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Abstract: The is a sequential article to an initial review suggesting that Microbiome First medical
approaches to human health and wellness could both aid the fight against noncommunicable dis-
eases and conditions (NCDs) and help to usher in sustainable healthcare. This current review article
specifically focuses on public health programs and initiatives and what has been termed by medical
journals as a catastrophic record of recent failures. Included in the review is a discussion of the four
priority behavioral modifications (food choices, cessation of two drugs of abuse, and exercise) ad-
vocated by the World Health Organization as the way to stop the ongoing NCD epidemic. The lack
of public health focus on the majority of cells and genes in the human superorganism, the microbi-
ome, is highlighted as is the “regulatory gap” failure to protect humans, particularly the young,
from a series of mass population toxic exposures (e.g., asbestos, trichloroethylene, dioxin, polychlo-
rinated biphenyls, triclosan, bisphenol A and other plasticizers, polyfluorinated compounds, herb-
icides, food emulsifiers, high fructose corn syrup, certain nanoparticles, endocrine disruptors, obe-
sogens). The combination of early life toxicity for the microbiome and connected human physio-
logical systems (e.g., immune, neurological), plus a lack of attention to the importance of microbial
rebiosis has facilitated rather than suppressed, the NCD epidemic. This review article concludes
with a call to place the microbiome first and foremost in public health initiatives as a way to both
rescue public health effectiveness and reduce the human suffering connected to co-morbid NCDs.
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1. Introduction

While public health began life with great promise such as the impact of sanitation
and clean water [1], it has been on a slippery slope of repeated failures particularly during
the 21t century [2-7]. This review article illustrates that: 1) lack of recognition of the fun-
damental nature of humans (superorganisms/holobionts), 2) a failure to include the vast
majority of human genes in public health initiatives (i.e., the human microbiomes), 3) fail-
ure to account for the role of microbiome dysbiosis in the majority of human deaths (in-
flammation-driven noncommunicable diseases and conditions (NCDs)) and 4) failure to
recognize and/or eliminate NCD-promoting food additives, chemicals, and drugs has
completely undermined decades worth of public health programs. This article provides
examples of recent public health failures that each impact the battle against the ongoing
epidemic of chronic disorders also known as NCDs.

Importantly, the article suggests a way back to meaningful public health success by
undertaking microbiome first approaches to attack the NCD epidemic. Three specific cat-
egories of microbiota impacting public health are introduced as examples of microbiome
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firstapproaches. The paper also discusses the critical need for public health effectiveness
in both education and action if we are to achieve sustainable healthcare.

It is of note that I am not the only one to call for a complete overhaul of public health
to one that embraces the human holobiont and prioritizes microbiome-based health solu-
tions. In their paper “A Framework for Microbiome Science in Public Health,” Wilkinson et
al. [8] make a similar appeal. As will be described in the following section, public health
initiatives in the past several decades have been nothing short of a catastrophe. This paper
argues that the only way forward to meaningful, relevant, and effective public health is:
1) to give our majority microbial copartners their due, and 2) to recognize that the ability
of “public” health to actually reduce the prevalence of chronic disease (versus the unfet-
tered growth of NCDs) can only occur when microbes are managed for the greater good.

2. Recent Failures of the Public Health Promise

In a 2004 editorial in the medical journal The Lancet titled “The Catastrophic Failures
of Public Health” [3], the editors castigated 21t century public health institutions for their
misdirected focus. The editorial pointed out that the real public health threat was not the
more glamorous pandemics such as SARS or avian influenza. Instead, it was the simpler
and less glamorous reality that more people are becoming obese and sedentary, and are
“more prone to killer chronic illnesses, such as cardiovascular disease, stroke, cancer, and
diabetes.” As proof, the editorial went on to cite CDC statistics showing that human illness
and death overwhelmingly occurred because of the NCDs and not the pandemics [3]. The
Lancet’s 2004 call for Public Health Institutions to focus on the main causes of human
suffering and death went unnoticed at least based on public health outcomes. Enter the
shiny new glamorous pandemic, SARS-CoV-2.

Even in the face of the current SARS-2 second version pandemic with massive num-
bers of “public mandates” still failing to resolve the outbreak of infection, global deaths
are predominantly caused by NCDs such as obesity and its comorbidities. Seventeen years
since The Lancet dressed down Public Health Institutions and little has changed toward
reversing the NCD epidemic. Furthermore, the risk of comorbid diseases connected to
what are often childhood onset NCDs (e.g., asthma, obesity) presents a staggering health
challenge across the life course. For example, a diagnosis of childhood or adult asthma
carries with it an elevated risk for at least 36 additional NCDs. For obesity, the prospects
of a life-course filled with increasing disease are even worse. There are 43 recognized
comorbid NCDs linked with obesity despite recent medical and public health efforts [9].
A recent National Health and Nutrition Examination Survey (NHANES) study reported
that among seniors in the U.S., the rate of two or more NCDs is a staggering 91.8% [10].
This can only be regarded as a public health failure. We have been staying the course in
public health for too long and produced multimorbidity and reduced quality of life as
public health outcomes.

3. The Blame Game

In general, public health organizations such as the WHO, CDC, FDA, NIH, EPA have
placed the reason for the NCD epidemic squarely on the poor behavior of the public. If
only the public would change their behaviors, the leading cause of global death would
disappear. Presumably, we would return to the circumstances where death certificates
read “died of natural causes,” and old age would be a blessing rather than being a NCD-
ridden, drug-addled existence. But a look at the very behaviors that organizations like
the WHO say will solve the problem are less and less under the control of the individual.
In fact, in this opinion article, I will argue that those behaviors are greatly impacted by the
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human microbiome, and the already-depleted human microbiome is under virtual assault
from the actions of the very organizations that should be ensuring its safety. When gov-
ernment-mandated and/or -approved practices are inherently unsafe for the human mi-
crobiome, the “fault” in not changing microbiome-determined behaviors is no longer on
the individual.

4. Change is Overdue

At the heart of the public health problem is that public health organizations, aca-
demic and governmental bureaucracies have failed to recognize significant new science
when it comes to public application. For example, most schools of public health have
faculty lines and research centers committed to microbiome research. But these research
initiatives seem to be completely disconnected from actual public health intervention pro-
grams. How does that happen? In fact, the same 2004 editorial in The Lancet [3] could
be republished today changing only SARS to SARS-CoV-2 and provide the same reality
check for those institutions that practice public health. Academic public health programs
need to make their new staffing count with microbiome-delivered solutions. We cannot
wait a half century or more for a Microbiome-First NCD epidemic solution to bubble up.
According to the World Economic Forum-Harvard School of Health report on NCDs [11],
we do not have the luxury of even another decade of an unrelenting NCD epidemic.

5. The Updated Science - Application Gap: Ancient Personal Responsibility Solutions
to Stop NCDs

The epitome of this reality gap in public-health related research and public health
policy and initiatives can be seen in a comparison of two current World Health Organiza-
tion (WHO) public webpages. The WHO appropriately emphasizes that NCDs cause the
vast majority of global deaths (71%) [12]. The threat goes beyond that of NCDs killing
more humans in every country with each increasing year. As the World Economic Forum
and the Harvard School of Public Health pointed out, the world cannot avoid the eco-
nomic burden of the NCD epidemic. The human and economic toll is unsustainable.
With the WHO having a clear vision of the threat, one would assume that this global pub-
lic health organization is currently mobilizing the latest science to address this most seri-
ous human health challenge. That assumption would be incorrect. The WHO currently
recommends that “cures” for the half century long NCD epidemic can be found in reduc-
ing four risk factors that involve four human behaviors: “tobacco use, physical inactivity,
unhealthy diet and the harmful use of alcohol” [13].

This is not a new discovery by public health institutions nor is it a new “public health”
effort. In fact, virtually the same health proclamations used by the WHO originated from
ancestral healers dating back millennia to the time of the “Four Humors.” Simply put, this
is not new science as is discussed in the following. Despite centuries if not millennia of
similar WHO-like behavioral admonitions, the NCD epidemic emerged during the 20t
century and now in the 21 century is unrelenting. For example, the British medical jour-
nal published a study linking alcohol consumption and risk of cancer in 1903 [14]. A pub-
lication appeared in The Hospital in 1901 describing tobacco use and cardiovascular dis-
ease [15]. The sometimes public admonitions about diets are centuries old as detailed by
Foxcroft [16]. Finally, recognition of the connection between inactivity and disease includ-
ing NCDs is not new. Physicians in the ancient Indus Valley, Greece and Rome actually
wrote prescriptions for exercise [reviewed in 17]. What is newer is the increased under-
standing that NCDs and inactivity can be a vicious cycle. NCDs such as gout make
health-promoting exercise even more difficult as was noted by Benjamin Franklin [18].
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As can be seen in Table 1 [3,4,9,10,13,19-53], the danger in recent public health fail-
ures is not simply that time and money was expended in unsuccessfully combatting the
NCD epidemic. It is that some of the recommendations actually further erode both the
microbiome and human health. Several initiatives were not even health neutral.

Table 1. Thirteen Examples Reflecting Outcome-Based Failures of Public Health and/or
Major Public Health Initiatives that Produced Underwhelming Results

Public Health Initiatives,
Challenges, and Responses
The World Health Organization [13]
recently tabulated that the vast
majority of global deaths (71%)
are caused by NCDs. However,

they offer no plans seemingly
capable of eliminating NCDs as

the major cause of death.

Reference(s)

The Global Burden of Disease [19]
Study illustrates the ongoing

NCD epidemic but fails to even
mention the microbiome among

87 risk factors and 369 diseases

considered across hundreds of
countries. It concluded that peo-
ple are living more years in poor
health despite medical advance-

ments.

The extent of the failure of pub- [9,10]
lic health initiatives to address
the decades-long NCD epidemic
was revealed via a recent
NHANES study survey. The
study found that 91.8% of senior
adults in the United States carry
two or more NCDs.
The public health failure regard- [20-22]
ing the epidemic of multimorbid
NCDs associated with aging
was compounded when public
health institutions failed to ade-
quately protect the NCD-rid-
dled, pro-inflammatory, and hy-
per-vulnerable geriatric popula-
tion against the SARS-CoV-2-in-
duced lethal cytokine storm.

Public health mandates during [23, 24]
the SARS-Covid-2 pandemic
that further eroded the human
microbiome instead of protect-
ing the microbiome and the mi-
croimmunosome.

The National Children’s Study [25-28]
was a grand 2000 Congression-
ally mandated, NIH led inter-
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federal agency plan to prioritize
early life health risk identifica-
tion and prevention as the keys
to better health both for children
and across the lifespan. It was
closed in 2014 with little to show
for the very expensive initiative.

The Swine Flu incident begin- [29,30]
ning at Ft. Dix, NJ in 1976 and
the rushed national vaccination
program for a pandemic that
never showed up proved to
cause more health damage than
good.

Public Health protection pro- [31-40]
grams have repeatedly experi-
enced “regulatory gaps” that
permitted millions of people
across multiple generations to
be exposed to NCD-promoting
toxicants before the hazard was
eventually recognized. These
safety testing gaps are not tied
to a lack of microbiome safety
evaluation. Examples of such
global exposures to “safe” chem-
icals include: asbestos, trichloro-
ethelene, dioxin, polychlorin-
ated biphenyls, plasticizers in-
cluding bisphenol A, atrazine,
triclosan, perfluorinated com-
pounds, microplastics, certain
nanoparticles, and other endo-
crine disruptors and obesogens.

A plethora of food, food addi-
tives, drugs, and environmental [41-47]
chemicals previously- approved
by the FDA, the USDA, and the
EPA have been shown to signifi-
cantly damage the microim-
munosome posing a significant
risk to human health. Screen-
ing for microimmunsome safety
would have been useful as
would regulatory action based
on identified toxicity for the mi-
crobiome.

Medical Journal calls to reverse [3]
the Public Health failure of the
NCD epidemic has produced lit-
tle effect.

The Human Genome Project [48]
was touted as the keystone
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though which most human dis-
eases would be cured. Instead, it
resulted in an underwhelming
number of chromosomal genes
identified and few diseases
cured to date.

Risk-benefit decisions in Flint, [4,49,50]
MI resulted in years of exposure
of children and adults to the
neurotoxic, microimmunosome-
damaging, heavy metal Pb
(lead)

Disowning fundamental immu-
nology and the role of natural
immunity during the SARS-
CoV-2 pandemic and the im-
portance of T cell responses to
viruses in heterologous adaptive
immunity

[51-53]

6. The Global Burden of Disease Study

In addition to the ancient dogmas perpetuated by the WHO, other promising initia-
tives have also ignored human microbiome status as a risk factor for NCDs. One exam-
ple is the massive and ongoing Global Burden of Disease Study centered in Australia.
The study includes analyses of 87 risk factors across more than 200 countries [19]. How-
ever, none of these risk factors directly pertain to the microbiome. The closest relevant
indicator involves breast feeding practices. Many of the risk factors are direct outcomes of
microbial dysbiosis (e.g., metabolic profiles) but the majority causative gene pool (micro-
bial) determining relevant metabolic status is not considered. It is worth asking how
long this study must go on before the microbiome and NCDs are included. It can be
argued that to date, this massive study has been working on the margins of core risk fac-
tors for the human superorganism. The factors tracked across more than 200 countries fall
more into the category of general umbrella behaviors as well as downstream "effects” of
microimmunosome dysbiosis/misregulation rather than core causes of NCDs. The only
exception in the study might be the inclusion of breastfeeding behaviors. More human
systems biology-relevant parameters based on research of the past decade would be use-
ful. These would focus on direct causes of: 1) improperly seeded, fed and/or damaged
human microbiomes, 2) loss of barrier function, 3) pathobiont predominance, 4) changes
in bile acid and other metabolism, microbial production of short chain fatty acids and
regulatory peptides, and 5) induction of immune inflammatory dysregulation [9].
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7. NHANES Results Illustrate That Multimorbid NCDs with Polypharmacy are the
New Norms

As was discussed by Dietert [9], a recent NHANES study provided a stunning indi-
cator of the failure to address NCDs among the U.S. aging population [10]. The NHANES
surveys are not a new public health initiative. Instead, they are a regularly occurring, com-
prehensive, and comparative group of indicators that illustrate public health progress or
failure among a large sampling of the U.S. population.

8. Failure to Protect Multimorbid NCD-Bearing, Pro-inflammatory Seniors Against the
SARS-Covid-2-Induced Cytokine Storm

As discussed in Dietert [21], SARS-CoV-2 showed us the extent to which the ongoing
NCD epidemic had not been adequately addressed via preventative and therapeutic med-
icine. Importantly, it is the additional lack of success in public health that allowed the
NCD epidemic to progress. With decades of public health initiatives having failed to halt
the multimorbid march of NCDs with aging, it was a double tragedy that the most vulner-
able population for death by SARS-CoV-2 (those with multimorbid NDC burdens, a dam-
aged microimmunosome and with misregulated inflammation) were not adequately pro-
tected. Because cytokine storms represent a misregulated inflammation response in tissues
and because of the proven risk of the geriatric cohort to secondary bacterial pneumonia,
the selective targeting of the segment of the population by Covid-19 was easily predictable.
Yet, despite our clear understanding of NCD-related immune dysregulation, the public
health response was poor [54,55].

9. The National Children’s Study

The National Children’s Study (NCS) was a significant inter-federal agency early life
health effort to address the increased environmental vulnerability of children for risk of
disease and the nature of developmental programming for both infections and NCDs [26].
It was created by the Children’s Health Act of 2000 and would eventually enroll
H.R.4365 — 106th Congress (1999-2000). As described by the NIH Children’s Health Study
Archive site  (https://www.nichd.nih.gov/research/supported/NCS), the Pilot study be-
gan in 2009 and enrolled 5,000 children across 40 U.S. locations. The primary study was
designed to have followed 100,000 children. It involved a pregnancy to adulthood study
with exposure-outcome indicators. Because of the ideas surrounding critical windows of
developmental vulnerability [56], developmental origins of health and disease (DOHaD)
[57], and powerful research findings on transgenerational epigenetic programming [58],
the NCS held great promise. The original Congressional Act specified such NCDs as au-
tism, juvenile diabetes and other NCDs. After only five years into the program, the NIH
Director closed the NCS in 2014.  What had begun as the promise of providing key infor-
mation into the early life programming of NCDs became little more than a very expensive,
truncated trial. The death of the NCS led to what has been termed scientific humiliation
at a cost of 1.3 billion dollars when then and present Director of the NIH, Francis Collins,
killed the program [28].

Public Health done correctly with the NCS would have produced highly useful re-
sults for protecting prenatal, infant, and childhood periods of vulnerability. Addition-
ally, had the microbiome been included in the plan, the fact that microbiota determine
individual risks to food, drugs, and environmental toxicants would have been revealed
and might have led to better preventative medicine against NCDs sooner rather than later
[9,59-62].
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10. Public Health Failures Among Regulatory Agencies

Two categories of public health regulatory failures are listed in Table 1. The first con-
cerns major misses or “regulatory gaps” in safety evaluation resulting in millions of people
across more than one generation being exposed en masse to toxic drugs, chemicals, or food ad-
ditives. These exposures were later shown to contribute to both system(s) dysfunction and one
or more NCDs. The first category illustrates general toxicity misses not necessarily linked to the
microbiome. The second category concerns the lack of relevant safety testing specifically involv-
ing the microbiome.

Dietert and Dietert [63] discussed the problem with public trust for FDA and USDA
stamps of approval when it comes to safety including that for the human microbiomes. But the
issue of effective public health protection by regulatory agencies goes beyond just the tendency
to embrace outdated science and cling to status quo (decades old) safety evaluation strategies.
The problem is that once the errors in safety testing and human health protection are revealed,
massive NCD-promoting exposures have already occurred and offending toxicants may or may
not be removed from use by the responsible public health agencies. For example, food emulsi-
fiers are clearly obesogens via their capacity to destroy the keystone gut bacteria, Akkermansia
mucinophila, compromise the gut barrier, allow pathobionts to gain predominance, and produce
underlying immune-inflammatory dysregulation [64,65]. Yet, the FDA has not acted to protect
consumers from this pervasive food additive hazard despite the fact that reducing the preva-
lence of obesity is among the highest public health priorities [66, 67]. When the WHO directs
people to eat healthier foods to reduce obesity, are they considering elimination of most emulsi-
fier-containing foods or at least replacing emulsifiers with a microbiome friendly alternative?

The public health problems extend beyond food additives to environmental chemi-
cals that can also reach us via the food chain. As a result in the U.S., the EPA, the National Tox-
icology Program (NTP) and the FDA were all involved in the safety evaluation surrounding
major plasticizers such as bisphenol A (BPA). Despite BPA being an endocrine disruptor, a wide-
spread chemical, and having a variety of toxicology red flags that show up over the years, the
politics of BPA made elimination of exposure challenging [68]. While BPA has adverse effects
on many different tissues and organs (particularly NCDs involving the reproductive system),
recent studies suggest that it is an obesogen [69,70]. Pérez-Bermejo et al. [71] recently reviewed
the role of BPA in obesity and diabetes and concluded that it can stimulate adipocyte hypertro-
phy and disrupt glucose metabolism and insulin homoeostasis. Exposures in early life present
the greatest risk of BPA promoted obesity. The researchers concluded that endocrine disruptors
like BPA likely contributed to the increased prevalence of obesity. They also note that while some
countries have taken steps to limit exposure of their population to BPA, there is still a lack of
international agreement that would globally ban BPA. Finally, BPA has been reported to play
a pathogenic role in Crohn’s Disease working though the microimmunosome to increase bacte-
rial translocation and increase systemic inflammation [72].

If the WHO wants to reduce NCDs including obesity, getting rid of obesogenic emulsifiers
and endocrine disrupting plasticizers would be a great place to start. It is not the public’s fault
when good choices in diet, exercise, attempts to reduce tobacco and alcohol use are undermined
by massive multigenerational hidden exposures to hidden products that damage the microim-
munosome and promote obesity as well as other NCDs. Modifying personal behavior to reduce
the risks of NCDs is only useful if microimmunosome damaging drugs, chemicals, and food
additives are not embedded within every household food as part of everyday life. Microbiome
First oriented physicians, nutritionists and other health practitioners could restore the human
microbiome, but inadequate public health actions would erode it yet again on a daily basis.
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11. The Final Group of Problematic Public Health-Related Activities

The 2004 medical journal alarm on Public Health (Table 1) and the lack of effective-
ness when it comes to NCDs was previously discussed at the beginning of this article. The
Lancet article was not a new public health project. Rather, it provided an important
timestamp for the ongoing effort of public health institutions to bring the NCD epidemic
to an end. The problem is that today’s approach by institutions like the WHO seems to
be largely the same 17 years after being called out by The Lancet. It seems clear that a
sea change is in order rather than annual tweaking of the same approaches that got us into
a healthcare-threatening epidemic.

One of the great public health promises at the end of the 20t century and the begin-
ning of this century was The Human Genome Project [73,74]. Mapping and analysis of
the complete human genome was touted as providing the wherewithal to cure most if not
all NCDs. The project did map the human genome, but the results were underwhelming
both in terms of number of chromosomal genes and the impact of that information on
human health [75]. The silver lining in this failure was that it paved the way for The Hu-
man Microbiome Project and the 100-fold-plus number of human microbial vs. chromo-
somal genes that would be tallied. It should be clear now that the promised cures for
NCDs reside minimally among our chromosomes and to a much greater extent belong to
our microbial co-partners.

In 1976 a rare diagnosis of swine flu on the Ft. Dix military base in NJ led to what in
hindsight was an overreach and overreaction of U.S. national public health. The feared
pandemic never emerged, but a rushed vaccine that was administered nationally by the
government did. The risk-benefit was poor with Guillain-Barre Syndrome among the
adverse outcomes [29,30].

As shown in Table 1, a local public health-related initiative in Flint, MI led to a
change in water supplies producing an almost unthinkable outcome [76]. It also showed
that the breakdown of deliverable public health was not simply at one level of administra-
tion.

Ironically, during the later 1990s-early 2000s, federal agency grant programs, like the ex-
ternal funding program of the EPA, went through a period where research proposals to
examine toxicity of environmental chemicals specifically excluded the heavy metal lead.
Proposals on any other environmental chemicals were allowed. Because the author had
been researching lead over this period, these exclusions brought the lab’s lead immuno-
toxicity research to an end. The logic was that we knew everything we needed to know
about lead or at least enough to know that we must avoid the exposure of children to lead
at all costs. Yet, decades later in Flint, M1, public health protection failed us as has been
noted by some of the most prominent environmental health researchers [4,50].

The examples of public health failures listed in Table 1 show that rather than solving the
most lethal health crises of the past half century (NCDs), an assault on the human super-
organism has been permitted to continue where large-scale public exposures are permit-
ted to occur before the actual, relevant risk-benefit is known and made public.

Mass exposures to bisphenol A should not have happened and daily exposure to glypho-
sate, food emulsifiers, and microbiome-damaging drugs should not be occurring. Dedica-
tion to the protection and nurturing of the human microbiome is probably the single most
effective tool that public health initiatives could embrace to end the epidemic of lethal
human diseases, the painful suffering of populations with multimorbid NCDs, and the
reduced quality of life over much of the life course.
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Finally, the SARS-CoV-2 pandemic and the public health push for global mass vaccina-
tions led to a remarkable seeming amnesia on a fundamental basis of immunology: the
development of natural immunity and protection of the host via heterologous adaptive
immune responses. The responses are tailored to the protection against the pathogen since
they engage the millennia-honed combination of innate and adaptive immune processes
that were effective against the category of pathogens across centuries and are character-
ized by both specificity and memory. When public health challenges arise, it is definitely
not the time to forget fundamental natural disease resistance processes established over
decades and funded by the very same institutions responding to current health crises. This
would be a prescription for continuing the records of poor public health initiative out-
comes reflected in Table 1.

12. Transforming Public Health for Impactful Successes Against the NCD Epidemic

This review provides three inter-related categories of microbiome-based defense
against the ongoing NCD epidemic that have the ability to transform the recent string of
public health failures/tragedies into meaningful progress in the fight against the NCD ep-
idemic. This is not intended to be an exhaustive list of microbiome-based approaches to
combat NCDs, but are simply examples illustrating how public health can and should
change its focus to be compatible with the biological reality of humans (i.e., as superor-
ganisms/holobionts.)

12.1. Barrier Integrity, Regulation, and Protection

The first category focuses on the integrity of the microimmunosome and, in
particular, barrier function (e.g., skin, gut, airways, urogenital tract). There is an emerging
concept that barrier protection should be a prime directive in the battle against NCDs such
as the allergic triad [77]. Consider when and where compromising barrier integrity is a
healthful change, and the problems can be put in perspective. It is never a good thing
when bacteria and/or bacterial toxins translocate to part of the body where those bacteria
do not belong. That is one of the fastest routes to disease and sometimes sepsis.

Starting with the skin, the largest organ in the body, there are commensal microbes
that both regulate the health of the skin barrier and provide colonization resistance against
pathogenic bacteria and viruses. Skin commensals influence cutaneous immune cells
affecting the balance of immune inflammation and wound repair as well as innate
immunity against vaccine viruses [78]. Clearly, skin commensals offer a manageable and
useful strategy to ensure natural protection against pathogens entering via the skin as well
as improper immune inflammatory responses. Recent studies on skin microbes suggest
that strains matter. It is the actual collections of genes with Staphycoccus epidermidis (Staph
E) that determine the extent to which it afford potent antimicrobial protection. A recent
study suggested that transplantation of Staph E and Staphylococcus hominis works in
animals, and that peptides from these commensals kill Staphylococcus aureus (Staph A) [79].
Finally, a recent meta-analysis suggests that probiotics can be effective in preventing
childhood atopic dermatitis providing a new avenue for reducing the risk of NCDs [80].
In double blind, placebo-controlled studies, certain probiotic strains were found to be
beneficial in the treatment of childhood atopic dermatitis [81]. A full range of skin
transplantation competitive exclusion strategies was recently reviewed by Callewaert et
al. [82].

In mucosal tissues where the barrier is protected against pathobionts by active
regulation of the mucin layers, there are key microbial biomarkers that affect both barrier
status and risk of specific NCDs (e.g., obesity/metabolic syndrome). In the gut
Akkermansia mucinophila is known as a Keystone species because of its critical role in mucin
regulation and protection of the gut barrier. It is one of a small number of bacteria that
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can perform this critical function. Risk of obesity and metabolic syndrome in general is
inversely correlated with the levels of this bacterium [83]. As a result, this bacterium has
been labeled as the “sentinel of the gut.” [84]. Recently identified pilli-like outer layer
proteins on the bacterium are important in both immune regulation and effective barrier
function [85].

Any public health organization worried about the prevalence of obesity and
metabolic syndrome related NCDs, should be worried about measuring and monitoring
Akkermansia mucinophila. Eating healthier diets will mean little if other factors are
destroying a person’s gut barrier protecting bacteria. There are specific dietary factors that
serve as prebiotics for Akkermansia [86]. But if the WHO is not focused on educating the
public about the microimmunosome (the microbiome, a healthy barrier, and the
underlying immune system) and specific prebiotics to aid the gut lining, then simply
pushing the public toward what is perceived as “a healthier diet” may not have the
intended effect.

In fact, it appears that Akkermansia mucinophila can also be useful as a probiotic for
improving the safety of drugs with harmful side effects in the gut. One case is for the anti-
psychotic drug, olanzapine, which causes disrupted glucose homeostasis. In lab animal
studies, probiotic Akkermansia mucinophila strains eliminated this metabolic syndrome
inducing side effect [87].

In the airways, epithelial barrier status is critical in the risk of a wide array of airway
diseases [88]. Additionally, early microbiota-immune interactions in the airways
determine the course of airway mucosal immunity and risk of airway disease [89]. One of
the considerations for the airway microimmunosome is whether the pathobiont Staph A
is carried in the infant nasal passages. As recently reviewed by Coleman et al. [90], the
carriage of Staph A presents an increased risk for asthma (and other allergic conditions).
This gram positive pathobiont has toxins and enzymes that can serve as allergens and
sensitizing agents for the mucosal immune system [91]. Additionally, it can stimulate Th2
inflammatory cytokine production by epithelial cells that can result in barrier damage.
The infant epithelial lining is particularly susceptible to pathobiont-associated damage
because there is decreased production of epithelial-derived antimicrobials in early life
[92]. Because antibiotics can often lead to only a short-term benefit with longer term
complications as a probable outcome, effective colonization resistance against Staph A in
the infant airways is the best benefit-risk strategy [93,94]. As was discussed for the skin,
Staph E is a key bacterium in nasal maturation and natural defenses against pathobionts
like Staph A [95]. But this can only happen when ecologically managing microbes is a
medical and public health priority.

13. The WHO and Its Four Modifiable Behaviors to Defeat NCDs

In attempting to halt the ongoing NCD epidemic and eradicate NCDs, the WHO has
focused on four modifiable behaviors. Rather than a true public health strategy based on
recognition of the human holobiont and microbiome-exerted control over much of human
behavior, the WHO has defaulted to a single-species educational program designed to
admonish the publish on their own shortcomings. Essentially, WHO's solution to NCDs
is that if only the public changed what they do, NCDs would go away. But as this review
will show, the very behaviors the WHO believes are readily changed in each individual
are in many cases only changed if and when the dysbiotic microbiome is rebiosed.

Public Health programs will never return to their early, glory day successes until and un-
less they embrace and apply Microbiome First approaches and proactively help people to
usefully manage their co-partner microbes. NCDs are not the fault of the public when the
most common food, drug and environmental chemical exposures damage the human
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microbiome. Rather NCDs are more the fault of woeful public health regulatory activity
that fails to protect the human (and other) microbiomes.

The following sections illustrate how the microbiota impact and control the WHO’s NCD-
relevant human behaviors. Because the WHO indicate that the four most significant risk
factors for NCDs involve personal behavior, the WHO’s direction for individuals to
change these behaviors (in the absence of holistic public health support for these changes)
is a form of mandate with similarities to what has been seen during the SARS-CoV-2 pan-
demic.

14. WHO Behavioral Modification #1: Eat a Healthy Diet - (In Spite of the Microbiota-
Driven Sense-Diet Cycle)

We experience life much through our senses. But what is becoming clear is that
sense-driven life experiences are significantly affected by our microbiome. If you want to
get more out of life and have richer experiences, rebalancing the microbiome is the first
place to start. We can go back to the WHO'’s approach to solving the NCDs epidemic in
general and the obesity epidemic specifically by admonishing people for eating a poor
diet and telling them to eat healthier. The public messaging belies a lack of practical con-
sideration on how one overcomes microbial control of the body’s taste sensitivities, food
choices, and eating behaviors to facilitate a holistically-compatible shift in diet.

We now know that our partner microbes have a myriad of ways to affect virtually
every aspect of our diet, food consumption, food preferences, and nutrient extraction from
the foods we do eat. One of the key starting points for our relationship with food is taste
(as well as smell). Our oral and gastrointestinal microbiota are essentially the miners of
the nutrients we receive from our food. What we get from food depends upon what we
eat but also on what the microbes do as per extraction and metabolism of the food. Table
2 [96-112] illustrates examples of research into the relationship between taste, food
choices, and eating. Other factors such as smell/odor detection, satiety, and addictions
follow in subsequent tables. Importantly, the following tables also demonstrates the key
role of our microbiota in determining both threshold levels for taste and smell behavioral
reactions to those cues. It affects not just our food preferences and eating behavior, but
also our appetite and satiation. In the end microbiome dysbiosis plays a central role in
eating disorders and can drive unhealthy eating both consciously and unconsciously.
The take home message across the studies is that in order for the WHO’s instruction to eat
healthier to produce a truly successful outcome, the individual’s microbiota need to be
congruent with the taste, smell and energy sources associated with a healthy diet.
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Table 2. Microbiota and the Regulation of Taste

Sense Test Species/
Group
Taste Human
(with some mouse
research brought in)
Taste Human
(emphasis on
dental patients)
Taste Human
thresholds (preschool
children)
Taste Human
(adults and youth)

Microbe(s) In- Effects Reference(s)
volved/Subjects

Discussed

Staphylococci, Strepto-  In this review article, [96]

cocci Actinomyces, these bacteria have been asso-
Lactobacillus Prevotella, ciated with changes in spe-
Porphyromonas cific aspects of taste.
Actinobacteria and

Bacteroidetes Actinomy-

ces, Oribacterium,

Solobacterium,

Catonella,

Campylobacter Clostridia

Proteobacteria, Prevotella

Streptococci mutans

General review of This review emphasizes the  [97]
broad scope on taste  life course ramification of fla-

and including smell.  vor biases and the potential

The impact of risk to the aging population.
biofilms is

considered.

Oral microbiota This is an important [98]

affecting sweet study showing that

taste thresholds preschool with a lower
in children threshold for perceiving
sugar consumed less sugar,
had fewer dental caries, and a
general lack of oral Streptococ-
cus mutans. The reverse was
true for children with high
thresholds for perceiving

sugar.

This was a The observation of Treponema [99]
crowdsourced in youth suggest it might be a
population study of ~ biomarker for later oral

adults and youth. health problems and con-

Treponema was nected in some way to the

found in the oral childhood obesity. This study

microbiome of did not find a microbial

do0i:10.20944/preprints202110.0233.v1
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Taste

Taste

Taste

Taste

Taste thresholds

and intensity

Human

Human
(dental patients,
teenagers and

young adults)

Human

(men)

Human

(diabetic patients)

Human

adults with dental
problems and

of obese youth.

Oral-tongue review
of how the mouth mi-
crobiome affects the
gut microbiome, bar-
rier integrity, inflam-
mation, indirectly the
gut -brain axis, the
liver and all through

taste regulation

Oral microbiota were
characterized among
dental patients with
differing sugar intake
and caries vs. fewer

caries

Examined obese men
for oral microbiota
signatures within the
circumvallate
papillae (CVP) that
relate to fatty taste

perception.

Examined type 2 dia-
betic patients for oral
microbiota signatures
within the circumval-
late papillae (CVP)
that relate to fatty

taste perception.

Analysis of
Orosensory
perception of lipids

and sweets in

sweetness taste difference
among the crowdsourced
sampling.

The tongue microbiome and  [100]
its dysbiosis can be a large
contributor to metabolic dis-

orders that facilitate obesity,
diabetes and cardiovascular

disease.

Specific oral microbiota were [101]
associated with

sugar intake. However, there
were several distinct ecologi-
cal combinations of microbi-
ota that were associated with
high sugar intake.

Decreased fatty taste percep- [102]
tion was associated with ele-
vated Bacteroides genus and
Clostridium_XIV and de-
creased Lactobacillus com-
pared against the high fatty
taste perception group.
Impaired fatty acid [103]
perception is not driven

by insulin resistance but ra-

ther is affected by microbiota
dysbiosis. Additionally,
some drugs (e.g., metformin,
statins) may affect lipid sensi-
tivity perception

Low numbers of patients and [104]
high individual variability

produced few statistically

do0i:10.20944/preprints202110.0233.v1
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Taste Human

sensitivity

Taste Human

distinctions

Taste Human
perceptions
and food

preferences

Taste/ Rat

Eating Behaviors

adult females follow-
ing different types of

gastric surgery

This is a review
article examining fat
taste sensitivity and

microbiota.

Taste perception,
oral microbiota,
and childhood
obesity were
compared in the
cross-sectional

study

Oral microbiota, per-
ceptions, and dietary

preferences

Maternal microbiota
program the off-
spring’s eating

behavior.

significant differences be-
yond a

microbiome signature.

The article focuses on insensi-[105]
tivity to long-chain dietary

fatty acids, the microbiota

that are associated with re-

duced dietary fat detection,

and this physiological-micro-
biological change as a path to
obesity.

In this cross-sectional study, [106]
obese children vs. controls

had difficulty identifying

taste quality, a lower number

of Fungiform Papillae, a

lower oral microbiome alpha
diversity, and some subtle
differences in microbiota rep-

resentation.

In a study of 59 [107]
volunteers, the results

indicated a correlation

between tongue dorsum mi-
crobiota, gustatory function,

and specific food intake. The
Clostridia class was associated

with high energy, protein and

fat intake while Prevotalla ge-

nus bacteria were associated

with high fiber intake.

Maternal microbiota [108]
transfer from obese

prone or obese

resistance dams into F344

strain neonates helped to es-

tablish that neonatal microbi-

ota can program juveniles

and adult eating behaviors.
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Taste

Perception

Taste/
Food choice

behavior

Taste/
Food choice

behavior

Taste and Smell

This programming did not
require the transferred micro-
biota to persist into adult-

hood. It is a microbiome-

based example of DOHaD.
Mouse Prebiotic modulates ~ An inulin-type fructan prebi- [109]
sweet taste otic was
perception in administered to diet-induced
obese mice obese mice for 12 weeks.

The supplementation pro-
duced an elevation of cecal
Bifidobacteria and Akkermansia
and improved the orosensory

perception of sweet com-

pounds.
Drosophila Ingestion of foreign A strong food aversion was  [110]
research model microbiota produced evolved into a strong food
study a strong shift in preference by repeated inges-

dietary preferences.  tion of microbiota derived

from a different Drosophila

species.
Drosophila Strong dietary prefer- Commensal bacteria were [111]
research ences controlled shown to direct food prefer-
model study by the metabolism ences via metabolic activity
of commensal and could overcome some di-
bacteria. rect effects of the food itself.
Review Oral microbiota Comprehensive coverage of  [112]
metabolism affects the multiple pathways
flavor perception through which both taste and
thresholds via smell are affected by microbi-

multiple routes. Taste ota.
and smell perceptions

are both affected.

For the purpose of considering the inter-relationships between regulation of the
senses, food behavior and risk of NCDs, I will use obesity/metabolic syndrome as a spe-
cific example. Obesity is one of the key drivers of the ongoing NCD epidemic and is one
of the first NCDs to arise during childhood. Additionally, as reported by Dietert [9], the
cohort diagnosed with obesity is at a greater risk than the general population for at least
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43 comorbid NCDs across the lifespan. As a result of these comorbidities, the metabolic
syndrome complex which includes obesity is one of the most insidious plagues on modern
humans and a huge contributor to both premature death and reduced quality of life.

Not surprisingly, the public health solutions for the obesity epidemic must overcome
two massive roadblocks: 1) rampant microbiome dysbiosis that locks in destructive eating
behaviors and 2) the inexplicable presence of obesogens permeating both our environ-
ment and most of our food.  Rather than simply telling people to eat a healthier diet and
then being mystified by the poor outcomes among the NCD-at -risk and NCD-burdened
populations, public health organizations should be showing people how to align their mi-
crobiome with eating a healthier diet. Secondly, public health organizations should get
obesogens out of the environment and food chain. They should never have been there in
the first place, and they certainly should not be there now. Microbiome rebiosis can only
work if the almost constant exposure to obesogens is eliminated.

14.1. Taste

Do gut microbes taste? [96] See Table 2. That is addressed by Leung and Corvasa [96]
in their recent review. There are five tastes that human can not only detect but also
evaluate for quality: sweet, bitter, salty, sour, and savory. It is also possible we can
distinguish fats (e.g., linoleic acid). The tongue is a perfect design for biofilm formation.
Depending upon the thickness of a bacterial biofilm on the tongue, taste receptors can be
blocked from engaging specific foods.

Gut microbiota control taste through three inter-related processes. First, they can
directly interact with the barrier between food and taste receptors, screening and/or
blocking access to your taste receptors. Blocking the taste receptors through biofilm
formation can have consequences for food intake and eventually health. Secondly, our
microbes can affect taste though hormone interactions.

Finally, microbiota affect taste via the immune system. Taste receptor bearing cells
have to turn over and inflammatory processes resulting from loss of barrier function
and/or colonization resistance can allow lipopolysaccharide (LPS) to activate innate
immune cells increasing pro-inflammatory cytokine concentrations. As these spread, both
taste cell receptor expression and taste thresholds change [96]. This is another reason why
barrier integrity is crucial. Taste buds can have a delayed renewal and a shorter lifespan
when microbiome-immune interactions go wrong. Of course, this is the steady state
physiology when patients carry NCDs. Microbiome dysbiosis-induced inflammation
essentially kills taste buds. The microimmunosome must be engaged first if you want
people to readily shift to a healthier diet.

Several recent studies focused on very specific microbiota regions and also very
specific taste biases. The importance of the oral microbiome for taste and flavor to dental
health was recently described by Ellender and Moynihan [97] with an emphasis placed on
the life course/aging impact of flavor biases.

Jurczak et al. [98] conducted an important study of preschool children (2-6 years of
age) comparing sugar threshold perceptions, amount of sugar consumed, dental caries,
and culture based oral cavity bacteria and yeast. The results showed that the presence of
Streptococcus mutans was associated with a poor sugar detection profile (high threshold
concentrations of sucrose were required before it could be perceived), higher sugar
consumption, and higher prevalence of dental caries. This is one example of a key
bacterial marker and sweet detection profile that drives specific food consumption and
resulting oral pathology.
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A second study of oral health was a crowdsourced sampling population study
conducted via the Denver Museum of Nature & Science [99]. One interesting observation
was that an oral pathobiont, Treponema, was detected most often in adults with dental
problems and in obese youth. Li et al. [100] discuss the tongue microbiome, its effect on
taste receptors and the routes through which tongue microbiota dysbiosis can directly and
indirectly promote obesity, diabetes and cardiovascular disease.

Dysbiotic microbiota can drive taste bias that promotes a vicious cycle of eating foods
that both maintain the specific dysbiosis and cause inflammatory-driven disease. Three
studies illustrate these cycles for microbial control of sugar craving and fat craving. Esberg
et al. [101] connect specific communities of oral microbiota with elevated prevalence of
dental caries and high sugar food intake. Two studies from Besnard et al. [102,103] dealt
with oral microbial regulation of fat taste sensitivity as relates to obesity and diabetes. In
the first study by Besnard et al. [102], the microbial composition of the mouth’s gustatory
circumvallate papillae (CVPs) was analyzed and compared among obese adult men as it
related to low vs. high sensitivity of fat taste perception. The decreased fatty taste
perception in low-lipid tasters was associated with elevated levels of Bacteroides genus
and Clostridium_XIV bacteria and a decreased level of Lactobacillus bacteria compared
with the corresponding microbial composition in the high lipid taste perception group.
Based on an analysis of metabolic pathways, the investigator hypothesized that
prevalence of methanogenesis pathways may be directly, positively correlated with fatty
taste sensitivity. Note that fatty taste levels were independent of adiposity itself.
Hence, the two taste sensitivity groups are likely to represent two distinct subtypes of
obese individuals. In their second parallel study, Besnard et al. [103] examined diabetic
patients for microbiota signatures in their CVPs in relationship to their fatty taste
perceptions. Microbiota have been shown to affect sugar-fat perception balances via
sensitivity-resistance to glucagon-like peptide-1 (GLP-1). The two take-away findings
were that insulin resistance itself does not appear to control fatty acid sensitivity
perception. Instead, that is related to the microbiota. Additionally, taking some drugs (e.g.,
metformin and statins) was found to affect fatty acid sensitivity [103].

In an important proof of concept study in rats, Pocheron et al. [108] performed
cecocolonic and cecal content microbiota transfer experiments between selectively bred
obese-prone (OP)/obese-resistant (OR) Sprague-Dawley dams into 1 Fischer F344 recipient
pups from birth to 15 days of age. F344 sham inoculated pups were also evaluated. The
inoculums contained different microbiota compositions. The different donor microbiota
that were transferred programmed F344 eating behaviors even into adulthood. This was
regardless of the duration of persistence of donor microbiota profiles in the recipient gut.
The author concluded that neonatal microbiota profiles could program adult eating
behaviors. This would be consistent with the Developmental Origins of Health and
Disease (DOHaD) evidence [113] while demonstrating that the microbes themselves can
program neonates.

In the Bernard et al., 2019 study [109] from Table 2, diet-induced obese mice were
given an inulin-type fructan prebiotic supplement for 12 weeks. The supplementation
partially corrected diet induced profiles. Importantly, it shifted both the cecal microbiota
profiles toward reduced loss of barrier integrity and inflammation while simultaneously
improving orosensory perception of sweet taste and associated behavioral changes. This
study emphasizes the utility of using both diet/prebiotics and microbiome rebiosis to
naturally produce healthier shifts in eating behavior. The question is when will such
holistically supportive, microbially-based solutions become core to public health
organization initiatives (e.g., WHO)?

Research studies in Table 2 demonstrate that one of the most effective ways to change
diet is to change the microbiota. Heys et al. [110] illustrated a proof-of-concept study that
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Sense

Smell

changing microbiota can change dietary preferences. If the dietary preferences easily sync
with a healthier diet, then changing to a healthier diet will not be opposed by the body’s
physiology-regulating microbiota. A study by Leitao-Gongalves et al. [111] also supported
the role of gut microbiota in controlling feeding behavior. By shifting the gut’s microbial
composition such that it promotes a healthier feeding behavior, one is more likely to
succeed with a desired dietary change. This superorganism-based, holistic strategy
would facilitate the desire of the World Health Organization that people simply eat a
healthier diet (even if it is counter to their dysbiotic microbiome). A gut-microbiota to
vagus nerve to brain pathway that can bypass taste receptor status is discussed in the
addiction-withdrawal section.

A final point is the effect of high fructose corn syrup specifically on the human
microbiome. In a study by Beisner et al. [114], researchers found that different formulation
of foods containing fructose resulted in different gut microbiome compositions and
metabolism. High fructose corn syrup supplemented foods resulted in destruction of
beneficial butyrate producing gut bacteria and problematic microbial metabolism of host
lipids. In contrast, naturally occurring fructose as part of a fruit-based diet appeared to
produce an opposite beneficial effect [114].

14.2. Smell

Smell is one of the senses that is important in the choices we make in life. Our entire
engagement with objects we encounter can be driven by odor detection and both
conscious decisions (e.g., moving away from a skunk encounter) as well as unconscious
decisions such as selecting one food within a buffet line over another. It draws us to
things or away from things based on how we perceive odors. This includes our food as
shown in Table 3 [115-118].

Table 3. The Role of Microbiota in Smell

Test Species/ Microbe(s) Involved/Sub- Effects Reference(s)

Group

jects Discussed

Mouse (three groups)  Characterization of Among 11 odorants [115]

microbiota among three dis- examined, several

tinct differentially activated the ol-
groups of mice: C3H/HeN, factory epithelium linked to
Swiss, the microbiota profile. The

and BALB/cBy]. Germ free findings suggest the im-

mice (C3H/HeN) were portance of the
installed with microbiota in the olfactory ep-
microbiota from ithelium physiology (e.g.,

each of the three groups per- EOG).
mitting

olfactory, electro-olfactogram
recordings (EOG) of the epi-
thelium and microbiota com-
parisons on the same mouse

genetic background.
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Smell Mouse and Human (Re- Chemosensory links between This is an important [116]
view) microbiota, olfaction and review article
emotion are described and  covering the capacity of bac-
the “odorome” concept terial products
is introduced. An to affect olfactory receptors
example of bacterial products and, in turn, to elicit specific

discussed is B-phenylethyla- emotions.

mine.

Smell Human Bacterial signatures from Odor thresholds, [117]
among identification and
Actinobacteria, discrimination
Bacteroidia, Bacilli, were all evaluated
Clostridia and and found to be
Proteobacteria were linked by microbiota compo-
associated with sition. Specific groups of mi-
hyposmic (i.e., odor crobiota affected combina-
detection) tions of the three categories.

threshold, low
discrimination

and low identification perfor-
mance. Corynebacterium and
Faecalibacterium were often bi-
omarkers for reduced odor
discrimination and threshold.
Comamonadaceae and Entero-
bacteriaceae were linked with
reduce thresholds and identi-
fication. Porphyromonas and
unclassified Lachnospiraceae
were associated with poor
performance across all three

olfactory performance catego-

ries.
Smell Mice and Zebrafish Mechanistic study in two ani- Found evidence for [118]
mal models nasal microbiota

regulation of
olfactory
transcriptional

factors

As with taste there are thresholds of odor detection and there is the nature of the
scent itself. One of the interesting tests concerns the tropical fruit, durian. The odor is so
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repulsive for some that the fruit is inedible. Others savor the flavor so much that the odor
is of little concern. The fruit itself has a high alcohol content and can become an obsession
for the alcohol addicted.

Morquecho-Campos et al. [119] recently reviewed the relationship between food
odor, congruent appetite and food preferences. In particular the authors point out that
we live in an obesogenic environment. Food groups with similar chemistry and odors
can lead to what is termed sensory specific appetite (SSA).

Nardon et al. [115] found evidence that microbiota can affect the first step in odor
detection at the level of the olfactory epithelium. Studies in three different groups of mice
examined the effects of microbiota on nasal epithelium and odor detection and prefer-
ences in three different groups of mice using physiological, biochemical, behavioral, and
microbiological analyses. The investigators used eleven odorants in the evaluation. They
found that olfactory preferences were dependent upon two factors: 1) the identity of the
odorant and 2) the microbiota profile. Remarkably, microbiota appeared to be capable of
differentially activating the olfactory epithelium. Both enzyme production from the epi-
thelial transduction system and electroolfactogram (EOG) signals depended upon the
specific microbiota profile.

Some evidence exists on the mechanisms through which microbiota can regulate
olfactory epithelium gene expression. Using two different animal models (mice and
zebra fish), Casadei et al. [118] found that nasal microbiota control transcription pro-
grams in the host though differential production and activity of specific transcriptional
factors. RE1 silencing transcription factor (REST) is a zinc finger transcriptional factor
that is regulated by microbiota. In turn, REST affects the gene expression of many neuro-
logical system genes by binding to promoter regions. This affects not only olfactory func-
tion but also differentiation within sensory organs.

In a human trial (Table 3), Koskinen et al. [117] found that specific groups of nasal
microbiota affected different combinations of olfactory performance/capabilities. These
investigators measured threshold detection levels, the capacity to discriminate among
odors and the capacity to identify odors. They found significant associations for the pres-
ence of specific microbiota groups with odor performance.

14.3. Satiety

While microbiota play a critical role in regulating taste and smell particularly as it
pertains to food and food components, the role of microbiota in satiety is a third point in
the pyramid of controlling diet and diet-related health. Satiety describes the sense of
being full and satisfied as per appetite. The opposite of satiety is intense hunger that can
lead to binging on food. It is not just food quality but also food quantity that affects the
risk of NCDs [120].

Appropriate regulation of satiety is one of the important factors that connects diet,
eating behaviors (e.g., meal size), and health. Table 4 [121-128] includes eight examples
of recent studies and reviews on microbiota and the regulation of satiety.
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Table 4. The Role of Microbiota in Satiety

Test Species/ Microbe(s) Involved/Subjects
Sense . Effects Reference(s)
Group Discussed
Review of
Microbiota were
multi-species This recent review article details
demonstrated to control
studies (primar- the variety of mechanisms
Satiety both central and periph-  [121]
ily rodent with  through which gut microbiota
eral food intake mecha-
some human) control satiety
nisms.
This review describes
Review article covering probiotic
the control of multiple
and prebiotic studies on eating
regulatory factors affect-
and satiety. It also discusses the
ing satiety that are em-
categories of microbial peptides,
Review of hu- bedded within the gut
hormones, and products as well
Satiety man and mouse microbiome. It also [122]
as metabolites that affect hunger,
studies summarizes numerous
eating, and satiety. Most of the
clinical and research
probiotic studies cited used Lacto-
studies on microbiota
bacillus and/or Bifidobacterium spe-
and appetite control.
cies.
The article is focused on
how we move toward
Review article covering microbi-
Microbiota—Gut-Brain
Satiety Review ota-gut-brain axis in satiety regu- [123]
axis on a chip in vitro
lation
assessment.
This review article pro-
vides satiety-related evi-
dence that gut microbi-
ota regulates ghrelin
Review article detailing the regu-  levels via short chain
Satiety Review lation of gut peptides and partic-  fatty acids, specific [124]
ularly ghrelin via gut microbiota amino acids, formyl
peptides, LPS, and
H2S and also affects
ghrelin receptor
signaling.
This was a 24-week du-
ration (two 12-week
Lactobacillus rhamnosus phases) double-blind,
Satiety Obese adults [125]
CGMCC1.3724 (LPR) randomized,

placebo-controlled trial

examining control of
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Satiety

Satiety

Satiety

Obese women

Mouse

Mouse

A multi-species probiotic mix or
placebo was used in combination
with a caloric restricted diet. The
probiotic mix contained: Lactoba-
cillus acidophilus, Bifidobacterium
bifidum, Bifidobacterium lactis,
Bifidobacterium longum, Lactobacil-
lus rhamnosus, Lactobacillus reuteri,
magnesium stearate, and malto-

dextrin

Lactobacillus rhamnosus GG

A prebiotic soybean insoluble die-
tary fiber was administered dur-
ing a 24-week intervention in
high fat diet mice. The special-
ized fiber induced increases in
Lactobacillus and Lachnospi-
race_Nk4A136_group with de-
creases in Lachnospiraceae and Bac-

teroidesacidifaciens

appetite, weight loss,
and mood. Positive
significant effects on sa-
tiety were seen in both
men and woman with
the latter experiencing

the greater benefit.

This was a 12-week du-
ration, randomized,
double-blind, placebo-
controlled clinical trial
of obese women. Posi-
tive effects were seen in
[126]
the probiotic supple-
mented group for both
eating behavior as well
as anthropometric indi-

ces.

Aged Balb/c mice were
fed regular or high fat
diet and two different
doses of probiotic sup-
plementation were ex-
amined for effects on
obesity-related bi-

[127]
omarkers including lep-
tin resistance. High dose
probiotic reversed the
leptin-resistance associ-

ated with diet-induced

obesity.

The outcomes of the 24-
week prebiotics inter-
vention and microbi-
ome shift were changes

[128]
in short chain fatty acid
production and an ele-

vation in satiety hor-

mones.
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In a recent review, Rautman and de la Serre [121] describe the multi-level influences
of gut microbiota on a variety of mechanisms (e.g., both peripheral and central) determin-
ing satiety. Evidence suggests that the composition of gut bacteria affects gut-brain com-
munication such as peptide signaling via the vagus nerve. Another level through which
microbiota composition controls satiety is by the regulation of both peptide expression and
peptide release by endocrine cells within the gastrointestinal system (i.e., termed entero-
endocrine cells). Among the peptides affected by microbial regulation are: cholecystokinin,
glucagon-like peptide-1 and peptide YY. Beyond appetite-regulating peptide production,
microbiota can affect the other end of the regulatory pathway: vagal afferent sensitivity to
gut-originating satiety signals [121]. By affecting gut barrier integrity and inflammation,
gut microbiota composition affects not only vagal afferent signaling but also the structural
integrity of the gut-brain axis (via reduction of VAN numbers and c-fiber withdrawal).

Central intake mechanisms are also affected by microbiota. As described by
Rautmann and de la Serre [121], bacterial inflammatory-inducing products can alter not
only sensitivity to CCK and leptin but also cause a neuroinflammation-induced loss of
function in pivotal brain regions: the nucleus of the solitary tract (NTS) and the hypothal-
amus. For example, certain species of bacteria appear to interfere with leptin sensitivity in
the hypothalmus [121]. Installation of as few as a single probiotic bacterial species (Lacto-
bacillus rhamnosus GG) was found to restore leptin sensitivity in diet-induced obese mice
[127]. A final central intake mechanism regulated by microbiota composition is the collec-
tion of reward pathways [121].

This is particularly relevant to hedonic perception. Microbiota control of the re-
ward pathway will be discussed later in relation to the WHO’s mandate-like public health
directive that in order to stop NCDs the public should cease addiction behavior. It should
be noted that food addiction behaviors are an important part of addiction cycles, are an
impediment to the WHO's instruction to eat a healthier diet and are significantly affected
by microbiome status. Yet remarkably, the WHO’s solutions to the NCD epidemic fail to
constructively address this relationship, to inform the public of this relationship, and to
provide the public with strategies for breaking the cycle of microbiome-regulated food ad-
diction.

On satiety, Table 4 provides additional information on the regulation of satiety
by specific gut microbiota. Three very recent reviews are included [122-124]. Two of the
studies focused on adult obese humans while two studies were mouse preclinical studies
that investigated microbiota associated with satiety hormone induction.

15. WHO Behavior Modifications #2 and #3: Consume Less Alcohol and Stop Using
Tobacco - (In Spite of the Microbiome’s Role in Addiction and Withdrawal)

The WHO indicated that priority NCDs risk reduction requires both the consump-
tion of less alcohol and cessation of tobacco use. As with the other mandates from the
WHO, these are not new health promoting suggestions. The problem is that they are be-
havioral modifications that are particularly challenging for individuals to accomplish. The
reason is that tens of millions of individuals suffer with substance use disorder (SUD).
Such problematic changes are based in part on the addiction related aspects of food, alco-
hol, and tobacco use.

The problem is that these WHO behavioral modifications are presented as if it is as
simple as deciding which fruit to pick up at a grocery store and ensure that the day’s
shopping does not include alcohol or tobacco products. But the instruction to make what
seem like simple changes ignores: 1) SUD, 2) the highly addictive nature of these behav-
iors for many individuals, and 3) the long recognized potential addiction-withdrawal
challenges connected to following these recommendations.
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Recent research has shown that the microbiome plays a major role specifically in SUD
[129] and in our superorganism body’s reward systems in general. In fact, the gut micro-
biome uses metabolomic, immune, neurological, and epigenetic mechanisms to control
the presence of SUD. If the microbiome is dysbiotic as occurs with microbiota-damaging
environmental, pharmaceutical and /or life course experiences, it may be difficult to nearly
impossible to discard food or drug dependencies. Additionally, attempted withdrawal
from addiction can be painful and as has been previously reviewed [130], pain is highly
controlled by microbiome status. Hence, there are two very good reasons to be “managing
microbes” first and foremost. The microbiome can help to minimize the risk of addiction
and/or it can help to increase the likelihood of successful, minimally traumatizing with-
drawal. In fact if one wants to modify any addiction, starting with the microbiome is great
place to shift the reward-addiction chemical cycle.

In their recent review, Russell et al. [129] discussed the host genetic factors that are
involved in SUD and then further detailed how gut microbiome status can either lock in
the disorder or facilitate withdrawal and the likelihood of successful future abstinence.
Among the substances reviewed under SUD are: alcohol, cocaine, opioids, nicotine and
cannabis. Similarly, Forouzan et al. [131] reviewed studies concluding that gut-brain axis
regulation by microbiota regulate psychostimulant abuse disorders and control the nega-
tive affects so important in the potential for relapse. In a similar vein, O'Sullivan and
Schwaber [132] concluded that gut microbiota influence visceral-emotional hubs and the
anti-reward pathway that is common in alcohol and opioid withdrawal avoidance.

The Russell et al. [129] review article also integrated the information from two prior
rodent studies looking at the transplantability of alcohol depressive withdrawal symp-
toms. In the lab animal study, Xiao et al. [133] performed fecal microbiota transplantation
from two-week alcohol-exposed mice into healthy recipients. Donor bacteria took up
residence in the recipients, and these animals displayed both depressive behavior and
rapid alcohol withdrawal anxiety upon exposure to alcohol. Zhao et al. [134] extended
this work by transplanting fecal gut microbiota from alcoholic patients into antibiotic-
treated C57BL/6] mice. There was colonization by the transplanted microbiota and the
recipient mice exhibited symptoms of alcohol dependency. These results suggest that
the gut microbiome can carry sufficient metabologenomic information to produce alcohol
dependency. Furthermore, other researchers have suggested that psychobiotics (probiotic
bacteria affecting brain function and neurochemical balance) could represent a useful
therapeutic strategy for alcohol use disorder [135].

The microbiome can impact virtually any addiction where the microbiota can: 1)
metabolize the addictive food, drug or chemical, or 2) affect the brain chemistry connected
to the behavior. Lucern et al. [136] recently examined the contributions of the gut micro-
biome-peripheral immune-central nervous system interactions in determining precisely
who is likely to develop SUD.

The concept that the microbiota-drug interaction helps to lock in addiction is sup-
ported by Freedman et al. [137]. They found that patients receiving opioids in combination
with antibiotics were less likely to become drug addicted upon hospital discharge. Pre-
sumably, the antibiotics disrupt the opportunity for a SUD profile to develop in the gut
microbiome. Of course, rebiosis of the microbiome after antibiotic treatment is needed for
two reasons: 1) to avoid loss to colonization resistance and potential elevated risk of NCDs
and 2) to buffer against future SUD.

Evidence suggests that dysbiotic gut microbiota may carry the predisposition for al-
cohol abuse. Esquer et al. [138] bred generations of alcohol abusing rats and found that
antibiotic treatment of rat pups prior to alcohol availability could significantly break the
cycle of alcohol abuse. This was further enhanced by the oral administration of a probiotic,
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Lactobacillus rhamnosus GG. The investigators attributed the microbiota-controlled
changes to reductions in both an alcohol-related pro-inflammatory state and sweet taste
perceptions with the vagus nerve being key in communication to the brain.

For humans, Carbia et al. [139] presented an integrative model for alcohol misuse
including the gut microbiome-immune system-brain axis. They cited a consistency
across species in which Clostridiales, Ruminococcaceae and Lachnospiraceae are elevated in
association with addictive behavior. Within their model, the microbiota in conjunction
with dysbiosis-promoted inflammation are key elements of alcohol misuse and addiction.
The adolescent period was identified as a window of particular vulnerability for this be-
havioral programming. In a related paper, Garcia-Cabrerizo et al. [140] argued that be-
cause gut microbiota are critical in control of the SUD-associated reward system for drugs
like alcohol, psychostimulants, opioids, and cannabinoids, they should be therapeutic tar-
gets for reversing SUD. The pathways leading from the gut microbiota to the brain can
travel through the vagus nerve, the immune system, the HPA axis, bacterial metabolites
and enteroendocrine cells [140].

Evidence suggests that rebiosis of a dysbiotic gut microbiome can reduce the risk of
SUD, aid withdrawal, and reduce the risk of relapse. For example, Novelle [141] con-
cluded that food addiction has many similarities to SUD and that food addiction can be
caused by a dysbiotic microbiome. Agusti et al. [142] in a study in rats found that the
probiotic Bacteroides uniformis CECT 7771 modifies the brain reward response in such a
way as to positively impact binge eating disorder. In a mouse study, Thomaz et al. [143]
found that withdrawal of morphine-addicted mice from the drug was aided by manipu-
lation of the gut microbiome.

The tobacco smoking-nicotine-cycle has been shown to be intimately connected to
microbiome status [144]. For example, a recent study established that there is specific mi-
crobiome-based signature in human blood that identifies and distinguishes former and
current smokers [145]. Other research groups found that former and current cigarette
smokers could be distinguished from never smokers based on fecal microbiota [146]. Ad-
ditionally, it was shown that individuals with substance use disorders including nicotine
addiction can be distinguished from healthy (non-addicted) controls by their oral micro-
biome [147]. In another study both smokers and users of smokeless tobacco had oral mi-
crobiomes that were distinct from those of healthy controls [148]. The microbiome appears
to be particularly sensitive to cigarette smoke. In an experiment in mice using third hand
exposure (via a cloth exposed to cigarette smoke), mice exhibited differential age depend-
ent effects. The early postnatal period was the most sensitive resulting in not only sig-
nificant long-term differences in microbiome composition but also important microbial
metabolic changes. For example, third hand exposed mice were significantly elevated in
degradation pathways that regulate glycolysis and pyruvate decarboxylation and de-
creased in coenzyme A biosynthesis and pyrimidine deoxyribonucleoside salvage path-
ways [149]. Similar effects on the microbiome of children were reported following third
hand smoke exposure [150].

Because there is a major shift in human gut microbiome composition with smoking
cessation, it has been suggested that the appetite-food consumption-weight gain side ef-
fect of smoking cessation is likely to be microbiota driven [151]. The likelihood of weight
gain upon smoking cessation is an ongoing impediment to smoking cessation [152].

Finally, a study in rats by Simpson et al. [153] provided additional support for mi-
crobiome status to be considered first and foremost when it comes to addiction-with-
drawal issues. The researchers found that depletion of the gut microbiome caused recruit-
ment/expansion of the same neuronal ensembles across several regions that are involved
in both the intoxication to and the withdrawal from oxycodone. The investigators stressed
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that microbiome status and metabolism are critical when considering responses to sub-
stances of abuse including alcohol and nicotine. If the WHO expects to turn their pro-
longed failure to stop the NCD epidemic into a success, they will have to work through
and with the human microbiome.

16. WHO'’s Behavioral Modification #4: Stop the Inactive Lifestyle and Exercise More -
(In Spite the Inherent Nature of NCDs)

This WHO behavioral modification initiative to increase exercise is a good gen-
eral adjunct to support health. Maintaining fitness during aging is useful as part of an
overall health program [154]. In specific examples, dancing has been shown to be neuro-
protective with aging because it is beneficial in terms of neuroplasticity [155]. Dancing can
improve motor impairments, non-motor skills, and quality of life in both Parkinson’s dis-
ease patients [156] and those with Alzheimer’s disease [157]. Exercise can reduce cardio-
vascular risk and improve quality of life in cardiovascular patients [158]. It can also im-
prove the disease management of adolescent obesity [159]. These are all very useful life
course interventions.

However, the reliance on exercise to prevent and cure NCDs and thereby stop the
NCD epidemic is a questionable approach. While exercise is useful, it is important to
recognize its limitations as per the eliminating NCDs. Exercise does not correct core mi-
croimmunosome issues creating the misregulated inflammation required for NCDs to ex-
ist/persist.  Leaving the actual systems biology defects that cause and maintain NCDs
fully in place in the population while expending global public health resources to pursue
healthful, yet peripherally-relevant, incomplete approaches to the NCD epidemic is, in
the end, a net public disservice. It is important to note that once children are diagnosed
with a NCD like asthma or obesity, double digit comorbidities will follow as the cohort
ages [9]. This is problematic for ease of exercise beginning even in childhood. In 2016 the
WHO published a report recognizing that NCDs have accompanying disabilities includ-
ing physical limitations [160]. It is better never to start down the path of life-long ever
increasing NCDs.

In fact if exercise where the complete route to stopping the NCD epidemic, then the
WHO should be promoting ready microbiome-based strategies to gain the most out of
exercise. For example, Lee et al. [161] showed that a single probiotic bacterium, human
origin Lactobacillus plantarum PL-02 (obtained from the intestines of 2008 Olympic wom-
en's 48 kg weightlifting gold medalist) 4-week supplementation could significantly in-
crease muscle mass, muscle strength, endurance performance, and hepatic and muscular
glycogen storage, while significantly decreasing lactate, blood urea nitrogen, ammonia,
and creatine kinase. The take home message is that the microbiome should be included
rather than excluded in virtually any initiative intended to benefit public health. Single-
species humans do not now and probably never did exist. Public Health Institutions need
to program and prioritize for the 21st century reality of humans as holobionts.

Beside the fact that the WHO's exercise program does not go after the core causes
and system biology defects propagating NCDs, it can be argued that the exercise program
is also incomplete because it is too late in light of known developmental and transgener-
ational epigenetic programming of NCDs. As will be discussed in the following section,
the reality is that early life is the window during which most NCDs become programmed
within the life course [162,163].
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16.1. Early-life Programming of NCDs vs. Exercise

While exercise is a healthful pursuit as previously described, there is
problematic reality mentioned earlier for Public Health entities like the WHO that are
touting exercise as the conqueror of the NCD epidemic. The problem is the 1990s-
originated science originally known as the Barker Hypothesis and later termed DOHaD.
The Barker Hypothesis originally described more than 30 years ago by British
physician/researcher D.]J. Barker, states that fetal and infant conditions can program for
later life adult cardiovascular disease [164]. As more researchers examined this
hypothesis, the windows of vulnerability for disease programming were expanded to
include portions of childhood [56]. The number of diseases that can be programmed in
early life expanded exponentially to include virtually all NCDs.

A decade ago, Hanson and Glickman [165] called for a shift in public health policy
to reflect the reality of early-life programming of the world’s number one killer, NCDs.
However, there is little evidence to indicate that this shift in focus has actually happened.
Certainly, the WHO's four pillars to defeat the NCD epidemic (including exercise) does
not seem to be oriented toward fetal and infant development.

16.2. Priority of the Microbiome and The First 1,000 Days Concept

With the discovery of the importance of the microbiome for programmed
development of the baby’s physiological systems (including the immune system) an even
greater concern has arisen to protect and nurture early life of the human superorganism
as the way to stop the NCD epidemic. The Barker Hypothesis, DOHaD, and the
microbiome’s impact in early life was discussed previously by Dietert [9] in the preceding
Microbiome First Medicine paper in this journal. The point was stressed that several key
microbiome seeding- and feeding-related events must occur to rebalance the fetal immune
system and prevent immune inflammation-inflicted NCDs as ageing occurs. Here, it is
important to note the Public Health’s combined lack of priority for microbiome-aided
infant development and correction of “regulatory gaps” in safety for the fetus and infant
has done more to fuel the ongoing NCD epidemic than to bring it to an end.

With the microbiome added into DOHaD, the concept of a new overarching critical
window of vulnerability has emerged: the First 1,000 Days of a baby’s life (fetal and
neonatal). During the perinatal period of infant development starting with issues of
pregnancy, mode of delivery, antibiotics, colostrum, and breastfeeding, there is a critical
need to manage both mom’s and baby’s microbes. Simply put, the evidence suggests that
public health attention to the whole superorganism is needed and the most gain in health
protection and life-long health benefits per medical and the public health efforts is during
a period of infant microbe-physiological programming that spans approximately the first
1,000 days of a baby’s life [166-168].

Several pediatric-related groups and organizations have described the plasticity of
the infant’s first 1,000 days and called upon public health to make this the highest priority
to prevent NCDs [169-172]. However, it is critical that the focus is not simply on the period
of infant development. Focus should also be directed toward the microbiome, its impact
on systems biology development, such as with the microbioimmunosome, the gut-
immune-brain-axis, and the gut-bile salt metabolism interactions [9], as well as
superorganism safety from toxic drugs, foods, food additives, and environmental
chemicals. The First 1,000 Days focus is useful but only if it is human superorganism wide.
Public health institutions like the WHO, FDA, NIH, EPA, USDA, CDC and their
equivalents in other countries need to refocus their NCD epidemic-fighting priorities to
where our current science indicates it would be most effective: on the microbiome,


https://doi.org/10.20944/preprints202110.0233.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2021 d0i:10.20944/preprints202110.0233.v1

particularly in early life. That is a path where public health can reverse its lengthy legacy
of failures (Table 1).

17. Conclusions

By many accounts, public health organizations and institutions have taken a glorious
beginning and turned it into a lengthy series of failures over the past half century. Or-
ganizations like the WHO have recognized that NCDs are the world’s number one killer
and that an NCD epidemic has been raging for decades. Yet, despite public health initia-
tives, the numbers indicate that the epidemic is still raging unabated. This pattern of fail-
ure is understandable since public health priorities have been slow to embrace the over-
riding importance of the microbiome and the reality that: 1) many NCDs are programmed
in early life, and 2) NCDs begin to emerge during childhood (e.g., childhood asthma, obe-
sity) [9]. The four pillars for fighting the NCDs chastises the public for poor nutrition,
addictive behaviors, and inactivity. They stress that behavioral modification is the solu-
tion to our NCD epidemic [13]. This current review illustrates that this initiative is
doomed to failure because it fails to include the need to manage the microbiome to readily
change diet and withdrawal from food, drug, and chemical addiction. Chastising the pub-
lic without providing critical microbiome-based education and tools required for individ-
uals to pursue a healthy life is not a path to success regarding NCDs. At the same time an
effort is needed to remove microbiome-damaging foods, drugs, food additives, and chem-
icals from our cities, store shelves, and households. Our past sins of not identifying and/or
removing hazards for the human superorganism need to be corrected. The goal is not to
damage the microbiome during pregnancy and the first 1,000 days of infant development.
Instead, it is to support mother and child beginning first and foremost with the majority
of their cells and genes, the human microbiome.
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