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The microbial peace-signal
hypothesis: distributed immune
“peace hubs” across the human
body

Cliff Shunsheng Han*

AllerPops Corp, Los Alamos, NM, United States

The human immune system depends on microbial partners to maintain restraint.
Short-chain fatty acids (SCFAs), produced by anaerobic fermenters in the gut,
mouth, and skin, act as biochemical “peace signals” that calm immune activation
and promote tolerance. In this hypothesis, “peace signals” refer primarily to
microbially derived SCFAs; additional microbial metabolites are discussed as
possible but more speculative contributors to immune restraint. This Microbial
Peace-Signal Hypothesis proposes that immune homeostasis is not a static
legacy of early-life microbial exposure, but a continuous partnership with
these commensal fermenters. Modern lifestyle factors—including excessive
hygiene, antibiotics, and low-fiber diets—have collapsed the ecological niches
that support SCFA-producing guilds. Their loss silences microbial peace signals
and drives the epidemic rise of allergies and autoimmune diseases. Unlike the
"hygiene” or “old friends” hypotheses, this framework positions microbial
peacekeeping as a lifelong metabolic function. It predicts that restoring SCFA
producers across all major surfaces—gqut, oral, and skin—will reduce immune
overactivation systemically. This hypothesis unites clinical, ecological, and
evolutionary evidence, suggesting that maintaining distributed SCFA-producing
microbiomes is the foundation of long-term immune peace.
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From hygiene to peace signals

In 1989, Strachan proposed the hygiene hypothesis, observing that children from larger
families, presumably with more microbial exposure, were less likely to develop hay fever
(1). This landmark idea reshaped how researchers viewed the relationship between
microbes and immunity.

The concept later evolved into the old friends hypothesis. This model proposed that the
rise in allergy and autoimmunity was driven not by reduced infection exposure, but by the
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FIGURE 1

Conceptual model of probiotic-immune modulation across biological conditions. SCFA producers act as real-time peacekeepers: balanced signals
sustain tolerance, decline permits hypersensitivity, and deliberate suppression during infection unleashes immunity. Conversely, excessive signaling
can over-suppress immunity, increasing infection risk. This dynamic framework highlights the double-edged nature of microbial peacekeeping and
explains why the same organisms may appear in both health and infection-associated contexts.

loss of evolutionarily ancient microbes—commensal and
environmental organisms that had long coexisted with humans. (2).

Later, the immune education model highlighted the importance of
microbial interactions in shaping the developing immune system during
infancy (3). Gut colonization was seen as essential for “training” T cells,
establishing tolerance, and preventing hypersensitivity.

These models were groundbreaking, but all share a central
assumption: that the immune system matures into independence
after early microbial input. Once educated, tolerance was thought to
persist even in the absence of continuous microbial influence.

However, mounting evidence suggests the opposite: the
immune system requires ongoing microbial restraint throughout
life (4, 5). Without continuous peace signals from microbiota, the
immune system defaults to a heightened state of vigilance, prone to
misfiring against pollen, food antigens, or self-tissues. This
reframing moves beyond hygiene and education, recognizing
microbes not as transient tutors but as lifelong partners in
immune regulation.

SCFAs as lifelong peacekeepers

Short-chain fatty acids (SCFAs)—acetate, propionate, and
butyrate—are the key microbial signals that restrain immunity.
Produced via anaerobic fermentation of dietary fibers, amino acids,
and lipids, they: (i) promote regulatory T cell differentiation
through HDAC inhibition and epigenetic programming (6); (ii)
suppress Th2 and Th17 effector responses that underlie allergy and
autoimmunity (6); (iii) inhibit mast cell degranulation (7); and (iv)
enhance epithelial barrier function, reducing inappropriate antigen
entry (8, 34). Other microbially derived metabolites (such as
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tryptophan catabolites or bile-acid derivatives) may also modulate
immune tone, but current evidence for them as broad, cross-tissue
“peace signals” is more limited and remains an area for future
investigation (35, 36).

SCFAs are unique because they are metabolized rapidly by
colonocytes, hepatocytes, and peripheral tissues (9, 10). They are
oxidized for energy, giving them a short half-life. Unlike vitamins or
structural microbial components, they cannot be stored. Their
signaling value lies in their transience: SCFAs are only present
when microbial fermenters are metabolically active.

In other words, immune restraint depends not on past
microbial encounters but on continuous microbial peacekeeping
in the present moment.

During infection, however, this peacekeeping is deliberately
suspended. Microbial activity and SCFA levels decline due to
fever, diarrhea during acute infection (11, 12), releasing the
immune system from restraint. This allows vigorous responses to
eliminate pathogens. Such reversible cancellation underscores the
adaptive nature of SCFA signaling: peace in health, but war
during infection.

Dynamic modulation of peace signals

The Microbial Peace-Signal Hypothesis emphasizes that SCFAs
are not static background signals but dynamic modulators of
immune restraint. Their production and function vary across
biological contexts (Figure 1).

o Health: Balanced SCFA output maintains tolerance, with
regulatory T cells, mast cell suppression, and strengthened
epithelial barriers ensuring immune calm.
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Probiotic Hubs

FIGURE 2

Organs in the belly and

Distributed peace hubs: mouth, skin, and gut — immune restraint. Anaerobic SCFA-producing microbiota in gum pockets and tongue biofilms
(mouth), sebaceous follicles (skin), and the colon lumen (gut) generate acetate, propionate, and butyrate. These ‘peace signals’ promote regulatory T
cells and IL-10, inhibit mast cells and Th2/Th17 responses, and reinforce barrier integrity—collectively restraining inappropriate inflammation and
maintaining immune peace. Cross-tissue effects of oral and skin SCFAs remain speculative and are presented as testable predictions.

The Immune
System in Peace

Airway
Gut, mouth to small
intestine -Treg T

-IL10 17

Skin, Joints, Muscle,
Nerves - Mast Cell |

-Th2Th17 !

systemic .. .
- Barrier integrity T

o Allergy and autoimmunity: Loss or decline of SCFA-
producing guilds reduces peace signals, leaving the immune
system unrestrained and prone to overreaction against pollen,
foods, or self-tissues.

« Infection: SCFA production may be intentionally suppressed
during infection (11, 12), canceling peace signals to allow the
immune system to fight without restraint. This enables vigorous
mechanisms to flush pathogens.

o Over-pacification: Excessive SCFA signaling may over-
suppress immunity, increasing vulnerability to pathogens. This
may explain why many classical SCFA producers (e.g.,
Fusobacterium, Peptostreptococcus) were first identified in
infectious pus (13, 14). Here we use “over-pacification” to
describe such states of local immune hyporesponsiveness driven
by sustained, high SCFA exposure, which can be exploited by
pathogens even though the same mechanisms are beneficial
in health.

Distributed peace hubs: gut, mouth,
and skin

The gut microbiota remains the most studied SCFA system.
Clostridia clusters IV and XIVa induce colonic regulatory T cells
(15), Faecalibacterium prausnitzii suppresses pro-inflammatory
cytokines (16), and dietary fiber intake correlates with reduced
asthma and eczema incidence (17). High-SCFA diets protect against
allergic inflammation in animal models, and human cohort studies
consistently link low fecal SCFAs to allergy and inflammatory bowel
disease (15-17).

Yet the gut is not the only “peace hub,

»

a term we use for
anatomical sites where commensal fermenters generate SCFAs that
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locally restrain immunity (Figure 2). Two other sites—oral and skin
microbiota—harbor dense SCFA-producing guilds with potential
systemic reach.

Oral microbiota: gateway to airway peace

The oral cavity harbors anaerobic niches in gum pockets,
tongue dorsum biofilms, and tonsillar crypts. Taxa such as
Veillonella, Fusobacterium, Prevotella, Porphyromonas, and
Peptostreptococcus thrive in these microenvironments (18-20),
and are major contributors to oral SCFA production. Clinical
evidence underscores their role: in a randomized controlled trial
of allergic rhinitis, a prebiotic oral lozenge restored oral microbial
balance. Subjects who improved clinically showed enrichment of
Fusobacteria, Butyrivibrio, and Peptostreptococcus—all SCFA
producers (21). In a peanut allergy study, salivary butyrate and
the abundance of Veillonella nakazawae predicted clinical reactivity
thresholds (22). Children with low salivary SCFAs were more
sensitive, directly linking oral SCFAs to disease severity.

Our cohort findings add detail (Figure 3): At least 13 SCFA-
producing genera were present across all participants, including
Leptotrichia, Veillonella, Porphyromonas, Prevotella,
Fusobacterium, Alloprevotella, Gemella, Megasphaera, Butyrivibrio,
Candidatus Saccharimonas, Selenomonas, Dialister, and
Peptostreptococcus, with Actinobacillus universally present.
Additional producers such as Filifactor, Ruminococcus,
Simonsiella, Faecalibacterium, Christensenellaceae R-7 group, and
Rikenellaceae RC9 group appeared in subsets. This cohort consisted
of adults with allergic rhinitis; unstimulated saliva samples were
profiled by 16S rRNA gene sequencing, and SCFA production was
inferred from taxonomic composition rather than directly
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FIGURE 3

Oral SCFA guild: core and variable producers. The oral cavity contains a functionally redundant guild of SCFA producers. Core taxa observed across
all participants include Leptotrichia, Veillonella, Porphyromonas, Prevotella, Fusobacterium, Alloprevotella, Gemella, Megasphaera, Butyrivibrio,
Candidatus Saccharimonas, Selenomonas, Roseomonas mucosa, Dialister, and Peptostreptococcus, with Actinobacillus also universally present.
Variable taxa (present in subsets) include Filifactor, Ruminococcus, Simonsiella, Faecalibacterium, Christensenellaceae R-7 group, and Rikenellaceae
RC9 group. Guild redundancy explains individual variation yet preserves function (SCFA output).

measured. This diversity suggests that oral tolerance is maintained
not by a single keystone species but by a functionally redundant
SCFA guild. Just as the gut’s Clostridia clusters provide ecological
redundancy, the oral cavity relies on overlapping fermenters to
maintain immune restraint. Paradoxically, many of these taxa were
first identified in infectious pus (13, 14). In certain contexts, their
SCFA output may dampen local immunity and allow persistence.
This illustrates the double-edged nature of peace signals:
indispensable for tolerance, but exploitable by pathogens under
specific conditions.

Skin microbiota: surface peacekeepers

Sebaceous-rich skin regions harbor anaerobic niches where
Cutibacterium acnes and related taxa ferment sebum lipids into
SCFAs (23, 24). These metabolites diffuse into surrounding tissues
and calm keratinocytes, dendritic cells, and mast cells (24, 28).
Modern hygiene practices—such as frequent washing, antiseptics,
and antibiotics—reduce these microbial populations and disrupt
SCFA production. Clinical interventions demonstrate the
consequences: restoring Roseomonas mucosa reduced disease
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severity in atopic dermatitis and decreased topical steroid use (25,
26). Evolutionary evidence suggests this role is deeply conserved.
Cutibacterium acnes is abundant not only in humans but also in dogs,
cats, and other mammals (27, 28). Its ubiquity across species implies
that SCFA-mediated immune regulation at sebaceous sites is an
ancient, fundamental strategy in mammalian immune tolerance.

Cross-hub and systemic influence

SCFAs from each hub likely calm the immune system beyond
their immediate niches. Oral SCFAs may benefit the airway mucosa
through volatilization and diffusion. For example, acetate is
detectable in exhaled breath (32). Swallowed SCFAs may also
influence the upper gastrointestinal tract, from the mouth to the
small intestine. Skin-derived SCFAs may diffuse into deeper tissues,
with evidence that fatty acids and small metabolites can be absorbed
transdermally and reach systemic circulation (33). Gut SCFAs,
through local diffusion and portal circulation, reach abdominal
organs and contribute to systemic immune restraint (34). Similar
systemic effects of SCFAs on immune tone have been described in
animal and human studies (6). At present, direct mechanistic
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evidence for cross-tissue effects of oral and skin SCFAs remains
limited; these proposed cross-hub influences should therefore be
viewed as testable predictions rather than established pathways.
This hypothesis provides a framework for understanding their
broader physiological reach.

Collapse of microbial niches in
modern life

Why, then, are allergies and autoimmune diseases epidemic in
industrialized societies? The Microbial Peace-Signal Hypothesis
argues that the root cause is the collapse of microbial niches that
sustain SCFA producers.

o Oral hygiene: Aggressive brushing, mouthwash, tongue
scraping, and antiseptics disrupt anaerobic guilds in gum pockets
and tongue biofilms.

o Skin hygiene: Frequent washing, soaps, and alcohol-based
sanitizers strip sebum and commensals.

« Antibiotics: Broad-spectrum treatments indiscriminately
eliminate anaerobic fermenters in gut, mouth, and skin.

o Diet: Low-fiber, processed diets deprive gut and oral
fermenters of substrates.

« Interruption of early seeding in newborns: Cesarean delivery,
reduced breastfeeding, limited skin-to-skin contact, and
confinement in highly sanitized hospital environments delay or
diminish the transfer of maternal microbiota to infants, weakening
the establishment of oral, skin, and gut SCFA guilds during a critical
window of immune calibration (29-31).

These pressures collectively erode the ecological homes of SCFA
producers. Without continuous peace signals, the immune system
reverts to hyper-reactivity, attacking pollen, foods, or self-tissues.

Predictions and implications

The hypothesis makes specific, testable predictions.

Biomarkers

» Salivary, skin, and fecal SCFA levels will correlate with
allergy and autoimmune disease severity.

* Distinct SCFA guild signatures across individuals will
predict resilience or vulnerability.

Therapeutics

* Restoring oral and skin SCFA producers will improve
systemic tolerance, complementing gut-targeted approaches.

* Multi-site prebiotic interventions will outperform gut-
only strategies.
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Lifestyle

* Moderate oral and skin hygiene will preserve
anaerobic niches.

* Diets rich in fiber and fermented foods will enhance SCFA
guild activity.

e Traditional practices such as zuoyuezi (postpartum
confinement in Chinese culture), where mother and
newborn remain closely together indoors for the first
month, may promote early seeding of oral, skin, and gut
probiotics. Such intimate contact supports microbial
transfer across all three peace hubs, laying the foundation
for long-term immune tolerance. Similar evidence supports
the benefits of early skin-to-skin contact (29), breastfeeding
in microbiota transfer (30), and maternal-infant microbial
seeding in shared environments (31).

Guild redundancy

* Individuals differ in which taxa compose their SCFA guilds,
but functional redundancy ensures that tolerance is
preserved as long as guild activity is intact.

» Allergy and autoimmunity may arise when redundancy
collapses and guild resilience is lost. Here, “guild
redundancy” refers to the presence of multiple taxa
capable of performing the same SCFA-producing
functions, so that loss of individual species does not
immediately abolish peace-signal output.

Paradigm shift

The hygiene hypothesis reframed infection avoidance as a risk
factor. The old friend hypothesis emphasized co-evolutionary
microbial partners. The immune education model highlighted
infancy as a critical window.

The Microbial Peace-Signal Hypothesis extends these by asserting
that: (i) immune restraint is not a one-time event but a lifelong
microbial function; (ii) SCFAs serve as dynamic peace signals,
continuously consumed, continuously renewed; (iii) guild
redundancy across gut, mouth, and skin is essential, ensuring
resilience but also explaining differential susceptibility; and (iv)
infection control requires temporary suspension of peace signals,
while microbial misuse can flip tolerance into persistence. This
reframing unifies allergy and autoimmunity under a single principle:
both are consequences of collapsed microbial peacekeeping systems.

Conclusion

Immune homeostasis is not a static legacy of early-life microbial
encounters but a continuous partnership with commensal
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fermenters. SCFAs act as biochemical peace signals, transient yet
powerful, restraining immunity in real time. When the guild of
SCFA producers thrives—in gut, mouth, and skin—the immune
system remains calm. When modern life erodes these guilds, peace
signals fall silent, and immunity overreacts. The Microbial Peace-
Signal Hypothesis reframes allergy and autoimmunity as failures of
microbial-immune symbiosis. It highlights diagnostics, lifestyle
practices, and therapeutic strategies that restore microbial peace
as the next frontier in immunology.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

CH: Writing - review & editing, Writing — original draft.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

References

1. Strachan DP. Hay fever, hygiene, and household size. BMJ. (1989) 299:1259-60.
doi: 10.1136/bmj.299.6710.1259

2. Rook GA. Regulation of the immune system by biodiversity. Proc Natl Acad Sci
U.S.A. (2013) 110:18360-7. doi: 10.1073/pnas.1313731110

3. Belkaid Y, Hand TW. Role of microbiota in immunity. Cell. (2014) 157:121 41.
doi: 10.1016/j.cell.2014.03.011

4. Sommer F, Bickhed F. Gut microbiota as masters of host physiology. Nat Rev
Microbiol. (2013) 11:227-38. doi: 10.1038/nrmicro2974

5. Round JL, Mazmanian SK. Gut microbiota shapes immunity. Nat Rev Immunol.
(2009). 10.1038/nri2515

6. Tan J, McKenzie C, Potamiti M, Thorburn AN, Mackay CR, Macia L, et al. The
role of short-chain fatty acids in health and disease. Adv Immunol. (2014) 9:313-23.
doi: 10.1016/B978-0-12-800100-4.00003-9

7. Trompette A, Gollwitzer ES, Yadava K, Sichelstiel AK, Sprenger N, Ngom-Bru C,
et al. Gut microbiota metabolism of dietary fiber influences allergic airway disease. Nat
Med. (2014) 20:159-66. doi: 10.1038/nm.3444

8. Kelly CJ, Zheng L, Campbell EL, Sacedi B, Scholz CC, Bayless AJ, et al. Crosstalk
between microbiota-derived SCFAs and intestinal epithelial HIF augments tissue
barrier function. Cell Host Microbe. (2015) 17:662 71. doi: 10.1016/j.chom.2015.03.005

9. Macfarlane GT, Macfarlane S. Regulation of short-chain fatty acid production.
Proc Nutr Soc. (2003) 62:67-72. doi: 10.1079/PNS2002207

10. Donohoe DR, Garge N, Zhang X, Sun W, O'Connell TM, Bunger MK, et al. The
microbiome and butyrate regulate energy metabolism and autophagy in the
mammalian colon. Cell Metab. (2011) 13:517-26. doi: 10.1016/j.cmet.2011.02.018

11. Singh N, Gurav A, Sivaprakasam S, Brady E, Padia R, Shi H, et al. Activation of
GPR109A by butyrate suppresses colonic inflammation. Immunity. (2014) 40:128-39.
doi: 10.1016/j.immuni.2013.12.006

12. Vinolo MA, Rodrigues HG, Nachbar RT, Bittencourt Paschoal SF, et al.
Regulation of inflammation by short-chain fatty acids. Nutrients. (2011) 3:858-76.
doi: 10.3390/nu3100858

Frontiers in Immunology

10.3389/fimmu.2026.1738273

Conflict of interest

Authors CH was employed by company AllerPops Corp.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. Generative AI (ChatGPT, OpenAl
GPT-5, 2025) was used to assist in language editing, organization,
and polishing of the manuscript. The authors reviewed, verified,
and take full responsibility for all content, data interpretation, and
conclusions presented in the paper. No Al tools were used to
generate or alter data, analyses, figures, or scientific claims.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

13. Brook I. Aerobic and anaerobic microbiology of infections after trauma in
children. J Accid Emerg Med. (1998) 15:162-7. doi: 10.1136/emj.15.3.162

14. Signat B, Roques C, Poulet P, Duffaut D. Role of Fusobacterium nucleatum in
periodontal health and disease. Curr Issues Mol Biol. (2011) 13:25-36. doi: 10.21775/
cimb.013.041

15. Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et al.
Induction of colonic regulatory T cells by indigenous Clostridium species. Science.
(2011) 331:337-41. doi: 10.1126/science.1198469

16. Quévrain E, Maubert MA, Michon C, Chain F, Marquant R, Tailhades J, et al.
Faecalibacterium prausnitzii and anti-inflammatory properties. Gut. (2016) 65:415-25.
doi: 10.1136/gutjnl-2014-308375

17. Halnes I, Baines KJ, Berthon BS, MacDonald-Wicks LK, Gibson PG, Wood LG.
Soluble Fibre Meal Challenge Reduces Airway Inflammation and Expression of GPR43
and GPR41 in Asthma. Nutrients. (2017) 9:57. doi: 10.3390/nu9010057

18. Dewhirst FE, Chen T, Izard J, Paster BJ, Tanner AC, Yu WH, et al. The human
oral microbiome. ] Bacteriol. (2010) 192:5002-17. doi: 10.1128/]JB.00542-10

19. Lamont RJ, Koo H, Hajishengallis G. The oral microbiota: dynamic communities
and host interactions. Nat Rev Microbiol. (2018) 16:745-59. doi: 10.1038/s41579-018-
0089-x

20. Fernandez Y, Mostajo M, Exterkate RAM, Buijs MJ, Beertsen W, van der
Weijden GA, et al. Reproducible microcosm biofilm model of subgingival microbial
communities. ] Periodontal Res. (2017) 52:1021-31. doi: 10.1111/jre.12473

21. Han CS. Prebiotic supplements correct oral probiotic deficiency for lasting
allergy relief. Am J Transl Res. (2024) 16:136-46. doi: 10.62347/JWOU4205

22. Zhang L, Chun Y, Ho HE, Arditi Z, Lo T, Sajja S, et al. Multiscale study of the
oral and gut environments in children with high- and low-threshold peanut allergy. J
Allergy Clin Immunol. (2022) 150:714-20.e2. doi: 10.1016/j.jaci.2022.04.026

23. Fitz-Gibbon S, Tomida S, Chiu BH, Nguyen L, Du C, Liu M, et al.
Propionibacterium acnes strain populations in the human skin microbiome
associated with acne. ] Invest Dermatol. (2013) 133:2152-60. doi: 10.1038/jid.2013.21

frontiersin.org


https://doi.org/10.1136/bmj.299.6710.1259
https://doi.org/10.1073/pnas.1313731110
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1038/nrmicro2974
https://doi.org/10.1038/nri2515
https://doi.org/10.1016/B978-0-12-800100-4.00003-9
https://doi.org/10.1038/nm.3444
https://doi.org/10.1016/j.chom.2015.03.005
https://doi.org/10.1079/PNS2002207
https://doi.org/10.1016/j.cmet.2011.02.018
https://doi.org/10.1016/j.immuni.2013.12.006
https://doi.org/10.3390/nu3100858
https://doi.org/10.1136/emj.15.3.162
https://doi.org/10.21775/cimb.013.041
https://doi.org/10.21775/cimb.013.041
https://doi.org/10.1126/science.1198469
https://doi.org/10.1136/gutjnl-2014-308375
https://doi.org/10.3390/nu9010057
https://doi.org/10.1128/JB.00542-10
https://doi.org/10.1038/s41579-018-0089-x
https://doi.org/10.1038/s41579-018-0089-x
https://doi.org/10.1111/jre.12473
https://doi.org/10.62347/JWOU4205
https://doi.org/10.1016/j.jaci.2022.04.026
https://doi.org/10.1038/jid.2013.21
https://doi.org/10.3389/fimmu.2026.1738273
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Han

24. Sanford JA, Gallo RL. Functions of the skin microbiota in health and disease.
Semin Immunol. (2013) 25:370-7. doi: 10.1016/j.smim.2013.09.005

25. Myles IA, Earland NJ, Anderson ED, Moore IN, Smith JD, Williams KW, et al.
Roseomonas mucosa therapy for atopic dermatitis. JCI Insight. (2018) 3:120608.
doi: 10.1172/jci.insight.120608

26. Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun T, et al.
Antimicrobials from skin commensals protect against Staphylococcus aureus. Sci
Transl Med. (2017) 9:eaah6880. doi: 10.1126/scitranslmed.aah6880

27. Ross AA, Miiller KM, Weese JS, Neufeld JD. Comprehensive skin microbiome
analysis reveals the uniqueness of human skin and evidence for phylosymbiosis within
the class Mammalia. Proc Natl Acad Sci U S A. (2018) 115:E5786-95. doi: 10.1073/
pnas.1801302115

28. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol. (2011) 9:244-53.

29. Moore ER, Bergman N, Anderson GC, Medley N, et al. Early skin-to-skin
contact for mothers and their healthy newborn infants. Cochrane Database Syst Rev.
(2016) 11:CD003519. doi: 10.1002/14651858.CD003519.pub4

30. Pannaraj PS, Li F, Cerini C, Bender JM, Yang S, Rollie A, et al. Association
between breast milk bacterial communities and establishment of the infant gut

Frontiers in Immunology 07

10.3389/fimmu.2026.1738273

microbiome. JAMA Pediatr. (2017) 171:647-54. doi: 10.1001/jamapediatrics.
2017.0378

31. Ferretti P, Pasolli E, Tett A, Asnicar F, Gorfer V, Fedi S, et al. Mother-to-infant
microbial transmission from different body sites shapes the developing infant gut
microbiome. Cell Host Microbe. (2018) 24:133-45. doi: 10.1016/j.chom.2018.06.005

32. Meurs J, Sakkoula E, Cristescu SM. Real-Time Non-Invasive Monitoring of
Short-Chain Fatty Acids in Exhaled Breath. Front Chem. (2022) 10:853541.
doi: 10.3389/fchem.2022.853541

33. Bouwstra JA, Ponec M. The skin barrier in healthy and diseased state. Biochim
Biophys Acta. (2006) 1758:2080-95. doi: 10.1016/j.bbamem.2006.06.021

34. Koh A, De Vadder F, Kovatcheva-Datchary P, Bickhed F. From dietary fiber to
host physiology: short-chain fatty acids as key bacterial metabolites. Cell. (2016).
doi: 10.1016/j.cell.2016.05.041

35. Roager HM, Licht TR. Microbial tryptophan catabolites in health and disease.
Nat Commun. (2018) 165:1332-45. doi: 10.1038/s41467-018-05470-4

36. Siracusa F, Machicote A, Huber S, Gagliani N. Diet-derived microbial
metabolites as regulators of immune function. Curr Opin Immunol. (2026)
98:102713. doi: 10.1016/j.c01.2025.102713

frontiersin.org


https://doi.org/10.1016/j.smim.2013.09.005
https://doi.org/10.1172/jci.insight.120608
https://doi.org/10.1126/scitranslmed.aah6880
https://doi.org/10.1073/pnas.1801302115
https://doi.org/10.1073/pnas.1801302115
https://doi.org/10.1002/14651858.CD003519.pub4
https://doi.org/10.1001/jamapediatrics.2017.0378
https://doi.org/10.1001/jamapediatrics.2017.0378
https://doi.org/10.1016/j.chom.2018.06.005
https://doi.org/10.3389/fchem.2022.853541
https://doi.org/10.1016/j.bbamem.2006.06.021
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.1038/s41467-018-05470-4
https://doi.org/10.1016/j.coi.2025.102713
https://doi.org/10.3389/fimmu.2026.1738273
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The microbial peace-signal hypothesis: distributed immune “peace hubs” across the human body
	From hygiene to peace signals
	SCFAs as lifelong peacekeepers
	Dynamic modulation of peace signals
	Distributed peace hubs: gut, mouth, and skin
	Oral microbiota: gateway to airway peace
	Skin microbiota: surface peacekeepers
	Cross-hub and systemic influence

	Collapse of microbial niches in modern life
	Predictions and implications
	Biomarkers
	Therapeutics
	Lifestyle
	Guild redundancy

	Paradigm shift
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


