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ABSTRACT

The gut microbiota, consisting of hundreds of defined bacterial species, plays a crucial role in modulating the immune
system and maintaining gut health. However, alterations in the gut microbiota, known as this dysbiosis, increases
susceptibility to allergic reactions and have a link with atopic diseases. Prebiotics which would promote the growth or
activity of the beneficial bacteria in the gut have been studied for their role in modulating gut microbiota and reducing
their risk of atopic diseases. Prebiotics can be obtained from various dietary sources and added as supplements to infant
formulas and dietary products. Evidence suggests that prebiotic supplementation in infants and adults may positively
influence the gut microbiota composition and activity, potentially reducing the risks of allergic disorders. However, further
research is needed to establish definitive conclusions regarding the long-term benefits of prebiotics in reducing the
incidence of atopic diseases. This aims to explore the relationship between gut microbiota, dysbiosis and atopic diseases,
highlighting the potential role of prebiotic in preventing and managing these conditions. By understanding the complex
interplay between the gut microbiota and the immune system, we can develop targeted interventions to restore gut
microbiota balance and alleviate the burden of atopic diseases.
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INTRODUCTION

Atopic Disease

“Atopy” is from Greek word ‘Atopia’ means ‘out of place’. Atopic disease refers to a hereditary tendency to bring forth
immunoglobulin E (IgE) antibodies in result to small amounts of environmental protein e.g. pollen, house dust mite and food
allergens. Atopic diseases are prevalent worldwide, affecting individuals of all ages and ethnic backgrounds and reached an
epidemic proportions during past industrializing era (Thomsen, 2015). At least 171 million individual were affected with
atopic dermatitis (Faye et al., 2023). The prevalence varies across regions and is influenced by genetic, environment, climate,
exposure to allergens and lifestyle factors. In 2019, 418 million cases were reported per year (Logon et al., 2023).

The atopic diseases like atopic dermatitis often begin in infancy and early childhood. Asthma and allergic rhinitis may
manifest at any age, with different patterns observed in childhood, adolescence and adulthood (Gray et al., 2017). Family
history, genetic predisposition, environment, obesity, stress, allergic sensitization, paracetamol use, tobacco smoke, cesarean
section, respiratory virus infection, occupational exposures, diet, obesity, air pollution and breastfeeding and mental health
are risk factors of atopic diseases. Factors during pregnancy, modes of birth and early childhood, such as maternal age,
maternal smoking, exposure to tobacco smoke, and early introduction of certain foods, may progress towards atopic diseases
(Lin etal., 2022). Limited exposure to microbes and infections during early childhood, often associated with increased hygiene
and reduced family size, may contribute to a higher risk of atopic diseases (Faye et al., 2023).

Gut Microbiota

The gut microbiota, consisting of hundreds of defined bacterial species, plays a crucial role in modulating the immune
system and maintaining gut health. However, alterations in the gut microbiota, known as this dysbiosis, increases
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susceptibility to allergic reactions and have a link with atopic diseases.

Prebiotics which would promote the growth or activity of the beneficial bacteria in the gut have been studied for their
role in modulating gut microbiota and reducing their risk of atopic diseases. Prebiotics can be obtained from various dietary
sources and added as supplements to infant formulas and dietary products. Evidence suggests that prebiotic
supplementation in infants and adults may positively influence the gut microbiota composition and activity, potentially
reducing the risks of allergic disorders. However, further research is needed to establish definitive conclusions regarding the
long-term benefits of prebiotics in reducing the incidence of atopic diseases.

This aims to explore the relationship between gut microbiota, dysbiosis and atopic diseases, highlighting the potential
role of prebiotic in preventing and managing these conditions. By understanding the complex interplay between the gut
microbiota and the immune system, we can develop targeted interventions to restore gut microbiota balance and alleviate
the burden of atopic diseases.

Beneficial Effects of Prebiotics

Atopic diseases are complex conditions characterized by immune dysfunction and inflammation. Recent studies have
shed light on the significant influence of the gut microbiota on the pathogenesis and severity of atopic diseases, including
atopic dermatitis, asthma, and allergic diseases (Muir et al., 2016). The gut microbiota plays a key role in grooming and
modulating the immune system, and exposure to a diverse range of microbes during early life contributes to the
development of immune tolerance (Kunst et al., 2023). Dysbiosis, or the dis-regulation of the microbiome, potentially leads
to an increased susceptibility to various health problems (Dahiya and Nigam, 2023). Inadequate microbial stimulus causes
an imbalance in the gut microbiota, resulting in a persistent Th2-dominant immune response and atopy (Rg et al., 2017).
Dysbiosis has been observed in individuals with atopic dermatitis, and may influence the development of respiratory allergies
and asthma through complex interactions with the immune system (Pantazi et al., 2023). Atopic dermatitis in infants
progresses due to a lack of immune system modulation in the gut microbiota (Cukrowska, 2018). Patients with atopic disease
have reduced gut microbiota diversity (Candela et al., 2012). The intestinal microbiota of atopic children has increased
Clostridium and reduced Bifidobacterium compared to non-atopic children (Kalliomaéki et al, 2001). An appropriate gut
microbiome and its intestinal metabolites act as a protective factor for patients (Stec et al., 2023). Understanding the interplay
between atopic diseases and gut microbiota is crucial for developing targeted therapeutic interventions (Donald and Finlay,
2023).

Prebiotics

Prebiotics promote the growth of beneficial gut microbiota by improving gut barrier function, enhancing immune
response, regulating host metabolism, and reducing the risk of allergies (Markowiak-Kope¢ and Slizewska, 2020). They are
abundant in human milk, superior meal for good species, and prevent the adhesiveness of pathogens. Long-term use of
prebiotics improves immune function, lowers inflammatory cytokines, improves digestion, and produces SCFAs (Alderete et
al,, 2015). By boosting the growth of beneficial bacteria, prebiotics can create an environment difficult for the maturation of
pathogenic bacteria, lowering the risk of infections and imbalances in the gut (Zhou et al., 2024). Diet plays an important
role in shaping gut microbiota, and a lack of essential nutrients and diet diversity leads to dysbiosis and other health issues
(Piccioni et al, 2023). Diet can modify intestinal microbial diversity and improve its function (Li et al., 2014). Diet
supplemented with prebiotics can be used to balance gut microbiota (Scott et al., 2013). Prebiotics can be obtained from
dietary sources as shown in table 1 (Khan et al., 2023).

Table 1: Prebiotics Dietary sources

Fruits Mango, orange, green banana (resistant starch), strawberries, blue berries and raspberries, papaya pulp,
apples (pectin), kiwi
Vegetables Garlic (inulin), onions (inulin, FOS), asparagus (inulin), leeks, bamboo shoots, gourd (5 families), leafy green

vegetables, mushrooms

Whole grains  Oatmeal, whole oats (beta-glucan), barley (beta-glucans and soluble fiber), whole wheat bread and whole
wheat pasta, quinoa (fiber), corn

Legumes Chick peas (fiber, resistant startch), lentils green beans (soluble fiber), kidney beans (red), lima beans, cow
beans, soy beans,

Nuts and seeds Flaxseeds (soluble fiber, alpha-linolenic acid), chia seeds (soluble fiber) , fenogreek seeds, almonds (soluble
and insoluble fiber), walnuts , cashew apple, chest nut and defatted coconut residues

Root vegetables Sweet potatoes (fiber, resistant starch), carrots (soluble fiber), chicory roots.

Miscellaneous  Jerusalem artichokes (inulin), dandelion greens (inulin), seaweed like nori and kombu (prebiotic fibers),

olive oil,
Dairy Food Yogurt (inulin), kefir,
Spices Cinnamon, cayenne pepper, black pepper, turmeric, rosemary, editerranean oregano
Honey Oligosaccharides

Prebiotics Impact on Gut Microbiota Modulation
Prebiotics and certain dietary interventions may have prophylactic or therapeutic effect (Logon et al., 2023). Prebiotics
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helps in manufacturing of short-chain fatty acids, lowering pH in colon, stimulation of mucus production, selective growth
of beneficial bacteria, enhancing nutrient absorption, anti-inflammatory effects and modulation of immune responses
(Roberfroid et al., 2010). The gut microbiota assists in the development of immune tolerance, healthy bacteria maintain gut
health, immunity, integrity and homeostasis (Mishra et al,, 2023) allowing immune system to differentiate between a-toxic
substances and possible threats. This is crucial for preventing unnecessary allergic for autoimmune responses. Gut bacteria
produces different metabolites, such as short-chain fatty acids (SCFAs), that have anti-inflammatory attributes (Maslowski et
al., 2009). These metabolites can modulate immune cell activity and contribute to a balanced immune response. The SCFAs
anti-inflammatory effects and maintain epithelial function (Maslowski and Mackay, 2011).

Prebiotics helps stimulating in microflora activity, gut microbiota diversity and maintaining normal gut health (Shirsath
and Zawar, 2024). Prebiotics promotes beneficial bacteria by selective fermentation, microbial fermentation and produce
SCFAs that act as nutrient source for beneficial bacteria. They selectively enhance development of certain probiotic bacteria
in colon, esp. Bifidobacteria species (Liu et al., 2024).

Inulin helps in promoting the growth of gut bacteria, improves digestion, reduce inflammation, reduce blood cholesterol
level, and increases blood sugar level (Slavin, 2013). The FOS improves gut health, reduces risk of colon cancer, improves
mineral absorption and enhances immunity (Sabater-Molina et al., 2009), beta-Glucan Improve gut health (Davani-Davari et
al, 2019), Pectin Improve digestion, reduce inflammation ( Jackson et al., 2007), and XOS reduce inflammation, improve
mineral absorption, enhance immune function (Aachary et al., 2015).

Once in the colon, prebiotics like inulin and oligosaccharides are fermented by the enzymes of gut bacteria, specifically
by healthful bacteria like Bifidobacteria and Lactobacilli. The fermentation process of prebiotics produces short-chain fatty
acids such as acetate, propionate and butyrate along with gases like hydrogen, methane and carbon dioxide. They help to
maintain a somewhat acidic environment of colon, which suppress the growth of noxious bacteria and pathogens while
promoting the growth and activity of beneficial bacteria (Zhou et al., 2024).

The SCFAs improves nutrient absorption and are energy sources for colonocytes in particular butyrate (Mishra et al.,
2023), serves as a favored energy source for colonocytes (colonic epithelial cells), promoting their health, integrity and
enhance the production of mucins (the proteins that make the protective mucus layer in the gut) (Song et al,, 2023). The
mucins play crucial role in keeping the integrity of mucosal barrier, providing protection against pathogens and prevent
inflammation. This strengthen the gut barrier function, permeability reduction and prevents the translocation of harmful
substances from the gut into the bloodstream (Ney et al, 2023). Prebiotics in the colon promotes the proliferation of
beneficial bacteria, which can have various positive effects on health, including enhanced nutrient absorption, improved gut
barrier function, immune system modulation, and potential reduction in inflammation (Peredo-Lovillo et al., 2020).

Upon prebiotics fermentation by gut bacteria produces short-chain fatty acids including butyrate, propionate and
acetate. The SCFAs have immunomodulatory effects and maintains immune system balance (Kim, 2023).

Evidence of Prebiotics Supporting in Atopic Disease

Prebiotics and certain dietary interventions may have a prophylactic or therapeutic effect (Logon et al., 2023). Prebiotics
help manufacture short-chain fatty acids, lower pH in the colon, stimulate mucus production, selectively grow beneficial
bacteria, enhance nutrient absorption, and have anti-inflammatory effects and modulate immune responses (Roberfroid et
al, 2010). The gut microbiota assists in the development of immune tolerance, and healthy bacteria maintain gut health,
immunity, integrity, and homeostasis (Mishra et al., 2023), allowing the immune system to differentiate between harmless
substances and possible threats.

Gut bacteria produce different metabolites, such as short-chain fatty acids (SCFAs), which have anti-inflammatory
attributes (Maslowski et al., 2009). These metabolites can modulate immune cell activity and contribute to a balanced
immune response. SCFAs have anti-inflammatory effects and maintain epithelial function (Maslowski and Mackay, 2011).

Prebiotics stimulate microflora activity, gut microbiota diversity, and maintain normal gut health (Shirsath and Zawar,
2024). Prebiotics promote beneficial bacteria by selective fermentation, microbial fermentation, and produce SCFAs that act
as a nutrient source for beneficial bacteria (Liu et al., 2024).

Inulin helps promote the growth of gut bacteria, improves digestion, reduces inflammation, reduces blood cholesterol
level, and increases blood sugar level (Slavin, 2013). FOS improves gut health, reduces the risk of colon cancer, improves
mineral absorption, and enhances immunity (Sabater-Molina et al., 2009). Beta-Glucan improves gut health (Davani-Davari
et al., 2019), while Pectin improves digestion and reduces inflammation ( Jackson et al., 2007).

Once in the colon, prebiotics like inulin and oligosaccharides are fermented by the enzymes of gut bacteria, specifically
by healthful bacteria like bifidobacteria and lactobacilli. The fermentation process produces short-chain fatty acids such as
acetate, propionate, butyrate, along with gases like hydrogen, methane, and carbon dioxide. These help maintain a somewhat
acidic environment in the colon, which suppresses the growth of noxious bacteria and pathogens while promoting the
growth and activity of beneficial bacteria ( Zhou et al., 2024; Peredo-Lovillo et al., 2020).

SCFAs improve nutrient absorption and are energy sources for colonocytes, particularly butyrate (Mishra et al.,, 2023),
which serves as a favored energy source for colonocytes, promoting their health, integrity, and enhancing the production of
mucins (Song et al., 2023). Mucins play a crucial role in keeping the integrity of the mucosal barrier, providing protection
against pathogens and preventing inflammation. This strengthens the gut barrier function, reduces permeability, and
prevents the translocation of harmful substances from the gut into the bloodstream (Ney et al.,, 2023).

Prebiotics in the colon promote the proliferation of beneficial bacteria, which can have various positive effects on health,
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including enhanced nutrient absorption, improved gut barrier function, immune system modulation, and potential reduction
in inflammation (Peredo-Lovillo et al., 2020). Upon prebiotics fermentation by gut bacteria, short-chain fatty acids, including
butyrate, propionate, and acetate, are produced (Kim, 2023). SCFAs have immunomodulatory effects and maintain immune
system balance.

Research Indicating Therapeutic Effect of Prebiotic on Atopic Diseases

Moderate evidence is available for prebiotic supplementation to reduce the risk of eczema in high-risk children (Sestito
et al,, 2020). A shift from healthy gut microbiota to gut microbiota dysbiosis can lead to conditions like atopic dermatitis and
allergic diseases (Pantazi et al., 2023). Prebiotics, probiotics, and synbiotics can be used to restore gut microbiota balance
and manipulate it like healthy gut microbiota (Sestito et al., 2020).

Human milk contains 200 Human Milk Oligosaccharids (HMO), which induce tolerance and stimulate gut microbiota
(Oozeer et al, 2013). Infants who are breastfed have a reduced risk of atopic dermatitis (Lodge et al., 2015). Studies have
shown that short-chain galactooligosaccharides (ScGOS) and long-chain fructooligosaccharides (IcFOS) mixtures have
prebiotic activities and create a similar gut microbiota to breastfed infants (Knol et al., 2005; Rinne et al., 2005).

Randomized Controlled Trials (RCTs) analyzing prebiotics in children have shown long-term benefits for the prevention
of atopic eczema and common infections in healthy infants (Thomas, Greer, Bhatia, et al., 2010). Prebiotics like XOS and Red
ginseng Extract (RGE) have been shown to improve the Firmicutes/Bacteroidetes ratio, increase beneficial bacteria, and lower
harmful bacteria, helping to restore gut microbiota health distorted by antibiotics (Ibafez et al., 2018).

Studies Exploring Therapeutic Effect of Prebiotic on Atopic Diseases

However, a comprehensive review of studies shed light on the potential benefits of prebiotic supplementation in infants’
reveals varying positive outcomes. Boehm et al. (2002) found that adding oligosaccharides to preterm infants formula
increased Bifidobacteria levels significantly similar to breast fed infants. Moro et al. (2002), conducted a study on term infants
at high risk of atopy and founded that prebiotic supplementation significantly reduced the incidence of atopic dermatitis at
6 months of age. Schmelzle et al. (2003), reported good tolerance and no adverse effects when prebiotics were added to
infant formula in a multi-center trial. Scholtens et al. (2006) found that adding prebiotics to solid food had a bifidogenic
effect. The GOS was given to healthy term infants resulted in high Bifidobacteria (Sierra et al., 2015). Ziegler et al. (2007)
observed that infants fed formula with a pre-biotic mixture had growth and stool characteristics similar to breastfed infants,
with a lower incidence of eczema. Gruber et al. (2010) demonstrated that a formula containing a specific mixture of
oligosaccharides (ScGOS/IcFOS) reduced the risk of atopic dermatitis in low atopy risk infants. Pontes et al. (2016) showed
that a cow's milk based beverage with prebiotics reduced allergic manifestations (atopic dermatitis, wheezing, allergic
rhinitis) compared to controls. Partially hydrolyzed whey formula containing oligosaccharides pHF-OS showed immune
modulatory effects and increased T cells in infants at high risk of allergic diseases stating that may protect against later
allergic diseases (Boyle et al.,, 2016). Study discovered that prebiotic supplementation reduced the commutative incidences
of allergic manifestations (allergic wheezing and allergic urticaria) at 2 years of age and atopic dermatitis were significantly
reduced at 5 years of age. Concluding prebiotic supplementation in early infancy reduced the risk of atopic diseases at high
risk infants (Nistico and Conti, 2013).

Ranucci et al. (2018) found that prebiotic enriched formula reduced the risk of atopic dermatitis by 35% conferred to
standard formula. Wopereis et al. (2018) observed infants fed with prebiotic (partially hydrolyzed formula) showed
differences in gut microbiota composition and altered levels of certain compounds, potentially influencing eczema
development. Prebiotics have also been shown to increase beneficial gut bacteria and short-chain fatty acids, while
decreasing harmful bacteria in a study by Francavilla et al. (2012). Additionally, prebiotics have been found to reduce the
concentration of Ig-Free light chain, which is associated with atopic diseases (Schouten et al., 2011).

In adults, prebiotics have been found to have numerous benefits as well. They can help promote a healthy gut
microbiome, boost the immune system, and even reduce symptoms of certain diseases (Biagioli et al., 2024).

Prebiotics may be a complementary approach to reducing atopic diseases, particularly when combined with human
milk or supplemented feed in early infancy and dietary or supplementary prebiotics in adulthood (Biagioli et al., 2024).
The European Commission's Scientific Committee on food has no objections to adding oligosaccharides to infant
formula, and the FAO of UNWHO supports prebiotic products as infant formula for infants over 5 months old
(Leuschner et al., 2010).

Potential Benefits and Limitations

Regardless of prebiotics studies showing its benefits in improving gut microbiota, increasing healthy bacteria,
decreasing harmful bacteria, enhancing selective growth to produce SCFAs, and reducing the severity of atopic conditions
like eczema, asthma allergies. Still there are some limitations in therapeutic effect of prebiotics.

The relationship between atopic diseases and gut microbiota is quite complex making it even more challenging (Donald
and Finlay, 2023), and individual responses to prebviotics vary due to unique microbes and factors (Li et al., 2014). Improper
dosage may also lead to gastrointestinal issues (Ballan et al., 2020). Moreover, due to limited clinical evidence (Kang et al.,
2023) and varied prebiotic studies, this makes it difficult to draw a concrete conclusion about its therapeutic results in atopic
diseases management. Prebiotics may interact with other treatments or other diets, which may not produce desirable results.
Therefore, more research is needed to fully understand its method and their results.
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Combination of prebiotics and probiotics can produce more productive result than prebiotic and probiotics alone for
atopic conditions. A study showed positive results in reducing atopic dermatitis severity with oral administration of synbiotic
supplementation in children. An improved SCORAD index regardless of underlying treatments (Ibafez et al., 2018).

Conclusion

In conclusion atopic diseases, including allergies and asthma, have become increasingly prevent globally. Factors like
genetics, environment, lifestyle and microbial imbalances contribute to their development. Dysbiosis, or disruption of the
good microbiota, is linked to atopic diseases. Prebiotic, non-digestible food components that promote beneficial gut
bacteria, show promise in modulating the gut microbiota and reducing the risk of atopic diseases. They promote short chain
fatty acids production, immune modulation, and gut barrier function, reducing inflammation and allergic responses. While
studies have shown varying outcomes, there is growing evidence supporting prebiotics role, especially in high risk infants.
Dietary sources rich in prebiotics foods and considering supplementation, especially during infancy and early childhood, may
contribute to better overall health and reduce the burden of atopic diseases. Further research is needed to fully understand
prebiotic supplementation’s mechanism and long-term effects.
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