maintaining CMA (20)

Symbiotic Therapy with Microbes and
Lactulose Reduces Food Allergy:

Cow’s milk allergy (CMA) is one of
the earliest food allergies seen in infants and
has been linked to differences in gut bacteria
(Table 1). Researchers found that mice given

Table 1: CMA-Linked Gut Pathobionts and Their Mechanistic Role

Microbe (s) Negative Effects

Contributing Factors Ref.

Clostridium difficile|Overrepresented in CMA,;
disrupts the gut barrier and
promotes inflammation

Often arises after antibiotic use, (23)
which depletes healthy bacteria
and allows overgrowth

Escherichia coli  [Found in higher abundance in |Dysbiosis due to a lack of (24)
(some strains) CMA infant protective microbe and early in life
Klebsiella Linked to inflammation and Can thrive in oxygen-exposed (25)
pheumoniae impaired immune tolerance in [environments; imbalance due to

allergic infants reduced anaerobes like A. caccae
Enterococcus IAssociated with gut barrier Overgrowth in disrupted (26)
faecalis damage and immune system  |microbiota, often antibiotic-

overactivation in CMA resistant, thrives in an imbalanced

gut

Bacteroides Alters immune signaling and  [Overrepresented or lacking (27)
fragilis (some gut environment; may worsen |balancing species like
strains) allergic symptoms in CMA Bifidobacteria

Koduru et al.



Current Trends in Biotechnology and Pharmacy

253

Vol. 20 (Supplementry Issue 1A), March 2026, ISSN 0973-8916 (Print)., 2230-7303 (Online)

10.5530/ctbp.2026.1s.20

gut bacteria from CMA infants developed
allergic reactions, while those given bacteria
from healthy infants did not. One helpful
bacterium, Anaerostipes caccae (A. caccae),
was more common in healthy infants and
could prevent allergic responses by itself,
likely due to its ability to produce butyrate, a
compound known to support immune balance
(21). To help A. caccae grow in the gut
without needing antibiotics, scientists paired it
with a prebiotic called lactulose. This
combination, called a synbiotic, increased levels
of helpful gut compounds, boosted beneficial
bacteria like Bifidobacteria, and reduced allergic
symptoms in mice. It was effective against both
milk and peanut allergies. These results
suggest that A. caccae with lactulose may
offer a safe, natural way to prevent or treat
food allergies (22).

Diagnostic Methods for Milk Allergy

To evaluate a suspected milk allergy,
a healthcare provider may recommend a skin
test and/or a blood test.

1. Skin test: In this test, the skin is
introduced to a small amount of milk protein
through a tiny prick. If an allergic reaction
occurs, such as a raised, itchy bump, it may
indicate a milk allergy. However, this test isn’t
completely reliable and should be conducted
by an allergy specialist (28)

2. Blood test: This test measures the
level of immunoglobulin E (IgE) antibodies
specific to milk in the bloodstream. While
useful, it also has limitations in accurately
diagnosing milk allergy. (29) If neither test
provides a definitive diagnosis, an oral food
challenge may be performed under strict
medical supervision. This procedure involves
gradually consuming increasing amounts of
foods that may or may not contain milk to
observe for adverse reactions. Due to the
potential risk of severe allergic responses,
oral challenges should only be conducted by
trained allergists.(30)

Formula Alternatives and Management
Strategies for CMA in Infants

When infants are formula-fed, either
exclusively or in  combination  with

breastfeeding, paediatricians often consider
changing the formula if symptoms of
intolerance or allergy arise. A variety of
alternatives to standard cow’s milk-based
formulas are available, including amino acid-
based formulas (AAF), partially hydrolyzed
formulas (pHF), extensively hydrolyzed
formulas (eHF), rice-based hydrolysates, soy
formulas, and milk from other mammals such
as goats, sheep, or camels (31). These
formulas vary in their degree of protein
breakdown and intended use. pHFs are
designed to reduce allergenicity while
preserving some protein fragments to
promote oral tolerance, making them suitable
for allergy prevention but not treatment. eHF
is more extensively hydrolyzed to eliminate
allergenic epitopes and is appropriate for both
prevention and treatment of cow’s milk allergy
(CMA). (32) AAF, composed of free amino
acids, is intended solely for treatment and is
typically tolerated by over 95% of infants with
CMA. While soy formulas are generally safe
and effective in 85-90% of affected infants,
other mammalian milks are not recommended
for CMA treatment due to nutritional
inadequacy and a high degree of cross-
reactivity with cow’s milk proteins. For
example, despite being available as infant
formula in some regions, goat’s milk has a
cross-reactivity rate of approximately 80%
and is therefore not advised (33). The choice
of formula should be guided by the severity of
the allergy, the clinical response, and
established guidelines aimed at harmonizing
diagnosis and management practices(34).

Probiotic Use in Allergy Prevention and

Management of CMA
Recent studies indicate that taking
probiotics during pregnancy and

breastfeeding may enhance the composition
of breast milk by altering microbial contents
and immune factors, which could be
advantageous for the infant's gut health and
lower the likelihood of allergies (35). The
World Allergy Organization (WAOQO) advises
the use of probiotics for pregnant and
breastfeeding women, as well as for high-risk
infants who are not exclusively breastfed.
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Conversely, other expert organizations, such
as the Academy of Allergy and Clinical
Immunology and the European Society for
Paediatric Gastroenterology, Hepatology, and
Nutrition, do not endorse the use of probiotics
or prebiotics for preventing allergies because
the evidence is of low quality and
inconclusive (36). In relation to the
therapeutic application of probiotics for infants
with cow’s milk allergy (CMA), a number of
randomized controlled trials have explored
the use of Lactobacillus rhamnosus GG
(LGG). Findings suggest that LGG might
alleviate gastrointestinal symptoms, decrease
intestinal inflammation, and support the
establishment of tolerance to cow’s milk
proteins. (37). Additionally, some studies
observed a reduction in eczema severity
measured by  the Scoring Atopic
Dermatitis(SCORAD index) in probiotic-
treated infants (37). However, findings across
studies remain inconsistent and imprecise,
limiting the ability to draw definitive
conclusions. While probiotics are generally
considered safe for pregnant women and
infants, isolated effects such as transient
reductions in hemoglobin levels have been
reported. Importantly, the clinical benefits of
probiotics are strain-specific, meaning results
from one product cannot be generalized to
another without precise strain identification
(38).  Therefore, improved regulation,
including mandatory disclosure of strain-level
details and manufacturing processes, is
essential for evaluating probiotic safety and
efficacy in  allergy  prevention and
management.(39)

Bibliometric Analysis

The statistical method for analyzing
data from book chapters, articles, reviews,
editorial papers, and other sources, known as
bibliometric analysis. The trends,
characteristics, and research status in the
particular field are understood. This method’s
main purpose is to explore the structure,
understand the evolution, citations are usually
assessed as an impact, and finally, to shed
light on the emerging topics in a specific
field(40, 41). A literature search was carried

out using the keywords “gut microbiota AND
milk allergy” to collect relevant research
articles. The search was conducted in three
major databases: Scopus, PubMed, and Web
of Science, covering the period from 2015 to
2025. The search results were exported on
March 4, 2025, in the following formats:
Common Separated Value (.CSV) from
Scopus, PubMed format for PubMed, and
plain text (.txt) for Web of Science. The total
number of documents retrieved was 232 from
Scopus, 232 from PubMed, and 320 from
Web of Science.

The collected data was analyzed
using VOSviewer (version 1.6.20) and
RStudio with R version 4.4.3. All required
packages for bibliometric analysis were
installed following the method described by
(42). The Biblioshiny interface was used to
generate key outputs such as co-occurrence
and co-authorship networks, bibliographic
coupling, document types, annual publication
trends, tree maps, country-wise scientific
output, and factorial analysis.

Results

Publication Type

The pie chart (Fig. 1) depicts the
distribution of document types related to milk
allergy research from 2015 to 2025, compiled
from Web of Science, Scopus, and PubMed
databases, and reveals a predominant focus
on original research articles. As illustrated in
the pie chart, articles constitute the majority at

DOCUMENT TYPE - MILK ALLERGY

m Article ™ Book chapter  ® Editorfal = Review

Fig 1: Document Type
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60%, underscoring the emphasis on empirical
studies in this field. Review articles follow at
37%, highlighting a strong interest in
synthesizing existing knowledge and
summarizing evidence. Book chapters account
for approximately 2%, suggesting limited
academic textbook contributions on the
subject. Editorials represent the smallest share
at 1%, indicating minimal editorial commentary
or opinion pieces. The predominance of
original articles and reviews reflects an active
and evolving research landscape focused on
understanding and addressing milk allergy
from clinical, nutritional, and immunological
perspectives. Duplicate articles were included
during the compilation.

Annual Scientific Production
The Figure 2 entitled "Scientific
Production per Year — Milk Allergy" illustrates

: ~/ \

15 /.,. J

2014 2016 2018 2020 2022 2024

pubmed wseos ==scopUS

the annual number of scientific literatures
from 2014 to 2025 published in PubMed, Web
of Science (WoS), and Scopus. As a whole,
there is a definite increasing trend in milk
allergy research across the three databases
as an indication of increasing scientific
interest in the topic. Scopus presents the
highest number of publications, with the
greatest number occurring around 2024 at
about 46 articles, while WoS and PubMed
also record significant upticks, with their all-
time highs occurring around that year. Of
particular interest is the steep increase in
Scopus publications between the years 2016
and 2018, followed by a small dip, then a rise
again after 2020. WoS has a linear increase
with a decline in 2020, whereas PubMed
demonstrates a steadier but linear increase.
There is a drastic decline in all databases in
2025, which most probably accounts for
missing data for the current year and not for a
real fall in research activity. These trends
indicate a growing interest in milk allergy
within the scientific community, presumably
fueled by heightened awareness of food
allergies and technological advances in
associated biomedical sciences.
Corresponding Authors Countries

The Table 2 emphasizes the top 10
contributing nations to milk allergy literature in
science, as indexed in the three prominent
databases, Scopus, Web of Science (herein
WoS), and PubMed. The USA dominates
both Scopus and WoS with 35 and 93 papers,

Fig 2: Annual Scientific Production respectively, emphasizing its dominant
Table 2: Number of Articles Published by Different Countries
Rank Scopus WoS PubMed
Country NOA Country NOA Country NOA

1 USA 35 USA 93 China 32
2 Italy 30 Italy 41 Italy 31
3 China 28 Canada 30 USA 29
4 Netherlands 13 China 22 Netherlands 11
5 UK 11 Spain 18 Spain 11
6 Australia 10 Netherlands 14 Australia 9

7 Japan 9 Australia 12 Japan 7

8 Spain 9 Poland 9 France 5

9 Canada 8 UK 9 Switzerland 5
10 Korea 5 Germany 7 Canada 4
*NOA- Number of Articles
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position in milk allergy research. China
dominates PubMed with 32 papers, followed
by Italy and the USA, ranking in the top three
in all databases. Italy demonstrates robust
output across all databases, ranking second
in all three databases, emphasizing its vibrant
research environment in allergy research.
China also demonstrates a robust ranking,
ranking third in Scopus and WoS and leading
on PubMed. The Netherlands, Spain, and
Australia are also prominent contributors,
ranking in the top ten in all databases,
emphasizing their sustained investment in
allergy-related health research. Notably,
some nations, such as France, Switzerland,
and Germany, are only present in particular
databases, emphasizing differences in the
coverage of indexing or regional publication
patterns. Overall, the data emphasize a
geographically diverse contribution to milk
allergy literature with a cluster of output in
North America, Europe, and Asian regions,
emphasizing the global significance of
understanding and managing milk allergy.

Countries’ Scientific Production

Global scientific production on milk
allergy and gut microbiome demonstrates
decisive regional patterns on PubMed, Web
of Science (WOS), and Scopus. The United
States and China uniformly dominate on all
three platforms, an indicator of their robust
research infrastructure. PubMed emphasizes
biomedical research centres such as the US,
China, lItaly, and Australia, whereas WOS
demonstrates a similar trend with slightly
wider academic coverage. Scopus shows
broader global involvement, with contributions
from India, Brazil, and Europe (Figure 3). This
suggests increased global interest in the
knowledge of milk allergy, gut microbiota
interactions, and the creation of alternative
therapies like probiotics and plant-based
alternatives.

Countries’ Scientific Collaboration

Figure 4 llustrates a dynamic
landscape of worldwide scientific alliances
focused on gut microbiota and food allergy

studies. Crafted with VOSviewer, this
visualization portrays the geographic breadth
and collaborative strength of research ties
using bibliometric analysis. Node dimensions
signify the volume of scholarly work, while
connecting lines represent the vigor of
international cooperation. The United States
stands out as a pivotal player, acting as the
nexus for numerous cross-border
partnerships, notably with Canada, China,
England, and Australia. This emphasizes
America’s prominent role in advancing global
scientific progress in this area. Across
Europe, nations such as ltaly, Germany, the
Netherlands, France, and England forge
cohesive clusters, reflecting strong regional
bonds and aligned research priorities. Asian
countries, including China, Japan and lIran
are increasingly woven into this intricate
network, marking a surge in their scientific
influence. The map also delineates distinctive
regional communities, Southern and Central
Europe (green), Western Europe (blue), and
North America with its affiliates (red), each
symbolizing unique yet interconnected circles
of collaboration. The pattern of dispersion and
cross-linking reveals a flourishing
environment of international teamwork,
predominantly led by affluent regions, but with
a rising presence of emerging contributors.
Ultimately, this analysis offers valuable
insights into the spatial distribution of
research activity and highlights avenues for
strengthening global collaboration in the field
of microbiota-allergy investigations.
Co-Occurrence

Figure 5 illustrates a network
visualization of major terms identified within
the reviewed literature, presenting an in-depth
conceptual map of how gut microorganisms
relate to hypersensitivity disorders. Created
with VOSviewer, this diagram organizes
terms into unique theme-based groups
according to their frequency of co-mention
and the strength of their associations
(represented in Table 3). Three main
groupings stand out: the first centers on infant
microbial establishment and immune system
development, the second emphasizes
interventions using beneficial microbes, and
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Fig 3: Country’s Scientific Production (a) PubMed (b) WOS (c) Scopus

the third addresses patient outcomes and
methods for detecting allergies. The
pronounced links among these groupings
highlight the collaborative and
cross-disciplinary  character of ongoing
investigations. Central nodes such as those

referring to intestinal flora, allergic responses,
and microbial communities feature
prominently, underscoring their influence
throughout the field. This thematic analysis
not only captures prevailing directions in
the literature but also points toward emerging
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Table 3: Differentiation of Cluster Colours
Cluster [Primary Research Focus |[Emerging Direction Conceptual Core
G Microbial colonization in Longitudinal studies on maternal- |[Developmental
reen X X . ; . !

early life infant microbiota transfer immunity
Probiota or prebiotic . . .

Red interventions and immune Persor)allzed m|crob|ome-ba_sed Immune modulation
tuning therapies for allergy prevention

Blue Clinical and diagnostic Biomarker discovery, tolerance Translational allergy
dimensions of allergy profiling, infant allergy screening research

Trea

Fig 6: Tree map

topics for subsequent study, such as building
immune tolerance, adjusting microbial
ecosystems, and tracking changes from
infancy onward.

Tree Map

The tree maps from WoS, Scopus,
and PubMed reveal important areas of
research based on the links between milk
allergy and the gut microbiome (Figure 6).
The continued emphasis on commonly
recurring terminology such as "food allergy"”,
"microbiota", "gut microbiome", and
"probiotics" shows that understanding the role
of microbes in the development of allergies
remains a fundamental aspect of that
research. The focal points of WoS explicitly

mandate life-stage aspects of inquiry by
using "breast milk" and ‘"infants", while
the language of Scopus includes
microbes and adds terminology related
to clinical (e.g., "prebiotics") and dietary
aspects (e.g., "immune tolerance"). The
addition of the terminology wused in

PubMed expands the current inquiry
areas, while also including children,
development, and clinical studies,

thereby showing a strong emphasis on
pediatric and experimental areas of overlap.
Overall, these maps show that there exists a
shared interest in understanding early
microbially-mediated exposure and exploring
microbially-mediated approaches for milk
allergy management.
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Fig 7: Factorial Analysis (a) PubMed (b) Scopus (c) WOS

Factorial Analysis

Upon comparing the two clusters
throughout the various databases, some
significant differences become apparent
(Table 4). In PubMed, the primary (blue)
cluster focuses on clinical subjects,
specifically symptoms and treatment options,
whereas the secondary (red) cluster goes
deeper into immune system functions and
molecular causes (Fig 7a). In Scopus, the
blue cluster has a broader reach, including

the microbiome and dietary patterns, whereas
the red cluster focuses on specific dietary
strategies and host-related physiology
(Fig 7b). On the other hand, the WOS
database shows the predominant cluster,
encompassing considerable research on
systemic and developmental themes, while
the secondary cluster investigates more niche
and emerging topics, such as particular
allergies and long-term health effects (Fig 7c).
These observations highlight that the blue
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Table 4: Comparison of Factorial Analysis

Database [Blue Cluster (Main Cluster) Red Cluster (Secondary Cluster)

PubMed [Focuses on clinical and biomedical [Focuses on immune-related mechanisms:
terms: infants, cow’s milk protein immune tolerance, inflammation, and allergic
allergy, gut microbiota, probiotics response

Scopus Covers interdisciplinary research: Includes intervention strategies: host-microbe
microbial diversity, diet, prebiotics, |interaction, dietary modulation, gut barrier
metagenomics

WOS Focuses on systemic and Sparse cluster with niche or emerging topics:
developmental aspects: early-life specific allergens, pathways, long-term effects
colonization, immune development,
inflammation

clusters generally represent a wider and more
established research base, while the red
clusters are more focused on targeted
mechanisms and emerging scientific trends.

Discussion

The field of gut microbiota and dairy
allergy research has seen rapid growth from
2015 to 2025, with notable increases in
publications since 2020 and significant
contributions from the USA, China, and
European nations (43). Much of the research
centres on how the gut microbiome influences
immune responses, particularly through
cytokines like IL-10 and IL-22, in both the
development and management of cow’s milk
allergy(44). Thematic analysis reveals that
the field is primarily focused on understanding
immunological mechanisms, developing new
diagnostic tools such as metagenomics, and
exploring potential therapeutic strategies,
including probiotic and dietary
interventions(45). Although the interest in
microbiome-based therapies, especially for
children, continues to rise, the actual clinical
effectiveness of probiotics remains uncertain,
stressing the need for more robust and
standardized studies (46). The research
landscape is gradually shifting from
foundational discovery toward personalized
prevention and treatment strategies, but
bringing these advances into clinical practice
is challenged by inconsistencies in research
design and insufficient regulatory guidance
(47). This overall analysis highlights the need
for greater international cooperation,
standardized research methods, and integrated

approaches combining immunology, nutrition,
and microbiome science to better address
dairy allergies (48).

Future Scope

° Future research on gut microbiota and
dairy allergy is shifting towards precision
medicine, where treatments are made
specific to a person’s unique genetics and
microbial composition.

° This includes tailored interventions like
specific probiotics, symbiotic, and diet
changes designed especially for the
individual.

° Utilizing advanced multi-omics
technologies, along with long-term studies,
will deepen our understanding of how to
safely and effectively modulate the gut
microbiome to prevent or manage dairy
allergies.

° There’s a real need for well-designed,
standardized clinical trials to ensure that the
results we get are reliable and comparable.

° Greater international collaboration will
be crucial to produce strong evidence and
help bring microbiome-based treatments into
everyday medical practice.

Conclusion

This study presents a detailed
overview of global scientific efforts exploring
the relationship between gut microbiota and
dairy allergy, with a focus on cow’s milk
allergy (CMA). Research output from 2015 to
2025 shows a clear increase in studies
addressing this topic (49), reflecting the
growing recognition of the gut microbiome’s
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role in immune regulation and allergic disease
development. The analysis of articles from
Scopus, PubMed, and Web of Science
reveals that original research dominates the
literature, supported by a substantial number
of review papers synthesizing current
knowledge (50). Three major research
themes emerged: the influence of early-life
microbial  exposure on allergy risk,
intervention strategies such as probiotics and
symbiotic, and the involvement of immune-
modulating genes like IL-10 and IL-22.
Countries such as the United States, China,
and Italy lead in publication volume,
supported by strong collaborative networks
that span multiple continents (51). The
findings emphasize that microbial imbalance
in early life may contribute to increased
susceptibility to allergic responses, while
specific beneficial bacteria and dietary
approaches show promise in reducing
symptoms and promoting immune tolerance
(52). For example, therapies combining
Anaerostipes caccae with lactulose have
demonstrated potential in managing food
allergies in experimental models. Overall, this
work  highlights the global research
momentum in understanding how gut
microbes influence dairy allergy mechanisms
and management. It provides a foundation for
future research aimed at developing targeted,
microbiome-based therapies for preventing
and ftreating CMA and related allergic
conditions.
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