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Abstract

Microbes are the most prevalent and widely distributed life form on planet Earth. They are also cognitive organisms with memory and 
superior problem-solving skills that use quantum phase transitions during their remarkably effective gathering and dissemination 
of information. This narrative review explores the biological ramifications of human holobionts physically embodying the human 
microbiome and connecting to the Internet of Microbes (IOM) beyond our body. Within the narrative review, we consider:

1) the ways in which our microbial co-partners exerted control over our ancestors and continue to influence our current human 
generation.

2) how they mold virtually every key aspect of our life and even remain with our body in death

3) how inward-looking contemplative tools such as meditation and embodied cognition provide an ideal opportunity to connect 
to the vast microbial network and tap the full range of human holobiont capabilities.

Keywords: Microbiome; Cognitive Bacteria; Embodied Cognition; Behavior; Holobiont; Meditation; Internet of Microbes (IOM); 
Developmental Programming; Quantum States; Hologenome
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Introduction
“for men and germs are not widely different from each other.”

Mark Twain, from Which Was the Dream “Three Thousand 
Years Among the Microbes.” p. 437 [1].

A decade-plus ago we published a paper in the MDPI journal 
Entropy Dietert and Dietert [2] answering a semiotics question 
with what became known as:” The Completed Self Hypothesis.” 
The paper argued that the newborn baby had to fully self-com-
plete with mom’s microbiota to be ready to face the world, and that 
this was the single best, predictive measure one could make as per 
health across that baby’s life course. Of course, now we know that 
self-completion via natural childbirth (followed by breastfeeding) 
results in the baby becoming the majority microbial as a human su-
perorganism. 

Now in this narrative review we explore the importance of 
The Embodied Microbiome. Of course, the human superorganism 
remains the majority microbial, but what does that really mean? 
Are our microbial collaborators silent partners or possibly puppet 
masters? Since the Completed Self paper, there has been progress in 
four major research areas, and those findings provide likely expla-
nations for what our ninety-nine-plus percent microbial genes have 
been doing as part of to our body. 

The first push on the microbiome research front demonstrated 
that the human microbiome exerts a massive influence over human 
systems biology. The status and function of virtually all tissues and 
organs are affected by the status of the human microbiome. A sec-
ond push in the microbial arena showed that bacteria are sentient 
beings who use cognition and exquisite sensing technologies of 
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their surroundings to gain an adaptive advantage. They do these 
things by holding quantum vibrational states and using quantum 
entanglement. With this in mind, later we will explore the ques-
tion of who’s really in charge when it comes to our body. A third 
research area extended the concepts of whole body (embodied) 
cognition as well as the importance of teaching embodied cognition 
to science and other students in higher education. Embodied cogni-
tion is a subject we have previously researched, written about [3,4], 
and taught to Cornell University students (via Biomedical Sciences 
(BIOMS) course 4400 and The Cornell PREPARE Program). Finally, 
recent research into both organ and microbiota transplantation in 
humans and animal models has shown that personality and behav-
ior can be transferred and driven by the donor transplanted organ 
or microbiota rather than by the recipient’s brain. 

 In the following sections we discuss:

a) Why our merged mammalian and microbial genetics, the hol-
ogenome, is important.

b) How our microbes prepare the next generation and how they 
manage that generation throughout the lifespan.

c) Why the microbial cognitive mind operating via quantum 
states and entanglements is critical to our relationship with 
and potentially derived from our microbes. 

d) Why embodied cognition can be a useful, contemplative prob-
lem-solving tool and not simply a point of scholarly debate.

e) Why it is more important than ever to put microbiome ap-
proaches first for our self-empowerment. The impact can ex-
tend well beyond health.

The Ancestral Hologenome
As described in the Cognitive Information Processing model of 

William B. Miller Jr. and colleagues [5], self-referential, observing 
cells may use environmental cues and stressors to form partner-
ships. In essence, this is the way in which holobionts are thought to 
have come into being resulting in a hologenome. But once formed, 
individual and collective information processing and cellular re-
sponses continue across evolution. The host microbiota is interest-
ed in flourishing both as a microbial consortium and as partners 
with the host. The immune cells are responding to environmental 
cues and stressors and have prime directives in self-integrity and 
self-defense. For this reason, critical body sites in holobionts are 
often where co-partner microbes meet the immune system (e.g., 
across the gut barrier). We have termed these systems biology 
units, the microimmunosome [6]. In the case of humans, gut mi-
crobiota is separated from the majority of human immune cells 
by only a single cell-thick columnar layer of epithelial cells. One of 
the hallmark features of the immune system is memory. The im-
mune system remembers when it has seen a pathogen before and 
responds differently the second time. Recently, microbes (forming 
another part of the microimmunosome) were shown to exhibit 
memory as well [7,8]. When a significant incompatibility occurs 
between the microbiome and immune system in a new generation, 

this immune-microbe incompatibility can cause immune-inflicted 
inflammatory damage within the holobiont. 

Not all chimeric combinations of microbiome and immune sys-
tem exist in harmony. One of the more surprising research findings 
during the past decade is what has been termed phylosymbiosis 
where relationships among the microbial community recapitulate 
host phylogeny [9]. In fact, significant compatibility between the 
microbiome and the host immune system is required for surviv-
al and/or reproduction [9-11]. Significant incompatibility within 
the microimmunosome results in microbe-assisted, immune fa-
cilitated lethality of hybrids effectively resulting in speciation [9]. 
Interactions within the microimmunosome have ramifications for 
therapeutic microbial engraftment. Long [12] discusses the home 
field advantage of the host where Fecal Microbiota Transplantation 
(FMT) and even probiotic administration may have to pass a host 
specificity test to engraft. This may explain why not all FMTs are 
equally successful. At least part of this issue may involve host im-
mune acceptability. 

Lesser forms of incompatibilities within the microimmuno-
some are a probable cause for many chronic diseases as we have 
previously discussed [13]. The take home lesson from this corre-
sponds with what has been reported in microbiome research. Dys-
biosis occurring in a formerly balanced microbiome increases the 
risk of both chronic diseases and infectious disease (via loss of col-
onization resistance) [13]. 

While this holobiont hallmark explains the importance of re-
productively successful ancestry, it is also a sobering reminder that 
the human superorganism is only as resilient as its various body 
site-specific microbiomes. Conditions that are unsafe for the human 
microbiome are likely to be unsafe for the human superorganism. 
The beneficial side of this equation is that environmental cues and 
stressors that are beneficial for addressing microbiome consortia 
weaknesses are likely to be health-promoting for the host. As we 
will discuss in a later section of this paper, this is a probable basis 
for the benefits of many alternative health modalities but also the 
danger from many “unsuspecting” microbial hazards. 

Crafting and Managing the Next Generation
One of the more intriguing questions to emerge from recent 

microbiome research concerns the extent to which microbes may 
craft their future human as a copartner and/ or vessel for their fu-
ture generations of microbes. Research areas of developmental pro-
gramming and epigenetics only elevate the possibility of microbes 
as potential designers of future humans. Recent observations con-
cerning the microbiome is that it is not only concerned with the 
present human co-partner, but it also plays a significant role in pre-
paring the next generation of humans in their role of majority-mi-
crobial holobionts. This transgenerational preparation process 
occurs via the maternal microbes and results in microbes guiding 
human fetal development and also imprinting/programming on the 
offspring. 
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Studies of these microbial actions fall within the larger field 
of study called developmental basis of Adult Health and Disease 
(DoHAD). DoHAD emerged following the work of Dr. David Barker, 
M.D. concerning the fetal determination of cardiovascular disease 
[14,15]. This expanded to an examination of critical windows of de-
velopment [16] and eventually Neo-Lamarckian, epigenetic-based, 
transgenerational programming and inheritance beginning in the 
womb [17,18]. 

The maternal microbiome has multiple roles affecting the off-
spring through its metabolome such as signaling and metabolic 
actions. Microbes are known to produce epigenetically active me-
tabolites [19]. The maternal gut microbiome and its epigenetically 
active metabolites can produce epigenetic alterations (sometimes 
termed epigenetic marks) in the offspring [20]. Most of the studies 
have focused on problematic programming from dysbiotic micro-
biomes programming for offspring disease rather than balanced 
maternal microbiomes with favorable environmental exposure fa-
cilitating a next generation of healthy children and adults.

Banerjee, et al.[21] recently reviewed the significance of the 
maternal microbiome in the disposition and resulting fetal pro-
gramming following exposure to a variety of environmental fac-
tors. Cadmium and polycyclic aromatic hydrocarbons were used 
as examples for biotransformations that had implications for both 
the pregnancy and the offspring. Driesbach, et al. [22] using retro-
spective, cross-sectional metagenomic analysis found that maternal 
microbiome composition in the late second trimester was an effec-
tive predictor of birth weight. Maternal microbiome composition 
at 36 weeks of pregnancy was also shown to be a good predictor 
of immune cell composition in the newborn at birth. Some of the 
associations were still present in the infant at 12months of age [23]. 
Several additional studies focused on the maternal microbiome and 
the offspring’s immune system with a focus on allergic and/or au-
toimmune diseases [24,25].

Another focus of maternal microbiome research and pro-
grammed offspring systems biology has been the neurological 
system. Gesu et al. [26] reviewed the spectrum of pregnancy me-
tabolites produced from a dysbiotic gut microbiome that result in 
neurodevelopmental problems and elevated risk of offspring men-
tal health challenges. Meckel and Kiraly [27] examined microbio-
ta metabolites that affect fetal brain wiring during the pregnancy. 
Voung [28] also reviewed microbiota effects on neurodevelopment 
both prenatally and postnatally. Relative to epigenetic alterations, 
Nohesara et al. [19] recently reviewed the spectrum of specific epi-
genetic marks (epigenetic modifications) attributable to dysbiotic 
microbiome metabolites that are also connected with psychiatric 
diseases. 

Finally Hsu et al. [29] identified maternal fructose intake and 
resulting gut microbiome dysbiosis as an important pathway lead-
ing to problematic offspring programming of adult disease. While 
these studies focus on the adverse programming resulting from ab-
errant microbiota compositions, the findings support the role of the 
maternal microbiome in both initiating systems biology develop-

ment in the offspring as well as programming transgenerationally 
via microbiome-induced, epigenetic modification. The take home 
message is that balanced microbiota through healthy living of the 
human holobiont is reflected across subsequent generations pro-
viding ideal human descendants (healthy, reproducing, and long-
lived) to copartner with subsequent generations of microbes. In 
many ways, this could be viewed as strategic planning by our mi-
crobes.

Microbes as Puppet Masters?
Humans are known as naturally social animals. But the fact 

that humans in microbial dysbiosis are often anti-social suggests 
that it is the hologenome that can direct the extent to which hu-
man interactions come naturally. In past years, the idea that our 
microbes were significant players in human superorganism action, 
function, and capabilities may have been thought a stretch. But 
one thing is shifting. The prior predominate view of microbes as 
inconsequential “sidekicks” within the human holobiont is shift-
ing toward a view where microbes are dominant, senior partners 
in the collaboration. The growing field of psychobiotics is a major 
reason for this shift. Dinan and colleagues [30] first coined the term 
psychobiotics a decade ago in referring to living organisms (such 
as probiotic bacteria) that alter human neurobehavior. Because the 
flood of neuroactive chemicals either directly produced by gut mi-
crobes or regulated by the same can overwhelm brain chemistry, 
gut microbes have been termed the brain’s “puppeteers” [31]. Not 
everyone embraces the puppet master idea. Some researchers have 
argued against a puppet master model suggesting that the appear-
ance of mind control by microbes is more likely to be a happen-
stance connected to microbe-positive local effects [32]. However, 
it is important to keep in mind that our gut microbiome controls 
fear extinction and a healthy gut microbiome is a critical factor in 
helping us to maintain appropriate balance during times of exces-
sive fear [33].

In this exploration of our microbiota and control of human-hu-
man interactions, we are focusing on the balance of two factors: 
oxytocin-oxytocin receptor signaling contrasted production of 
Trimethylamine N-Oxide (TMAO). Oxytocin is a pleiotropic, hypo-
thalmus-produced neuropeptide/hormone that supports a variety 
of pro-social functions including reward and motivation feedback 
for things like pair-bonding, social interactions, meals, and sexual 
contact [reviewed in 34,35]. Critical for human reproduction, oxy-
tocin drives parturition and parental attachment including estab-
lishment and maintenance of mother-child bonding in response to 
social cues [34-36]. It also plays a role in sensory network plasticity 
[37]. Oxytocin signals through G-protein-coupled receptors as the 
mechanism for enhancing connectivity of the social brain across 
vertebrate species. Deficits in oxytocin-receptor driven signaling 
can produce isolation-promoting social deficits [38-41]. In effect, 
oxytocin appears to be a pivotal factor for humans being drawn to 
pro-social behavior.

The gut microbiome has the capacity to regulate oxytocin-sig-
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naled pro-social behavior [42]. This puppeteer-like control of hu-
man sociability includes the capacity of certain gut microbiota to 
directly produce oxytocin [43]. Hence, we function as social animals 
primarily in the context of being a holobiont with specific micro-
biota urging us on to meet-greet, pair romatically, reproduce, and 
produce and nurture our babies. In fact, the case could be made that 
Earth’s microbes have a vested interest in seeing humans survive 
and thrive. 

This information concerning microbiome function is pertinent 
to two questions. These are: 

a) What is our true fundamental nature?

b) Is there an instruction manual? One could argue that ancestral 
microbial partners in prior generations helped to prepare the 
way for our own appearance. If there is an instruction manu-
al, it probably starts in our gut (rather than our brain) and is 
focused on our fully conscious, microbial co-partners. We are 
only beginning to fully appreciate the insights of Hippocrates 
[44].

For example, specific gut bacteria are able to influence the lev-
els of oxytocin [45]. With oxytocin being critical for childbirth and 
infant nurturing, pair bonding, certain aspects of reproduction, and 
human social connectivity, then is the absence of oxytocin signaling 
the only thing driving anti-social behavior? The answer appears to 
be no. A good candidate for an anti-social molecule is Trimethyl-
amine N-Oxide (TMAO), a metabolic product of the gut microbiome 
[46,47]. While many other bioactive compounds contribute to be-
havior, oxytocin and TMAO drive starkly opposite behaviors and 
interactions. One of the apparent actions of higher levels of TMAO 
is rapid aging of mid-brain regions connected to TMAO-stimulated 
inflammatory cytokine production [48].

Several other microbiota-regulated neurological factors affect 
behavior beyond oxytocin and TMAO. For example, serotonin and 
dopamine levels and/or signaling are controlled by specific gut bac-
teria [49-51]. In addition, the important role of a balanced gut mi-
crobiome in fear extinction helps to protect against anxiety, depres-
sion, and mental illness [33] Table 1 illustrates the areas where our 
body’s microbiota intercedes to affect our life and even our body’s 
immediate afterlife [22,29,33,42,52-80] (Table 1).

Table 1: Microbes Have Key Roles Across the Entire Lifespan.

Critical Aspects of Human Life [Reference(s)] Processes/Functions Under Microbiome Regulation

 Control of offspring maladies [52-54]
The specific hologenome, particularly at the level of the 

microimmunosome, can determine offspring fitness and inflammation-
driven risk to the offspring

 Preparation of the next generation in utero [22,29] The maternal microbiome affects not only the course of the pregnancy but 
also the fetal and eventually postnatal development of the offspring

Infant maturation [55,56] The newborn-infant microbiome determines whether systems like the 
immune and neurological systems can fully mature (for normal function).

Food preferences/choices [57,58] Oral and gut microbiome composition can drive food choices and cravings.

Emotional balance [59,60]  Specific gut microbiota including psychobiotic bacteria make neuroactive 
chemicals that can help to alleviate anxiety and depression.

Fear regulation [33,61,62] The microbiome regulates fear extinction, which is necessary for healthy, 
balanced fear responses.

Sociability [42,63-65] Gut microbiota are involved in the regulation of oxytocin- signaling, and 
microbiome composition can affect social behavior.

Health risks [66-68]  Microbiome composition is known to affect the risk of both chronic and 
infectious diseases.

 Sexual selection and reproductive success [69-72]
Sexual performance issues, infertility, conception problems and problems 

carrying to term have all been linked with dysbiotic reproductive 
microbiomes.

Aging [73-76]

 Microbiome status affects disease burden,

sleep quality,

inflammation and

oxidative damage level,

telomere length, and circadian clock regulation

 Postmortum [77-80] Microbes are the ultimate recyclers of physical life on Earth

Conscious, Problem-Solving, Quatum-Opera-
ting Bacteria

This section illustrates a progression of observations, experi-

ments, and thinking concerning the nature of microbes in general 
and of microbes that form holobionts including the human super-
organism. While thoughts about microbes or at least their actions 
date back centuries, we focus on the early 20th century and ideas 
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about probiotic foods and the origins of chloroplasts to robust, vet-
ted concepts of 2023 concerning microbes as fully cognitive beings 
that are supreme information gatherers making full use of quan-
tum-based tools as they navigate the extremes of Earth and as well 
as our own body.

Several decades ago Lynn Margulis presented evidence sup-
porting an endosymbiotic theory that virtually every cell in the 
human body was powered in large part by remnants of ancient ar-
chaea (protomitochondria) [81]. If ancient prokaryotes were the 
source for fundamental components of human and other eukary-
otic cells, then the question is what else did they source to us and 
continue to provide directly via the human microbiome? Is our fun-
damental nature completely intertwined with the history of Earth’s 
microbes?

The keys to rethinking our fundamental nature as well as that 
of microbes means inverting a dogmatic life-control pyramid. In 

the past, genomes were purported to drive everything that follows 
within an organism. But in the microbiome era, genomes can be as 
fluid as your next meal of fermented foods. Now sentient cells use 
consciousness and cognition to sense information fields, perform 
creative problem solving and use the genome primarily as a toolbox 
and genes as cellular tools for this task [82-83]. If the ideas of Lynn 
Margulis were central to the idea of single cell cognition among bac-
teria and scaling to eukaryotic cell chimeras, then it was the 2016 
seminal concept paper of William B. Miller Jr. [82] that provided the 
roadmap of how microbial-human holobionts operate via informa-
tion fields and entanglement. 

Table 2 illustrates a timeline of evolving concepts regarding 
microbes as a standard bearer that brings cognition, conscious-
ness, intelligence, memory, associative learning, creative problem 
solving, energy-to-information phase transitions, and quantum en-
tanglements to the holobiont and its external environment [81,84-
109].

Table 2: Examples of significant contributions revealing the fundamental nature of the human holobiont and its quantum-operating 
microbes.

Category of Contribution (Date) Researcher(s) Contribution [Reference(s)]

Probiotics/Fermented Foods (1903 and 1907 
papers) Elie Metchnikoff

The Nobel Laureate developed the concept of orthobiosis 
in advocating for the consumption of friendly florae laden 

fermented milk to aid longevity (1903 and 1907 papers. [see 
84] 

Endosymbiosis (1905 and 1910 papers) Konstantin Sergejewitch 
Mereschkowsky 

Published an early model including endosymbiosis of 
chloroplasts in 1905 including a larger paper in 1910. [see 

85,86]

 A form of Endosymbiosis (written contributions 
during the 1940s) Adolf Meyer-Abich Developed Holism/Holobiosis concepts [87-89].

 Endosymbiosis (1967 paper) Lynn Margulis as Sagan  Endosymbiosis (ancient bacteria as the origins of 
mitochondria) [81]

 Fractal nature of microbes (1990 paper) Martin Obert and colleagues Experimental evidence that microbial growth patterns follow 
fractal geometry [90] 

 Conscious microbes (2001 paper) Lynn Margulis Published her article “The Conscious Cell” in the New York 
Academy of Sciences [91] 

 Conscious life including microbes (2007 paper) Shapiro Supported the conclusions that life required cognition at all 
levels. [92] 

 Informational sensing systems among bacteria 
(2010 paper)

Reindert Nijland and J. Grant 
Burgess

Demonstrated that as part of an exquisite sensing system, 
bacteria detect and analyze volatile organic compounds (VOC) 

using a form of olfaction. [93] 

Pharma-based degradation of the human 
microbiome (2014 book) Martin Blaser Illustrated the extensive degradation of the human microbiome 

though overuse of antibiotics and other factors [94]

Bacteria as fully functioning cognitive organisms. 
(2015 paper)  Pamela Lyon

Lyon presented evidence that bacteria, as cognitive cells, 
feature intelligence, sensing and perception, behavioral 

adaptation, memory, learning, anticipation, future prediction, 
complex decision making, and inter-kingdom communication 

all in the name of survival and reproduction. [95]

A keystone paper linking the quantum 
properties, states entanglement and operation of 

fully cognitive bacteria (2016 paper)
William B. Miller, Jr. 

Miller demonstrated that the holobiont and its collection of 
complex collaborators are cognitively entangled in a Pervasive 

Informational Field (PIF) operating within a quantum 
framework. He argues that microbes can hold multiple 

ambiguity states until they take action to purposely resolve it. 
They can also exist in a duality of function operating within 

a larger community (such as a biofilm) while simultaneously 
demonstrating specialized individual behaviors. Miller argues 

that the PIF is robust including noise and that bacteria must use 
discernment for valued decision making. [82]
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Extending bacteria cognition to a model of the 
Microbial Mind (2016 paper)

Daniela Pinto and Thorsten 
Mascher Introduced the concept of bacterial nanobrains [96]

Specialized properties of bacteria (2016 paper) Sima Baghbanzadeh and Ivan 
Kassal

This is an early demonstration of the novel properties of light 
harvesting by purple bacteria [97] 

Clear evidence of quantum entanglement among 
bacteria (2018 paper) Chiana Marletto and colleagues

The researchers used light -based stimulation in one of the 
early uses of green sulfur bacteria to demonstrate clear 

quantum entanglement [98]

Further development of bacteria as inherently 
quantum. (2018 paper)

John S. Torday and William B. 
Miller Jr.

The researchers argued that resolution of ambiguity (e.g., 
informational problem solving in microbes) is the basis of life 

and is inherently quantum in nature [99].

A reformulation of evolution based 
cognition (2020 paper)

William B. Miller, Frantisek 
Baluška and John S. Torday

The researchers described a model of cognition-based 
evolution [100]

A quantum explanation of microbes operating at 
a distance. (2020 and 2021 papers)

William B. Miller, Arthur S. Reber, 
Frantisek Baluška and John S. 

Torday

The researchers introduced the concept that prokaryotic 
bioelectric fields and senomic fields can interact together 

to form supracellular N-space fields that can couple cells in 
coherence at a distance. They also argue for prolonged memory 

in bacteria. [101,102]

Consideration of the holobiont mind and its 
implications (2021 paper)

Ismael Palacios-Garcıa and 
Francisco J Parada

The researchers discussed the concept of “the holobiont 
mind,” which pertains to the current paper’s consideration of 

embodied cognition [103]

Important discovery of how bacteria use 
vibrational coupling as part of their quantum 

processing (2021 paper)
Jacob S. Higgins and colleagues

The researchers showed that green sulfur bacteria (via their 
protein complexes) can mix electronic and vibrational states 
(vibronic coupling) via quantum mechanics allowing them 
to steer excess photosynthetic energy excitation toward a 

quenching site. [104]

Coherence map creation (2022 paper) Reshmi Dani and colleagues The researchers studied the light harvesting antennae of purple 
bacteria to construct quantum coherence maps [105].

An important perspective of changing scientific 
dogma regarding quantum-based bacteria 

operating across a matrix of consciousness. 
(2023 paper)

Stephan A. Schwartz 

The researcher argued that science is embracing a new view 
of reality where all beings of Earth are conscious and are 

living in a matrix of consciousness in which all beings are both 
interconnected and independent [106].

This is a clear proof-of concept of the quantum 
nature of bacteria. (2023 paper)

Francisco Delgado and Marco 
Enríquez 

Both quantum entanglement and state transference are clearly 
demonstrated using information-gathering Fenna–Matthews–
Olson protein complexes derived green sulfur bacteria. [107].

Evidence of quantum processing in purple 
bacteria (2023 paper) Lorenzo Cupellini and colleagues Research on the light harvesting antennae of purple bacteria 

produced clear evidence of quantum chemical processing [108].

The concentric nanorings of bacteria quantum 
emitters

(2023 paper)

Verena Scheil and colleagues This study on the light-harvesting antennae of purple bacteria 
enabled a comparison of multiple stacked

nanoring geometry vs. single rings in terms of quantum 
properties. [109]

The evolution of research on microbes and the development of 
new dogmas surrounding their quantum-based capacities and op-
erating modes should prompt us to rethink our own human super-
organism capacities as well. In the following sections, we consider 
how new views of the human microbiome and environmental mi-
crobes can influence our understanding concerning embodied cog-
nition as well as recent obervations regarding organ and microbial 
transplantation.

Embodied Cognition and Meditation in the 
Holobiont

As previously mentioned, embodied cognition in its various 
forms has been a major component of our prior research, writing, 
higher education instruction, and scientific workshops [3,4]. Em-
bodied cognition can be described as whole body cognition [110], 
which in our holobiont understanding of whole body would include 

the microbiome. Embodied cognition encompasses any manner in 
which information can be accessed by utilizing any part of the body 
as the source and/or conduit. It also facilitates different perception-
al vantage points (e.g., viewing something from the heart space vs. 
the brain). There are many different tools that can be used to access 
embodied information and several of these will be described. Medi-
tation itself has been considered as one form of embodied cognition 
[111], because most meditation is directed inward into the body 
(as at least an initial step) rather than outward. For this reason, it 
will be included here. Importantly, embodied cognition has grown 
in recognition as a useful skill set in science education [4,112,113]. 

In the Cornell course BioMS 4400 a Heart Centered (HC) medi-
tation served as the observational platform for much of the embod-
iment instruction. In its most basic form a 30-second, eyes-open 
HC meditation was used to compare first noticed observations of a 
complex Salvidore Dali painting (Cygnus). The differences in view-
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ing the painting from a normal perceptive state vs. a HC state was 
stunning and a core part of course instruction over the years. With 
this exercise, students would essentially double the total informa-
tion that they gleaned from the painting as if looking at the painting 
using two completely different sets of eyes. In this course, the HC 
meditation was also paired with physical body work (The Lego/
Building Blocks Exercise) or movement-connectivity (The Wall of 
Information Exercise). Additional embodied cognition instruction 
involved a movement exercise (The Walk-Around Exercise), a body 
orientation/navigation exercise related to size and time embodi-
ment, and The Body as a Weathervane Exercise related to sensory 
information and embodied emotions. The curriculum included two 
Role Playing Exercises and use of language (metaphors and mixed 
metaphors) as a reset when stuck on a problem [3,4].

Music and dance are also whole body contemplative tools 
used to increase understanding. One example was a recent holistic 
learning Dance Our Microbiome Event held at the Buffalo Museum 
of Science as described by Buono and Burindge [114]. Music also 
has special role in embodied cognition [115]. Meditation is not just 
a powerful contemplative tool. It is also a way to establish a bidi-
rectional connection with our microbiome. The next section will 
examine routes through which the microbiome may inform us via 
meditation. But the communication link appears to be bidirection-
al. Table 3 [116-120] illustrates research into the ability of medi-
tation not only to improve well-being but also to alter microbiome 
composition. At a minimum, this suggests that some health bene-
fits accrued from meditation may be linked with meditation-driven 
host microbiome modification (Table 3).

Table 3: Examples of Reported Effects of Meditation Upon the Human Microbiome.

Type of Meditation

Protocol

[Reference]

Results

Mindfulness 

Experimental group of 21 young adults with high anxiety trait scores and 
29 young adult controls.

Protocol of 8 weeks of once a week (2-2.5 hours) group meditation 
session with daily personal (45 minute) meditation sessions. A 4-week 

post-intervention follow-up was used. A mindfulness attention awareness 
scale and a depression scale were used for the evaluation as well as fecal 

microbiota analysis. Pre and post treatment analyses were performed. 
[116]

Pre-intervention, fecal B diversity significantly differed between test 
and control groups. The higher anxiety group had lower diversity vs. 
health controls and an overgrowth of bacteria such as Streptococcus, 
Blautia, and Romboutsia. The high anxiety group had a decrease in 

genera such as Faecalibacterium, Coprococcus_3, and Lachnoclostridium 
vs. controls. Mindfulness intervention significantly reduced trait anxiety 

and depression scores and increased resiliency in the test group. Relative 
abundance of 18 bacteria significantly changed during the intervention 

with the profile of the test group becoming more similar to that of 
the healthy controls. prevalence of Subdoligranulum was negatively 

correlated with mindfulness responsiveness and tryptophan metabolism. 
Tryptophan metabolic genes were enriched among high responders to the 

intervention.

Mindfulness

 (including yoga)

A total of twelve patients undergoing treatment for interstitial cystitis 
(IC), or bladder pain syndrome (BPS) underwent an 8 week mindfulness 

meditation course. Urinary samples were collected for micobiome analysis 
both pre and post meditation therapy. [117]

All 12 patients showed a marked improvement in symptom scores post 
meditation sessions. Additionally, the urinary tract microbiome diversity 

increased significantly with major changes in some taxa.

Mindfulness

Beginning with 160 total participants, (two randomized groups of 80 
pregnant women each) , maternal mindfulness intervention was applied 

to prenatal care of 80 pregnant women with symptoms of depression 
or anxiety while another 80 pregnant women with the same symptoms 

received the usual prenatal care. For infant merconium microbiome 
analysis a total of 130 infant samples were able to be collected. Fecal 

samples from 66 of the intervention newborns and 64 of the controls were 
analyzed and the results compared. [118]

No change in alpha diversity was noted but there was a significant group 
change in beta diversity. Bifidobacterium and Blautia were abundant in 

the intervention group while Staphylococcus was abundant in the control 
group.

Mindfulness

The participants were among an elderly population residing in a 
community facility in China. They had been separated by the criteria of 
those diagnosed with Mild Cognitive Impairment (MPI) and those aging 

normally. A mindfulness awareness program was insituted for nine 
months among 28 MCI subjects and 40 normally functioning participants. 
Neuropsychological evaluation was performed at each evaluation interval. 

Blood and stool samples were collected and analyzed at 0, 3, and 9 
months. The stool samples were analyzed for cytokine and microbiota 

profiles. [119]

Six taxa of bacteria were associated with improved cognitive function 
among the MCI -MAP group. Ruminococcus emerged as the bacteria 
positively associated with improvement in multiple cognitive test 

parameters.
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Deep Tibetan Meditation

Fecal microbiota samples were collected, analyzed, and compared 
among a group of Tibetan Chinese Buddist monks from Qiongke, Jiaqu 
and Ezhi Temples who praticed long term deep meditation vs. a group 
of neighboring residents. A total of 37 samples from the monks and 18 
from local residents were of a quality to permit microbiota analysis. All 

participants lived at high elevation. [120]

Compared to the control group, the meditation group had an 
increased prevalence of Bacteroidales, Sutterellaceae, Burkholderiales 

and Betaproteobacteria. After cut-off analysis, two bacterial genera 
(Megamonas and Faecalibacterium) were enriched in the meditation 

group. Based on the literature, the first of two bacteria genera are 
associated with a higher quality of life and the second genera is often 

reduced among anxiety disorder patients.

A final BIOMS 4400 course exercise for discussion (The Wall 
of Information Exercise) is a combination of meditation and 
embodied cognition. The exercise is discussed in the peer-reviewed 
Journal of Biomedical Education [4]. The students move to a wall of 
their choice, survey the wall with their hand to notice a distinction 
connected to a self-identified spot on the wall, enter the heart-
centered meditative state, and ask an open-ended question “What 
if there were infomation here for me?” Students often received 
imagery, language or other cues. The instructors always shared 
what they received and that encouraged students to share their 
impressions. What is particularly interesting about the exercise is 
that the impressions received are often precognitive. An example 
of this from the 2014 fall class session (RRD) is illustrated in Figure 
1. The class instructions are in the left panel and the impression 
received in the right. Because we have a background of extensive 

published scholarly research on antique silver and goldsmiths in 
the UK (Scotland), the imagery of a table harp (the silver quality 
hallmark for Dublin, Ireland for centuries) from the Wall was 
unmistakable to RRD. The problem was that as RRD explained to 
the students at the completion of the Wall of Information Exercise, 
he had no real direct connection to Dublin, Ireland and no prior 
professional or leisure activity in Ireland. In the moment, the table 
harp imagery and representation (to RRD) of Dublin was a mystery. 
But that would change later that week (between the weekly 
meetings of the class). An invitation to lecture on the microbiome 
at an OB/GYN continuing education course in Dublin, Ireland was 
about to happen. Figure placement (Figure 1). Figure 1 Legend This 
instructional exercise became a core tool across several years of the 
Cornell course. 

Figure 1: Illustrates the student instructions for the exercise in October 2014 and the result (RRD) obtained, publically announced, and personally 
interpreted for the class at the end of that in-class exercise.

Connecting to the IOM via Meditation, Em-
bodied Cognition and Other Contemplative 
Practices

The human body has a massive consortium of microbiota that 
has two remarkable features. It shares microbes that are found in 
the harshest places in, on, and above planet Earth. In many cases, 
these microbiota are not only ancient but bring to the human body 
highly specialized functions (e.g., specialized magnetic sensing 
properties). But it is a mistake to view the human microbiome as 
rigid and separated from the environment. Instead, it is fluid and 

exchanges microbiota with all surrounding environmental sourc-
es and other holobionts. Walking your dog in a park is much more 
than just a walk. Under some circumstances it can become a micro-
biome makeover both for you and your dog. 

One of the intriguing aspects of inward-looking meditation is 
that we automatically connect to our body’s various microbiomes 
(e.g., gut, skin, airways, mouth, urogenital tract) and also gain ac-
cess to their sources of information. Our microbiome is open to the 
external environment and, beyond the soft-boundary confines of 
our body, to Earth’s environmental microbes. As was shown in prior 
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sections, these microbes are not only Earth’s predominant life form 
and are distributed across the planet, they are premier information 
gatherers and disseminators. Microbes are using quantum-based 
antennae and other structural features to collect and phase shift 
energy to information and communicate over a distance. They are, 
also, using their cognitive abilities throughout the network. This 
interactive, informational network has been termed the ”Internet 
of Microbes” by Slijepcevic and Wickramasinghe [121] and was re-
cently discussed by us [122]. Here, we consider the familiar rela-
tions of microbes that exist within our own microbiome but also in 
all corners of Earth.

Table 4 [123-142] illustrates two fundamental principles about 

our connection to microbes: 1) We are intimately connected to 
Earth’s microbes, 2) Even if much of our microbiome has some 
stability, we are constantly exchanging microbes, microbial genes, 
physiologically-modifying chemicals, and gathering information 
from and sharing information with the microbes beyond our body. 
The human body is open to the environment. Being an open system 
means we are informationally tapped into the IOM and that matrix 
of consciousness that physically continues beyond our skin. It is 
quite plausible that meditation, embodied cognition and other con-
templative tools may be informed and supported by the IOM. Given 
the established connections that are already known, the IOM might 
be the grandest search engine on Earth (Table 4).

Table 4: Examples of Human-Related Microbiota Found in Extreme and Other Environments.

Microbes in Humans 

[Reference(s]
Phyla/Genus Location in Environment Feature(s)

Archaea

Methanomassiliicoccus

luminyensis gut)

[123-125]

Geothermal hot spring (Indian ocean island), 
Mud volcano (Barents sea), Peat land soil 

(France), Deep sea hypersaline anoxic (Kyros) 
basin

Methanogenesis is the hallmark of these 
archaea.

Archaea Halobacteriota

(skin) [126-128]

Alpine Permian-era bore 

core of a salt deposit, hypersaline-deep lake 
Antarctica, Solar salterns, Survives

space launches, space conditions above the 
ozone layer as well as Mars-like conditions

Polyextremophilic with tolerance of saturating 
salinity, anaerobic conditions, high levels of 
ultraviolet and ionizing radiation, subzero 
temperatures, desiccation, and toxic ions.

Analysis of skin microbiota samples showed 
that computer key archaeal deposits from 
humans were primarily Nitrososphaeria 

Nitrososphaeria (54.3% of archaeal reads) and 
Nanoarchaeota. [126,129-131]

Nitrososphaeria are a prominent archaea in acid 
mine drainage sediments. While Nanoarchaeota 
are obligate ectobionts that are mainly found in 
deep-sea hydrothermal vents and geothermal 

springs (e.g., Yellowstone National Park) across 
the globe.

Both types of archaea seem to metabolize 
best under harsh conditions and are relatively 

resistant to metal toxicity.

Magnetotactic bacteria can be detected in 
several human tissues. Seven species were 

recently identified from the human gut 
(Magnetococcus marinus , Magnetospira 
sp. QH-2, Magnetospirillum magneticum , 

Magnetospirillum sp. ME-1, Magnetospirillum sp. 
XM-1, Magnetospirillum gryphiswaldense, and 

Desulfovibrio magneticus ). [132-135]

They have wide global distribution

including in extreme niches and are important 
in the global distribution of iron. Magnetotatic 
bacteria are potential symbiotes for deep-sea 

marine bivalves, detected in bats, whales, birds, 
and humans.

Important in both biomineralization, magnetite 
crystal formation, and navigation. These bacteria 
also have a high level of horizontal gene transfer 

for magnetite production capabilities.

Acidophillic and aciduric lactic acid bacteria 
are mild-moderate extremophiles in that they 

are acid resistant. They are also extremely 
important in fermented foods as well as in the 

human mouth, gut and female genital tract 
microbiomes and in initial colonization of the 

newborn’s colon. [136-140]

Beyond humans these bacteria are widespread 
in fermented foods, sileage, and plant and animal 

species. The first isolate of what eventually 
became known as Lactococcus lactis was first 

used by Joseph Lister [140]

Lactic acid bacteria producing acidic niches 
(lactic acid) as a result of carbohydrate 

fermentation and also produce bacteriocins. 
These functions play a protective role in humans 

particularly in the vaginal microbiome.

Microbiome rewilding studies indicate that 
visiting green spaces can lead to increased 
acquisition of environmental microbes(e.g., 
skin and respiratory microbiota). Persistent 
gardening results in shared, prolonged skin 

acquisition of soil microbiota. [141,142].

Soil microbes (Sphingomonas, Blastococcus 
(skin and nose), Solirubrobacter(skin), and 
Massilia(nasal) were consistently detected 
after green space visits. For gardeners, the 

most frequently transferred taxa were: 
Sphingomonadaceae, Nocardioidaceae, 
Xanthobacteraceae, Burkholderiaceae, 

and Pseudomonadaceae.

We are constantly exchanging microbes with our 
surroundings. We can choose where and how we 

spend our time with this in mind.
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An examination of ancient archaea and extremeophile bacteria 
reflected in Table 4 shows that we embody not only our ancestral 
history but also that of life on Earth. In the Table’s first example, 
an archaean representative of Methanomassiliicoccales (designat-
ed as strain U3.2.1) was isolated via an enrichment culture from 
a Northern Germany peat soil and was shown to have a sequence 
identity with the 16S rRNA gene of human gut-isolated Methano-
massiliicoccus luminyensis 10B of 88.6% [123]. Methanogenesis is 
an important process of life on Earth and can be significant in spe-
cialized ecological niches within our body. 

Umbach et al. [126] recently reported salt-loving Haliobacteri-
ota on human skin. Related Halobacterium have been isolated from 
a bore core of a Permium-era alpine salt deposit [143]. As the ta-
ble shows, this is only one of many extreme and distant locations 
where these bacteria can be found on Earth. These bacteria are re-
markably resistant to conditions that would easily kill most other 
life and are good candidates for life on other planets (e.g., Mars) 
[144]. Other examples in the Table show that our specific microbial 
relations extend to deep-sea vents, mining areas and even Yellow-
stone National Park. 

Magnetotactic Bacteria (MTB) are globally distributed. They 
are found in a diverse ecological setting including as symbiotes for 
deep sea marine bivalves and also detected in bats, whales, and 
birds [132]. In a recent survey of 53,775 metagenomic samples, 
analyses showed that 55.3% were positive for MTB. This included 
positive detection of MTB in samples from the human gut, oral cav-
ity, skin, and vagina. A study by Simon et al. [135] found an associa-
tion between gut MTBs and volume of magnetite-rich brain regions 
involving navigation and orientation. 

One of the important considerations of extremophiles is their 
massive spectrum of bioenergetic functions. Many of these archaea 
and bacteria have brought these capacities to our human gut. Using 
freely available data sets, researchers found a sequence of gut bac-
teria in children and adults that produce their energy from meth-
anogenesis, iron oxidation, iron reduction, sulfate and arsenate 
reduction, and even anoxygenic photosynthesis [145]. This obser-
vation warrants further investigation.

Extremophiles in the microbiome are not just niche novelties. 
Krawczyk et al. [128] showed that the halophilic archaea Halorhab-
dus rudnickae and Natrinema salaciae (which are related to those 
found in our own microbiome) are able to work through dendritic 
cells to provide immunoregulation of T cell responses producing 
a balanced cytokine profile. These findings suggest that similar 
halophilic archaea may provide a useful function in the human gut. 
Another example in Table 4 is a well-known group of bacteria that 
are mild-moderate extremophiles in the acid loving category. Lactic 

Acid Bacteria (LAB) are critical to our food and our body’s ecologi-
cal maintenance.

The final entry in Table 4 addresses “wilding” studies and pro-
vides evidence for our extensive microbial sharing. Such findings 
provide a take-home message that we can choose our surroundings 
for better conscious awareness and health.

Embodied Personality and Behavior 

Transplant biology and medicine has a long history of effort 
with successful kidney [146] and heart [147] transplantation dat-
ing back more than a half century. One of the surprising and largely 
unanticipated findings over the decades of successful organ trans-
plantation is that the transfer of heart and possibly other organs 
from donor to recipient can also transfer donor personality and 
behavioral characteristics in some cases [148-150]. Case histories 
suggest that donor memories may also be transferred in some in-
stances [150-152]. 

These findings over several decades by several clinical research 
groups are supportive of the significance of the embodied mind 
and embodied cognition. There are several different hypotheses for 
how fundamental donor characteristics are embedded in the donor 
heart and possibly other organs, but it is clear that the storage and 
transfer of donor information is not reliant on the donor brain.

Many of the personality and behavioral transplantation studies 
were conducted prior to or apart from consideration of the human 
microbiome. But as was discussed earlier in this paper, the mi-
crobiome and in particular the gut microbiome is a major driver 
of human neurochemical and endocrine balance, personality fea-
tures, behavior, and even food choices. If the human microbiome 
can epigenetically influence human behavior, then does the donor 
microbiome play a role in donor organ coding? That question will 
likely require future research. However, it is already clear that Fe-
cal Microbiota Transplantation (FMT) between human-human, hu-
man-rodent, and rodent-rodent all indicate that the microbiota can 
transfer personality and behavior characteristics.

Table 5 illustrates examples where Fecal Microbiota Transplan-
tation (FMT) has been shown to change behavior [153-170]. Most 
of the examples in the literature pertain to neurological disorders, 
neurochemical and/or hormonal mood imbalances, aggressive be-
havior, and addictive behavior (Table 5). 

The examples in Table 5 illustrate the major control that gut 
microbes are capable of exerting over human and animal behavior. 
Another frontier to explore regarding commensal microbes is the 
extent to which microbes experiencing events within the holobiont 
can carry the memories of those events to other locations/hosts.
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Table 5: Examples of Microbe–Shifted Behavior Following FMT.

Condition or Disorder 
[Reference(s)]

Nature of FMT or Microbiota 
Transfer Therapy Effect

Autism Spectrum Disorder (ASD) 
[153]

Human-Human Microbiota Transfer 
Therapy

Microbiota Transfer Therapy resulted in improvement of both 
behavioral and gastrointestinal symptoms among the autistic 

children for at least eight weeks after treatment (the duration of this 
study).

Autism Spectrum Disorder [154] Human-Human Microbiota Transfer 
Therapy

A two-year follow-up for participants in the Kang et. al., 2017 study 
showed that composition changes in gut microbiota persisted and the 
behavioral improvements continued to increase even years after the 

initial study.

Autism Spectrum Disorder [155] Human-Human
A systematic review of FMT as a treatment for pediatric ASD 

concluded that it is a promising intervention for reversing both 
behavioral as well as gastrointestinal symptoms. 

Autism Spectrum Disorder [156] Human-Human
FMT treatment of autistic children with standardized human 

gut microbiota resulted in improvement of both behavioral and 
gastrointestinal symptoms. 

Autism Spectrum Disorder [157] Human-Mouse

FMT transfer of microbiota from autistic children to mice produced 
autistic related behavioral changes in the mice (e.g., sociability, social 
cage test, novel object test, novel cage test) along with increased pro-

inflammatory factors in the gut and brain. 

 Alzheimer’s Disease Systematic 
Review [158]

Human-Human, Human-Mouse in 
review

Overall FMT transferring healthy microbiota improved the symptoms 
of Alzheimer’s Disease

Alzheimer’s Disease [Park, et al., 2021 
159] Human-Human FMT treatment for Clostridioides difficile infection in an Alzheimer’s 

Disease (AD) patient noticeably improved the symptoms of AD. 

Dementia [160] Human-Human
Five cases are described of dementia patients treated for 

Clostridioides difficile infection with FMT. They experienced 
improved cognition following the treatment. 

Parkinson’s Disease [161] Human-Human In a case series of Parkinson’s Disease (PD) patients using FMT, there 
was improvement of both PD motor and non-motor symptoms. 

Parkinson’s Disease [162] Mouse-Mouse 
Using a rotenone-induced model of PD in mice, FMT with normal 

gut microbiota suppressed PD symptoms via suppression of 
inflammation-mediated cell signaling.

Autoimmune Encephalomyelitis [163] Human-Mouse Behavioral characteristics associated with the human condition were 
transferred to the mice with the microbiota transfer. 

Depression [164] Human-Human
A case study series is reported where irritable bowel plus depression 
patients received transplantation of healthy donor fecal microbiota, 

symptoms of depression improved in all three cases examined. 

Depression [165] Human-Human
Two case studies showed beneficial outcome after a four-week 

interval with significant continuing benefits in one patient after eight 
weeks. 

Depression [166] Human-Rat
FMT transfer of normal human microbiota reduced depressive 

symptoms in unpredictably mildly-stressed rats and also suppressed 
activation of glial cells and NLRP3 inflammasomes in the rat brain. 

Depression [167] Human-Mouse
FMT from human rheumatoid arthritis patients into antibiotic treated 
mice produced immune-inflammatory-based depression behavior in 

the mice. 

Schizophrenia [168] Human-Mouse
FMT transfer from drug-free schizophrenia patients produced 
metabolic alterations and schizophrenia-like behaviors (e.g., 
impaired spatial learning and memory) in the recipient mice. 

Alcohol Use Disorder [169] Human-Human 
Phase 1 clinical trial found that in the short-term there were 

favorable gut microbiome changes as well as reduced cravings and 
misuse of alcohol among transplant recipients vs. placebo controls.

Conclusions
Commensal microbes helped craft us in the womb, drive much 

of our systems biology development, protect us against pathogens 
via colonization resistance, and can keep chronic diseases at bay 

and inflammation under control when given proper food and at-
tention. They should be a first priority when it comes to medicine, 
safety, and public health [13,171]. 

This narrative review examined the potential for embodied mi-
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crobes to facilitate human superorgansim capabities. Our commen-
sal microbes along with the environmental microbes are cognitive, 
conscious beings with a long ancestry on Earth, memory, exquisite 
sensory mechanisms and a full range of quantum-based capabili-
ties. They are connected to their own IOM and can exchange infor-
mation gathered with us as well as with other microbes. They can 
also affect not just our physiology but also our behavior. 

Finally, in this review we examined the use of contemplative 
tools to draw upon information within and beyond our physical 
bodies. Meditation and embodied cognition represent two illustrat-
ed examples. While there is much remaining to be learned about 
our microbial co-partners, there is much to be gained by looking 
inward within the holobiont to explore the full range of our capa-
bilities.
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