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ABSTRACT

Background: The first year of life is a formative window in
which the neonatal gut acquires a dense and functionally
consequential microbial community that shapes digestion,
metabolism, and immune maturation. Ayurveda addresses this
same physiological territory through the doctrine of Agni, the
classically described "digestive-metabolic fire" that governs the
transformation of ingested substance into nourishment and,
ultimately, into Ojas, the vital essence linked to disease
resistance (Vyadhikshamatva). Despite conceptual overlap,
systematic correlation between these two knowledge systems in
the neonatal context remains sparse. Objective: To critically
synthesize contemporary evidence on neonatal gut microbiome
development with the Ayurvedic understanding of Agni, Ojas,
and Kaumarabhritya-based neonatal care, and to evaluate the
plausibility, limitations, and translational potential of this

integrative framework. Methods: A narrative-integrative
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review was conducted using PubMed, Scopus-indexed journals, Frontiers, ScienceDirect, and
the AYUSH Research Portal, supplemented by classical Ayurvedic texts (Charaka Samhita,
Sushruta Samhita, Ashtanga Hridaya, Kashyapa Samhita) as represented in peer-reviewed
secondary literature. English-language publications from 2018-2026 were prioritized for the
biomedical literature, with earlier foundational and classical sources retained where
historically necessary. Key Findings: Modern microbiome science and Ayurvedic Agni
theory show conceptual convergence at several points: Jatharagni-mediated "gross™ digestion
parallels enzymatic and gastric processing; Bhutagni-type elemental transformation loosely
parallels hepatic/intermediary metabolism of absorbed nutrients; and Dhatvagni-driven tissue
nourishment parallels microbial metabolite (short-chain fatty acid)-mediated epithelial and
immune programming. Ojas and Vyadhikshamatva correspond functionally, though not
mechanistically, to the immune-educating role of the early microbiota. Kaumarabhritya
practices such as Stanya-based feeding counsel and Swarna Prashana show partial alignment
with modern breastfeeding and immunomodulation science, though the clinical evidence base
for the latter remains limited by small trial sizes. Conclusion: The neonatal gut microbiome
can be viewed as a plausible, though not proven, functional correlate of Agni activity, with
meaningful convergence in the domains of digestion, immunity, and Ojas-linked resilience.
This integrative model is presently a heuristic and hypothesis-generating framework rather
than an established biological equivalence, and its translational promise depends on rigorous,
adequately powered clinical and mechanistic studies.

KEYWORDS: Neonatal gut microbiome; Agni; Ayurveda; Ojas; Vyadhikshamatva;
Kaumarabhritya; dysbiosis; human milk oligosaccharides.

1. INTRODUCTION

The neonatal period represents a uniquely plastic window of human development, during
which physiological systems that will operate for a lifetime are first calibrated. Among these,
the gastrointestinal tract undergoes an especially dramatic transition: from a near-sterile
intrauterine environment to a densely colonized ecosystem harboring trillions of
microorganisms within days of birth.'] This process of microbial colonization is not
incidental to neonatal physiology; it is now understood to be a formative driver of digestive

maturation, metabolic programming, and immune education.™?

Colonization begins at the moment of birth, when the neonate is first exposed to viable

maternal and environmental microbes, and proceeds through a series of ecological
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successions over the first one thousand days of life.?) The pace and character of this
succession is shaped by delivery mode, feeding pattern, antibiotic exposure, and the broader
perinatal environment, and disruption of this trajectory — commonly termed dysbiosis — has
been associated with a range of neonatal and later-life disorders.!*?!

The global burden of neonatal gastrointestinal and immune-mediated disease remains
substantial. Neonatal sepsis and related infections alone were estimated to affect several
million neonates annually in recent Global Burden of Disease analyses, with disproportionate
mortality concentrated in low- and middle-income regions including South Asia and sub-
Saharan Africa.*® Necrotizing enterocolitis, allergic disease, and functional gastrointestinal
disorders such as infantile colic add further to this burden, and each has been mechanistically
linked, in whole or in part, to disturbances of the developing gut microbiota.l’ %

Ayurveda, the classical Indian system of life sciences, addresses digestive and metabolic
physiology through the doctrine of Agni — literally "fire" — described across the Brihattrayi
(Charaka Samhita, Sushruta Samhita, and Ashtanga Hridaya) as the central regulatory
principle of digestion, transformation, and nourishment.™* 3! Agni is classically subdivided
into Jatharagni (the principal digestive fire), five Bhutagnis (elemental transformative fires),
and seven Dhatvagnis (tissue-level metabolic fires), together forming a thirteen-part
hierarchical system through which ingested substance is progressively converted into bodily
tissue.*>* % |mpairment of Agni is held to generate Ama, an incompletely processed and
pathogenic byproduct considered central to disease causation in Ayurvedic pathology.[***"
The rationale for bringing these two frameworks into dialogue is threefold. First, both
systems are concerned with the same biological territory — the transformation of ingested
substance into growth, strength, and resistance to disease — during the same developmental
window. Second, Ayurvedic pediatrics (Kaumarabhritya) has, for over two millennia,
encoded practical neonatal-care recommendations (Jatakarma, Stanya-based feeding counsel,
Lehana, and Swarna Prashana) that a microbiome-informed lens may help re-examine.*®?"!
Third, the Ayurvedic concept of Ojas — the vital essence held to underlie Vyadhikshamatva,
or disease resistance — offers a holistic construct that invites comparison with the immune-
educating function increasingly attributed to the early-life microbiota.[

At the same time, such integration carries real epistemic hazards. Agni and Ojas are

functional and largely non-operationalized constructs within their own system, whereas the

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 1319



Suryawanshi et al. World Journal of Pharmaceutical Research

gut microbiome is a measurable, sequenceable biological entity; equating the two risks either
trivializing classical physiology or over-medicalizing it. This review therefore treats the
Agni—microbiome relationship explicitly as a conceptual and heuristic correlation rather than
a demonstrated mechanistic identity, and it returns to this distinction throughout, particularly

in the Discussion.

Accordingly, the objectives of this review are to: (i) summarize current evidence on neonatal
gut microbiome development and its determinants; (ii) present the Ayurvedic conception of
Agni, Ojas, and Vyadhikshamatva as they pertain to neonatal physiology; (iii) construct and
critically examine a comparative framework linking the two; (iv) review neonatal disorders
through both lenses; and (v) identify translational and future research opportunities, while

being explicit about the limits of the available evidence.

2. METHODOLOGY
This is a narrative-integrative review rather than a systematic review or meta-analysis; no
formal quantitative synthesis or PROSPERO registration was undertaken, consistent with the

conceptual, cross-disciplinary nature of the subject matter.

2.1 Literature Search Strategy

Searches were conducted across PubMed/MEDLINE, Scopus-indexed journals, Frontiers,
ScienceDirect, Nature Portfolio journals, and the AYUSH Research Portal / DHARA
database. Search terms combined biomedical vocabulary ("neonatal gut microbiome", "infant
gut microbiota”, "human milk oligosaccharides”, "necrotizing enterocolitis”, "neonatal
sepsis”, "short-chain fatty acids", "gut-immune axis™) with Ayurvedic terminology (“Agni",
"Jatharagni”, "Bhutagni”, "Dhatvagni”, "Ojas", "Vyadhikshamatva”, "Kaumarabhritya",
"Swarna Prashana”, "Stanya"). English-language biomedical literature published between
2018 and 2026 was prioritized; classical Ayurvedic textual material and foundational
biomedical papers published earlier were retained where they remain the primary or most

authoritative source for a concept.

2.2 Inclusion and Exclusion Criteria

Included: peer-reviewed systematic reviews, narrative reviews, randomized controlled trials,
cohort studies, and mechanistic studies addressing neonatal/infant gut microbiome
development, its determinants, or its clinical consequences; peer-reviewed Ayurvedic

conceptual, clinical, or scoping reviews addressing Agni, Ojas, Vyadhikshamatva, Stanya, or
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Swarna Prashana; and classical-text-derived content as represented in indexed secondary

literature.

Excluded: non-peer-reviewed promotional material, single case reports without broader
corroboration, animal-only data not accompanied by translational discussion (except where

explicitly noted as preclinical evidence), and duplicate reports of the same dataset.

Table 1: Literature Search Strategy.

Database Representative Keywords Used Domain Covered
PubMed / MEDLINE neonatal gut r_nlcroblome; NEC; HMO; Modern microbiome &
neonatal sepsis neonatology
Scopus-indexed journals | gut-immune axis; SCFA; dysbiosis !\/Iodern microbiome &
immunology
Frontiers / Nature multi-omics; precision microbiome Emeraina methodolo
Portfolio medicine 9ing 9y
ScienceDirect human milk oligosaccharides; gut barrier Nutrl_tlon & barrier
physiology
AYUSH Research Agni; Ojas; Vyadhikshamatva; Swarna | Ayurvedic conceptual
Portal / DHARA Prashana & clinical literature

Classical Samhita
literature (via indexed
secondary sources)

Jatharagni; Bhutagni; Dhatvagni; Stanya; | Classical Ayurvedic
Jatakarma physiology

3. Neonatal Gut Microbiome: Modern Perspective

3.1 Development of Neonatal Gut Microbiota

The traditional view holds that the fetal gut is sterile and that colonization begins only at
birth, when the neonate is exposed to maternal vaginal, fecal, and skin microbes during
passage through the birth canal.**! More recent work has complicated this picture, with
some studies reporting low-biomass microbial signatures in placenta, amniotic fluid, and
meconium, suggesting that limited prenatal microbial or microbial-product exposure may
occur, although this remains an area of active methodological debate given the risk of
contamination artifact in low-biomass sequencing.®!

What is well established is that the first hours to days after birth mark the onset of rapid,
ecologically patterned colonization. Facultative anaerobes such as Escherichia and
Enterococcus tend to dominate initially, creating a locally reducing environment that permits
subsequent establishment of strict anaerobes, notably Bifidobacterium and Bacteroides

species, over the following weeks.'**¥ Vaginally delivered infants acquire a microbiota that
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closely resembles their own mother's vaginal community, enriched in Lactobacillus and

Prevotella, reinforcing the concept of vertical, mother-to-infant microbial transmission.

[26]

Over the first year of life, microbial diversity increases progressively, culminating in a more

adult-like, Firmicutes- and Bacteroidetes-dominant configuration around the time of weaning

and dietary diversification.™

Table 2: Stages of Neonatal Gut Microbial Colonization.

Approximate Age

Dominant Microorganisms

Physiological Significance

Birth — Day 3

Facultative anaerobes:
Escherichia, Enterococcus,
Staphylococcus

Establishes reducing gut
environment; initial pioneer
colonization[1,24]

Week 1 — Month 1

Bifidobacterium spp.
(especially in breastfed
infants), Lactobacillus

HMO utilization begins; SCFA
production; early immune
priming [27,28]

Month 1 — Month 6

Increasing Bacteroides,
continued Bifidobacterium
dominance

Gut barrier maturation; regulatory
T-cell induction [26,31 —
Dhatvagni parallel]

Month 6 — Month 12
(complementary
feeding)

Diversifying Firmicutes,
Bacteroidetes; emergence of
Clostridia

Transition toward adult-like
functional capacity; SCFA
diversification [2]

Month 12+

Adult-like, high-diversity
community

Stabilized metabolic and immune

"set-point™ [2,3]

Figure 1. Development of Neonatal Gut Microbiome from Birth to 12 Months
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Figure 1. Schematic representation of the temporal development of the neonatal gut microbiome from birth to 12 months.
The composition evolves through sequential stages influenced by delivery mode, feeding pattern, environment,

and maternal factors, leading to functional maturation of digestion and immunity.

Figure 1: Development of Neonatal Gut Microbiome from Birth to 12 Months.
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3.2 Factors Affecting Microbiome Development

Across the perinatal period as a whole, delivery method, maternal diet, antibiotic exposure,
feeding practice, and early infant contact act together, rather than in isolation, to shape the
trajectory of microbial colonization.”) Mode of delivery exerts one of the most consistently
reported influences on early colonization. Infants born by cesarean section acquire a
microbiota enriched in skin- and environment-associated taxa (Staphylococcus,
Corynebacterium) and depleted in Bacteroidetes and Bifidobacterium relative to vaginally
delivered infants, a difference that in some cohorts persists for months to years.!***
Breastfeeding versus formula feeding is similarly influential: human milk oligosaccharides
selectively nourish Bifidobacterium-dominant communities and deliver a live maternal
microbiota, whereas formula-fed infants tend toward a more diverse but less

e.12728313]  perinatal  antibiotic exposure  reduces

Bifidobacterium-dominant  profil
Bifidobacterium colonization and permits overgrowth of Enterococcus and other
opportunists, an effect documented within the first week of antibiotic exposure.l?) Maternal
microbiota, gestational age, environmental exposures, and NICU stay further modulate this
trajectory, with preterm and NICU-resident infants showing delayed, less diverse, and more
unstable colonization patterns that carry elevated risk for necrotizing enterocolitis and late-

onset sepsis.["%¢="]

Table 3: Factors Influencing Neonatal Gut Microbiome Development.

Factor Microbiome Effect Clinical Consequence

Delayed anaerobe colonization
persisting up to 7 years in
some cohorts[24]

| Bacteroidetes, Bifidobacterium; 1

Cesarean deliver . .
y skin-associated taxa

Exclusive 1 Bifidobacterium via HMO Enhanced gut barrier &
breastfeeding utilization immune priming[27,28]
. More diverse, less Bifidobacterium- | Altered inflammatory cytokine

Formula feeding ; .

dominant profile [33]
Perinatal antibiotics | Bifidobacterium; 1 Enterococcus I?ysb|05|s in first week of

overgrowth life[2]
Prematurity / NICU Delayed, unstable, low-diversity 1 Risk of NEC and late-onset
stay colonization sepsis[7,36,37]
Maternal microbiota/ | Vertical seeding of Lactobacillus, Establishes initial
vaginal flora Prevotella inoculum[26]
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Figure 2. Convergence of Agni Framework and Modern Gut Microbiome Science in Neonates
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Figure 2: Conceptual Correlation Between Agni and Gut Microbiome.

4. Ayurvedic Concept of Agni in Neonates

4.1 Definition and Importance of Agni

Agni is described across the Brihattrayi as the entity responsible for all digestive and
metabolic transformation in the living body, converting ingested substance into a form that
can nourish, strengthen, and sustain the organism.*>*** Acharya Charaka is cited as holding
that cessation of Agni is incompatible with life, and that a state of balanced Agni (Samagni)
is synonymous with health, longevity, and vitality.l**3 Agni is therefore not merely a
digestive mechanism in the narrow sense but a unifying physiological principle linking
nutrition, metabolism, complexion, strength, and — significantly for this review — Ojas and

immunity.[*3]

4.2 Types of Agni

Classical texts describe thirteen Agnis operating at three hierarchical levels.!*t14-16:3940]
Jatharagni, located in the stomach and proximal small intestine, is the principal digestive fire
responsible for the gross breakdown of ingested food into an absorbable, homogeneous form,
separating nutritive essence (Prasada) from waste (Kitta).[13’15] The five Bhutagnis act after

this initial digestion, transforming the elemental (Panchamahabhuta) qualities of absorbed
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nutrients into a form compatible with the body's own constitution — a process with loose
parallels to hepatic and intermediary metabolism.">*) The seven Dhatvagnis operate at the
level of each of the seven Dhatus (tissues), governing the final assimilation of nutrients into
tissue-specific growth and maintenance.[*"**! Jatharagni is held to be functionally primary, in

that a disturbance here compromises the Bhutagnis and Dhatvagnis downstream. 1641

Table 4: Types of Agni and Their Physiological Correlates.

Agni Type | Classical Function Modern Interpretation
.| Gross digestion of ingested food in | Gastric acid secretion, pancreatic
Jatharagni . T A .
(1) stomach/duoder]um, separates enzymatic digestion, and initial nutrient
Prasada from Kitta breakdown[13,15]
Bhutaani Elemental transformation of Hepatic and intermediary metabolism
(5) g absorbed nutrients to match bodily | converting absorbed substrates into
constitution usable intermediates [15,41]
.| Tissue-specific assimilation and Tissue-level anabolism/catabolism;
Dhatvagni . . : )
7) sequential nourishment of the seven | cellular and enzymatic metabolic
Dhatus pathways [11,15]

Figure 3. Correlation of Ayurvedic Concepts (Agni, Ama, Ojas) with
Neonatal Gut Microbiome Functions and Health Outcomes
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4.3 Agni During Neonatal Life

Kaumarabhritya literature describes the newborn as passing through an early phase of milk-
dependent nourishment — broadly corresponding to what is sometimes termed the Ksheerapa
Avastha, or milk-feeding stage — during which Agni is considered physiologically immature
(Mridu or Manda relative to adult strength) and highly sensitive to the quality of feeding.!>*
This classical caution is not without a plausible physiological counterpart: the neonatal
gastrointestinal tract is functionally and immunologically immature at birth, with
incompletely developed epithelial barrier integrity, low baseline microbial diversity, and a
gut immune system still in the process of acquiring tolerance — features that make early life
a period of heightened vulnerability in both frameworks.!**? Bala, the constitutional strength
of the newborn, and neonatal metabolic rate are both described in classical texts as dependent
on the adequacy of maternal and infant Agni, foreshadowing the emphasis placed in

Kaumarabhritya on antenatal and postnatal maternal dietary regimen (Garbhini Paricharya

and Sutika Paricharya) as a means of protecting the child's digestive capacity.!*®!
Figure 4 — Converging Determinants of Colonization
Maternal Factors i Birth Mode Feeding Pattern
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— These interconnected factors converge to shape the infant gut microbiome trajectory,
influencing digestion, immunity, metabolism, and long-term health.

Figure 4: Factors Influencing Neonatal Microbiome.

5. Microbiome-Agni Interface: Theoretical Correlation
Read together, the modern and classical descriptions of neonatal digestive physiology suggest
a layered correspondence rather than a one-to-one equivalence. Jatharagni's role in the gross,

mechanical, and enzymatic breakdown of ingested substance maps most naturally onto the
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combined action of gastric acid, pancreatic and brush-border enzymes, and the earliest
pioneer gut microbes that begin to condition the intestinal luminal environment within hours
of birth.**! The Bhutagni stage, concerned with converting absorbed material into a form
usable by the body's own tissues, finds a loose parallel in hepatic and systemic intermediary

metabolism of nutrients and microbial metabolites absorbed across the gut epithelium.

The Dhatvagni stage offers perhaps the most productive point of comparison. Modern
microbiome science has established that gut bacteria, particularly Bifidobacterium,
Bacteroides, and butyrate-producing Clostridia, ferment otherwise indigestible substrates
(including human milk oligosaccharides) into short-chain fatty acids — acetate, propionate,
and butyrate — which serve simultaneously as an energy source for colonocytes, a driver of
intestinal barrier maturation, and a signal for regulatory T-cell induction and immune
tolerance.**" This tissue-level, metabolite-mediated nourishment and functional "tuning" of
host tissue bears a structural resemblance to the Dhatvagni concept of sequential, tissue-
specific transformation and nourishment, even though the underlying mechanisms —
enzymatic microbial fermentation versus a classically described bodily "fire" — belong to
different explanatory frameworks.!**44

A further point of correspondence lies in the Ayurvedic concept of Ama, the incompletely
processed, pathogenic residue generated when Agni is impaired.!***"! Conceptually, this bears
comparison with the pro-inflammatory bacterial byproducts (endotoxin, and disproportionate
accumulation of pathobiont-associated metabolites) generated during dysbiosis, which are
implicated in conditions such as necrotizing enterocolitis and neonatal sepsis.®*2*®! This
comparison should be treated as a heuristic analogy rather than an established biochemical
identity: Ama is a broad, multi-causal construct within Ayurvedic pathology, while microbial
endotoxemia is a specific, measurable biological process, and conflating the two would

overstate the current evidence.

Table 5: Comparative Correlation Between Gut Microbiome and Agni.

Ayurvedic Concept

Modern Microbiome Equivalent

Functional Similarity

Gastric/pancreatic enzymatic

Initial breakdown of ingested substance into

Jatharagni digestion; pioneer gut colonizers | absorbable form***!
Bhutaani Hepatic_and intermediary _ Conver_sion of diges_te(_j materia_l into host-
g metabolism of absorbed nutrients | compatible metabolic intermediates*!
. SCFA-mediated epithelial and Tissue-specific nourishment and functional
Dhatvagni [11,44-46]

immune "tuning"; tissue anabolism

maturation

Ama (impaired Agni

Dysbiosis-associated endotoxin /

Pathogenic residue of

WWW.wjpr.net

Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 1327




Suryawanshi et al. World Journal of Pharmaceutical Research

product) pro-inflammatory metabolites incomplete/disordered transformation!®***"]
(heuristic analogy only)

Samagni (balanced Eubiosis / balanced, diverse State associated with optimal nourishment

Agni) microbial community and resistance to diseasel>®!

6. Gut Microbiome and Immunity

6.1 Microbiome and Innate Immunity

Commensal gut microbes interact continuously with pattern-recognition receptors on
intestinal epithelial and innate immune cells, shaping baseline innate immune tone from the
earliest days of life.l*>>” This interaction can generate a form of trained or “innate immune
memory," in which prior microbial exposure recalibrates the responsiveness of macrophages
and monocytes to subsequent challenge.! In neonates, whose innate immune system is
functionally naive, this microbially driven education is thought to be especially consequential
for establishing an appropriately calibrated, rather than either hyper- or hypo-responsive,
defensive posture.?>5!

6.2 Microbiome and Adaptive Immunity

The developing microbiota also shapes adaptive immunity, notably through induction of
regulatory T cells and promotion of intestinal immunoglobulin A production, both of which
support tolerance toward commensal organisms and dietary antigens while preserving
responsiveness to pathogens.*2 Microbial metabolites, particularly short-chain fatty acids,
act as key signaling intermediaries in this process, influencing T-cell differentiation and
epigenetic programming of immune cells.*"5? Disruption of this early microbial-immune
dialogue — through cesarean delivery, antibiotic exposure, or formula feeding — has been

associated with increased risk of pediatric autoimmune and allergic conditions in later
life. 122

6.3 Gut-Immune Axis

Taken together, the gut microbiota and the neonatal immune system engage in a bidirectional,
co-developmental relationship: the microbiota drives immune maturation, while the
developing immune system in turn shapes which microbial taxa are permitted to persist.*>2®!
This gut-immune axis operates from before birth, given evidence of maternal microbial and
immune influences transmitted in utero, and continues to mature across the first years of life,
with the early-life window considered a critical and comparatively irreversible period for

setting long-term immune trajectories.!*#>*%

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 1328




Suryawanshi et al. World Journal of Pharmaceutical Research

Table 6: Microbiome-Derived Immune Functions.

Microbial Component Immune Mechanism Clinical Relevance
Short-chain fatty acids Regulatory T-cell induction; )
. SO Immune tolerance; reduced
(acetate, propionate, HDAC inhibition; epithelial . . ' [44.47,52]
L allergic/autoimmune risk

butyrate) signaling
Bifidobacterium s Competitive exclusion of Reduced patho[gen colonization;

Pp- pathobionts; SCFA production | barrier support'*"?®!
Bacterial cell-wall Innate immune training; excess

Pattern-recognition receptor

components (LPS, exposure linked to NEC-

peptidoglycan) (TLR) engagement associated inflammation!*%*!
Commensal-induced Mucosal antibody-mediated Pathogen exclusion without
secretory IgA tolerance excess inflammation®"
Diverse, high-richness Broad innate immune memory; | Lower risk of allergic and
microbiota regulatory network stability autoimmune disease®>?

7. Agni, Ojas and Immunity

Ojas is described in Ayurvedic literature as the most refined essence (Sara) of all seven
Dhatus, situated conceptually near the heart, and representing the culmination of properly
functioning Agni across all its levels.?**** Where Dhatu metabolism proceeds in an orderly,
well-nourished fashion, Ojas is held to accumulate and to confer strength, luster, mental

clarity, and — centrally for this review — Vyadhikshamatva, or resistance to disease./?*8%

Vyadhikshamatva itself is classically subdivided into innate (Sahaja), temporal/seasonal
(Kalaja), and acquired (Yuktikrita) components, a tripartite structure that has been compared
to the modern distinction between innate and adaptive immunity, though this comparison,
again, should be read as a structural analogy rather than a claim of mechanistic
equivalence.*% Ojas is described as being depleted (Ojakshaya) by poor Agni,
inadequate nutrition, or excessive physical and emotional stress, producing a state of
heightened susceptibility to infection that bears a face-value resemblance to
immunodeficiency, though the underlying biological substrate of Ojas has not been
operationalized in measurable terms.[*>*"]

In the neonatal context, Kaumarabhritya practice explicitly links early Bala (strength) and
Ojas to the adequacy of maternal Stanya (breast milk) and to Rasayana-Balya interventions
such as Swarna Prashana, both of which are framed as measures to build and protect Ojas
during the vulnerable early months of life.'** This framing situates neonatal Agni, feeding
quality, and Ojas as an integrated triad underlying disease resistance, conceptually parallel to
the modern understanding that early microbial colonization, breastfeeding, and immune

education jointly determine a child's resilience to infection.[#>>!
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Table 7: Relationship Between Agni, Ojas and Immunity.

Ayurvedic Concept

Proposed Biological Correlate

Health Outcome

Ojas (essence of all Dhatus)

Composite marker of nutritional
adequacy, immune competence, and

Overall vitality and disease

barrier integrity (proposed, not
validated)

resistance[21,55]

Sahaja Bala (innate strength)

Baseline neonatal
defense[38,56]

Innate immunity established via
maternal and early microbial transfer

Yuktikrita Bala (acquired
strength)

Adaptive immunity shaped by
ongoing microbial and nutritional
exposure

Long-term acquired disease
resistance[23,56]

Ojakshaya (Ojas depletion)

Nutritional deficiency / dysbiosis-
associated immune compromise
(proposed)

Increased susceptibility to
infection[55,57]

Rasayana/Balya therapy
(e.g., Swarna Prashana)

Reported reduction in
infection-related morbidity
in small trials[18]

Proposed immunomodulatory support
during early infancy

8. Neonatal Disorders Associated with Gut Dysbiosis

Necrotizing enterocolitis (NEC) is the most severe gastrointestinal emergency of the neonatal
period, predominantly affecting preterm and very-low-birth-weight infants, with mortality
approaching thirty percent in some series.®! Its pathogenesis is now understood as
multifactorial, involving intestinal immaturity, an exaggerated Toll-like receptor 4-mediated
inflammatory response, and a dysbiotic microbiota characterized by reduced diversity and, in
some cohorts, relative overgrowth of Proteobacteria; however, a systematic review of twenty-
eight studies found no single, universally reproducible microbial signature across NEC cases,
underscoring substantial heterogeneity.[’#*! Microbial metabolites, including short-chain
fatty acids, are increasingly implicated as both protective and, in excess or imbalance,
potentially injurious mediators in NEC pathogenesis.[®*%

Neonatal sepsis remains a leading cause of neonatal mortality worldwide, with Global
Burden of Disease modeling estimating several million cases and roughly one million deaths
annually, concentrated in Africa and South Asia.'*® Gut barrier compromise and bacterial
translocation from a dysbiotic intestinal reservoir are recognized contributors to sepsis risk,
particularly in preterm and NICU-resident neonates, a pattern also documented in Indian
tertiary-care cohorts.r*®

Infantile colic, while not life-threatening, is a common source of parental distress and
healthcare utilization; colicky infants show altered gut microbiota composition relative to
unaffected peers, including reduced lactobacilli and increased gas-forming coliforms, and
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probiotic trials using Lactobacillus reuteri have produced mixed but generally favorable

results on crying duration in several though not all randomized trials.['>***! Allergic and

atopic disease, including atopic dermatitis and asthma, have similarly been linked to reduced

early-life microbial diversity and altered regulatory T-cell induction, consistent with the

broader "hygiene hypothesis" framework.?*%?1 Metabolic disorders in later childhood,

including obesity and altered growth trajectories, have also been associated with early

dysbiosis, particularly following cesarean delivery and antibiotic exposure, though causal

pathways remain under active investigation.[?6

Table 8: Clinical Consequences of Neonatal Dysbiosis.

Disorder Microbial Alteration

Clinical Impact

Reduced diversity; variable

Necrotizing enterocolitis | Proteobacteria overgrowth; altered

High morbidity/mortality in
preterm infants[7,8,42,48]

SCFA production
Neonatal sepsis Gut barrier compromise; bacterial | Major contributor to global
P translocation neonatal mortality[4—6,36]

Reduced Lactobacillus; increased

Infantile colic :
coliforms/gas-formers

Excess crying; parental
distress[10,58-60]

Allergic / atopic disease Reduced early diversity; altered

Increased risk of eczema,

Treg induction asthma[3,9,52]
Later metabolic Cesarean/antibiotic-associated Possible association with
disturbance dysbiosis childhood obesity[2,3]

Figure 5. Stages of Neonatal Gut Microbiome Maturation and Functional Impact
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Figure 5: Integrated Model of Neonatal Health.
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9. Ayurvedic Perspective on Neonatal Digestive Health

Stanya (breast milk) occupies a central place in Kaumarabhritya physiology, described as an
Upadhatu (secondary tissue product) derived from Rasa Dhatu, the first and most
fundamental bodily tissue, and therefore directly dependent on the quality of maternal
digestion and Agni.>®2% Classical texts describe qualities of healthy Stanya (conch-shell
color, mild sweetness, absence of froth or discoloration) and a corresponding pathological
state, Dushta Stanya, in which vitiation of the maternal Doshas is held to compromise milk
quality and, through it, neonatal digestion and health.[>®

Garbhini Paricharya (antenatal regimen) and Sutika Paricharya (postnatal maternal care) are
described in classical and secondary Kaumarabhritya literature as structured programs of
maternal diet, conduct, and herbal support intended to optimize both pregnancy outcome and
subsequent Stanya quality, reflecting an intergenerational, maternally mediated model of
neonatal digestive and immune preparation that has some conceptual resonance with the
modern recognition of maternal diet and microbiota as determinants of infant gut

colonization.?64

Swarna Prashana, administration of a triturated gold preparation with honey and ghee, is
described in the Kashyapa Samhita under the rubric of Lehana (licking/electuary
administration) and is traditionally credited with enhancing Medha (intellect), Agni, and
disease resistance in infants [46,55,57 — classical attribution]. A randomized, single-blind
controlled trial in 102 healthy infants found that Swarna Prashana did not adversely affect
growth parameters and showed a statistically significant immunomodulatory signal on
immunoglobulin normalization by number-needed-to-treat analysis, though the trial was
limited by small sample size and a narrow panel of immunological outcomes.® A
subsequent scoping review of Swarnaprashana studies conducted at a major Ayurveda
research institute similarly concluded that, despite decades of accumulated clinical interest,
the evidence base remains constrained by small samples and the absence of objective,
standardized outcome measures.”® Lehana more broadly encompasses a range of Rasayana-
and Balya-oriented supplementary feeding practices intended to support growth and

resistance during the transition from exclusive milk feeding to solid diet.>>*%
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Table 9: Ayurvedic Practices Supporting Healthy Gut Development.

Possible Microbiome Effect

Practice Ayurvedic Purpose (Hypothesis-Generating)
i Ensures Agni-derived, high- Parallels breastfeeding's role in
Stanya-centered feeding . . 4 e i .
quality maternal milk for infant | Bifidobacterium-dominant
counsel . o
nourishment colonization[5,27]
Garbhini Paricharya Optimizes maternal Dosha/Agni M_ay plgusmly |nfl_uence matemal
) . microbiota transmitted to infant
(antenatal regimen) balance during pregnancy

(untested) [26,43]

Sutika Paricharya Restores maternal Agni and Supports sustained, high-quality
(postnatal maternal care) | supports lactation post-delivery | Stanya production [43]

Reported immunoglobulin-
normalizing signal in one RCT;
mechanism unclear [18,56]

Enhances Agni, Medha, and

Swarna Prashana Vyadhikshamatva via Lehana

Conceptually analogous to
complementary-feeding microbiota
diversification (untested) [2]

Lehana (general Supports growth and resistance
Rasayana/Balya feeding) | during weaning transition

10. Breast Milk, Stanya and Microbiome Development

Human milk oligosaccharides (HMOs) are the third most abundant solid component of
human milk after lactose and lipids, present at concentrations of roughly 17 g/L in colostrum,
declining to approximately 11 g/L in mature milk, with over two hundred distinct structures
identified to date.2%* HMOs are largely indigestible by the infant but are selectively utilized
by Bifidobacterium and, to a lesser extent, Bacteroides and Lactobacillus species, which
express the sialidases and fucosidases required to metabolize them, thereby acting as the first
prebiotic agents in the newborn diet.***! This selective feeding effect helps explain the
marked Bifidobacterium dominance characteristic of the breastfed infant gut and appears to
also modulate systemic inflammatory cytokine profiles toward a pattern more favorable than
that seen in exclusively formula-fed infants.[?2%

Beyond oligosaccharides, human milk delivers a live, low-biomass but biologically active
maternal microbiota (on the order of 102-10° viable bacteria per milliliter), along with
immunoglobulins, lactoferrin, growth factors, and microRNAs, together constituting a
multidimensional "seeding and feeding" system for the infant gut.*”* HMO profiles vary by
maternal secretor and Lewis blood-group genotype and by lactation stage, contributing to the
individualized character of each mother-infant microbial relationship.?”3

The Ayurvedic description of Stanya as an Upadhatu of Rasa Dhatu, directly reflecting the
mother's own digestive and metabolic state, and its emphasis on preserving Stanya quality

through maternal regimen, is broadly consonant with this modern picture of breast milk as a
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dynamic, maternally derived, and compositionally variable substance rather than a fixed
nutritional formula.>®? Where the two frameworks diverge is in mechanism and specificity:
Ayurveda frames milk quality in terms of Dosha balance and Rasa Dhatu purity, while
modern science specifies discrete molecular determinants (HMO structure, live microbial
content, immune factors) — a difference in explanatory granularity rather than necessarily in

underlying intuition.

Table 10: Comparison of Breastfeeding and Formula Feeding.

Parameter

Breastfeeding

Formula Feeding

Oligosaccharide
content

Rich, structurally diverse HMOs
(~11-17 g/L)

Historically absent; a few
synthetic HMOs now added to
some formulas [32,33]

Live microbial
transfer

Yes — maternal milk microbiota
transferred directly

No live maternal microbiota
[27,65]

Dominant infant
gut genus

Bifidobacterium-dominant

More diverse; less
Bifidobacterium-dominant
[33,35]

Immune factor
delivery

Immunoglobulins, lactoferrin,
growth factors present

Largely absent or synthetically
limited [34]

Inflammatory
cytokine profile

Closer to homeostatic baseline

More pro-inflammatory pattern
reported in some studies [33]

Ayurvedic correlate

Considered Sampanna
(wholesome) Stanya when
maternal Agni/Dosha balanced

Not classically described; modern
adjunct outside Stanya
framework [5]

11. Probiotics, Prebiotics and Ayurvedic Interventions

Modern probiotic therapy in the neonatal population is most robustly supported in the
prevention of necrotizing enterocolitis, where meta-analyses of randomized trials have
demonstrated reduced NEC incidence with select probiotic strains in preterm infants, and in
the treatment of infantile colic, where Lactobacillus reuteri DSM 17938 has shown benefit on
crying duration in several though not all trials."2%8%%%] |n extremely low-birth-weight
infants, L. reuteri supplementation has been shown to increase bacterial diversity and reduce
Enterobacteriaceae abundance during the first month of life, though effects were not
sustained at two years in at least one large trial, underscoring the strain- and context-
dependence of probiotic efficacy.?6 —¢17]

Synbiotic approaches, combining probiotics with prebiotic substrates such as HMO
analogues, and microbiome-restorative interventions such as "vaginal seeding"” for cesarean-
delivered infants, represent an active area of investigation. Randomized trials of vaginal

seeding have shown partial, transient restoration of vaginally-associated taxa and, in one trial,
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improved neurodevelopmental scores at six months, though a larger and more recent
randomized trial found no significant effect on gut microbiota composition, growth, or
allergy risk over two years, illustrating the current inconsistency of evidence in this

domain,[62:6366.67]

Traditional Ayurvedic interventions — Swarna Prashana, Lehana-based Rasayana-Balya
formulations, and Stanya-supportive galactagogue therapy for the mother — occupy a
conceptually parallel space, aiming to support neonatal Agni, growth, and Vyadhikshamatva
through externally administered substances during the same early-life window that modern
probiotic and prebiotic interventions target.l'*®®! A genuinely integrative opportunity lies in
designing studies that assess whether classical Ayurvedic interventions produce measurable
shifts in gut microbial composition or SCFA output, a question that, to date, does not appear
to have been directly investigated in the available literature and represents a clear evidence

gap rather than an established finding.

Table 11: Potential Integrative Interventions for Optimizing Neonatal Gut Health.

Intervention Mechanism Evidence Level

Probiotic strains (e.g.,
Bifidobacterium, select
Lactobacillus) for NEC
prevention

Meta-analytic RCT
evidence; strain-
specific[65]

Competitive exclusion; barrier
support; immune modulation

Lactobacillus reuteri DSM
17938 for colic

Modulation of gut motility and
microbiota composition

Multiple RCTs; mixed but
generally favorable[10,58-
60]

Vaginal seeding (cesarean-
delivered infants)

Partial restoration of vaginally-
associated taxa

RCT evidence; inconsistent
across trials [62,63,66,67]

Swarna Prashana

Proposed immunomodulatory
action via Lehana administration

One small RCT; scoping
review notes evidence
gaps[18,56]

Stanyajanana / galactagogue
herbal therapy

Supports maternal Agni and
Stanya production

Predominantly
classical/observational,
limited controlled trials [62
— Stanya reviews]

Integrative Agni— Proposed combined . .
. . . . . . Conceptual only; no direct
microbiome-directed dietary/Rasayana + microbiome- L.
) . trials identified
protocols informed feeding counsel

12. Future Research Directions
The shift from single-marker metagenomic profiling toward integrated multi-omics —
combining metagenomics, metatranscriptomics, metaproteomics, and metabolomics — is

transforming microbiome research's capacity to move from descriptive taxonomic profiling
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toward mechanistic and functional understanding, and is increasingly framed as a foundation
for precision, individualized microbiome-based medicine.’®®’® Applying this methodology
specifically to neonatal cohorts, including infants exposed to Ayurvedic Rasayana-Balya
interventions, could allow direct empirical testing of the Agni—microbiome correlations

proposed in this review rather than leaving them at the level of conceptual analogy.

A specific and, to our knowledge, unaddressed research opportunity is the development of
composite "Agni biomarker panels” — combining SCFA profiles, microbial diversity indices,
gut barrier markers (e.g., zonulin, calprotectin), and validated clinical Agni-assessment
instruments — that could permit prospective testing of whether Ayurvedically defined
digestive strength predicts, or correlates with, objectively measured microbiome function.
Integrative neonatal care models that combine evidence-based modern neonatology
(breastfeeding support, judicious antibiotic stewardship, probiotic prophylaxis where
indicated) with rigorously evaluated traditional practices represent a further translational
avenue, provided that any Ayurvedic intervention carried into clinical practice — including
metal-containing Bhasma preparations such as Swarna Prashana — is subjected to the same

standards of safety and efficacy evidence expected of any pediatric therapeutic.[*8%®!

Table 12. Future Research Priorities.

Research Area Current Gap Proposed Direction
N - Limited integration of Longitudinal multi-omics
Multi-omics profiling of ) . . : .
metabolomics with taxonomic cohorts spanning birth to 12
neonatal cohorts .
data in neonates months[69,70]
Agni biomarker No validated objective correlate Composne_panels linking
. : SCFA/barrier markers to
development of clinical Agni status . .
validated Agni assessment tools
Small samples; narrow Adequately powered RCTs
Swarna Prashana ) . ] ) . ) .
. . immunological panels; with microbiome and cytokine
mechanistic studies : .
mechanism unclear endpoints[18,56]
Avurvedic intervention— No direct studies of Controlled trials assessing
yurve . . Lehana/Rasayana effect on gut | microbial and SCFA shifts
microbiome interaction i X . .
microbiota pre/post intervention
Translational integrative | Modern and Ayurvedic neonatal Pr(_;\gmatlc trials comt_)lnmg
L : evidence-based practices from
neonatal care protocols developed in isolation
both systems

13. DISCUSSION
The principal strength of an integrative Agni—microbiome framework is heuristic: it offers
Ayurvedic practitioners a physiologically grounded vocabulary for engaging with modern

neonatal gastroenterology, and it offers microbiome scientists a millennia-old, systematically
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organized clinical observational tradition (Kaumarabhritya) that has generated specific,
testable practices (Swarna Prashana, Stanya-focused maternal regimen) worth formal
evaluation. The layered structure of Agni — gross digestion (Jatharagni), intermediary
transformation (Bhutagni), and tissue-level assimilation (Dhatvagni) — maps with reasonable
coherence onto the layered structure of modern digestive-microbial physiology, from
enzymatic breakdown through hepatic metabolism to SCFA-mediated tissue signaling,
lending the comparison a degree of genuine scientific plausibility rather than mere

terminological convenience. ">

Nonetheless, several substantial challenges temper this plausibility. First, Agni and Ojas are
non-operationalized constructs: there is no validated, quantitative, universally accepted
method for measuring "Agni strength” or "Ojas status” independent of clinical inference,
which makes direct empirical correlation with microbiome parameters currently impossible
rather than merely under-studied.™®**! Second, the evidence base for specific Ayurvedic
neonatal interventions remains limited by small sample sizes, single-center design, and
narrow outcome panels — a limitation explicitly acknowledged in the Swarna Prashana
literature itself.*#¢! Third, modern microbiome findings are themselves heterogeneous and
occasionally conflicting, as illustrated by the absence of a single reproducible NEC-
associated microbial signature across systematic reviews and by discordant results across
vaginal-seeding trials.["®2%® Fourth, translating a functional/energetic construct such as Agni
into biomedical terms risks two opposite errors: reductive dismissal of a clinically rich
observational tradition, or uncritical over-medicalization that assigns modern mechanistic

weight to concepts that were never intended to be measured in those terms.

Clinically, these limitations argue for caution rather than premature adoption. Swarna
Prashana and related Bhasma-containing preparations, while reported as safe and well-
tolerated in the available small trials, warrant continued pharmacovigilance given the metal
content of the preparation, and should not be presented to families as an evidence-equivalent
substitute for established immunization or nutrition practices.*#>® Conversely, several
Ayurvedic emphases — protecting exclusive breastfeeding, supporting maternal nutrition and
digestive health antenatally and postnatally, and cautious, judicious use of any substance
introduced to the newborn gut — align well with, and may usefully reinforce, established

modern neonatal care principles.>?743!
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Overall, the Agni—microbiome correlation proposed here is best understood as a productive
hypothesis-generating framework: valuable for cross-disciplinary dialogue, curriculum
development, and the design of future integrative studies, but not yet, on the basis of

currently available evidence, a validated biological equivalence.

14. CONCLUSION

The neonatal gut microbiome and the Ayurvedic doctrine of Agni address overlapping
physiological territory — the transformation of ingested nourishment into growth, resilience,
and disease resistance — during the same critical early-life window. Structural
correspondences can be drawn between Jatharagni, Bhutagni, and Dhatvagni and the
successive stages of enzymatic digestion, intermediary metabolism, and microbial-
metabolite-driven tissue programming described in modern microbiome science, and
Ojas/Vyadhikshamatva find a functional, though not mechanistic, echo in the immune-
educating role increasingly attributed to the early microbiota. Kaumarabhritya practices such
as Stanya-centered maternal care and Swarna Prashana show partial alignment with modern
breastfeeding and immunomodulation science, though the clinical evidence base —
particularly for Swarna Prashana — remains preliminary. Realizing the translational potential
of this integrative model will require rigorous, adequately powered clinical and multi-omics
research designed explicitly to test, rather than assume, the correlations proposed here,
alongside honest acknowledgment of the distinct epistemic status of a classical functional

construct and a modern, measurable biological system.
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