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Network of Researchers on the Chemical Emergence of Life. Alongside members of
NoRCEL, across the period 2019 to 2023, Dr Smith was able to coordinate a series
of nine increasingly well-regarded articles, in turn culminating in the production of
this book.
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Preface

Nothing in Biology Makes Sense Except in the Light of Evolution.—Theodosius
Dobzhansky

This book is a summary of work published between 2019 and 2023, updated
until the spring of 2024. Having retired with an organic chemistry background,
the author brings a novel perspective to this very new, multi-disciplinary field and,
accordingly, any mistakes are his alone. The work is designed for any interested
persons, both in the general public and among healthcare providers up to, and
including, specialists in all aspects of biology and related fields. Accordingly, it
is couched in terminology that is as near as possible to general language, even
including suggestions on pronunciation for the less familiar words—it is often the
case that being comfortable with the pronunciation actually aids understanding. In
this context, the term “dysbiosis”, derived from “dysfunction” and short for the more
logical expression “dysmicrobiosis”, represents the failure of the microbiome, and is
likely to be the ultimate cause of chronic, non-communicable disease.

Controversially, it must be recognised that there are many other microbiomes
associated with different parts of the body and, while some are well described, such
as the skin, others, such as the womb or brain, are hotly debated. Nevertheless,
it seems that any peripheral microbial communities are secondary to the primary
intestinal microbiome, presumably because this has evolved to facilitate what we
have referred to as maternal microbial inheritance: the transfer of key microbes from
the mother to her offspring during the normal birth process, following apparently
accidental “contamination” by faeces. It is important to note that what has been
termed the “microbiota–gut–brain axis” applies throughout the vertebrates, so that
key microbes may be passed directly on from one generation to the next, either
through the medium of the egg, or directly via live birth. In fact, there are a number
of ways in which the ideas expressed here differ significantly from the normal
interpretation of microbiome content and function. Where these ideas clash with
previous assumptions, the reader is urged to keep an open mind and seek consensus
among interested parties.

Before proceeding any further, it is necessary to thoroughly analyse the current
understanding of microbiome-related biology, illustrating gaps in knowledge and
highlighting opportunities for further study, including “opposing” antibiotics and
“supplementary” probiotics and prebiotics. In addition, although secondary to
the direct study of the microbiome itself, opportunity is taken to reflect on other
areas of concern in the modern world, as well as the difficulties of reversing the
worldwide trend of steadily increasing disease. This is not a new problem. The
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first unambiguous case was a precise description of what we now know as hay
fever, published in the year 1819, with a total of only 28 cases uncovered in the next
nine years across the length and breadth of the British Isles. Earlier examples are
harder to detect, but an all-too-human fascination with cosmetics derived from
toxic heavy-metal ores may, perhaps, have left its mark in the so-called Venus
figurines of the old stone age. If so, it is possible to consider diseases of the immune
system, weight gain, and poor mental health as endemic afflictions of that perennially
inquisitive creature, Homo sapiens.

What is the Intestinal Microbiome?

Cellular components: Of course, the main expression associated with the
microbiome is the phrase “good bacteria”, the aim being to distinguish them
from the pathogenic kind that we have been more familiar with for most of
the last century. In reality, the intestine is home to a veritable zoo of relatively
simple single-celled organisms, both bacteria and their superficially similar kin, the
seemingly non-pathogenic archaea. It also includes more complex entities, the fungi
and the so-called protists. Indeed, these latter organisms are the most interesting: a
mixed bag of primarily single-celled creatures whose defining characteristic is what
they are not—they are neither animal-like, nor plant-like, nor yeast-like (i.e., they are
not fungi). Not surprisingly, protists are most often associated with diseases, such
as amoebic dysentery, or the mosquito-transferred plasmodium parasite that causes
malaria. However, it remains an interesting fact that key components of the immune
system include a number of semi-independent single-celled entities, formally termed
antigen-presenting cells, but often simply referred to as sentinel cells, that roam
around our own body tissues acting as guards.

Opportunity: Consider the possibility that microbial sentinel cells may exist
inside fully functioning microbiomes, capable of transferring immune system-based
information from a mother to her offspring. Note that similar agents should therefore
be found in sustainable wild-type vertebrate animal populations (although may be
absent if laboratory-raised), but may be missing from populations suffering from
immune system-related non-communicable disease. In anticipation of their eventual
discovery, in this book, these so-far entirely hypothetical entities have been termed
benegens on account of their theoretical ability to generate benefit, and by analogy
with disease-causing pathogens imposing pathology on an infected organism.

Sub-cellular components: Viruses suffer from the same “bad press” as
the parasite-like protists, but the viruses indigenous to the microbiome are the
so-called phage-type, which exclusively interact with their co-evolved single-celled
partners—of which probably the most well-known are the bacteriophage viruses.
Significantly, there is a second type of sub-cellular entity whose importance to
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the microbiome has, perhaps, been inadequately recognised. These are known
as plasmids or, more generally, mobile genetic elements, and there can be hundreds
of such small, circular DNA units in each bacterial cell. Although there is great
interest in the bacterial constituents of the microbiome, even down to the level of
species and strain, in all probability it is the collective genome that will be the more
important measure of its potential. (Similarly, the collective genes expressed via
mobile genetic elements have been termed “the mobilome”, but this is currently
indistinguishable from the genomic microbiome itself).

Opportunity: Move away from the current investigation of individual bacterial
species and strain and move toward assessment of mobile genetic elements with
respect to overall microbiome function. Indeed, it could be that the above-mentioned
benegens act to coordinate the mobilome, working alongside our own genetic
inheritance. Presumably epigenetic (gene-modifying) processes are involved in
any microbiome–body interactions, especially during the growth stages.

The role of the intestinal microbiome: Sadly, it seems that the default state
of much of modern humanity is what has been termed “dysbiosis”, in which a
malfunctioning microbiome is associated with a “triple plague” of increasing disease,
potentially involving a badly functioning immune system, weight gain, and poor
mental health, or in some cases, all three. On the whole, it seems that the pattern
of disease reflects what the microbiome ought to do, but that something caused
it to break down. Although a great deal of emphasis has been placed on specific
substances such as the short-chain fatty acids (SCFAs), perhaps the best way to assess
the contribution made to adult health is to compare different populations. While
studies are already underway on those peoples who have had very little exposure to
industrialised life, often showing both a highly diverse microbiome and low levels
of non-communicable disease, there exists a substantial population of what may be
termed a control group: adults living within the developed world who have had
their large intestine removed by total colectomy. Significantly, it is possible for female
colectomy patients to become pregnant and to give birth in either the normal way or
by C-section. Whichever method of delivery is chosen, however, if the mother has
no intestinal microbes then, of necessity, neither will the child.

Opportunity: There exists an extensive cohort of more-or-less healthy colectomy
patients, many of whom may well be enthusiastic participants in a study helping
to determine the role of the microbiome in the adult. It is likely that a three-way
comparison would provide more knowledge: “dysbiotic” (i.e., normal) populations
living within a heavily industrialised environment, “healthy” populations who have
had little exposure to such environments, presumably with a functionally intact
microbiome, and people whose intestinal microbiome has been physically removed
by total colectomy.
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Antibiotic resistance: Antibiotics were initially developed when infectious
disease seemed to be the greatest threat, while the dangers associated with
chronic conditions went unrecognised. However, the emphasis has now shifted
significantly to non-infectious conditions, with an increasing realisation of
microbiome involvement. Although, in principle, this observation should bring
an end to the development and use of antibiotics, in fact, our practical, cultural, and
economic dependence on these agents is greater than ever. Interestingly, the way
antibiotics work within the body is very different from inside the gut lumen. Once
an invader is detected by the above-mentioned sentinel cells, the immune system
starts to react, while the pathogen tries to grow faster than our defences can be
produced. The antibiotic acts to slow this growth phase, allowing our immune cells
to get the upper hand. Once the struggle is over, the lymphatic system proceeds to
drain away the debris, allowing the area to heal properly. By contrast, the situation is
very different inside the gut lumen, where any post-antibiotic debris merely remains
to be incorporated into further microbial growth. It is this point where the problem
occurs, as the metabolising power of the microbiome is unleashed on these agents of
microbial destruction. Once the genes for antibiotic resistance have been assembled,
moreover, they are packaged up as mobile genetic elements and spread around the
microbial world, eventually ending up in those more robust entities responsible for
infectious disease. In turn, the increase in antibiotic resistance leads to sequential
treatment with ever-stronger antibiotics, all too often leading to major problems
related to the overgrowth of Clostridium difficile (now known as Clostridioides difficile
or C. difficile or, even more simply, as C. diff ).

Opportunity: Sadly, although there are options to radically change our antibiotic-
related way of life—rapid diagnosis, injectable antibiotics, and bacteriophage therapy
among them—few can come to fruition without major societal change. In the
meantime, however, it is necessary for individuals to follow orthodox medical advice
as, at the moment, it is the best that we have got.

Probiotic surprise: The twin ideas of “good” bacteria and “healthy” yoghurt
have a long history, so it is not surprising to find that modern consumers had a liking
for these products, a fact that eventually led to the extensive industry that we see
today. In spite of the advertising, however, what is surprising is that there is little
evidence that these hypothetically good bacteria actually end up in the microbiome at
all, possibly due to being outcompeted by the resident microbes. Indeed, it seems that
many of the bacteria actually occupying the large intestine have not been successfully
grown in Petri dishes, perhaps suggesting that their genes have become modified to
depend on a symbiotic relationship with the gut wall. Conversely, as probiotics are
amenable to such techniques, they may actually be low-key pathogens. Although
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surprising, the idea that benefit could be provided by immune system exposure to
low-pathogenicity microbes is feasible.

Opportunity: Harnessing the placebo effect to cure disease has been a
researcher’s dream for more than a century and, although they may not thank me for
saying so, the probiotics industry may have come close to realising this objective. The
expression used in this book is the immune–gut–brain triangle, in which stimulation
of the immune system puts both the gut and brain on alert. At best, the right degree
of stimulation can tide over (as they say) a difficult period until health is resumed,
while overstimulation may give rise to the uncomfortable consequences more closely
associated with traveller’s diarrhoea. Regardless of the exact description, however,
the industry is appreciated by its customers and is likely to remain viable for the
foreseeable future.

The modern world: Unfortunately, there are so many high-profile threats to
health in the modern world that it is a hard to quantify the overall problem. There is,
however, one notable exception, in that it has been repeatedly shown that there is no
causative relationship between vaccination and autism. By contrast, microplastics
and the so-called “forever” polyfluorinated compounds are genuine unknowns,
while the effects of ultraprocessed food and social media, while heavily studied,
remain unclear. Although changes in the bacterial microbiome are readily observed
under many circumstances, and may be correlated with negative consequences, in
themselves these changes are not necessarily causative.

Reversing the damage: As indicated above, this book is predicated on the
idea that babies should be born with an intact microbiome picked up from the
mother during natural birth. If so, the microbiome can be considered to be a single
microbial community working alongside the body in a hand-in-glove relationship,
passed on from one generation to the next. In turn, this helps explain its virtual
absence from medical/scientific literature prior to the late 20th century. Over
time, however, something has changed, with rising levels of disease seemingly
following a reduction in microbial diversity. The resultant triple plague epidemic
shows no signs of improvement from one generation to the next. Granted that the
problem has developed over generations, sadly, it seems unlikely that there will be
an easy solution.

As Professor Dobzhansky reminds us, however, a fully functioning microbiome
couldn’t just have arrived from nowhere. It must have evolved.

David Smith
Author
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1. Introduction

While the epidemiology of infectious disease has been raised almost to a branch of
mathematics, the epidemiology of non-communicable conditions, taken as a whole,
remains an open field.—David Smith

Autism and I: Looking back, it seems that I developed an autism-like condition
in high school although, of course, it was not recognised as such in the 1970s.
Accordingly, I suspect it will be no surprise to anyone that I became a scientist,
gravitating to chemistry and joining the Royal Society of Chemistry of the United
Kingdom. Retirement from the pharmaceutical industry allowed me to give informal
talks to retiree audiences, focusing on the natural history of the elements, and giving
talks to various groups with titles such as “From the Stars to Your Sandwich”. Later,
I joined the non-funded organisation known as NoRCEL (Network of Researchers on
the Chemical Emergence of Life). Founded by Dr Sohan Jheeta, it encourages open
thinking and draws like-minded people into the study of environments potentially
conducive to the appearance of life. At this point, all the threads started to come
together, and I finally realised exactly how the lack of key microbes within the
evolved microbiome could have led to the health conditions that we see around us
today, including the one that we now call autism. The ultimate result is this book.

The Development of a Novel Hypothesis: As detailed above, an increasingly
well-regarded series of nine articles followed from this initial inspiration, crafted in
conjunction with NoRCEL. This book both summarises and extends these works,
and espouses what can be best described as a dual inheritance hypothesis: that,
for a vertebrate species to survive in the long run, it is necessary to inherit both
parental genes and a fully functioning maternal microbiome. This work is based
around aspects of both evolution and of the epidemiology of non-communicable
disease. Its guiding principle is that the genetic inheritance appropriate to the species
is complemented by a second inheritance, the more flexible microbiome, derived
from the mother and passing on information about the microbial environment
in which she lives. Note that this “calibration” system works by the seemingly
accidental faecal contamination of either egg or live birth, as appropriate, and it
seems reasonable to suppose that its loss is associated with the manifold autoimmune
and inflammation-associated diseases, including obesity, that have been rising in
both extent and severity in modern times.

All the Gifts: The “Opening of Pandora’s Box” is a theme drawn from Greek
Myth. In essence, the eponymous box is said to contain all the gifts, but they turn
into curses when the box is opened. Accordingly, the lid is swiftly shut, leaving
only one, the gift labelled “Hope”, trapped forever. In our world, while technology
delivers on all its promises, it also leaves the curse of anthropogenic climate change
(global warming), as well as more insidious problems caused by pollution of ground
and water supplies. While it is the modern, highly processed, “industrialised” diet
that is often held to blame for diseases such as obesity, this work describes how
the poisoning of the microbiome leads to the malfunctioning of our body, so it can
no longer cope with the sub-optimal food environment in which we find ourselves.
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In this analogy, the “Hope” is that technology can fix the problems that it contributed
to and, eventually, to repair the microbiome.

Getting Fat: Being initially unaware of the autism-like condition mentioned
above, two separate strands came together to initiate this work. The first started
around the turn of the millennium when I, purely accidentally, discovered that I was
getting fat. Although there is nothing unusual about middle-aged men putting on
weight, it occurred to me that it should not really be happening; that it was some kind
of symptom-free, undercover disease. Moreover, my organic chemistry background
told me very clearly that all the available, strongly promoted explanations of the time
must be wrong: that neither saturated fat nor pure, white, crystalline table sugar
(sucrose) were inherently deadly. The second strand came much later, following
from the fact that, although obesity-related disease was rising all over the world, my
employers within the pharmaceutical industry were having a hard time finding
profitable drugs to exploit these burgeoning (in every sense of the word) new
opportunities. Indeed, at some point it was thought that the “blockbuster” bubble
had burst, and that future efforts would, most likely, be aimed at the much less
profitable business of merely filling niches. Of course, this was before the discovery
of the current crop of anti-obesity GLP-1 agonists, although it is interesting to note
that, barring antibiotics, most medicines merely cover the symptoms of disease.
In turn, these new agents do not affect the still-unknown reasons for weight gain.

Sneezing: One day, as a teenager in a late-1960s summer, I sneezed. It did
not take long to figure out that this was hay fever; that it was perfectly normal,
nothing to worry about; and that I was just unlucky. Nearly three decades later,
however, in the face of a worryingly steep rise in childhood cases of both hay fever
and asthma, David Strachan published an article detailing his observations on the
occurrence of autoimmune disease in families. Entitled “Hay Fever, Hygiene and
Household Size”, it caught the imagination of the public and, perhaps, laid the
ground for the later probiotic industry. In the year following Strachan’s article,
David Barker published an article in the British Medical Journal entitled “The Fetal
and Infant Origins of Adult Disease”, specifically including schizophrenia in his
examples of adult-onset disease, but the absence of an accepted mechanism of
action meant that his hypothesis, although popular with the public, was not widely
accepted by researchers. More recently, it has been noticed that the age of first
cancer diagnosis is steadily dropping, so that more people are being diagnosed,
with more aggressive cancers, below 50 years of age. Significantly, at about the
same time as I noticed my hay fever, I was becoming more involved in my high
school work and simultaneously losing my childhood friends, a tendency that I
now ascribe to an autism-like condition. Alongside these changes, I also started
to notice the intermittent pain of irritable bowel syndrome. Although only a mild
form, it seems that I express all the characteristic features of the “triple plagues”
of non-communicable conditions: autoimmune disease; a disturbance of mental
function; and bowel action disorders that may result in eventual weight gain
(although I narrowly avoided actual obesity by careful control of my eating habits).
As may be seen in the bulk of the book, these symptoms are associated with a
reduction in microbial diversity, both in domesticated animals and in humans, and
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have been associated with industrialisation. At this point, it is worth considering the
exact meaning of the word “microbe”.

Microbes and the Microbiome: While bacteria have recently been found in huge
numbers in the intestine of apparently healthy people, for most of the last hundred
years the word “bacteria” has been synonymous with infection, and with disease. Not
unnaturally, therefore, the new bacteria-supplementing probiotic industry employed
the kinder term “microbe” in an attempt to avoid any negative connotations.
Accordingly, unless otherwise stated, in most publications, the words microbe
and microbiome should be taken as referring to bacteria and the corresponding
community term, bacteriome, respectively. Unfortunately, mere repetition does not
imply evidence, and it could be that the focus on readily detectable bacteria obscures
other entities that are, perhaps, more important. Essentially the same arguments
apply to microscopic fungi: the so-called mycobiome. Other single-celled entities are
also found in the intestine, becoming harder to detect the closer they approach to our
own biochemistry. In this work, the word “microbiome” refers to all single-celled
entities, their genes, and their associated viruses living within a given area of the body,
but excluding outright pathogens, whether readily detectable or not. Interestingly,
the absence of all these trillions of intestinal microbes, whatever they may be, does
not seem to be a problem, as the loss of both colon and microbiome following radical
colectomy does not impart any specific problems. In fact, such people retain fertility
and can give birth in the normal way. Accordingly, any “theory of microbiome”
should account for the following observations:

1. The epidemiology of childhood-initiated autoimmune disease, such as hay fever.
2. The prevalence of infant-onset bowel disorders, poor mental health, and weight gain.
3. The lack of any specific microbiome-related deficiency disease in those

individuals who have undergone total colectomy.

Probiotics: While the hypotheses presented in this book cast doubt on the
central role of specified species of intestinal bacteria in the maintenance of health,
it is clear that probiotics are indeed beneficial, in some circumstances at least. The
suggested reason is that these microbes engage with the immune system and, thereby,
strengthen both sides of the so-called gut–brain axis, potentially improving both
physical and mental health. It is to be hoped that this insight will provide new
opportunities for these agents in the future.

Dysbiosis: The term “smoking gun” refers to strong, if circumstantial, evidence
that a crime has been committed by a given individual. In the context of this work,
however, the disturbance of the intestinal bacteria known as dysbiosis is the smoking
gun, i.e., an indication of a damaged microbiome, rather than the actual cause of
the damage itself. The epidemiology of non-communicable disease indicates that
dysbiosis was initially caused by heavy-metal pollution, perhaps exacerbated by
modern foods, medicines, and medical procedures. Accordingly, there is ample scope
for improvement in the future, which will hopefully have a positive impact on the
overall health of people around the world.

Benegens: Probably the best way to account for the “early-onset” observations of
both Strachan and Barker is to imagine the transfer of microeukaryote agents during
the birth process, that they somehow set up both immune system and gut–brain axis
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for future growth. Indeed, this book aims to document the circumstantial evidence
that such agents exist in populations living their traditional lifestyles, as they do not
suffer from our characteristic non-communicable diseases. In principle, they could
be re-introduced during the birth process, potentially contributing to the health and
viability of future populations. Granted that pathogens impart pathology; it may be
that the term benegen, “benefit generator”, is useful to promote further discussion,
a point that will be taken further, especially in Chapter 9. Their difference from
the bacterial probiotics lies in their more complex nature, more closely resembling
our own body cells, and in their need to be delivered during a brief window of
opportunity as part of the birth process itself. Finally, perhaps the best way to
understand the role of the fully functioning microbiome is to say that it operates
across the generations, and is more involved with the future of the species than of
the individual.

Avoiding Exploitation: Of course, the prospect that these benegens may need to
be discovered in traditional-living societies that are otherwise unexposed to modern
influences raises questions about the potential exploitation of such people. It is
important to note, however, that these hypothetical microbial sentinel cells would
not be a mineable asset in the same way as rare elements, for example, but that they
would need to be tailored to match individual biochemistry before they could be
applied to the as-yet-unborn families of people suffering from non-communicable
diseases. In principle, mechanisms exist for the compensation of communities
providing their traditional knowledge for the benefit of humanity as a whole, and
this should be applicable here. It is likely that such peoples would want to be left to
live their own life in peace and quiet. Perhaps now will be our last chance to grant
them that wish.

Structure of the Book: The overall purpose of this work is to re-interpret the
bulk of medical/scientific literature from the perspective of microbiome-function
deficiency disease. The form this takes is effectively a super-review, in which recent
reviews of seemingly different areas have been assembled into a hopefully relevant
whole, although no attempt has been made to be completely comprehensive. After
the Introduction, Chapter 2 sets out the hypothesis itself, in some detail but with few
references, and Chapter 9 details what needs to be done in the longer-term. The rest
of the book is divided into three parts, as follows:

1. Part 1 refers to the 20th century legacy ideas that are still being expressed
deep into the present century. The first two chapters differ only in emphasis:
while Chapter 3 is largely descriptive, without using the word “microbe” at all,
Chapter 4 focuses primarily on gene-based explanations of non-communicable
disease, with the words microbiome and microbiota largely being used to
indicate unfathomable complexity. As stated above, while microbe-related
words are often used in the second chapter, in reality, the quoted authors refer
almost exclusively to bacteria and the bacteriome.

2. Part 2 is designed to remind readers that, for all our 21st century technology, we
are still creatures with aeons of evolutionary history behind us. Chapter 5
therefore extends ideas of symbiosis into the “newly evolved” vertebrate
animals, while Chapter 6 applies these concepts to humanity itself. It is in
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this second part that a potential role for benegens to act as a link between the
bacteria and our vertebrate body cells is first discussed.

3. Part 3 sets out the consequences for people. Chapter 7 puts microbiome-related
disease into the context of the dual inheritance hypothesis, and Chapter 8
focuses on short-term methods of amelioration. Finally, Chapter 9 describes the
hoped-for solution, which involves the reintroduction of missing microbes.
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2. Between Health and Disease—A
New Hypothesis

2.1. Disease

While health can be considered to be the absence of ongoing illnesses and
physical injury, non-communicable disease may be classed as a disorder of function,
of things going wrong. So far, so straightforward—but the advent of genetic testing
has complicated the situation in that it flags the possibilities of such diseases that
may yet come to pass. We are also plagued with a series of half-ailments, so that, for
example, there can be some confusion as to whether a mild dose of hay fever is a
full-blown disease, or merely a nuisance. Intellectually, we may know that an allergy
is definitely a disease, but it does not necessarily seem that way in the day-to-day
sense of the word. Mental illnesses present their own difficulties, as there are rarely
any agreed-upon physical measurements for unambiguous diagnoses. Are they
really diseases, or merely characteristics? Are people mentally ill, or are they actually
healthy but basically evil, a notion that is buried deep in the various cultures of the
world? Equally, an otherwise symptom-free gain in weight leaves people perfectly at
ease with themselves, and may appear absolutely normal when everybody in their
neighbourhood, country, on television or, indeed, across the entire world looks much
the same. This “neither here nor there” state is unsettling. Like Schrödinger’s cat,
neither fully alive nor completely dead, are we healthy or are we not?

2.2. Health

Although we tend to forget the fact, there is a general understanding that our
physical bodies are the product of long evolutionary processes. Long before the
development of our modern understanding of genetics, in the mid-19th century,
Charles Darwin identified natural selection as the basis of the origin of species.
In turn, these processes depend on the transmission of favoured characteristics
across generations and, of course, most research effort has focussed on our genetic
inheritance. More recently, however, we have become aware of the importance of the
microbiome, the vast number of unicellular entities living all around our body, albeit
primarily in the intestine. Since the development of the late-19th century germ theory
of disease, there has been a lot of research effort put into the elimination of suspect
pathogens but, so far, little thought has gone into the retention of potentially valuable
microbes, especially from one generation to the next. In addition to antibiotics,
antiseptics and the spread of hospital-based, theoretically sterile caesarean section,
further characteristics of modern “industrialised” times include changing types of
food and rising levels of pollution. There is ample evidence of the cumulative effect of
all these changes on reducing the microbial diversity within our intestine, alongside
much speculation of its consequences for the understanding of disease. Whatever the
reason, this sharp drop in the variety of microbes living in the intestine is, perhaps,
best treated as a deficiency disease: the absence of some essential, but as yet unknown,
function of the microbiome. Modern-day scientific understanding is largely based
on the concept that an average healthy person will be the same from one generation
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to the next. Sadly, however, it seems that people are becoming less healthy with time
and, indeed, can we really say that anybody is truly healthy? In other words, in the
search for what may be characterised as “true health”, we should look at individuals
from populations that can be shown to be free from non-communicable disease. As
described in the following chapters, it seems that such people also retain microbial
diversity within their intestine.

2.3. An Own Goal

One of the most common healthcare-acquired infections across the world is
diarrhoea caused by the anaerobic bacterium C. difficile (Clostridioides difficile, often
known by its earlier name of Clostridium difficile). However, modelling suggests
that pre-existing, asymptomatic “infection” by C. difficile is activated, rather than
acquired, within clinical settings, i.e., that patients brought the bacteria into hospital
with them [1]. Diarrhoea tends to follow disturbance of the gut microbiome, perhaps
implying that C. difficile is not so much an infectious agent in itself, and more a
particularly tenacious inhabitant of the intestine, a marker of disease as much as its
cause [2]. Whether true or not, a key point is that people who have undergone a
colectomy, either relating to past C. difficile overgrowth or from some other cause, do
not seem to have any specific, recognised conditions stemming from the absence of
the intestinal microbiota themselves. Indeed, they retain fertility [3] and can deliver
their resultant babies with little additional difficulties relative to normal birth [4].
What does this say about the function of the microbiome?

2.4. A Kaleidoscope of Disease

As the name implies, non-communicable diseases are those conditions for which
an infectious agent has not been observed. However, the process of eliminating
potential agents invariably requires a great deal of detective work, and is rarely
without controversy. Perhaps of the greatest relevance in the context of this work are
the observations of a mid-20th century surgeon, Denis Burkitt, who took his skills
around Africa just as it was on the transition between the traditional and modern
ways of life [5]. Burkitt identified a number of conditions apparently belonging
exclusively to what he called “Diseases of Modern Western Civilization” (Table 1),
stating that individuals may suffer from more than one such complaint at any given
time. It seems clear that Burkitt emphasised those diseases that he deemed to have
a connection to his preferred hypothesis, a lack of dietary fibre, which he linked to
obesity, to poor cholesterol metabolism and to high intra-abdominal pressures upon
defecation, along with low faecal volumes compared to people living in traditional
societies. Surprisingly, he does not mention ischaemic stroke, possibly counting
it under the umbrella of cardiovascular disease and, although overt autoimmune
diseases are conspicuously present in his “Modern Western Diseases”, he clearly
states that he has no explanation for their epidemiology. Less surprisingly, however,
Burkitt illustrates one serious weakness of 20th century medicine that is still evident
today: a tendency to disregard mental health issues.
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Table 1. Burkitt’s “Diseases Characteristic of Modern Western Civilization”.

Appendicitis Coeliac Disease * Coronary Heart Disease

Deep vein thrombosis Diabetes, type 2 Diverticular disease

Gall stones Haemorrhoids Hiatus hernia

Multiple Sclerosis * Obesity Pernicious anaemia *

Pulmonary embolism Rheumatoid arthritis * Thyrotoxicosis *

Tumours of the bowel * Ulcerative colitis * Varicose veins
* While many (possibly all) non-communicable diseases have an underlying autoimmune component,
those marked with an asterisk are due to an obvious immune system disturbance. Source: Author’s
compilation based on data from Burkitt [5]; used with permission.

2.5. A Vicious Circle

As will be seen, the dual inheritance hypothesis suggests two primary defects:
lack of control of the immune system leading to autoimmune disease on the one
hand, and breakdown of the gut–brain axis resulting in reduced gut motility on the
other. The latter effect works by poor control over the normally well-synchronised
gut movements called peristalsis. In turn, this leads to the ill-defined group of
conditions commonly called functional gastrointestinal disorders, including the
generic term of irritable bowel syndrome. Of Table 1, obesity, stroke, heart disease,
type 2 diabetes, and gallstones are rendered more likely as digested food is rapidly
over-absorbed into the bloodstream, eventually being deposited as fatty substances,
including cholesterol, at dangerously high levels within the body. A consequence of
excessive absorption of food is that the microbiome is starved of nutrition, rendering
it unable to exert control over gut motility and setting up a vicious circle of continuing
disease. Significantly, however, eating foods containing substances that the body
cannot readily digest, such as dietary fibre, may ameliorate some of the effects of
microbiome-related disease. Two examples help to illuminate the situation.

2.6. Varicose Veins

Burkitt divides the diseases of Table 1 into various categories, lumping varicose
veins into the “common venous disorders” caused by raised intra-abdominal
pressures upon defecation, along with such prestigious companions as deep vein
thrombosis, pulmonary embolism, and haemorrhoids [5]. Burkitt quotes the opinion
that “over half of all urbanized Western people would develop varicose veins if they
lived long enough” and, indeed, granted the likelihood that these conditions can only
be produced by raised intra-abdominal pressures, it may be that their presence in an
individual is an unambiguous indicator that such diseases are likely to exist within
their entire population. In other words, the presence of varicose veins in an individual
suggests that the entire population is at risk from microbiome-related disease.

2.7. Hay Fever and Its Implications

While Burkitt reported the presence of immune system-related conditions,
perhaps it is unlikely that he would have counted the snuffle and sneeze of hay
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fever as a genuine disease. Interestingly, the first reported case of this condition
was described in 1819 by a sufferer, a British medical doctor by the name of John
Bostock, who described it as “catarrhus aestivus”, or summer catarrh [6]. The main
value of Bostock’s observation was that he followed it up with nine years of exacting
epidemiological investigation. Published in 1828, the results of his studies, across all
levels of society and every corner of the United Kingdom, showed that just 28 people
yielded unambiguous diagnoses, all from the same well-to-do segment of society that
he himself belonged to [7]. Combined with Burkitt’s observations and modern-day
experience of autoimmune disease, it seems that these non-communicable conditions
follow the expansion of industrialisation around the world. It is possible that
the initial impetus could be attributed to well-off ladies beautifying themselves
with early cosmetics containing toxic metal ions, with deleterious consequences
for their children. Although unknowingly, later industrial pollution effectively
democratised such disease, especially as the anti-knock agent tetraethyllead was
introduced into the petrol burned in cars throughout most of the 20th century [8].
These, and other conveniences of modern life, have probably contributed to the
present degraded microbiome and, therefore, to the expanded range of diseases that
we are now becoming sadly familiar with. Alongside varicose veins, the presence
of autoimmune conditions may well be an indicator of a population suffering from
microbiome-related disease. Furthermore, the logic of a degraded gut-brain axis
implies a causative role for mental health conditions, and it could be that, in the
absence of infection or poisoning, the appearance of any individuals exhibiting
mental health issues also implies microbiome-function deficiency throughout that
population. The current status of psychiatry has been summarised in a recent book
by the sociologist Andrew Scull “Desperate Remedies: Psychiatry and the Mysteries of
Mental Illness”, illustrating the intermittent, placebo-like success of either “talking” or
“chemical” cures [9]. Although Scull covers the early germ theories of mental illness,
neither nutrition, microbiome, nor the gut-brain axis are emphasised. Accordingly,
it may be that his work usefully defines the end of one era, and the beginning of
another. Only time will tell.

2.8. The Nature of the Microbiome

On the whole, the fully functioning microbiome is best considered as a single
unit, a community of microbes cooperating with the host via gene-led functions,
rather than merely as a collection of individual bacteria. In essence, it is an evolved
entity, a co-factor working alongside multicellular animals. Accordingly, in this book,
there are no lists of specific “good” bacteria, such as may be associated with probiotics,
for example. Instead, microbial diversity is key, whether it refers to bacteria, whose
value to the microbiome is to produce chemicals, or the more complex benegens
perhaps more closely associated with microbiome functionality. These latter cells
are called eukaryotes (pronounced “you-carry-oats”) from their resemblance to a
nut containing a kernel, the “eu-” prefix implying “good” to distinguish them from
simpler prokaryotes such as the bacteria.
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2.9. Sentinel Cells

In principle, the DNA-based lifeforms that exist around us today can be traced
back to some point shortly after the beginning of the Earth itself. This is not to say that
there were never any other forms of life, just that the current gene-led system proved
to be the most successful. Initially, it seems, there were two “domains” (i.e., types)
of single-celled lifeforms, the prokaryote Bacteria and a similar group of organisms
that have been named the Archaea (domain names are capitalised). Representatives
of these two domains later merged, giving rise to the Eukarya, the third domain
of single-celled lifeforms, which later evolved into multicellular entities. In the
recent past, of course, all bacteria were classed as pathogens, while independently
living unicellular eukaryotes, even those not associated with disease, may still be
referred to as parasites. However, there are similar entities endlessly patrolling our
body tissues as part of the immune system and, as these are the first line of defence
against interlopers, many of them fall under the general term of sentinel cells, such
as dendritic cells [10]. The key point is that these sentinel cells have the ability to
physically move an antigen-containing component from the site of its discovery to
the site of antibody production.

2.10. Microbial Sentinel Cells

One of the major themes of this work is that immune system sentinel cells ought
to have microbial partners patrolling the intestinal lumen, interacting with our bodily
sentinel cells in the gut wall so as to tag antigens as friend or foe. If so, a role of these
eukaryotic microbial sentinel cells would be to transfer antigenic information from
the mother to her offspring during the process of natural birth, thereby effectively
calibrating the immune system of the neonate against the up-to-date microbial
environment of the mother. Indeed, it is these hypothetical entities that are referred
to as benegens—agents that provide benefit—especially in Chapter 9. While the
rationale for such entities is clear, their detection will be not be easy as, unlike bacteria
or fungi, their biochemistry is likely to make them very difficult to distinguish
from the “background noise” of sloughed-off dead cells present in the intestine. In
addition, it is possible that these entities simply do not exist in populations suffering
significant levels of non-communicable disease. In turn, this necessitates studies in
those peoples living their traditional lifestyles, ideally in those populations known to
be free from such diseases. As mentioned in Chapter 9, in addition to direct detection,
observing the transfer of some sort of labelled antigen from mother to neonate would
provide proof of principle, albeit probably in animals at first.

2.11. The Poisoning of Microbial Sentinel Cells

A second major theme of this book is that microbiome poisoning occurs as these
cells engage with the microbe-sized heavy-metal-containing particles associated with
industrialisation. Indeed, in this hypothesis it is the disappearance of these microbial
sentinel cells that gives rise to the malfunctioning immune system invariably seen
in cases of non-communicable disease. The third theme is that such microbiome
poisoning is not necessarily seen in the affected individuals themselves, but rather in
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their children and, accordingly, each new generation is more severely affected than
the last. Sadly, so far there is no evidence that the microbiome can repair itself.

2.12. Microbiome-Related Terms and Concepts

There are various molecular entities which, while they are not normally classed
as “life”, act on both pro- and eukaryotes: viruses are small, numerous, and tend
to impose themselves upon specific target cells; while mobile genetic elements are
relatively small, often circular, portions of DNA, carrying the coding required to
make the necessary proteins to carry out various actions. Useful terms are expanded
upon below:

1. Microbiome: A complex mixture of entities, not just bacteria, occupying areas
of the body while working together (i.e., in mutualistic symbiosis) with their
host. Note that the “-ome” expression can be used for different purposes.
Thus, for example, the exclusive study of bacteria within an area of the
body relates to its bacteriome. The same expression may be used for viruses,
“virome”, or for fungi, “mycobiome”. Logic suggests that the more complex
microeukaryotes somehow act as a link between the prokaryotes and our body
cells, so that the overall intestinal microbiome acts as a bridge between body
and environment (of course, such unicellular eukaryotes could constitute a
“microeukaryome”). In this respect, one role of the prokaryotes is to express
mobile genetic elements that may be brought in with food. This is an example
of another term, the “mobilome”, i.e., genes that can be shuffled around, both
within and between cells, in what has been called horizontal gene transfer. More
generally, the expression “microbiome” refers to the collective genomes and
communities of microorganisms and their associated mobile genetic elements,
including bacteria, archaea, fungi (yeasts), protists, and viruses, that reside in a
given environment.

2. Holobiont and hologenome: The term holobiont—the whole biology—indicates
that assemblages of individual species may co-evolve if they collectively confer
advantage. In a similar fashion to the term microbiome, the related terms
holobiont and hologenome could be considered to be essentially equivalent.
Although the term holobiont was employed by Lynn Margulis in her studies
of symbiosis [11], it bears some similarity to the unrelated concept of holistic
medicine, that the body should be treated as a whole. While a laudable concept
on its own terms, of course there is nothing that cannot be put to bad use,
and any of the so-called “alternative” medicines can be used as vehicles for
conspiracy theories [12]. Importantly, however, it is worth noting that “holistic”
is the opposite to reductionist, analytical, approaches, where organs are looked
at in isolation. As we now have the ability to grow mini brains [13], for example,
the missing input from the gut-brain axis should be considered and, accordingly,
observed results may not represent the whole system.

3. Mobile genetic elements: Of course, genes are normally considered to be fixed
by gene transfer from parent to child at conception, passing on characteristics
such as height or eye colour, for example. However, among the single-celled
entities (pro- or eukaryotes) genes may be transferred directly from external
sources as part of the overall mobilome of the individual or environment. These
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two characteristics are referred to as “vertical” and “horizontal” gene transfer,
respectively. Significantly, this effect confirms that any two individuals, even if
they differ in terms of their microbiome composition, may nevertheless express
the same genetic functionality. As an example, the genetic ability to resist
antibiotic action may be spread across the wider microbial environment.

4. Viral shunt mechanism: Initially evoked to explain the retention of organic
matter in specific layers within the sea, the principle is that viral (so-called
phage) lysis of microbial cells affords dissolved nutrients which, in turn,
stimulates the growth of different microbes. In this way, an assemblage of
microbes in an enclosed environment, such as the intestine, represents a dynamic
situation capable of rapid response to ecosystem change. Accordingly, the
intestinal microbiome of a vertebrate animal possesses a flexibility that is
complementary to the stability of the evolved multicellular organism itself.

5. Semiochemical: In the broadest sense, semiochemicals are signalling molecules.
While hormones relate to messages spread within the body through the
bloodstream, pheromones refer to communication between different individuals
of the same species. In this book, however, the word semiochemical is used for
mutually intelligible messages passed between individual organisms of widely
different species, in this case the vertebrate body and microbial community.
While the actual chemical may be the same molecule as used by the body—for
example, dopamine—its significance will depend on the location and timing
of their production. Instead of acting directly on the brain, semiochemicals
may simply activate the gut wall, messages being passed on to the brain via
the vagal nerves of the so-called gut–brain axis. As illustrated in Figure 1, in
the dual inheritance hypothesis it is the balance between microbe-generated
semiochemicals and bodily hormones that drives peristalsis, allowing the
partition of nutrition so that both components of the holobiont survive. In
principle, this system is capable of precise control, so that famine, with its threat
to both components of the holobiont, will increase hormone levels and slow
peristalsis until the danger passes. While weight can certainly be gained, obesity,
with its corollary of non-communicable disease, is avoided.

6. A dual inheritance: A consequence of the holobiont concept is that significant
microbial guests must be transferred from one generation to the next. Of
course, natural birth is a messy, traumatic process and, indeed, the apparently
accidental faecal contamination of the baby is probably the most successful
arrangement available. When successful, alongside parental genes, this process
allows transfer of the mother’s (maternal) microbiome directly to its offspring,
be it via egg or live birth.

7. Handshaking and the immune–gut–brain triangle: Interestingly, there is a high
level of overlap between the concepts of biology and of computing (see the
“triple-layer model” below). One expression used in the latter field is the phrase
handshaking, which refers to the exchange of the protocols of communication
prior to full merger of two different devices. It is likely that something similar
happens between the gut wall of the neonate and the incoming microbiome
just after the birth process. Once there, these microbiota drive this handshaking
process to both establish the immune system, probably via maternal sentinel
cells, and initiate growth of the gut–brain axis, ready for later semiochemical
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production. Accordingly, the gut–brain connection has recently been referred to
as the microbiota–gut–brain axis, but such is the importance of the three-way
interaction with the immune system that the expression “immune–gut–brain
triangle” is probably more helpful, as illustrated in Figure 2.

Figure 1. The avoidance of obesity. Left-hand side: Indicates health in the body and
microbiome, already well-nourished and with adequate food intake. Box 1. In these
circumstances, semiochemicals are unconstrained by bodily hormones and activate
the gut wall. In turn, these stimulate smooth peristalsis (left-hand red arrow)
and allow growth of the microbiome. In due course, defecation removes excess
energy by excretion of bacteria-rich faeces. Box 2. When the otherwise healthy
holobiont is faced with famine and/or illness, chemical messages, described here
only as “hunger hormones”, deactivate the gut wall, rendering it insensitive to
semiochemicals and slowing peristalsis until the danger passes (right-hand red
arrow). In turn, during this period, reduced microbial growth leads to lower levels
of faecal energy excretion. Box 3. In this scheme, semiochemical production acts
only on the gut wall (lower red arrow), without any direct action on the rest of
the body. Note that semiochemical production can be temporarily suppressed in
the absence of nutrition. By contrast, a malfunctioning microbiome at birth may
not activate the gut wall to receive semiochemical signals, leaving it permanently
unable to coordinate peristalsis. In this way, we see the pain of irritable bowel
syndrome and/or the gain of weight characteristic of modern populations. Source:
Adapted from Smith et al. [14], used with permission.

8. Triple plagues: While the term “parental genetic inheritance” is widely
understood, its microbial equivalent is not normally considered. This book
is based on the view that the transfer of key microbes happens more or less
automatically following natural birth, only being noticed when something goes
wrong. In this way, we get the triple plagues of immune system, mental health,
and weight gain-related gut symptoms akin to Burkitt’s “Diseases of Modern
Western Civilization”. Sadly, once functionality is lost, it is not automatically
recovered and, accordingly, it seems that the child’s descendants also suffer. In
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other words, non-communicable disease tends to multiply down the generations
in a fashion that has been termed a snowball effect.

Figure 2. A dual inheritance. Box 1. The foetus grows in the womb according
to its parental genetic inheritance, producing an immature brain and gut, along
with initially naïve immune system (red writing). Box 2. Birth is accompanied
by contamination by the maternal microbiome, in which microbial sentinel cells
calibrate the immune system of the infant against the microbial environment
experienced by the mother, and other constituents initiate the handshaking process
by which the gut wall interacts with the semiochemicals of its intestinal microbiome.
Box 3. All being well, the brain and gut grow together, connected by the gut–brain
axis. By contrast, a failure of maternal microbial inheritance leads to intermittent
gut–brain connectivity and the gut and mental health problems characteristic of
modern populations. Source: Adapted from Smith et al. [14], used with permission.

9. Infection versus beneficial inheritance: Of course, we are more familiar with
the concept of microbial infection rather than microbial inheritance. While it
requires a high pathogen load to overcome immune system defences, it could
be that beneficial microbes can be taken into the neonate with a much lower
microbial loading (i.e., a high “beneficial virulence”), especially when combined
with breastfeeding. In other words, uptake of co-evolved beneficial agents
may actually be hard to completely prevent, even when the baby is delivered
by C-section. Interestingly, of course, the term caesarean section pre-dates
the concept of a sterile operating theatre. Indeed, it could be that non-hospital
emergency deliveries actually allow the transfer of beneficial agents more readily
than under planned conditions.

10. Dysbiosis and probiotics: The term dysbiosis refers to the concept that many of
the ills of modern life may be due to deficiencies in the bacterial composition of
the microbiome. This is an early assumption that has neither been confirmed nor
denied, and yet it is the basis of the flourishing probiotic industry, essentially
treating microbes as inanimate pharmaceutical agents. In this book, the term
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dysbiosis is used to indicate a lack of microbiome gene-based functionality,
essentially regardless of the precise composition of the microbiome itself,
whether of bacteria or of other single-celled entities.

2.13. A Cellphone Analogy

As mentioned above, bearing in mind the overlap between aspects of computing
and biology, a comparison of cellphones with the functioning microbiome may be
useful. Mobile phones have “evolved” significantly throughout the early 21st century,
both in make and model, but they all operate within the same overall environment.
Just as microbes exchange genetic abilities “horizontally”, i.e., directly from one
individual single-celled entity to another, so messages can be passed directly from
one cellphone to another, more or less regardless of make or model. Interestingly,
essentially all human organisations, be they companies or states, attempt to exert
control over information flow by use of a firewall. It could be that the microbial
analogy of firewall-like control is the function of unicellular eukaryotes.

A Triple-Layer Model: The mobile phone analogy discussed above implies “layers”
of function, perhaps as follows:

1. Mobilome: The applications (apps) used by cellphones could be considered to
be analogous to the mobile genetic elements (MGEs) transferred between cells.
Both apps and MGEs work within the operating system of the cellphone or cell,
respectively, and neither can readily be accessed externally.

2. Prokaryotes: Both cellphones and bacteria are plentiful in their respective
environments, and both have the capability of uploading operating instructions
from an external source. Here, the analogy breaks down a little because, while
mobile phones tend toward monopoly-like uniformity, microbiome effectiveness
seems to rely on high bacterial diversity, presumably because of the relative
difficulty of handling the requisite DNA-based machinery.

3. Microeukaryotes: Organisations usually require a high degree of control over
their cellphone networks and the same will apply to the microbial community
that is the microbiome. As recent times have seen a dramatic loss of microbial
diversity, it is likely that non-communicable disease arises from the loss
of microbiome effectiveness, as vital functions can no longer be deployed.
Nevertheless, it is most likely that firewall-like control ought to be exercised by
the hypothetical benegens that may behave as microbial sentinel cells. In order
to be sure, however, we may have to examine populations that do not suffer
from non-communicable disease, i.e., the sorts of populations that Denis Burkitt
had access to. As will be seen in the text, although threatened, such peoples do
still exist.

2.14. Post-War Generations

As mentioned above, there is a progressive loss of key microbes as one
generation follows the other. The middle of the 20th century witnessed the double
European/Asian tragedy of the Second World War. Needless to say, this traumatic
event disrupted the normal flow of generations, leading to an increase in post-war
births that has been called the baby boom. The idea of naming subsequent generations
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has caught on, and was followed by a more-or-less consistent succession of generations:
Gen X, Gen Y (millennials), and Gen Z, who were themselves having babies as this
book was being written. Naturally, there has been an assumption that all such
generations are alike and, therefore, that the newer generations can be judged by the
standards of the previous one. Sadly, the snowball effect of increased disease referred
to above makes this a dangerous assumption, and the younger generations are
progressively more prone to previously unremarked-upon illnesses. The connected
nature of these conditions is illustrated in Figure 3.

Figure 3. Poor maternal microbial inheritance. Box 1. It seems reasonable
to suppose that the brain grows according to the input received. Accordingly,
intermittent input from a weakened gut–brain axis leads to distorted brain growth
and, therefore, an increased propensity for poor mental health. Box 2. As the
immune system remains naïve, it overreacts to harmless stimuli such as pollen
grains or food proteins, leading to potentially catastrophic autoimmune disease.
Box 3. Poor peristalsis leads to weight gain due to overabsorption of highly
processed, readily digested foods. Box 4. In combination with autoimmune
disease and weight gain, intermittent peristalsis leads to the conditions described
in Table 1, along with the low faecal volume described by Burkitt [5]. Box 5. Low
microbial diversity, dysbiosis, is a characteristic of modern Westernised societies in
which the bulk of research focuses mainly on bacteria and fungi. As yet, microbial
sentinel cells remain undiscovered, and may not exist in societies suffering from
non-communicable disease. Likewise, it is likely that semiochemical production
remains low in such societies, at least in comparison with people living their
traditional lifestyles. Source: Adapted from Smith et al. [14], used with permission.

2.15. Ingestible Sensors

In principle, the functional effectiveness of an intestinal microbiome can be
examined by means of an ingestible sensor—a device that, after swallowing, allows
measurement of the intestinal concentration of key molecules produced in response
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to food or other stimuli. Likely following initial trials in larger animals, the ultimate
aim would be to indicate the essential microbial function for an effective microbiome,
either to confirm its adequacy in the mother, or to be created as a supplement
to be delivered to a baby at the time of birth. However, it may be that even a
supplemented microbiome is ineffective in the absence of critical microeukaryotes.
Only experiments will tell (see Chapter 9 for more details).

2.16. Summary

The hypothesis described in this work is outlined below:

1. Holobiont: The intestinal microbiome of the vertebrate animals is, in essence, a
co-evolved microbial community living within its multicellular host. On this
hypothesis, it is likely to operate on three levels: microeukaryotes act
as coordinators of prokaryotes and as intergenerational sentinel cells; the
prokaryotes constitute the majority life-form, constantly changing microbiome
composition via viral shunt under phage action; and, finally, mobile genetic
elements can be uploaded in response to changes in the outside world.

2. Inheritance: Both parental genes and the maternal microbiome must be passed
on to the next generation in a dual inheritance: the foetus grows in the womb or
egg according to genetic instructions; and the intestinal microbiome is passed
on by apparent contamination as the egg descends through the cloaca, or the
neonate through the birth canal, itself adjacent to the anus. Subsequent action is
twofold: antigen-presenting, intergenerational, microbial sentinel cells calibrate
the immune system of the chick/neonate, and growth of the gut–brain axis
is stimulated.

3. Adulthood: At this stage, the fully functioning gut–brain axis can adjust the rate
of peristalsis, and in this way, the brain and body can share nutrition with the
microbiome. In turn, this action ensures that both components survive through
to successful pregnancy more-or-less regardless of potentially unfavourable
circumstances. At this point it is worth noting that all of the traits, behaviours,
and characteristics of an individual can be classed as its phenotype, which
is normally considered to be the effect of the environment upon its genetic
inheritance. While this is straightforward in principle, the details for individuals
can be complex, as in Crusio’s analysis of the curious “phenotype-free mouse”
phenomenon, for instance [15]. On the whole, it is probably better to leave this
area to the specialists, and simply consider the maternal microbiome to be part
of the overall environment in which an individual develops.
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Part 1. Gene-Focused Approaches to Disease



Millennial Changes: The first part of this book consists of two chapters covering
the state of the medical/scientific world from the perspective of the early 21st century.
Westernised medicine developed from medieval metaphysics and religion in two
directions, roughly translatable as physics and psychology. Accordingly, for example,
high blood pressure could be seen as physics, the body going wrong in a mechanical
fashion, whereas the increasingly prevalent “white coat” hypertension, although
nearly as damaging as standard hypertension, clearly has a psychological component.
This new era of non-communicable disease will see a shift to the dominance of
developmental brain–body conditions, as in, for example, the recently highlighted
relationship between autism and joint hypermobility and, indeed, one could also
predict that other “idiopathic” joint-related conditions, such as rheumatism, could
be linked to neurodevelopmental disease. More generally, the following two
chapters attempt to document the transition between primarily behaviour-led
explanations of the origin of such disease to an emphasis on genes and, eventually,
the much-misunderstood microbiome. In this context, it is interesting to note that
a common expression is “genes and environment”, but without specifying the
way in which the two interact. Indeed, it seems that the best way to visualise
the role of the microbiome is as part of this process, of the interaction of our
parental genetic inheritance with the environment into which the child will be born.
Accordingly, subsequent chapters focus on the evolutionary background and on the
dual inheritance hypothesis itself, with an aim of both amelioration and, eventually,
the prevention of future disease.
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3. Non-Communicable Conditions:
Background and Attitudes

3.1. Behaviour

Owing to the human drive to understand and explain, it is rare that phenomena
are simply described without any attempt at rationalisation. Accordingly, this
chapter primarily refers to pre-microbiome explanations of phenomena, with their
primary emphasis on behavioural explanations of the more obvious conditions
such as weight gain. This theme is illustrated by the 200th anniversary of the
inauguration of the New England Journal of Medicine, which was celebrated with a 2012
review covering the changing causes of death since their first, 1812, edition [1]. With
the exception of the change of emphasis between cannonballs and thermonuclear
weapons, there were many similarities over the years, at least until the establishment
of the germ theory of disease. Accordingly, the 1912 issue represented a turning
point, finally showing a sanitation-led decrease in deaths due to infectious disease.
Sadly, however, subsequent editions emphasised the arrival of non-communicable
conditions: a steady rise in deaths due to cancer, stroke, atherosclerotic heart disease,
type 2 diabetes, neuropsychiatric conditions, and suicide, with the latest, 2012, edition
predicting the (eventually observed) drop in average life expectancy. Interestingly,
the 1912 edition also prophesied an upcoming epidemic of obesity, blamed on the
plethora of new-fangled energy-saving devices such as lifts and, in particular, the
ubiquitous automobile [1]. Of course, the characterisation of weight gain as a
consequence of labour-saving devices stresses the fact that, initially at least, it is
the rich that tend to suffer from such non-communicable conditions, a theme further
emphasised below.

3.2. Non-Communicable Disease

Technically, the term non-communicable disease represents health-related
conditions that are not caused by an infectious agent. Needless to say, it can be
hard to tell if this agent simply has not yet been found and, in a sense, there is a
permanent search for the critical pathogens. In the definitive absence of such a cause,
however, and in the absence of faulty genes, the main alternative is a functional
deficiency, due to either an inadequate diet or poisoning knocking out some vital
enzyme, for example. Normally, these conditions are defined by the trouble they
cause, and they are often attributed to behavioural problems. For example, a recent
review of risk assessment questionnaires (i.e., covering the perceived risk of an
individual developing chronic, long-term, non-communicable disease) picked four
such conditions as the cause of 71% of worldwide deaths: cardiovascular diseases;
cancers; diabetes; and chronic respiratory conditions. The authors reiterated the
general belief that most of these are bad habit, behaviour-related, theoretically
preventable so-called “lifestyle” diseases, the primary causes being self-administered
toxins such as tobacco and alcohol, along with poor diets and a lack of physical
exercise [2].
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3.3. Lifestyle

Of course, the difficulty common to all scientific–medical fields is the obtention
of reliable data. Accordingly, the field is wide open to what Casazza, and colleagues,
call either “presumptions” (views held in the absence of actual evidence) or “myths”
(views so strongly held that they persist in spite of evidence to the contrary). While
their 2015 article examines the evidence surrounding no less than nineteen of these
myths and presumptions regarding practical aspects of weight loss, only rarely is
there sufficient evidence for confirmation or denial [3].

3.4. David Barker

Many researchers do not necessarily accept the idea that weight-related
non-communicable disease is primarily a behavioural problem. An epidemiologist,
David J. Barker, working at the University of Southampton, UK, argued that the best
way to explain the onset of non-communicable conditions such as cardiovascular
and/or circulatory disease was to postulate an early-age onset. He published his
work as “the fetal and infant origins of non-communicable disease” but made his
own opinion quite clear with the subtitle “the womb may be more important than
the home” [4]. What became known as his “fetal origins hypothesis” continued
to fascinate researchers for the next decade and beyond, but without definitive
evidence [5], although it continues to make good economic sense [6]. Barker’s
observations linked what he called “degenerative disease” to poor living conditions
in the family: inadequate housing and diet, unemployment and, in his day, large
families. There was also a clear inverse relationship between birth weight, blood
pressure, and chance of death from ischaemic heart disease and stroke. Finally,
Barker linked apparently unrelated conditions such as schizophrenia and obstructive
lung disease with a poor maternal environment [4]. Interestingly, he did not add
immune system problems to his initial survey of early-onset non-communicable
disease, possibly because it was not his field, but also, perhaps, because this aspect
was already being covered by his London-based colleague, David Strachan, just a
few miles down the road.

3.5. David Strachan

Of course, many autoimmune conditions may also be classed as non-communicable.
At about the same time as David Barker was developing his foetal origin hypothesis,
David Strachan, working in the London School of Hygiene and Tropical Medicine,
UK, was linking the nuisance of hay fever with the presence of childhood eczema, and
with the greater danger of asthma. He came to the conclusion that being born into
larger families provided some protection against atopy, and tentatively suggested that
early-life exposure to a more germ-laden environment was the protective factor [7].
This so-called “hygiene hypothesis” struck a chord with the public, and was followed
up over many years by Graham Rook and his team, looking for external entities that
could, somehow, redirect the immune system to avoid atopic disease. Sadly, no such
agent was ever found [8]. Although immune system malfunction comes in a wide
variety of disguises, perhaps there are none more surprising than an allergy to utterly
harmless grains of pollen.
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3.6. John Bostock

In the early 19th century, a noted researcher by the name of John Bostock made
what he thought must be a significant observation. Born in 1773, in Liverpool, UK, he
learnt his trade as a medical doctor at the prestigious medical school in Edinburgh,
Scotland, UK, and became famous for studying the function of the kidneys in health
and disease. Starting at eight years old, he developed a bizarre condition which, in
the fashion of the time, he Latinised as catarrhus aestivus, because it blocked up
his nose every summer. Although he tried many remedies, the only one that gave
any relief was to leave the town and live by the seaside during the summer months.
His description, published in 1819, clearly and unambiguously described what we
now know as seasonal allergic rhinitis, or, more commonly, as hay fever [9]. Intrigued,
he toured the country, applying strict criteria to check the extent of “his” new disease.
His results, published in 1828, were remarkable. Although he took pains to look
across all levels of society, he found only 28 cases, all from “the highest ranks of
society” [10]. Although he does not specifically say so, it seems likely that these
people included the reigning King himself, and it is from this period that the court
moved to spend the summer in various seaside towns, the favoured places naming
themselves Regis in honour of this fact (and as an opportunity to advertise!). Having
identified this new “hay fever” (as the newspapers dubbed it) with royalty, of course
everybody wanted it and, accordingly, subsequent epidemiology becomes unclear.
Hay fever is exceptional in the sense that people are unsure as to whether such a
nuisance is actually a disease, especially if it is quite mild. Nevertheless, the current
situation clearly differs from Bostock’s day as, more recently, over 40% exhibit the
symptoms [11]. Clearly, this vast increase in prevalence of disease must, somehow,
be related to its cause. It is worth noting that Bostock himself died of cholera,
a common infectious disease of the time, at the very respectable age of 73 years.
Although hay fever alone is not a serious condition, nevertheless it indicates that
something is going seriously wrong somewhere.

3.7. Sigmund Freud

As indicated by Barker, mental health conditions such as schizophrenia also
fall under the category of non-communicable diseases. The early practitioner in this
very new field was a neurologist working in Vienna in the late nineteenth century
called Sigmund Freud [12]. Unfortunately, while hay fever comes with a distinctive
set of symptoms, the mental problems treated by his newly developed technique of
psychoanalysis defy precise characterisation and, accordingly, we have little idea
of the epidemiology of these diseases. Although Freud successfully treated many
people “from the highest ranks of society” (the phrase used by John Bostock), unlike
with hay fever, sadly, we cannot say with any certainty that the less well-off people
did not suffer from these diseases. Unfortunately, for many years after Freud, the
“interesting” ideas of the psychoanalysts brought disrepute to the very idea of mental
health, especially in the eyes of their fellow medical scientists, a legacy which is only
just being overturned.
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3.8. Denis Burkitt

As noted in Chapter 2, probably our most important witness to the transition
between traditional and modern societies, Denis Burkitt, fell firmly into this era of
mental health disbelief. Born in 1911, in Northern Ireland, UK, he qualified as a
surgeon in Edinburgh, the same place as did John Bostock, but in the very different
context of the diseases of the modern world. Posted to Africa during the Second
World War, he returned after that conflict and took his surgery skills across the
continent. During this time, Burkitt discovered a virally transmitted sarcoma of the
jaw, known nowadays as Burkitt’s lymphoma [13]. During his travels, he discovered
a more baffling phenomenon that defied explanation according to the knowledge
of his day: that there was actually an absence of disease in the traditional societies
throughout the bulk of Africa. It would seem that, over the century or so between
the hay fever publications of Bostock and the training of Burkitt, the entire panoply
of what Burkitt called “Diseases Characteristic of Modern Western Civilization” had
become incorporated within the remit of medical instruction (Table 1, Chapter 2) [14].
However, the most striking characteristic of Burkitt’s “modern, Western” way of life
is the reduction in faecal output to, on average, one-third of the weight (from about
450 g to a much smaller 150 g per person per day), and often a lot less. Accordingly,
in a similar fashion to the proponents of lifestyle disease mentioned above, Burkitt
specifically blames the “bad habits” of the consumption of refined white flour and the
corresponding reduction in dietary fibre, noting specifically that people emigrating
from Africa and moving into areas vulnerable to disease tend, over time, to become
consistent with the majority population. Burkitt summarised the development of
these diseases throughout western European history, noting that their prevalence has
increased over the “last 50 years” (i.e., since about 1920), and notes the suggestion
from art and literature that obesity only became common after the mid-eighteenth
century. Significantly, however, he is at a loss to explain the presence of immune
system problems. As discussed above, and in agreement with the mores of the times,
he does not mention mental health issues at all [14].

3.9. Adolphe Quetelet

As interest in the obesity phenomenon grew during the 19th century,
a mathematician by the name of Adolphe Quetelet developed what became known
as the body mass index (BMI—body mass in kilograms divided by the square of
the height in metres), a statistical measure which was originally used to compare
different populations, but is also convenient for use in individuals [15]. During the
Victorian and the following Edwardian times (mid-19th to early 20th century) obesity
tended to follow the pattern described by John Bostock and his catarrhus aestivus, in
the sense of a patchy distribution among relatively rich people [10]. As an example,
a certain William Banting, hailing from a notable family of funeral directors to the
Kings of England, and therefore from a well-off background, was born in 1796 and
eventually developed a notable paunch. Unlike Bostock’s seasonal complaint, which
he could only alleviate by living next to the sea throughout the summer, he finally
found an acceptable solution in the shape of a low-carbohydrate diet, publishing it
in 1863 as a booklet entitled “Letter on Corpulence, Addressed to the Public” [16]. Later
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in the century, Lulu Hunt Peters was born in Maine, USA, in 1873 and, as she termed
it, “never grew out of her puppy fat”. She eventually reached 100 kg, on the edge
of morbidly obese in today’s terms. On her graduation as a medical doctor, Peters
employed the newly established idea of calories to put herself on a 1200 kcal diet.
Upon reaching a more respectable 60 kg, like Banting before her, she realised that
there was value in writing a book to reach a wider audience. Published in 1918
under the title Diet and health: with key to the calories, she asked her female readers to
categorise themselves as either active or inactive, recommending that they eat what
she considered to be a relatively low 2250 and 3000 kcal/day, respectively [17].

3.10. Ancel Keys

As the Second World War in Europe drew slowly to its messy conclusion, it was
clear that the victors would be faced with the challenge of bringing large numbers of
starving people back to health. As it was also known that overfeeding dangerously
emaciated people could lead to their death, an experiment was carefully performed
on young male conscientious objectors, who wanted to help the war effort but did not
feel that they could adopt a role which involved direct combat. Starting in November
1944, the resulting Minnesota Experiment was led by a researcher called Ancel
Keys, in which the male volunteers were encouraged to initially adopt a relatively
low-calorie “semistarvation” diet for a period of six months, to be subsequently
brought back to their previous weights using a variety of methods. Fortunately,
Keys’ copious notes have recently been summarised in article form, quoting their
initial dietary intake as 3200 kcal/day, a number that dropped to 1800 kcal/day in
low-calorie mode [18]. Sadly, these volunteers suffered significant psychological
trauma, possibly because they were relatively isolated individuals deliberately going
hungry in the midst of plentiful, readily available food, unlike situations in which
groups of starving people can support one another in a shared attempt to survive the
visible absence of food.

3.11. Energy Gain by Food Intake

Needless to say, the estimation of total energy intakes from household purchases
can be a complex process, which necessitates accounting for factors such as cooking
losses and wastage of inedible materials, as well as meals consumed outside the home
or, indeed, fed to pets. A valuable snapshot dates from the year 2007, corresponding
to the 40th anniversary of the British Nutrition Foundation, an industry-based
advocacy body for health-related policy [19]. According to their data, the estimated
energy intake per person peaked in the 1950s at 2660 kcal/person/day which,
bearing in mind that these data represent an average of both adults and children,
is comparable to Keys’ and Peters’ adult-only observations of about 3000 kcal/day.
Significantly, however, since that time, intake has slumped to a figure of only
1750 kcal/person/day, more comparable to Keys’ “semistarvation” figure quoted
above, but without the dramatic psychological effects. Interestingly, they made the
seemingly definitive, but nevertheless unsupported, statement that this fall is “in
line with declining levels of physical activity”, echoing the 1912 comments noted
above [1], and connecting this with extensive use of the motor car, lifts, television
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viewing, and computer gaming [19]. In other words, utilising the terminology of
Casazza and colleagues, the authors were making a presumption (a view held in the
absence of actual evidence) [3].

3.12. Energy Use Estimation by Labelled Water

It seems that the automobile has indeed had a major impact on Burkitt-style
“Westernised civilisation”, as cars are spreading across the world, roughly in line
with the rise in non-communicable disease. Motor cars may be a source of pride to
their owners (and envy otherwise), but are they also a source of laziness? Although
energy balance determinations can be performed on people living in monitored
cages, there is only one method that can be used on free-living individuals: that
of double-labelled water (DLW); that is, water in which the normal isotopes of
hydrogen-1 and oxygen-16 have been supplemented with so-called labelled water,
containing known portions of the heavier isotopes hydrogen-2 and oxygen-18 [20].
Water enters the body either directly as drink or via the oxidation of food, while a
portion of it leaves the body in either perspiration or urine. The essence of the method
is that, while hydrogen leaves the body essentially exclusively as water, oxygen can
leave either in water or in the carbon dioxide produced by physical activity. It follows
that the levels of oxygen-18 decline faster than the levels of hydrogen-2, with the
rate of such decline over a period of two weeks or so giving a measure of carbon
dioxide produced and, hence, energy usage. Perhaps surprisingly, given the common
belief that obesity must follow from lower activity levels, they recorded no difference
between energy usage in the 1980s and the significantly heavier 2008, when this study
was reported. Furthermore, little difference in energy usage was observed between
our supposedly lazier world of Westernised civilisation and people from traditional
societies. Perhaps most surprisingly, the researchers concluded that humans tend
to use the same amount of energy as other mammals of comparable size, implying
that our evolved biology is the dominant factor in energy usage [21]. A later review
put these observations into a wider context, stating that weight cannot be lost simply
by increasing physical activity and concluding, therefore, that a reduction in food
intake is the only way to counter the obesity epidemic of the early 21st century [22].
It is interesting to note that this conclusion is exactly the opposite to that published
by Foster and Lunn based on data supplied to the British Nutrition Foundation [19].
Indeed, the suspicion is that all these authors were really dealing in Casazza-style
myths (views so strongly held that they persist in spite of evidence to the contrary) [3].
Sadly, regardless of all these efforts, it seems likely that the visible dominance of the
motor car will continue to be at least partly blamed for the obesity crisis [23]. In
reality, however, the influence of modern transport is to allow us to move further and
faster than ever before but, when we get there, it seems that we behave in essentially
the same way as other mammals of a comparable size [21].

3.13. Business as Usual

Even though the isotope studies reported in the previous paragraph seemed
to be definitive, even a decade later, study after study continued to mention
behavioural changes. Accordingly, even where the “complex relationship” between
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the microbiome and the gut–brain axis is treated as an accepted fact, still the
rationale for obesity rests on “highly palatable foods coupled with decreased
energy expenditure” [24]. A similar article has exploited the BMI-GRS (body
mass index–related genetic risk score) to suggest that overeating is brought about
by genetically controlled disinhibition, emotional eating, and hunger, implying
that ways could be found to encourage restraint [25] but without mentioning the
intestinal microbiome. More Casazza-style presumptions! [3] Unfortunately for such
arguments, it seems that these epidemics are spreading faster than conventional
genetic inheritance mechanisms would allow.

3.14. Weight Gain in Children

The quoted British Nutrition Foundation article mentions “declining levels of
physical education and sport in some schools” [19], an observation echoed by a study
on the physical fitness of different classes of 10-year-old schoolchildren in England.
Carried out over the years 1998, 2008, and 2014, both height and weight had increased
proportionately with each generation, but without any alteration in BMI (body mass
index). Disconcertingly, however, measures of strength such as sit-ups and handgrip
showed a proportionate decline between each generation [26], suggestive, perhaps,
of fat penetration between the muscle fibres. As these data were obtained in a sports
science context, their (unsurprising) conclusion was that there is a need for a greater
emphasis on physical education in school curricula, a presumption which has already
been challenged by Casazza, citing a lack of evidence [3]. Similar results have been
reported for Slovenian children [27] and for adults undergoing so-called “yoyo”
dieting, which tends to lead to an increased proportion of fat [28].

3.15. Cancer Epidemic

As this century of non-communicable disease progresses, we are beginning
to see an outbreak of cancer in the younger (below 50s) age group, for which
evidence suggests that the cause lies in early life and young adulthood [29]. Similar
results have recently been observed for breast cancer in young women (aged 20 to
49 years) [30]. While the immediate cause of cancer may be attributed to exposure to
carcinogens [31], it could be that the disturbance of the immune system represented
by the hay fever epidemic is actually the primary problem [7]. While a proximate
cause for the spread of hay fever may be a change in the nature of pollen with
time and, indeed, with anthropogenic climate change [32], there could still be an
underlying weakness that led to the immune system being compromised in the
first place.

3.16. Mental Health Epidemic

The third major plague of modern times, poor mental health, has risen alongside
the expansion of social media, especially in the young, both in Europe [33], and
around the world [34]. However, in spite of many studies, a recent systematic
review [35] and a network analysis [36] have shown that it is very hard to be sure of a
causative connection between social media use and poor mental health. While social
isolation is a state of affairs imposed on the individual by circumstances beyond
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their control, loneliness can be defined as a discrepancy between desired and actual
levels of social connectedness that is neither by choice nor specifically imposed [37].
Whatever the underlying causes, loneliness is associated with poor outcomes related
to cardiovascular disease, and has been classified as an epidemic, at least in the
United States of America [38]. It is worth noting that there are substantial overlaps
between poor mental health and immune system conditions; for example, with
coeliac disease [39]. Accordingly, a major collaborative investigation has recently
been undertaken using the gene-based technique of Mendelian randomisation to
investigate the observed links between allergic disease and poor mental health.
Although causal links were not supported, strong evidence was found between what
they describe as a “broad allergic disease phenotype” and depression [40]. Similar
non-causal links were also found with hay fever, asthma, and even Alzheimer’s
disease, although links to the latter were weaker. The overall conclusion seems to
be that a separate factor is causing all these “modern” epidemics, but operating in
parallel, rather than sequentially causative [40]. Finally, there have been claims that
inflammation is itself contagious through social media-induced behavioural stressors,
although they do not seem to include the microbiome within their model [41].
While such “psychopathology” arguments may apply to catastrophising humans,
it seems that they should break down if similar problems can be shown to apply in
non-human species.

3.17. Animals

Autoimmune-like inflammatory diseases do indeed exist in pet and farmed
animals [42], suggesting an interference with biological processes that have been
evolving for a long time. While human obesity is blamed on the bad habits of
“lifestyle disease”, ignoring our overuse of antibiotics [43], antimicrobial use as
growth promoters in animal husbandry has been conventionally explained by
the reduction in microbial competition for nutrients, thus limiting unspecified
maintenance costs on the gastrointestinal system [44]. Instead, it seems likely that the
same mechanisms are operating between antibiotic-treated farm animals on the one
hand, and humans on the other, both leading to weight gain, autoimmune disease,
and poor mental health (the latter in humans at least).

3.18. Summary

As stated above, it seems that the apparently definitive labelled-water
experiments concerning energy use were simply ignored. The reason for this was,
presumably, due to the absence of a theoretical framework into which the results
could be fitted. Accordingly, the stalemate continued: those who studied energy
assumed that we eat too much, while those who estimated the amount that we eat
assumed that we exercised too little. In the next chapter it is necessary to look more
closely at what may be called “post-behavioural” explanations concerning both genes
and the bacterial microbiome.
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4. The Cause of Disease:
Genetic/Infectious/Dietary Hypotheses

4.1. The Triple Plagues

While the initial focus on weight gain resulting from eating too much and/or
moving too little remains superficially attractive, it is clear that the underlying facts
of weight gain do not support the argument, and that there are parallel “plagues”
of rising immune system and mental health diseases to be taken into account.
Nevertheless, by and large, the “gene-inheritance” hypothesis still dominates early
21st century discussion, i.e., something unknown, be it infection or deficiency, has
imposed itself on our basic gene-defined humanity. In turn, the microbiome, if
mentioned at all, is looked on as both unknown and, probably, irrelevant to the
overall discussion. For example, one recent review of the immune system, while
mentioning the microbiome, nevertheless comes to no specific conclusion about its
relevance [1]. However, on the whole, the concept of the microbiome consistently,
insistently intrudes itself into the more recent discussions, albeit with too great an
emphasis on the presence of the more easily detected bacteria and fungi and with
relatively little effort put into searching for potential beneficial microeukaryotes.

4.2. Life-Forms

The early philosopher–scientists were faced with many problems, amongst
which were naming the variety of plants and animals that they saw around them.
Carl Linnaeus helped when he introduced his system of binomial nomenclature:
generic plus trivial, which is fine for the multicellular eukaryotes such as Panthera Leo,
for example, with his shaggy mane and sharp teeth. However, looking more carefully
illustrates the need for a third layer of distinction [2], such as to distinguish between
different isolated populations of species such as the western lowland gorilla: Gorilla
gorilla gorilla. However, in a dilemma that has been called “the species problem” [3],
we must ask the following question: in what way are such distinctions actually
relevant? One recent suggestion has been to eliminate all species-level names and to
count only the “SNaRC”, the Smallest Named and Registered Clade, claiming that
this would solve all the “theoretical tasks of biology, in evolution and ecology” [4].
These tasks continue to astonish, as a recent observation of the “horizontal” uptake
of numerous plant genes into the herbivorous whitefly Bemisia tabaci illustrates [5].
Since the Linnaean system is so widely used, perhaps it is not surprising that it is
also applied to microbes such as the bacterium Streptococcus pneumoniae. In an article
published in 1928, however, a researcher by the name of Frederick Griffith described
experiments on two strains of the diploid version of this bacterium, one lethal to
mice, one harmless. By degrading the lethal version, and stirring the harmless one
with the resultant innocuous debris, he showed that this previously harmless strain
had been “upgraded” to become capable of killing mice [6]. While Griffith called
this phenomenon a “transforming principle,” and it helped to initiate the genetics
revolution, the ability to cause death is clearly relevant to the nature of individual
microbial “species,” but it is an ability that current systems of nomenclature seem
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unable to completely capture. Many questions are left unanswered. For example, is
a microbial community such as a microbiome a living entity in its own right [7]? Or
does it resemble a biofilm, which can be defined by its physical traits [8], and which
can include more than only bacteria [9]?

4.3. Ubiquitous Bacteria

A recent set of observations has raised yet further questions—is the presence of
bacteria in the brain of recently deceased people a cause of their disease, a harmless
commensal, a contaminant, or is it a sign that the brain itself has its own microbial
community, a supportive mutualistic microbiome [10]? Equally, does the apparent
discovery of bacteria inside the theoretically sterile human placenta provide evidence
of a pre-birth microbiome, an infective cause of infant-onset non-communicable
disease, or simply contamination [11]? In a sense, it could be that the developmental
problems induced by a malfunctioning microbiome are analogous to the deficiency
due to the inheritance of recessive genes, potentially illustrated by the example of the
so-called “Habsburg jaw” [12]. Indeed, it may be argued that there are two primary
kinds of microbe-related disease causation: microbiome deficiency on the one hand,
and pathogen infection on the other.

4.4. Infection

Probably the most perplexing story of recent times was the seemingly sudden
appearance of bovine spongiform encephalopathy, “mad cow disease,” that burst
onto the world stage in the late 20th century. This was an example of what became
known as a transmissible spongiform encephalopathy (TSE) and turned out to be
a protein containing no nucleic acids at all, a fact which has illuminated hitherto
unknown areas of biology [13]. The causative agent became known as a prion,
standing for “proteinaceous infectious particle,” while the system that it affects,
uniquely, is named after the agent itself, as the “major prion protein”. Although
the overall story is only slowly coming into focus, it seems that this original protein
relies on its flexibility to perform its function, while the infectious protein locks it into
only one form, a defect that slowly spreads throughout the brain. Studies continue
to this day [14], including a new protein-based origin-of-life hypothesis [15]. Clearly,
it is necessary to consider all the options when faced with a new class of disease.
Although as yet there is no suggestion of a role for microbes in TSE pathology,
there would undoubtably be an evolutionary logic to the existence of major prion
proteins and it would be foolish, at this early stage, to rule out microbial involvement
completely. Indeed, perhaps the single defining feature of microbiome-related disease
is the steady rise in its incidence in recent decades. Perhaps coincidentally, it is
worth noting that there is also an ongoing rise in cases of the various transmissible
spongiform encephalopathies [16]. In addition, very rare cases of Alzheimer’s
disease may have been transferred along with cadaver-derived pituitary growth
hormone. The suggestion, which is still controversial, derives from the observation of
subclinical amyloid-beta in patients who died relatively early from medically derived
prion-related Creutzfeldt–Jakob disease [17]. Interestingly, Alzheimer’s disease has
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indeed been linked to microbiome malfunction [18], but the full extent of any links
between infectious prions, amyloid-beta, and microbiota remains to be elucidated.

4.5. Oral Bacteria

Although the idea of “good bacteria” has become established in recent years,
there is still scope for old-fashioned infection by either good, neutral, or pathogenic
bacteria [19]. Of course, what has been described as the oral microbiome [20] affords
access to both the gut–brain axis, for example, with Parkinson’s disease [21], and
to the so-called gut-lung axis [22], making the mouth the key portal to the body.
Accordingly, the immune system is critical, both for the infant oral microbiome [23]
and the collection of lymphoid tissue called Waldeyer’s ring, including the tonsils
and adenoids [24].

4.6. The Leaky Gut

It is necessary to keep an open mind when faced with apparently new diseases—
are they solely due to infectious agents, to some kind of deficiency or, indeed, an
infectious agent exploiting/interacting with a deficiency? In fact, the microbe-related
words commensal, parasite, and pathogen likely represent a continuum between
opportunity and threat. Probably the best example of this is seen in the elusive set
of conditions expressed by the term “leaky gut”, a degree of gut barrier disruption
known to be affected by, and affecting, many seemingly different conditions [25].
In a similar manner, a recent study has identified some of the factors behind the
protection afforded against infection by a diverse microbiome. The authors suggest
that nutrient availability is the key to successful pathogen establishment, and high
microbiome diversity effectively closes this opportunity [26].

4.7. Laboratory Microbiomes

Of course, the predominant lesson taught throughout the 20th century is that
germs cause disease. Accordingly, the 2006 discovery (in mice) of a transmissible
“obesity-associated gut microbiome with increased capacity for energy harvest” [27]
was initially treated with a mixture of excitement and relief. At last, obesity may be
cured by antibiotics! In reality, this was just another stage in the slow untangling of
the complex interplay between microbe and mouse, let alone between microbiome
and man. Another instalment in this long-running series was reported in the journal
Nature in 2020. While performing experiments related to Lou Gehrig’s disease
(amyotrophic lateral sclerosis), the researchers found that one mouse model gave
significantly different results from genetically identical mice raised by a different
supplier. Tracking down the problem by means of faecal transplantation, they
identified a strain of bacteria that interacted with the immune system, present
in the mice supplied by the first company, but absent in the second [28]. In
light of Griffith’s previously mentioned experiment [6], there is the possibility of
horizontal gene transfer to take into consideration. In his case, further experiments
showed that the “transforming principle” was mediated by nucleic acids rather
than proteins, kickstarting the DNA revolution but, perhaps, the “transformation”
itself was not fully appreciated at the time. Although now known as horizontal
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gene transfer, this mechanism is responsible for the spread of antibiotic genes
into, and out of, environment, clinic, and patient [29]. It could be that the high
microbial diversity of the fully functioning microbiome is needed because it can
express many key mobile genetic elements. Accordingly, both people living in
an industrialised environment, and laboratory-raised animals, many suffer from
variations of dysbiosis, perhaps randomised for humans but regimented in the
laboratory [30]. No matter how genetically identical the individuals are, in the light
of microbiome-function deficiency disease, how can we be sure that animal models
are actually useful?

4.8. Missing Microbiota

Initiated by Martin Blaser, what has become known as Blaser’s hypothesis
states that many of the non-communicable diseases of what he calls “post-modern”
society may be caused by the antibiotic-led removal of the key bacteria with which
we co-evolved [31]. Thus, while it was once thought that various strains of the
bacterium Helicobacter pylori must be removed to cure stomach ulcers, it now appears
that the use of antibiotics to ensure their complete removal may carry a sting in the
tail [32]. In a thorough assessment, while acknowledging the potential of H. pylori
removal for treatment within the context of various cancers, attempting to cure
gastroesophageal reflux disease may actually worsen the situation, presumably by
provoking dysbiosis-like disturbance of the resident microbes [32]. The condition
most closely associated with antibiotic overuse, however, is C. difficile (Clostridioides
difficile, often known by its earlier name of Clostridium difficile) overgrowth [33],
a condition often reported to be dramatically improved by faecal microbiota
transplantation (FMT), although this procedure is not always successful under the
stricter conditions of randomised clinical trials [34].

4.9. Probiotics

In the context of Blaser’s hypothesis, the idea that missing microbes can be
replaced and/or supplemented seems to be intuitively correct. In principle, a single,
precisely defined bacterium, for example, could be developed and licenced as a
valid pharmaceutical agent, hopefully curing disease and affording healthy profit
margins [35]. Although initial signs were promising, sadly, recent developments
in the field seem to be running into the same problems faced by the wider
pharmaceutical industry: both inconclusive results, and persistent questions about
the exact mechanism of action. Examples include the not entirely successful search
for a probiotic to act against irritable bowel syndrome and their failure to bring about
“persistent changes in gut microbiota” [36], to improve the lipid profile in the blood
of otherwise seemingly healthy adults [37], or to convince everybody as whether
they are, indeed, safe and effective [38]. In essence, we have a similar situation to
the ongoing search for infectious agents as a cause of non-communicable disease,
namely a potentially infinite search for the single, well-defined, patentable entity
that will act as a cure. Owing to the uncertainty pervading the field, Harald Brüssow
has called for a germ theory-like effort to uncover the link between specific microbes
and corresponding disease states, and also for a deeper analysis of the ecological and
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evolutionary logic surrounding probiotics [39]. As a case in point, as a part of the
ongoing search for a probiotic that may prevent necrotising enterocolitis in premature
babies, researchers alighted on a choice between two Clostridium (Clostridioides)
bacterial species, butyricum or tyrobutyricum, deciding, on the basis of preliminary
work in mice, that the former is a “devil”, i.e., a pathogen, and the latter an “angel”, a
(potential) probiotic [40]. As illustrated by Griffith’s experiment discussed above [6],
there is a deeper problem here, a question posed by the flexibility of horizontal
gene transfer.

4.10. Jekyll or Hyde?

Both probiotics and pathogens are external microbial agents interacting with the
immune system and the pre-existing microbiome. In the light of the problems
noted above regarding the reproducibility of experiments involving laboratory
animals [28], and the renewed interest in horizontal gene transfer, it seems that
our understanding of the microbiome itself is incomplete. It may be that, rather
than angels and devils [40], probiotics and pathogens are more like Jekyll and Hyde
(from the story by Robert Louis Stevenson, The Strange Case of Dr Jekyll and Mr
Hyde, in which a “serum” converts the good-natured Dr Jekyll into the murderous
Mr Hyde). In this context, an individual microbial species may display very different
activity when expressing genes transferred “horizontally” from the microbiome, an
action analogous to Griffith’s transforming principle, in which S. pneumoniae may
be converted from harmless to lethal under certain circumstances [6]. Griffith was
working according to the precepts of the germ theory of disease, which followed
from Pasteur’s fermentation studies conducted at least half a century earlier. While it
might be thought that modern genomic studies might help to detect causative agents,
a short communication on the connection between acne vulgaris and its eponymous
associated bacterium, Propionibacterium acnes, illustrates that this is not the case [41].
Rather than looking at the individual bacterial “angel or devil” constituents, it seems
to be necessary to consider the “Jekyll or Hyde” characteristics of the microbiome as
a whole.

4.11. Solely Genetic Inheritance?

By the late 20th century, it was clear that, for whatever reason, dietary fibre
alone was not going to provide the answer to the riddle of obesity. By contrast,
the sequencing of the human genome was being considered and, accordingly, a
gene-based obesity study was envisioned by Claude Bouchard and colleagues at the
University of Quebec in Canada. This was performed by overfeeding 12 pairs of
young, genetically identical (monozygotic) male twins for 7 weeks after an initial
2-week observation period. In principle, if weight gain were solely under the control
of genes inherited from either parent, then any variance would be lower (i.e., more
similar) within such pairs than between them, and this discrepancy was indeed
observed [42]. Although the reported conclusion of this study was that both energy
retention and the distribution of excess fat around the body were under the control
of “undetermined genetic characteristics”, both the wider spread of obesity and the
size of the inter-pair differences in this experiment are, perhaps, hard to account for
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by genetic mechanisms alone. By contrast, the relatively small intra-pair variability
would be a good fit for something of variable quality, “Jekyll or Hyde”, passed on
from either parent. Unfortunately, the birth circumstances of these twin pairs were
not recorded. Granted that they were born in the 1950s and 1960s, however, it is
likely that they were born by natural methods and that it is the variable maternal
microbiome that accounts for the findings of this study. If a similar study were
to be repeated in the 2000s, when caesarean section delivery of twins was much
more likely, an inter- and intra-pair variability of comparably large magnitude might
have been expected. Sadly, perhaps, such deliberate overfeeding would not be
ethically acceptable nowadays. Classically, twin studies were used to determine the
percentage genetic heritability of different traits. The basic idea is that, genetically
identical or not, having the same birth mother and similar upbringing should account
for environmental effects, leaving any differences due solely to genetic inheritance.
By this means, height was determined to be about 80% heritable [43], although a
later search for the genes involved in determining height uncovered hundreds or,
indeed, thousands [44]. It could be that there is something seriously wrong with this
concept of (solely) genetic inheritance.

4.12. Missing Heritability

In the early 1960s, when the epidemic of obesity was beginning to perplex the
genetic epidemiologists, Professor James Neel was attempting to explain why type
2 diabetes was becoming so common. As it showed a strong tendency to run in
families, they considered it to have a strong genetic component. Accordingly, Neel
put forward the tentative argument that, while some groups of people had evolved
so-called “thrifty” genes to be of value in times of dearth, such genes encourage
the accumulation of fat, and are therefore positively harmful in times of plenty [45].
Although Neel’s hypothesis has remained in limbo, neither confirmed nor denied,
the increasing understanding of the different varieties of type 2 diabetes, along with
the recent failure to find more than a trace of suspect genes [46], eventually made this
approach untenable. In a similar fashion, many 20th century population studies had
seemingly established large heritabilities for many common traits. However, as the
human genome has slowly been uncovered, it has become clear that these diseases
do not have a strong genetic component. Perhaps the most extreme position is that
these pre-genomic population studies were simply irrelevant [47] and, at least as
far as psychiatry is concerned, this new mood confirming the uselessness of genetic
studies is slowly becoming the norm [48]. As an alternative to a genetic problem is
an environmental concern, attention has been shifting to potentially microbe-related
recent changes in our diet.

4.13. Dietary Deficiency?

As exclusively gene-based explanations for modern “Westernised” disease
are beginning to seem less likely, another hypothesis has been taking shape: that
the failure of the intestinal microbiome limits the supply of valuable chemicals,
including vitamins and microbe-produced SCFAs (short-chain fatty acids). The basic
principle is that these SCFAs, the two-carbon-atom acetate (ethanoate), three-carbon
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propionate (propanoate), and four-carbon butyrate (butanoate), among others, fuel
the cells lining the wall of the intestine. Accordingly, any shortage is considered to
have knock-on effects around the body [49], with the resultant metabolic deficiency
not only causing obesity via the gut–brain axis [50] but also degrading the immune
system [51] and affecting the brain itself [52], possibly alongside a link to serotonin
production in the enterochromaffin cells lining the gut [53]. The connection
between SCFAs and probiotics has stimulated much investigation [54], possibly
in combination with prebiotics [55], and studies often, but not always, report positive
benefits [36]. Alongside these studies, an influential experiment has been carried out
in which microbial extinction has been demonstrated to occur over many generations
of mice raised with limited diets [56], and we have seen that key microbes can be
lost when mice are brought up under laboratory conditions, presumably involving a
restricted diet [28]. In turn, this dietary deficiency hypothesis has been associated
with Burkitt’s suggestion of an “environmental” problem brought about by low-fibre
diets [57]. Interestingly, however, while Burkitt espoused the fibre hypothesis, he
also noted that one of the East African peoples that he observed, the Maasai (Masai
in his day), remained healthy with relatively low levels of dietary fibre, somewhat
undermining his theories [58].

4.14. The Heart-Healthy Maasai

Burkitt states that ischaemic heart disease was a common cause of death in
the high-income Westernised societies of his day, but was almost unknown in the
traditional peoples that he studied. Significantly, however, the steppe-dwelling,
cattle-rearing Maasai (alternative spelling Masai) did not eat the high-fibre diets
commonly encountered in the more diversely vegetated areas of the continent,
and yet remained essentially free from arterial heart disease. Burkitt’s explanation
was that, exceptionally, the Maasai had evolved genes with a unique capability
of rendering dietary cholesterol harmless; however, he then goes on to admit that
“many other factors almost certainly contribute” and “that a fibre-depleted diet
may be an important factor which has been overlooked”, suggesting that he was
not very confident in this explanation. Sadly, however, the normally indefatigable
Burkitt did not search for evidence of such people in his contemporary “Westernised”
world [58]. One of the more closely studied peoples on the African continent are the
hunter–gatherer Hadza of Tanzania. Interestingly, an early microbiome—actually
bacteriome—study reported the absence of Bifidobacteria in the Hadza [59], which
is perhaps surprising, as it is normally classed as a “good” bacterium in a
Westernised context [36]. A later study used ultra-deep microbiome genome
sequencing to uncover Hadza microbes that are said to be vanishing from modern
environments [60]. Basically the same process is playing out in the Amazon regions,
with a gain in weight in people from the Venezuelan Amazon being documented
as they moved into cities [61], albeit without any mention of their microbiomes.
By contrast, an isolated village of Yanomami Amerindian people were reported to
possess high bacterial diversity and, interestingly, significant levels of genes coding
for resistance to antibacterial agents [62]. Alongside these investigations, changes in
the microbiome of the Amazonian peoples are being documented as they become
progressively more urbanised, and the term “tropical urban” is being employed to
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describe ongoing worldwide changes [63]. Likewise, the Tsimane are a people living
in the Bolivian Amazon, pursuing a mixed farmer–hunter–gatherer existence, who
have been under medical care since 2012. Although it is not entirely clear from such
factors as cigarette smoking and antibiotic use, and “suffering” from high systemic
inflammation (normally considered a diseased state), they have perhaps the lowest
level of coronary atherosclerosis known [64] and a “relatively modest” decrease in
brain volume with age [65]. Equally, age has little effect on arterial calcification
and blood pressure [66]. A recent study followed the distribution of microbiota
among mother–infant pairs, emphasising the modernisation of lifestyle and the
correspondingly rapid narrowing of opportunities to learn about their resilience to
non-communicable disease [67].

4.15. Venus Figurines

No survey of obesity and its causes would be complete without a reference to
the mysterious Venus figurines discovered at Upper Palaeolithic sites in Europe [68].
The fact that these clearly obese ladies (whether real or not) were represented in stone
suggests that they were significant in some way, and it could be that they represent
real women exposed to the same factors that predispose modern-day people to
obesity. If so, sadly, we cannot tell if they considered their condition to be a blessing
or a curse. While we have no easy access to stone age microbiomes, palaeofaecal
samples of up to 2000 years old were obtained from the southwestern USA and
Mexico, assembling an approximate diversification timeline for the archaeal species
Methanobrevibacter smithii and observing an “enrichment of mobile genetic elements”
relative to industrialised gut microbiomes [69]. Granted that the current emphasis
is firmly on the quality of the “Westernised” food that we eat, how does our food
compare with earlier times?

4.16. Nouvelle Cuisine?

Even though our deep-time ancestors would not recognise many of the
foodstuffs available in modern days, the main differences relate to the extensive
processing and increased palatability of food in the present day, while bearing
in mind that small amounts of assorted additives may have profound effects.
Indeed, the designation “ultraprocessed” can now be used as shorthand for an
unhealthy diet, however constituted [70]. Sadly, the exact mechanism by which such
diets degrade our health is not entirely clear, although they have been associated
with addiction [71] and with depression, with at least one report implicating
the use of novel sweeteners [72]. Hyper-palatability is often associated with the
hyperphagia (i.e., greed) and reduced physical activity (i.e., laziness) of lifestyle
disease, more technically described as an out-of-kilter “energy balance model”
(EBM). This EBM concept has been reviewed by Hall et al. [73], but its unsatisfactory
nature has driven an alternative model in which the speed of carbohydrate uptake
disrupts normal insulin behaviour, leading to the over-accumulation of fat. This
“carbohydrate–insulin model” (CIM), championed by David Ludwig and his team,
has been summarised [74], but also disagreed with, if only on the basis of a
lack of good medical evidence [75]. While investigations continue [76], perhaps
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there is better evidence to say that improved health outcomes tend to follow from
the consumption of complex “high-quality” carbohydrates with a low glycaemic
index [77], more reminiscent of Denis Burkitt’s dietary fibre [58].

4.17. Fancy Fats?

Significantly, perhaps, while the carbohydrate fraction of the diet has changed
over the centuries, fatty acid composition has also changed, if anything even more
dramatically [78]. The essence of this argument is that our biology has evolved to
handle an approximately equal mixture of omega-6 and omega-3 fatty acids, with
an even greater proportion of omega-3 where fish was a major component of the
diet. However, following the discovery that seed oil-based foodstuffs fattened up
food animals much more effectively than (omega-3-containing) grass feeding, the
estimated proportion of omega-6 intake has increased at least tenfold in high-income
countries, suggesting a strong link with obesity in humans [78]. By contrast, although
there is theoretical evidence that a diet high in omega-6 fatty acids ought to lead to
high levels of inflammation, these theories do not seem to be backed up by either
experiment or epidemiology, leaving the influence of diet essentially unresolved [79].
Similarly, while efforts are being directed toward a dietary inflammatory index,
which does not seem to include any information on the microbiome, progress is
slow [80]. While commenting upon the recent success of the anti-obesity GLP-1
agonists, even without precise knowledge of the reasons that people gain weight
in the first place, Dariush Mozaffarian expresses the current view of “complex
interrelated biological interactions” including food processing and “intergenerational
transmission of risk” [81]. In this latter category, he includes “epigenetics, noncoding
RNAs, microbial species” which, somehow, promote “escalating obesity, even with
stable energy intake”. Finally, he makes an impassioned plea for urgent investment
in research so as to rigorously evaluate scientific hypotheses [81]. Note, however, that
while the primary focus has been on energy intake, perhaps we should be looking in
exactly the opposite direction.

4.18. Intestinal Gymnastics

The most striking characteristic of the lifestyle contrasts described by Denis
Burkitt is that the weight of faecal output of people living in the traditional societies
that he studied was, on average, three times the offering of people living in what he
called “Modern Western Civilization” (i.e., about 450 g/person/day compared to
a more “modern” 150 g/person/day) [58]. In a similar fashion, Burkitt describes a
much faster intestinal transit time of approximately 35 h in such people, compared
to the 70 h reported by Burkitt for “modern” English volunteers [58]. As illustrated
in Figure 4, data from more recent times are in broad agreement with Burkitt’s
findings, with high-income countries producing about the same weight of untreated
stool per capita, at 130 g, while low-income countries afford a more substantial
260 g, about halfway towards the output reported for peoples living in wholly
traditional societies [82]. While Burkitt suggested that a greater input of dietary
fibre might give rise to these results, and the association of low faecal output with
the non-communicable diseases of Table 1 (Chapter 2), it is interesting to note the
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above-mentioned absence of such diseases in the Maasai, who did not consume large
amounts of dietary fibre [58].
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Figure 4. Faecal weight versus type of society. The columns on the left and right
correspond to the faecal weights of people living in Burkitt’s “traditional” and
“Modern, Western Civilization”, respectively, with the range bar on the left-hand
column corresponding to the range of Burkitt’s figures [58]. The centre column
represents the data provided by Rose [82] (income levels according to the Human
Development Index), effectively an average of the other two. Source: Author’s
compilation based on data from Burkitt [58] and Rose [82].

4.19. Faecal Energy Excretion

Of course, the increasing tendency toward obesity is the most striking
characteristic of Burkitt’s “Modern, Western” diseases, both in his day and in the
present century [58]. While this is usually ascribed to the overconsumption of
hyperpalatable foods, his observations point to exactly the opposite reason: that
weight gain is related to an overall reduction in excretion. Interestingly, while Burkitt
made sure that his theories were widely known and has probably changed the
dietary habits of millions of people over the years, obesity rates have kept on rising
and, although hard to define precisely, the levels of chronic constipation have not
decreased over the decades [83]. Burkitt also mentions stool quality, which was “soft,
unformed” in people living their traditional lifestyle compared to “hard, formed”
in modern, Westernised societies. Indeed, it seems that this characteristic is the
key, with softer stool consistency being associated with high bacterial diversity and
growth rates [84]. The overall picture seems clear: something in the transition from
“traditional” to “modern, Western” has decreased bacterial diversity and growth
rates, leading to hard faecal consistency and overall accumulation of body weight.
Sadly, it seems that excess, unwanted fat is not so easily removed.

4.20. Defending the Fat

Set-point theory states that, along with vital characteristics like water content
and body temperature, body weight is detected and maintained according to a
value set by the nature of the species [85]. Energy compensation (also known as
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adaptive homeostasis) is one of the mechanisms used for the defence of body weight
set-an effect that has been comprehensively re-evaluated by Careau, Halsey, and
others [86]. These workers note that energy compensation results from reduction
in basal energy expenditure and, importantly, state that the “degree of energy
compensation varied between people of different body composition”. In essence,
individuals bearing a greater body weight than is appropriate for their species are
engaging in permanent exercise, requiring permanent compensation, as every effort
is carrying an extra burden. Interestingly, it is possible that the observed drop
in average body temperature of US army personnel noted between the mid-19th
century and the present day [87] may well be due to the “compensatory” reduction
in non-exercise activity thermogenesis [88], a form of basal energy expenditure,
following the increase in average body weight over these decades.

4.21. Summary

Although problems relating to mental health may be essentially invisible, even
to the sufferers themselves, and immune conditions may be hidden from the world
at large, obesity is visible to all. Accordingly, much effort has focused either on
a “thrifty” genetic cause, excess of simple carbohydrates or the wrong kind of
fat, or hyper-palatability leading to overconsumption (greed), allied with a lack
of movement (laziness). As detailed above, however, all these explanations have
their problems. While these conditions are associated with industrialisation, the
consequences of pollution have not been rigorously followed up. Equally, there has
been too great an emphasis on the detection of bacteria, to the detriment of the more
complex eukaryotic “benegens” that may be more valuable. As indicated earlier,
bacterial dysbiosis is the “smoking gun”. Where is the bullet?
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Part 2. The Evolutionary Background of the
Microbiome



Science, Old and New: Just as you cannot make an omelette without breaking
eggs, so old ideas have to give way to new and, for a while at least, “new science”
can seem very close to anti-science. Indeed, the only reliable way to distinguish the
two is with the aid of hindsight: anti-science will have been believed regardless of
the evidence, while new ideas will have been tested by experiments. Understanding
the role of microeukaryotes, not just bacteria, will hopefully allow a greater range of
options, not only for understanding disease, but also for its amelioration, and even
prevention in the future. An example from chemistry may illustrate the point: just as
it is not possible to study the active conformations of peptides and proteins without
reference to the water molecules in which they operate, so it is not possible to fully
understand multicellular organisms without reference to the microbe-rich world
in which they operate. Although, sadly, some things must remain hypothetical. It
may be that the development of the vertebrate body/microbiome “holobiont” can be
summarised in just four basic steps from an original abiotic environment:

1. Emergence: Although the exact mechanism remains unclear, the replicable
chemistry that is the prokaryotes, the Bacteria and the Archaea, developed
(emerged) out of an abiotic environment.

2. Endosymbiosis: At some point, one prokaryote began to live inside the cell of
another, eventually adjusting their respective genes to become an organelle
inside what has become a unicellular eukaryote. Note that this microeukaryote
would, somehow, have contributed its enhanced skills to the microbial
community in which it formed.

3. Inversion: As eukaryotic cells gained the ability to cooperate with one another,
so a portion of the original microbial community may have remained inside the
newly formed multicellular creature, with both sides adjusting their genes in a
higher-level version of endosymbiosis. A form of “domesticated” unicellular
eukaryote may have developed to defend the newly formed animal during this
stage, eventually becoming immune system cells.

4. Elongation: Under the influence of Darwinian selection, some of the resulting
creatures developed into the vertebrates, the primary microbial community
remaining within the lower part of their intestine so as to allow its transfer to the
next generation. It is the combination of body and microbial community acting
as a single entity that is the holobiont, while some cells may have retained their
(technically) external status as microbial sentinel cells.
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5. The Holobiont

5.1. The Emergence of Life

The fact that life somehow “emerged” from an abiotic mixture of minerals and
molecules remains one of the greatest mysteries of the natural world [1], as relevant
to the icy moons found in the solar system as to the Hadean Earth [2]. It is
possible—even likely—that mobile genetic elements and the nearly live viruses [3],
may have preceded the first cells. Indeed, it has even been suggested that viruses
may have populated space itself before finally gaining a foothold on Earth [4]. What
eventually “emerged” from the abiotic environment of the early Earth were the
prokaryotes, the first recognisable forms of single-celled life, the Bacteria and the
Archaea. Although there are many traits that distinguish these two in the modern
world, one of the most significant is the type of chemical connection in their lipid
structures: “ester” and “ether,” respectively [5]. In purely chemical terms, ester
bonds are relatively easy to form but hydrolytically unstable, while ether linkages
are the opposite; harder to form, maybe, but more stable under extreme conditions.
Sadly, however, the superficially attractive idea that the Archaea formed first in the
Hadean aeon, the hot, hell-like early period of Earth’s history, cannot be confirmed.

5.2. Darwinism

It is interesting to note the influence of society on science. From the middle
of the 19th century, the dominant idea was the survival of the fittest and, likewise,
by the mid-20th century, the genetics revolution had hardly altered that concept,
the gene replacing the species as the unit of survival [6]. The cataclysmic struggles
of the Second World War, and the subsequent Cold War, simply reinforced these
concepts, as all the contenders naturally thought that they were in the right. Overall,
this background story fitted nicely with the idea of “good” humans versus “bad”
bacteria and, indeed, it also fitted with US President Nixon’s 1971 declaration of
“war” on cancer. Of course, fifty years after Nixon’s declaration, it is clear that the
war on cancer is being lost, with a new epidemic becoming apparent in the young [7].
Darwinism is not enough. A new theory is urgently needed.

5.3. Carl Woese

Carl Richard Woese was born in 1928 and, among many contributions to biology,
he helped to establish the two “domains” of the prokaryotes: Archaea and Bacteria,
which can be characterised using the class of molecular structures referred to as
“16S rRNA” (specifically, the RNA component of the 30S subunit of a prokaryotic
ribosome) [8]. Later, these two were combined with the Eukarya (sometimes
spelt Eucarya) in a three-domain system which includes our own eukaryotic body
cells [9]. Later still, Woese acknowledged the fact that Darwinian-type survival of
the fittest applies primarily to the multicellular eukaryotes, which pass on their
genes “vertically” from one generation to the next. By contrast, the single-celled
prokaryotes may pass on their characteristics horizontally, i.e., encoded by mobile
genetic elements [10]. Woese coined the phrase “Darwinian threshold” to illustrate
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the significance of these findings, that the stability of vertical gene transfer, above the
threshold, can be complemented by the flexibility of horizontal gene transfer, which
operates below the threshold.

5.4. Mobile Genetic Elements

The concept of mobile genetic elements as pathogen modifiers in microbial
populations is of interest [11]. More recent concerns about the development
of resistance to antibiotics has resulted in increased focus on the role of the
“bacteriophage” viruses in horizontal gene transfer [12]; however, it is important to
note that other means of deactivating bacteria may also lead to functional uptake in
their neighbours, as observed by Griffith’s studies on pneumonia in the early part of
the 20th century [13]. A process of bacteriophage-accelerated nutrient cycling has
been described as occurring within defined boundaries. Although originally reported
within layers of the sea [14] it is likely that the same principle could be applied to
the intestinal microbiome in that, along with the macro- and micro-nutrients of
food, microbes and their related antigens and “phage” viruses will also be found, as
illustrated by Figure 5.
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ready for later semiochemical production. Accordingly, the gut–brain connection has
recently been referred to as the microbiota–gut–brain axis, but such is the importance
of the three-way interaction with the immune system that the expression “immune–
gut–brain triangle” is probably more helpful, as illustrated in Figure 2.

Figure 2. A dual inheritance. Box 1. The foetus grows in the womb according to its parental genetic
inheritance, producing an immature brain and gut, along with initially naïve immune system (red
writing). Box 2. Birth is accompanied by contamination by the maternal microbiome, in which
microbial sentinel cells calibrate the immune system of the infant against the microbial environment
experienced by the mother, and other constituents initiate the handshaking process by which the gut
wall interacts with the semiochemicals of its intestinal microbiome. Box 3. All being well, the brain
and gut grow together, connected by the gut–brain axis. By contrast, a failure of maternal microbial
inheritance leads to intermittent gut–brain connectivity and the gut and mental health problems
characteristic of modern populations. Source: Adapted from Smith et al. [14], used with permission.

8. Triple plagues: While the term “parental genetic inheritance” is widely understood,
its microbial equivalent is not normally considered. This book is based on the view
that the transfer of key microbes happens more or less automatically following natural
birth, only being noticed when something goes wrong. In this way, we get the triple
plagues of immune system, mental health, and weight gain-related gut symptoms
akin to Burkitt’s “Diseases of Modern Western Civilization”. Sadly, once functionality
is lost, it is not automatically recovered and, accordingly, it seems that the child’s
descendants also suffer. In other words, non-communicable disease tends to multiply
down the generations in a fashion that has been termed a snowball effect.

9. Infection versus beneficial inheritance: Of course, we are more familiar with the
concept of microbial infection rather than microbial inheritance. While it requires a
high pathogen load to overcome immune system defences, it could be that beneficial
microbes can be taken into the neonate with a much lower microbial loading (i.e., a
high “beneficial virulence”), especially when combined with breastfeeding. In other
words, uptake of co-evolved beneficial agents may actually be hard to completely
prevent, even when the baby is delivered by C-section. Interestingly, of course, the
term caesarean section pre-dates the concept of a sterile operating theatre. Indeed,
it could be that non-hospital emergency deliveries actually allow the transfer of
beneficial agents more readily than under planned conditions.

Figure 5. Environmental information. Box 1. In addition to the micro- and
macro-nutrients of food there are a range of “contaminants” in the form of microbes
and their attendant mobile genetic elements and phage viruses. Food processing
and digestion will change these components, and the immune system will engage
with their antigens, passing on relevant information to the brain and gut. Box
2. When in the large intestine, mobile genetic elements will be uploaded into
the diverse microbiome, accelerated by phage action according to the viral shunt
mechanism. Box 3. At the appropriate time, the full repertoire of immune system
information will be collected in the pregnant female, ready to be passed on to the
next generation. Source: Adapted from Smith et al. [15], used with permission.
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5.5. Lynn Margulis

Lynn Petra Alexander was born in 1938 and, initially as Lynn Sagan, later
Margulis, she began to compare bacteria and archaea with the eukaryotes.
Though she concluded that the Eukarya were formed by the symbiotic fusion of
representatives of these two prokaryotes, many battles had to be fought before
this work was finally published, in 1967, as “On the Origin of Mitosing Cells” [16].
(The word “mitosis” represents the process of cellular division within the Eukarya.)
Because it went against the prevailing neo-Darwinian orthodoxy of the day, this
work was ignored for many years, only becoming recognised as a breakthrough (and
after more “free and frank” academic battles) as the genetic evidence accumulated
in its favour. The basic process is an internal growing together, an endosymbiosis,
with two free-living microbes becoming entangled, altering their genomes so as
to complement one another. In this way, the “invader” became an organelle, a
unit within the cell, while the enhanced cell itself became what is now known
as a eukaryote, a Greek-derived word stemming from its resemblance to a nut
surrounding its kernel (the “prokaryotic” bacteria and archaea are so named because
they do not possess these kernel-like organelles). The fundamental role of this
“kernel” is as the energy-producing mitochondrion, a flexible subunit, capable of
moving from one cell to another by the normal processes of horizontal gene transfer,
with consequences that are still being uncovered [17].

5.6. Symbiosis and Skillsets

On the grounds that you can never have enough of a good thing, these
endosymbiotic processes have been repeated on a number of occasions, one example
being the ancient uptake of photosynthetic cyanobacteria into eukaryotic cells,
rearranging their genetic machinery to become chloroplasts, the major source of
chemical energy at the lowest trophic level: the bottom of the food chain [18].
Similarly, it has recently been shown that a nitrogen-fixing bacterium is busily
incorporating itself inside the splendidly named alga Braarudosphaera bigelowii,
becoming what has been described as a “nitroplast” [19]. Interestingly, the process of
organelle formation has been detected in a part of the Norwegian Sea called Loki’s
Castle, even though the experimental work required to prove this is remarkably
challenging [20]. However it took place, these unicellular eukaryotes (also called
microeukaryotes), whether free-living or parasitic, have significantly enhanced
characteristics compared to the prokaryotes. As an example, the parasite Toxoplasma
gondii lives inside the cells of the nervous system of rodents, interfering with their
function so as to prevent escape when threatened by felines, the host for the next
stage in their lifecycle [21]. It is important to note, however, that endosymbiosis is
not necessarily mutually beneficial [22], and that theoretical work on what has
been termed “host-beneficial intracellular infections” will never be completely
finished [23].

5.7. Multicellularity

Discounting colonies such as biofilms, one of the many things that eukaryotes
do better than prokaryotes lies in their ability to form multicellular organisms [24].
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Although early attention was drawn to the Cambrian period of the Palaeozoic era, the
time when recognisable animals first developed, a group of 1950s schoolchildren were
surprised to discover what looked like a fossil from Precambrian rocks near Leicester
in the United Kingdom [25]. Interestingly, one of the imprints in the rocks from
that period, a creature named Dickinsonia, was found to be associated with steroid
residues, confirming it as a variety of animal from about 600 million years ago [26]. It
is important to note that the transition to multicellularity is a two-way process [27], of
which the best-studied example is the yeasts [28], potentially controlled by a collective
process called quorum sensing [29]. Another example is the unattractively named
“slime moulds” exhibiting a switch between single- and multi-celled behaviour, but
also offering valuable insights into collective decision-making [30].

5.8. Vertebrates

A major advance was taken with the development of an elongated body plan, the
first chordates being found in the Cambrian period [31]. In turn, these were followed
by the vertebrate jawless fishes, including a species resembling the modern hagfish,
found in deposits associated with the ancient Tethys Sea [32]. Modern hagfish
are well-studied specialised flesh-burrowing scavengers with no sign of a specific
microbe repository similar to the large intestine of mammals [33], although they do
utilise a chitin-based peritrophic membrane, apparently in order to exclude excessive
microbial interaction [34], and in this they are reminiscent of the invertebrates.
However, the jawless hagfish and lampreys do possess a type of adaptive immunity,
theoretically allowing them to co-exist with bacteria [35] although there are no
confirmatory studies relating specifically to the hagfish [33]. Further along the
vertebrate evolutionary pathway, the development of the amniotic egg allowed
vertebrate animals an aqueous-independent existence on land [36], endothermy
having developed to cope with the more extreme hot–cold cycles out of the water [37].
This ancient “elongation” seems to have spatially separated the two functions of the
holobiont: the microbial component of the immune system on the one hand, and the
animal brain and nervous system on the other, and it could be that this separation
has left its mark in the involvement of the gut–brain axis in today’s epidemics
of non-communicable disease. Specifically, it seems that there is a “gut feeling”
involved at an emotional level in the human decision-making process, perhaps
because a pre-vertebrate “assessment of significance” originally included a role for
the microbial component. In fact, developmental difficulties may also extend to the
mating inability of a high proportion of captive male pandas, who show significant
variation in Clostridium species between those animals either capable or apparently
incapable of natural mating [38]. In a sense, captive animals have been domesticated,
a process that has been reported to have a microbiome-degrading effect somehow
resembling industrialisation [39]. Indeed, Denis Burkitt’s observations on the absence
of disease in traditional societies perhaps imply that humans in “Modern Western
Civilisation” have themselves been “domesticated” by industrialisation [40].
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5.9. Holobiont

Fresh from her success in understanding the symbiotic genesis of the eukaryotes,
now-Professor Lynn Margulis looked at symbiosis on the grander scale, using
the term “holobiont” to indicate a number of widely different organisms acting
together as a driver of speciation [41]. While a great deal of work has focused on
the interaction of the economically important insects with bacteria [42], it could be
that they are too readily occupied by microbial entities, somewhat complicating
the picture [43]. By contrast, it seems that our bacteria have diversified along with
humans across Asia, Africa, and Europe, perhaps indicating a greater stability when
associated with the vertebrate intestinal microbiome [44]. Sadly, most studies refer
to bacteria, but archaea are also found in the human microbiome, an entire domain
of life with no known pathogenic representatives [45], and a suggestion has been
made that microbial eukaryotes are vital to the microbiome, constituting a “missing
link” between prokaryotes and animals [46], possibly working together through the
immune system [47]. One potential route to the vertebrate holobiont is sketched
out in Figure 6, albeit covering billions of years, in which the prokaryote microbial
community that gave rise to the first eukaryote cell was eventually reduced to
its essentials, surrounded by a multicellular skin/armour, and equipped with the
apparatus of survival: brain and nervous system; sensory organs, mobility, and
teeth. Of course, there is an analogy with the formation of the eukaryote itself, as
the bacterium, surrounded by its host cell, lost some aspects of its genetic abilities
in favour of the whole. Accordingly, in one sense, the microbiome can be looked
on as organ of the body, perhaps most closely associated with the immune system,
although adults seem to remain superficially healthy after colectomy and, therefore,
without a normal intestinal microbiome [48]. In another sense, however, as its role
extends across the generations, perhaps the fully functioning microbiome can be
looked on as an organ of the species, rather than of the individual.

5.10. Semi-Independent Cells

In spite of decades of work, it seems that our knowledge of the immune system
is hardly out of its infancy. One favourite line of approach is to investigate model
systems, such as the nematode, Caenorhabditis elegans, as a simple stand-in for the
innate immune system [49]. Study of its bacteria, fungi and viruses has been initiated,
but primarily considered to be, at best, near-pathogens [50]. The significance of
their so-called commensals is also of interest, noting their specific strain-relevance
to the prevention of bacterial infection [51]. More recent work acknowledges
that such commensals may actually be part of the nematode microbiome, and
associates them with fitness and longer lifespan [52], much as in humans. The
truth remains to be seen, but it is notable that these studies stick to bacteria and
do not look for unicellular eukaryotes. In humans, dendritic cells are known to
communicate between the innate and adaptive systems as so-called “sentinel cells”
(antigen-presenting cells), contribute to immunological tolerance [53] and, it is
interesting to note, may prowl around bodily tissues as if they were independent
unicellular eukaryotes [54]. For a number of years now, it has been recognised that
protists, including Blastocystis strains, not only occupy many different vertebrate
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hosts [55], but are also “prevalent and diverse” members of the human microbiome,
potentially without causing any disease [56]. Likewise, a more recent review accepts
that at least some subtypes of Blastocystis are well distributed [57], may indeed be
part of the healthy microbiome [58], and that some seem to gain benefit from dietary
plant spices, as well as being adversely affected by antibiotics [59].

Eukaryon

Archaea

Bacteria

Multicellular
component

5. Sensory organs; movement
complex nervous system; brain

Gut-brain axis

Microbial
component

6. Microbiome transfer to
 egg/neonate

Microbial
community

1. Emergence of Prokaryotes

2. Eukaryotes within Microbial Community

3. Microbes within Animals

4. Vertebrate Evolution

Figure 6. A summary of vertebrate evolution. Left-hand side: This represents the
supposed initial stages of evolution as (as stated in Box 1) the prokaryote Bacteria
and Archaea somehow emerged from an abiotic environment. In turn, (Box 2) the
first of the Eukarya arose from endosymbiosis of representatives of the prokaryotes.
Central arrow: It is possible to imagine that an initial multicellular entity enclosed
a residual microbial community to afford (Box 3) an animal holobiont. Eventually,
(Box 4), subsequent Darwinian evolution favoured an elongated shape, giving
rise to the early vertebrates. Right-hand side: Further evolution (Box 5) allowed
the development of the multicellular body as a food-seeking machine while
(Box 6) the primary microbial community, the microbiome, remained in the lower
digestive tract in order to engage with the next generation via apparently accidental
contamination. Source: Figure by the Author.

5.11. Vertebrate Microbiome Inheritance

The extension of the vertebrate body plan in the terrestrial animals potentially
leads to difficulties in the “dual inheritance”: the genetic inheritance of the animal on
the one hand, and the environmental information-carrying microbiome, including
any microbial sentinel cells, on the other. In mammals, the birth canal forms
alongside the anus, maximising the chance of microbial transfer, albeit seemingly
by accident, whereas cloacal contact occurs extensively during the laying season of
birds, allowing extensive exchange of microbes [60]. In fact, it has been estimated
that the brood-parasitic cowbird Molothrus ater, along with their passerine hosts,
exhibit a greater microbial diversity than all the mammalian species put together [61].
While the provision of milk virtually defines mammals, it is interesting to note that
birds of the economically important pigeon family also produce “milk,” but from

56



the crop of both male and female. Significantly, both pigeon crop milk [62] and
human breast milk [63] contain antibodies against potential pathogens, but they also
contain bacteria, particularly Lactobacilli and Bifidobacteria [63]. Although the exact
function of these bacteria remains unknown, one possibility is that they are harmless
commensals, tolerated specifically for the purpose of stimulating the immune system
of neonate and squab (pigeon chick). If so, the principle would be exactly the same
as a cat bringing home a live mouse for her kittens to practise on, i.e., honing their
hunting skills.

5.12. Soft Inheritance

Ever since Conrad Waddington noticed discrepancies in the standard
neo-Darwinism of his time [64], evidence has been accumulating that gene-modifying
functions can be inherited across several generations without any change in
DNA sequences. This so-called soft inheritance occurs when some environmental
signal more or less temporarily stops the genes from working, at least partly,
and this has been termed “epigenetic” chemical modification of the machinery
of transcription [65]. For example, this question of soft inheritance was raised
in an animal study when it was observed that the sweetener aspartame induced
anxiety, not only in the murine “users” themselves, but also in subsequent
generations [66]. Not everybody was convinced about the direct inheritance of
epigenetic markers, however [67], and it has been suggested that microbes transferred
between generations account for the transfer of obesity from mother to child [68].
While some researchers have explored the interaction between bacteria and the
so-called “epigenome” of animals [69], sadly, little is known for certain. Interestingly,
the case has been made for paternal transfer of information, for which the maternal
microbiome cannot easily be invoked. It seems feasible that epigenetic changes in
the spermatozoa also contribute to the later development of the offspring [70]. The
inheritance debate is far from over!

5.13. Fungi and the Mycobiome

Like bacteria, fungi are relatively easy to distinguish from the other components
of the microbiome and, accordingly, much work has been carried out on the so-called
mycobiome, finding that they occupy all of the available niches around the human
body [71]. Although smaller in absolute number, fungal diversity can be almost as
great as for the bacteria [72], and they have been associated with the development
of type 1 diabetes [73]. This last point is important, as studies performed in the
presence of microbiome-related disease may not be a true representation of the
fully functioning microbiome, implying that the presence of fungi could, indeed,
be associated with disease. Significantly, perhaps, it is worth noting that microbial
sentinel cells could stem from the same evolutionary precursor as equivalent cells of
the innate immune system, clearly a niche that cannot easily be occupied by fungi. In
this context, a study has been carried out on the transfer of protozoa and fungi from
mother to calf in grazing ruminants (yaks). It seems that protozoa were preferred [74],
but sadly, no data were presented on the function of these more readily transferred
unicellular eukaryotes.
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5.14. Prehistoric Oral Microbiomes

One of the best sources of information about the past is the calculus that builds
up around the teeth, and it is not surprising that researchers have been able to track
the change in diet between Paleolithic hunter–gatherers and late Neolithic farmers
from the same region within the Italian peninsula [75]. A similar picture has been
derived from Great Britain, in a study of teeth from 253 individuals, covering the
period from about 2200 BCE to 1853 CE. As is consistently observed, the trapped
microbiota were more diverse than those found in modern samples [76]. The teeth
may also preserve clues to what may have caused the loss of so many microbes, as
lead and other toxic heavy metals leave characteristic patterns due their effect on
dental health [77] and may, therefore, cause damage to the microbiome.

5.15. Pollution

While the majority of recent efforts have gone into unravelling the genome, its
interaction with the external environment remains unclear, a fact that is brought
sharply into focus when considering industrial pollution. The concept of the
“exposome” has been developed to assess the relationship between genome and
pollution [78], further developed more recently [79], and added to by a list of
the “hallmarks of environmental insults”, including the changes in microbiome
communities [80]. Macroscopic plastic pollution is very visible and has a high
profile, with microplastics contaminating our food [81], while plasticisers and heavily
halogenated substances have been implicated as endocrine disruptors [82]. However,
of all the potential pollutants, while heavy metals may be sequestered, they cannot
be degraded, and are therefore more likely to cause irreversible damage to the
microbiome. Indeed, it is known that the accumulation of toxic metals in Greenland
ice matches the progress of European industrialisation over many years, both with
lead [83] and with other heavy metals [84].

5.16. Heavy Metals

The bulk of modern-day efforts to understand the aetiology of non-communicable
disease focus on our changing foods, either in the mouse model [85], or with respect
to the move away from hunter–gatherer lifestyles [86]. Additionally, studies on
the bacterial microbiome indicate that heavy metal pollution during the course of
industrialisation could be to blame [87]. Toxic metal ores have been mined since
Neolithic times [88], and lead residues consistent with cosmetic use have found
in ceramic bottles as far back as the 5th millennium BCE [89], well within the
time period of the people who made the Venus figurines [90]. Pots containing
galena (lead(II) sulphide) have been found in Ancient Egyptian tombs, as have
atherosclerotic plaques in the arteries of their mummies [91]. Likewise, the Roman
Empire made extensive use of lead but, when the skeleton of a girl was uncovered
from a high-status burial in the first-century CE Italian peninsula bearing the
unmistakeable signs of coeliac disease, researchers focused on the genetic explanation
of “predisposing haplotypes” [92], not realising that there may be a connection with
similar diseases in today’s extensively polluted world. Much later, the mother of John
Bostock could have been using brightly coloured salts of lead and similar metals to
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beautify herself [93], with consequent problems for the microbiome of her offspring
and his subsequent development of hay fever [94]. Interestingly, genes coding for
tolerance to heavy-metal poisoning have been found in the microbiomes of people
living in heavily contaminated areas of the Brazilian Amazon and, separately, in the
Peruvian Andes [95]. Bearing in mind the hypothesised relationship with microbial
sentinel cells and the immune system, it may be that microbiome poisoning is more
likely if the heavy metals are presented as insoluble microbe-sized particles, rather
than an otherwise simple solution.

5.17. Poisoning Animals

Finally, while Burkitt, based on his African experience, states that his
Diseases Characteristic of Modern Western Civilization are “rare or unknown in
undomesticated animals” [43], the same may not be true in otherwise wild animals
living in close proximity to such civilisations. Researchers have noted that English
sub-populations of the European hedgehog, Erinaceus europaeus, have been in steady
decline for many years, most dramatically since the year 2000 [96]. These areas are
among the most highly developed, highly polluted parts of the world, with few
wild places available for populations under environmental stress to recover. It could
be that these hedgehogs are uniquely vulnerable to non-communicable diseases
brought about by pollution specifically affecting the microbiome, possibly alongside
the poisoning of the body itself. Likewise, insect populations are in decline [97] and,
as may be expected, they are also affected by metal toxicity [98].

5.18. Susceptibility to Poisoning

In evolutionary terms, defences against heavy-metal poisoning would have
evolved as already established populations of relatively immobile entities became
exposed to the weathering of nearby ores. As illustrated in Figure 7, however, it
will be plants that will have evolved the most robust defences, presumably based
on sequestration, followed by the less mobile browsing invertebrates. Conversely,
wide-ranging vertebrates, including hominids, would presumably have had little
evolutionary pressure to cope with what was, essentially, a local problem, at least
before the current episodes of industrialisation. As the increasing danger posed
by pollutants, including heavy metals, is realised, intense efforts to clean up our
environment are underway [99]. Although certain classes of microbe can be used for
bioremediation [100], it is hard to see how they could survive long enough to do this
same job in the microbiome. Needless to say, this is a very new area indeed [101].
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Figure 7. Vulnerability to poisoning. Box 1: This “palm print” diagram represents
the basic gene-based categories that have arisen out of the Precambrian aeons, in
turn forming the constituents of microbial communities and, indeed, microbiomes.
Box 2: This illustrates the basic entities currently found around our planet.
Right-hand side, Box 3: The plants and their associated invertebrate herbivores
will have been exposed to newly weathered heavy metal ores, allowing them to
evolve methods of sequestration. By contrast, the more mobile vertebrates will not
have been able to develop such defences and, accordingly, will be vulnerable to
the rapid change in toxicity profile observed within the modern, heavily polluted
Anthropocene. Source: Figure by the Author.

5.19. Summary

Professors Margulis and Woese helped launch revolutions in the way that we
think about evolution, whose consequences are currently being worked through.
While the version of symbiosis presented in this chapter is arguable, it does provide
a basis upon which to understand non-communicable disease: that the fundamental
role of the microbiome is as an accessory to the vertebrate immune system.
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6. The Primacy of the Immune System:
A Dual Inheritance

6.1. Identification—Friend or Foe?

It seems reasonable to suppose that the single major contribution that a
microbiome, “our own microbes,” can make to its animal host is by strengthening its
immune system. Clearly, we live in a world of opportunistic scavengers, invisible
microbes as well as visible predators, and accurate defences are needed from the
moment of birth. The emphasis in this chapter is on how the dual inheritance system
ought to work, and what makes it go wrong, leaving subsequent chapters for a more
specific discussion of individual conditions and, hopefully, their amelioration. In
essence, while the child is developing in the womb according to its parental genetic
inheritance, (thus far hypothetical) microbial sentinel cells exist in the microbiome
of the mother. At birth, these cells have evolved to carry information about the
up-to-date microbial environment of the local population, and are passed on in a
“second inheritance” (i.e., supplementary to the “first” parental genetic inheritance)
in order to activate the immune cells of the newborn child. In this way, information is
provided to distinguish friend from foe, preventing own-body autoimmune reactions,
as well as reactivity against the fundamentally harmless antigens found in peanuts
or pollen grains, for example. In addition to this “calibration” of the neonate
immune system (i.e., calibration against the microbial environment experienced
by the mother), the microbiome has a second, related role: to stimulate growth of the
gut–brain axis into adulthood by its control over the rate of peristalsis. Any failure
to transmit the microbiome during the birth process increases the propensity for the
development of the previously mentioned “triple plague” of the immune system,
excess weight gain (i.e., the gut), and poor mental health (the brain). Interestingly, it
also seems reasonable to suppose that subsequent microbes may encounter resistance
from the already established immune system of the adult, with implications for the
mode of action of probiotics, for example.

6.2. Mother’s Milk

Not surprisingly, perhaps, breast milk is precisely formulated to support the
infant [1], although preterm infants require more than usual care [2], and a milk
bank should be available in case the mother is unable to express it herself [3]. It is
interesting to note that microbes, including the supposedly “good” bifidobacteria,
are present in breast milk [4], although there is little evidence for their actual
incorporation into the infant microbiome [5]. Indeed, it may be that, rather than
having a specific function, these relatively harmless entities are tolerated within
the milk ducts specifically in order to stimulate the immune system of the baby.
Alongside such microbes, breast milk contains galactose-based oligosaccharides, a
form of dietary fibre that cannot readily be digested by our own enzymes and that,
therefore, represents a system that has evolved specifically to feed the intestinal
microbiome [1].
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6.3. Handshaking: A Computer Analogy

As indicated in Chapter 2, it seems that a computer virus is more or less a direct
analogy of its biological equivalent, replicating itself in the operating system of the
computer/cell. Likewise, in computing terminology, the term handshaking refers to
the initial exchange of the protocols of communication between two devices, and
something similar must happen in the neonate, as the maternal microbiome interacts
with the developing gut wall. Accordingly, while the parental genes sculpt the
immature brain, gut wall and initially naïve immune system, after birth, the maternal
microbial inheritance both calibrates the immune system against the microbial
environment of the mother and activates the gut wall to initiate the formation of
the gut–brain axis (Figure 2, Chapter 2). Following these necessary “handshaking”
steps, in principle, the brain and gut wall fully develop their communication system
to guide the growth of the child through to adulthood. It is important to note that
the fully functioning intestinal microbiome is best considered as a single entity,
a microbial community in a symbiotic relationship with its host as a holobiont.
In particular, a successful handshaking process leads to the formation of working
semiochemical receptors, without which gut–brain communication cannot take
place. It is likely that the appearance of non-communicable disease corresponds to
the microbiome becoming a disconnected collection of microbes, with consequent
problems for the functioning of the gut–brain axis, at least partly through the vagal
nerves. In turn, the absence of a fully functioning gut–brain axis interferes with the
growth of the brain, potentially changing the relative development of its different
parts. To emphasise the point, the gut contents have been associated with depression,
probably signalling directly to the vagus nerve through the recently discovered
neuropod cells [6].

6.4. Semiochemicals

The term “semiochemical” implies a signalling molecule acting between
individuals of either the same or different species. Needless to say, there are
many different versions of the term, of which perhaps the most well-known is
the pheromone, meaning a volatile molecule acting as a sex attractant between
individuals of the same species. Although mostly associated with insects,
semiochemicals are also known to affect the behaviour of mammals such as dogs
and pigs [7]. In this book, the word is used to refer to communication between the
vertebrate body on the one hand, and its microbiome partner on the other. It could
be that the molecules produced by the intestinal microbiota can be divided into two
classes: chemicals produced for local action on the one hand, and semiochemicals,
compounds designed to invoke a longer-range response, on the other. The cells
lining the intestine are obviously well placed to benefit from bacterial metabolites
produced within the intestinal lumen, and it has been observed that production
of the hormone serotonin is facilitated by the effect of short-chain fatty acids
(SFCAs) on enterochromaffin cells [8]. Likewise, bacteria in the colon supply the
body with at least some of its vitamins [9]. Thus, dopamine, although originally
described as a neurotransmitter, is speculated to be involved in bacteria–body
signalling when found in the intestinal lumen [10]. It has even been suggested

69



that the genes involved in the biosynthesis of these signalling molecules have
been conserved since their initial development within the prokaryotes, being
passed on by vertical gene transfer to plants, fungi, and animals at different
times throughout their evolution [11]. Indeed, the evolution of cell-signalling
molecules remains a subject of great interest, and of much speculation [12]. Similarly,
recent observations surrounding neurological disorders such as Parkinson’s and
Alzheimer’s have focused on specified “good” bacteria and the production of SCFAs
on the one hand [13] and neurotransmitters on the other [14]. While much long-range
signalling presumably takes place via the gut wall, at least some passes through
the above-mentioned neuropod cells, sampling the intestinal lumen and directly
informing the brain through the vagal nerves [15].

6.5. A Viral Shunt Mechanism

It is important to note that, while semiochemicals are produced by prokaryotes,
especially bacteria, the genes that control their production can be passed on among
many different groups. While the basic principle of horizonal gene transfer is that
“transforming principle” stumbled upon by Frederick Griffith in the 1920s [16], the
spread of antibiotic resistance has given new impetus to the field. Although such
genes can be passed on in a variety of ways, perhaps the most direct is the disassembly
of microbes by their corresponding phage viruses [17], followed by reuptake into new
organisms [18]. The situation is remarkably reminiscent of what has been described
as a viral shunt, in which nutrients, including carbon atom-containing molecules or
ammonium ions, can be held within a layer of sea water by the phage-stimulated
continuous destruction and reassembly of microbes [19]. In case it be thought that
the microbiome is not quite like sea water, essentially the same processes have also
been described in soil micro-compartments [20], perhaps more analogous to the
situation found in the gut. This microbiome viral shunt mechanism not only explains
the speed with which the bacterial composition of the microbiome may change, as
described by Figure 5 (Chapter 5); it also provides a mechanism by which desirable
mobile genetic functionality may be retained. As an example of this process, the
ability of the microbiome to metabolise a seaweed-specific carbohydrate was found
to have transferred itself from the nori-eating Japanese people, in which it was
originally found, to the microbiome of seemingly unconnected people living in parts
of America [21]. In essence, it appears that a key feature of the diverse bacteria
of the fully functioning microbiome is the ability to delocalise function—making
it independent of the precise bacterial composition. There is a degree of overlap
with antibiotics here, in the sense that bacteriophage action in infected tissues is
accompanied by immune and debris-removing lymphatic systems, thus pre-empting
any re-emergence of reconstituted microbes via an antibiotic equivalent of the viral
shunt mechanism [19]. The existence of this mechanism probably explains why it is
difficult to find specific “probiotic” bacteria that were introduced in food and, for
example, even if the bacteria present in breast milk evade the neonate immune system,
they are likely to be recycled into other constituents by phage action [5]. Nevertheless,
mobile gene functionality could be introduced into the neonate microbiome. In other
words, even if the microbes themselves are transitory, that does not stop them from
being valuable.
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6.6. An Uncertainty Microbiome?

Following the discussion above, when the microbiome is viewed from the point
of view of phages and the viral shunt mechanism [19], it is possible to envisage a
Heisenberg-like uncertainty principle. As illustrated by Figure 5 (Chapter 5), this
vision entails a soup of slowly disintegrating/emerging microbes existing in shifting,
constantly changing equilibria, which only resolves itself into a precise composition
(lactobacilli, bifidobacteria, etc.) when sampled. In this context, it is interesting to
consider the fate of relatively innocuous food-borne external bacteria, potentially
including probiotics. Assuming they avoid digestion and the immune system on the
way down, it may not be long before they are “virally shunted” by phage viruses
into the microbiome soup, rendering their mobile genetic elements available to be
incorporated as functioning units [22], while the bacteria that express them are
constantly being destroyed and reformed.

6.7. An Officer Class?

In this context, unicellular eukaryote benegens may well act as a “missing
link,” operating between the gut wall and bacterial microbiome [23]. As illustrated
by Figure 6 (Chapter 5), and bearing in mind the ability of Toxoplasma gondii to
effectively take control of the nervous system of a rodent [24], such microeukaryotes
could act as control elements, influencing what genetic elements are taken up and
expressed. In this way, the flexible microbiome allows the survival of both “halves” of
the holobiont: the microbial community and its multicellular host, acting as a single
unit. Conversely, it would be the loss of this unicellular eukaryote-coordinating
ability that would give rise to non-communicable disease.

6.8. Peristalsis and the Partition of Nutrition

Granted that the primary role of the microbiome is to contribute to the immune
system of the neonate, it will be necessary to ensure that it remains effective
throughout periods of famine. The most efficient way to do this is probably to
slow the rate of peristalsis (the flow of food through the digestive tract), as a slower
rate will ensure greater absorption of nutrition into the host. Perhaps the most likely
scenario is that, while the microbiome constantly deploys its semiochemicals to issue
an insistent demand for food, accelerating peristalsis, famine will lead the host to
counter their action with increased hormones. In essence, this would constitute a
form of negotiation, carried out across the gut wall, in which the microbiome lowers
its activity for the duration of the emergency. If the host survives the experience, an
increase in the levels of nutrition will eventually reduce hormonal pressure on the
gut wall, allowing normal semiochemical service to resume. In most circumstances,
in the presence of a fully functioning microbiome, when the energy demands of the
host are already satisfied, excess nutrition is taken up by high-diversity bacterial
growth and eventual excretion [25], preventing obesity.

6.9. Poor Gut–Brain Communication

While the above paragraphs describe what ought to happen, unfortunately, due
to widespread microbiome malfunction, nowadays this is rarely the case. Although
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experience and logic dictate that the primary result of microbiome failure at birth
will be autoimmune disease, at this point it is more convenient to describe how
such failure may also lead to gut disturbance and, possibly, eventual weight gain.
Non-communicable disease is often associated with poor gut motility; probably
because poor gut–brain connectivity leads to intermittent spasms in the intestine, as
studied by the not-for-profit research group, the Rome Foundation [26]. Peristalsis is
a complicated phenomenon, assessed either by modelling [27], or by experiments in
laboratory animals [28], although it must be borne in mind that such animals have
been found wanting in assessments of microbiome-related disease [29]. Indeed, it
is possible that the complicated nature of peristalsis is largely due to the varying
levels of microbiome malfunction in the populations that have been studied so far. In
fact, it is the increased abdominal pressure upon defecation that gives rise to at least
two of Burkitt’s “diseases characteristic of modern western civilization” (Table 1,
Chapter 2): hiatus hernia and varicose veins.

6.10. A Microbiome Energy Excretion Model (MEEM)

Hitherto the dominant description of weight gain has been the energy balance
model (EBM), in which the “chemical potential energy” of food is converted into
the “kinetic and thermal energy” associated with moving and keeping warm [30].
In essence, this model counts the excreted chemical potential energy contained
within faeces as negligible, which is possibly a reasonable assumption based on the
knowledge of people living in the conditions described by Denis Burkitt as Western
Civilisation. It seems likely, however, that the people living in their traditional
lifestyles, whether with high levels of dietary fibre or, like the Maasai, eating a
less fibre-heavy, more Western-style diet, excrete non-negligible levels of faecal
chemical potential energy [31]. This observation is backed up by data from 21st
century sewage treatment works, illustrating a decreased weight of faecal output
within “richer” societies, as assessed by the Human Development Index; see Figure 4
(Chapter 4) [32]. On the assumption that no vertebrate animal species has yet
survived the widespread destruction of its microbiome partner, it seems likely that
the set-point hypothesis of Keesey, mentioned earlier (Section 4.20), is no longer
valid for “industrialised” humans [33]. Accordingly, human body weight and shape
have been slowly changing over the years as semiochemical-controlled peristalsis,
microbiome growth, and faecal energy excretion have failed. In turn, it is likely
that this Microbiome Energy Excretion Model (MEEM) will ultimately explain the
reduction in the average body temperature seen in American service personnel since
the mid-19th century [34]. As detailed above (Section 4.20), attempts to lose weight
by intensive exercise have been defeated by a process called energy compensation,
in which subjects either eat more food or use less energy; for example, by a reduction
in body temperature [35]. In essence, normal movement (technically, non-exercise
activity thermogenesis) is treated as intensive exercise when carrying body mass
significantly in excess of that expected for the species [36].
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6.11. The Mathematics of Obesity

In a fully grown adult with a stable body weight, total energy output must equal
the input received from digestible foods. In turn, such energy input is regulated by
appetite-related hormonal control in order to ensure a species-related ideal weight
for each individual, granted that semiochemical-controlled peristalsis, microbiome
growth, and faecal energy excretion are unimpaired. Unlike the above-mentioned
energy balance model [30], in which faecal energy excretion is considered to be
negligible, the Microbiome Energy Excretion Model, or MEEM, can be expressed by
Equation (1):

Energy intake = Energy used (converted to carbon dioxide, CO2)

+ Energy excreted (faeces)
(1)

It can be seen that, given the above assumptions, eating more within the
appetite range of the individual could lead to greater excretion while retaining
body weight within an acceptable range for the species, bearing in mind potential
regional variations. By contrast, the failure of semiochemical control, peristalsis, and
microbe growth, in combination with low faecal energy excretion, would lead to an
increase in body mass. Accordingly, final body mass would be due to a combination
of factors: the level of appetite and proportion of digestible foods consumed, as well
as the degree of damage to the microbiome (noting that so-called ultraprocessed
foods tend to be highly digestible). Eventually, a new equilibrium will be reached,
when a greater body mass results in greater use of energy (i.e., non-exercise activity
thermogenesis [36]), but the resultant more-or-less stable, potentially obese, body
mass may well lie outside the healthy range for the species. In this context, it is
worth mentioning that farmed animals also increase their weight upon treatment
with antibiotics [37], presumably by a similar mechanism. Of course, microbiome
deficiency may affect the other half of the gut–brain axis and, consequently, poor
mental health may also lead to disordered eating, resulting in either gain or loss of
body weight (see Section 7.10, below).

6.12. Autoimmunity

As indicated in the previous chapter, in the absence of microbial sentinel cells,
the “uncalibrated” neonate immune cells have not been directed to any specific
target. Accordingly, the immune system may overreact to otherwise harmless
substances: antigens in pollen, in food, or even potential antigens involved in normal
bodily functions. Nevertheless, even the naïve immune system still has a job to
do and, accordingly, the pattern of autoimmune disease described as atopic march
can start very early, often within the first month of life [38]. Interestingly, these
immune cells also react to pollen grains, producing the same immunoglobulin E
and activation of granulocytes as if the body were attacking itself [39]. Following
the initial interest in hay fever and asthma by David Strachan [40], food allergy is a
relatively recent phenomenon that has been described as “the second wave of the
allergy epidemic” [41]. A recent review on the pathogenesis of autoimmune disease
blames “an interplay between a genetic predisposition and environmental factors,”
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without specifying the precise nature of such an environment, but mentioning that
“the microbiota can also influence pathogenesis” [42]. It is increasingly clear that
systemic chronic inflammation is consistent with Barker’s “Fetal and Infant Origins
of Adult Disease” [43] in that it both starts in childhood and underlies many of
the non-communicable diseases of adult life [44]. However, it could be that such
chronic inflammation, and autoimmune disease, are just two sides of the same coin.
In addition, as noted earlier, the dual inheritance hypothesis implies that the fully
functioning microbiome carries important aspects of the environment directly to the
neonate immune system, and its failure can work both ways, with overreaction on
the one hand, and inability to eliminate precancerous cells on the other. In this way
it could be giving rise to the observed increase in cancer victims aged 50 years or
younger [45]. Perhaps the easiest way to envisage the loss of microbial sentinel cells
is by the delivery of babies by caesarean section under sterile conditions.

6.13. Caesarean Section

It is clear that the early post-birth period is crucial for the development of both
child and microbiome [46], a period sometimes taken as the first thousand days [47].
Perhaps the most obvious source of the failure to take up the maternal microbiome is
delivery by caesarean section under sterile conditions, in which the initial uptake of
microbiota is delayed, with consequences such as a poor response to vaccination, for
example [48]. However, as infant infections are not increased on C-section delivery
following maternal request [49], this procedure is likely to increase significantly.
Unfortunately, there is no completely effective way to upgrade the microbiota of
C-section-delivered babies. Perhaps the easiest approach is the use of a swab via
so-called vaginal seeding, transferring microbes to the head of the baby, but with
all the associated risks of infection by pathogens [50]. Interestingly, one attempt
to avoid this problem is to add a theoretically “good” intestine-inhabiting microbe,
Bifidobacterium longum subspecies infantis, as an “ecologically aware” approach to the
problem [51]. While the consequences of this approach remain to be seen, one point
to bear in mind is the likelihood that beneficial microbes are positively selected for,
i.e., that relatively small amounts of such microbes may be unexpectedly successful,
perhaps especially if they are unicellular eukaryote “benegens” rather than bacteria.
On the other hand, if such microeukaryotes are lost from the maternal microbiome,
they are unlikely to be replaced from the external environment.

6.14. Subclinical Lead Poisoning

Heavy metals are one type of pollutant that does pose a significant danger. Lead
is a readily accessible element and has been a global source of pollution, especially
following its use as an additive in gasoline up to the end of the 20th century [52].
It will have been spread as fine particles in dust and on food and is still detectable in
the air of London, the capital city of the UK, even 20 years after its last use for this
purpose [53]. Although lead exposure is measured by blood levels rather than its
influence on the microbiome, the global health burden remains significant, especially
concerning the IQ of children and its consequence for cardiovascular disease [54].
In addition, lead has been associated with the onset of attention-deficit hyperactivity
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disorder (ADHD) [55]. While many different types of microbes will be vulnerable
to lead particle poisoning, eukaryotic microbial sentinel cells, with their remit to
investigate previously unknown pathogen-like particles, would be more prone to
being disabled. In turn, such disabled cells would be devoured by other components
of the microbiome, thus liberating the metal ion to poison again. Accordingly, the
consequences for the function of the microbiome and, hence, the individual holobiont
adult, and its children and successors, would depend on the balance of a number
of competing rates: the rates of metal contamination versus excretion on the one
hand, and the regeneration of vulnerable microbes on the other. In this context, it
is often noted that blood lead levels are associated with constipation, especially in
children [56], but the relationship is not reliably predictive [57]. Note, however, that
screening relates to the direct action of blood-measured lead on the nerves, rather
than any direct effect on the microbiome itself. Overall, it is possible to imagine a
sequence of events that led to Dr Bostock’s catarrhus aestivus [58]. For example, it
could be that his mother was a regular user of 18th century-standard lead oxide-based
lipstick [59], and that some particles entered her intestine at such a rate as to deplete
her microbial sentinel cells over time. If so, her son may well have been born with the
propensity for autoimmune disease. The association between hay fever and well-off
people, likely users of such cosmetics, was noted by Dr Bostock in a subsequent
paper [60]. Although we can be sure that significant heavy metal contamination does
change the bacteriome of affected species, including humans [61], it could be that
the key change causing other aspects of non-communicable disease is the loss of the
relatively neglected microeukaryotes themselves [23], whether or not the vulnerable
entities were actually sentinel cells.

6.15. Pewter, Mercury and the Dental Dilemma

Essentially the same arguments apply to pewter, a workable tin-based alloy
containing variable amounts of hardening agents, potentially including antimony
and lead. Its extensive use for bowls, plates, and spoons will indeed have contributed
to historical heavy metal poisoning, even after lead was removed because of its
toxicity [62]. Similarly, while dental amalgam is normally considered to be safe on
the grounds of low exposure to poisonous mercury vapour [63], the possibility of a
deleterious effect of swallowed metal on the microbiome adds another angle to the
vexed question of its potential toxicity. However, the fact that it was introduced in
the mid-19th century means that it was not responsible for either the hay fever of
John Bostock [58], or the early stirrings of the obesity epidemic as reported by Denis
Burkitt [31]. Indeed, it could be that any toxic contribution to the microbiome
from dental amalgam is lost in the overall burden of pollution accompanying
industrialisation.

6.16. Summary: The Critical Role of Peristalsis

Professors Margulis and Woese helped launch revolutions in the way that we
think about evolution, whose consequences are currently being worked through.
While the admittedly unverifiable version of symbiosis presented in this chapter
is not without its problems, it does provide a basis upon which to understand

75



non-communicable disease: that the fundamental role of the microbiome is as an
accessory to the vertebrate immune system.

Accordingly, the dual inheritance hypothesis can be expressed in the following
ways, as previously illustrated by Figure 2 (Chapter 2):

1. That, when fully functioning, microeukaryotes somehow coordinate prokaryotes
and their mobile genetic elements into a single community, a microbiome, and
that this community acts within the intestine of a vertebrate animal, its primary
purpose being to transfer information about the microbial environment of the
mother to its offspring, be it egg or live birth.

2. That, in a vertebrate animal, the maternal microbiome contains microbial
sentinel cells as the prime carriers of such information, and also agents that
work with the gut wall to stimulate growth of the gut–brain axis.

3. That, in a full-grown vertebrate animal, the action of semiochemicals on the gut
wall stimulates the gut–brain axis, in turn accelerating peristalsis and, therefore,
the flow of nutrition to the microbiome (Figure 8). This action maintains it in
readiness so that, in the female animal of child-bearing age, it may be passed
on to the next generation during the birth process, whether by egg or by live
birth. In the male, or female outside the fertile age range, the prime action of
the microbiome is simply to stimulate peristalsis to avoid excess build-up of fat.

Note that the fully functioning, flexible microbiome coordinates with the body
as a holobiont, coping with adverse circumstances such as famine, as illustrated
in Figure 1 (Chapter 2). The failure of the microbiome at birth has multiple
consequences, passing down the generations as follows:

1. The lack of coordinating microeukaryotes tends to make the microbiome act
more like individual microbiota, disrupting the holobiont and compromising its
immune system support function.

2. Prevention of the flow of nutrition to the microbiome by interrupting peristalsis
increases absorption, tending to increase the weight of the individual and
inducing irritable bowel syndrome.

3. A malfunctioning maternal microbiome is passed on as the inheritance of the
next generation, ensuring the progression of non-communicable disease.

While alterations to the bacterial microbiome appear to affect the nature of
disease, for example with probiotics, in reality it could be an interaction with the
immune system that is of primary importance, as described in Figure 2 (Chapter 2).
Part 3, therefore, deals with the way that the inheritance of microbiome deficiency
affects our health.
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Figure 8. Peristalsis and the partition of nutrition. Box 1. It seems reasonable
to suppose that the healthy holobiont allows constant communication along
what has been termed the “microbiota–gut–brain axis”. Box 1a: If both brain
and gut report a healthy body, the acceleration of peristalsis ensures that the
microbiome remains well fed. Box 1b: In famine, or if communication is interrupted
for any reason, the brain has to assume the worst, and slows peristalsis until
health and communication is resumed. Box 2: In essence, the microbiome uses
messenger chemicals, semiochemicals, to request food from the body, albeit that
this message may be modified throughout the various stages of pregnancy. Box
3: Of course, defecation in humans is a socially charged act, requiring delay
until an appropriate level of privacy can be assured. Accordingly, final approval
must come from the brain, through the gut–brain axis, before this latter stage of
peristalsis can be accomplished. Box 4: This step draws attention to the initial
“handshaking” processes, the exchange of the “protocols of communication”,
beginning immediately after birth and setting up the “immune–gut–brain triangle”
illustrated in Figure 2 (Chapter 2). Source: Figure by the Author.
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Part 3. The Consequences for People



The Propensity for Disease: An inadequate maternal microbial inheritance means
that the person has an increased tendency for all the forms of non-communicable
disease, which may be classed in order of visibility: obesity, with or without
functional gastrointestinal disorders; autoimmune disease; and poor mental health.
It is important to note, however, that the resultant mixture of conditions will vary in
severity from barely detectable to fatal. Indeed, it is another variation of what may be
called the Anna Karenina Principle, taken from Tolstoy’s 1877 novel of the same name,
which can be translated as follows: “All happy families (i.e. healthy people) are alike;
each unhappy family (malfunctioning microbiome) is unhappy in its own way”. We
have seen already that a healthy person allied with an intact, fully functioning,
microbiome from birth can be regarded as a healthy holobiont, while even an
apparently healthy person, attached to a deficient microbiome, will possess their own,
unique, “fingerprint” of the propensity for the development of non-communicable
disease. As described below, there is a need for an analytical method to assess the
status of each individual, particularly if that person will be in a position to transfer
their microbiome to a newborn child. In turn, as described in Chapter 9, in this
way we may be able to add key health-giving, presumably eukaryotic, “benegen”
microbes to the child at the moment of birth, as well as giving support to those
people already carrying the consequences of a poor microbial inheritance.
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7. Non-Communicable Disease:
The Triple Plague

7.1. An Early Start

I have written in the Preface about my own conditions: the development of the
nuisance of hay fever; the dangerous (but reversible) gain of weight; and the sensory
overload of my own, specific variety of autism-like developmental disease. This latter
problem initially came with a silver lining, as the relative gain of intellectual ability
enabled me to obtain an excellent chemistry degree, although the corresponding lack
of social ability hampered my subsequent career. My autism was also associated
with another nuisance: irritable bowel syndrome, a fact readily explained by the
degradation of my gut–brain axis. We have seen already that disorders of gut motility
are covered by the Rome Foundation [1], but the link with autism strongly suggests
that its efforts should be combined with organisations covering psychiatric diseases,
such as the American Psychiatric Association and their Diagnostic and Statistical
Manual of Mental Disorders (known simply as the “DSM”) [2]. While autoimmune
diseases, such as asthma, may start early [3], even if disease is detected in later life,
the propensity for the development of microbiome-related disorders starts within a
short time of birth, and possibly within the first few hours, as suggested by Barker
and his “fetal and infant origins” article [4]. Weight gain and poor mental health, and
their consequences, may follow later in the child or adult, often as mixed conditions,
such as type 2 diabetes and depression [5]. A non-comprehensive summary of
various conditions and their characteristics are outlined below, bearing in mind that
the full list of microbiome-related non-communicable diseases is yet to be written.

7.2. Weight Gain

We have seen that the steady gain of weight readily visible throughout the
modern world [6], even in childhood [7], may well have its origins in the loss
of microbiome semiochemical-mediated control of gut motility. However, the
direct cause is the slowing of peristalsis, which allows more time for the digestion
and consequent overabsorption of nutrition (Figure 8, Chapter 6). Accordingly,
eventual obesity is rendered more likely by the extensive consumption of readily
digested foods, be they defined as “fast” or “ultraprocessed” [8]. Following its
use as an additive in petrol, the increased concentration of lead in the inner-city
districts of Westernised countries [9], along with their easy access to relatively
inexpensive, readily digested foods, may help to account for the prevalence of
obesity in those areas. Although the use of leaded petrol has been discontinued [10],
nevertheless its effects continue, as damage to the microbiome of the mother is
reflected in problems with the neonate and, therefore, in its subsequent growth
into a microbiome-compromised adult. Mining and the burning of coal have
also added to the toxic load, presumably not only affecting the microbiome of
current generations [11], but subsequent ones as well. Of course, it is the slow,
multi-generational nature of weight gain that effectively normalises the situation
across whole populations. Interestingly, as scientific understanding of the human
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body has increased over the past decades, so our bodies have been changing, an
effect most clearly shown by the decrease in average body temperature over the last
150 years [12]. Likewise, because such diseases are latent, it is hard to tell if any
individual is truly “healthy”. Significantly, not only can obesity [13] be treated as a
microbiome-related non-communicable disease but, possibly after the conversion of
fat into cholesterol, so can ischaemic stroke [14], gallstones [15] and even the uric acid
crystals of gout [16], the latter being associated with a wide range of cardiovascular
diseases [17].

7.3. Autoimmunity and Cancer

While the immune system has been under active investigation for a long time,
it is probably fair to say that it is still in the descriptive stage, whether across the
whole of life [18], or in the initial interactions with its brand-new body [19]. Indeed,
it is interesting to note that the study of the immune system has had autoimmunity
at its heart [20], as if it were somehow at the middle of the system itself, rather
than a previously unknown disease state first appearing mysteriously as Bostock’s
catarrhus aestivus in the early 19th century [21]. The so-called atopic march is an
evolving set of conditions causing issues throughout childhood, often starting with
babyhood eczema, but progressing to hay fever (allergic rhinitis) and the much more
serious asthma [22] and food allergy [23]. Interestingly, there is an opposite side
to autoimmunity, in the sense of a failure of the immune system to recognise and
eliminate precancerous cells, the rogue elements of its own body. In turn, this failure
helps to account for the current increase in cancer in the younger population [24].

7.4. Cancer: An Incipient Animal?

An important connection, which we should see more of in the future, is what
might be called the gut–cancer axis. While pancreatic cancer normally kills rapidly,
in rare cases slower growth can be observed, and these cases are accompanied by a
diverse bacteriome, both within the intestine of the sufferer and, apparently, within
the tumour itself [25]. Indeed, it is as if the tumour were a separate organ, or even a
nascent animal in its own right. The search for tumour-related microbiomes is now
well underway, and includes detailing the difference between colorectal cancer in
“young”, i.e., people below the age of 50 years, and the more usual subjects in which
the age of onset is greater than 60 years [26]. Unfortunately, these articles all focus on
bacteria, and do not mention the possible presence of microeukaryotes within the
tumour, the search for which may represent a logical next step in our understanding
of the development of cancer.

7.5. Coeliac Disease

As mentioned by Denis Burkitt [27], essentially all microbiome-related
conditions are epitomised by coeliac disease: “an immune-mediated enteropathy
against dietary gluten present in wheat, rye, and barley” involving “harmful gluten
peptides” [28]. A review of the epidemiology of this disease suggests a worldwide
increase, in both prevalence and incidence, across the last three decades. The author’s
rationale for this increase is the improved diagnosis and the globalisation of poor
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diets, alongside what have become the standard statements associated with changes
in the microbiome: delivery of babies by caesarean section, the lack of breastfeeding,
and the use of antibiotics (but without mentioning heavy metal pollution) [29].
Whatever the exact reason, however, the actual presentation of coeliac disease is
enormously variable. Associated immune system overreaction can occur anywhere
in the body, with or without nutrient malabsorption or, indeed, with no symptoms
at all [28]. As with atopic march [22], it may be expressed differently in children
and in adults [30] and is commonly observed in the extraintestinal manifestation
of dermatitis herpetiformis [31]. Significantly, although coeliac disease shares some
genetic characteristics with autoimmune-related type 1 diabetes [32], there is little
genetic or epidemiological overlap with gut–brain axis-related type 2 diabetes [33],
although both may exhibit similar bacterial microbiome changes. One recent article
is a study of the presumably genetically susceptible first-degree relatives of adult
sufferers [34]. The article looks for evidence of detoxification of the gluten peptides
by breaking the normally metabolically stable glutamine–proline bond, but without
success [34]. A second article attempted to study whether alteration in the gut
bacteria and corresponding metabolome of infants can be used to predict the later
onset of disease. Many such changes were, indeed, observed, the authors opining
that they have established a road map for future studies to detect and prevent the
development of autoimmunity [35]. Almost invariably, however, such papers actually
attempt only to categorise the bacteriome, with an occasional passing reference to its
microeukaryote or viral constituents, let alone mobile genetic elements. Significantly,
the relationship between coeliac disease and psychiatric and neurological disorders
has never been fully understood. It is easy to imagine a degree of sadness and anxiety
caused by severe coeliac disease, but harder to comprehend the observed positive
association with manic-depressive behaviour, schizophrenia, or bipolar disorder [36].
A non-causative comorbidity solves the problem and, indeed, coeliac disease is only
a specific example of a general autoimmune/depression associative trend [37].

7.6. Rheumatism, Multiple Sclerosis, etc.

As illustrated in Table 1 (Chapter 2), alongside coeliac disease, thyrotoxicosis
[38], rheumatoid arthritis [39], and multiple sclerosis [40] were mentioned by Denis
Burkitt as being unheard of in people following traditional lifestyles [27]. Although
all are primarily complex autoimmune diseases, at the present time, multiple sclerosis
(MS) is, perhaps, the most interesting from the point of view of known microbial
involvement, with a suggestion that the Epstein–Barr virus is, indeed, “a likely
driver of inflammatory autoimmune disease” and that it “provides a target for future
therapies” [41]. Equally, Guillain–Barré syndrome was first described in 1916 and
is a demyelinating polyneuropathy that may develop after various infections, or
even after immunisation against the possibility of infection. While well-recognised
in richer countries, it constitutes an increasing danger in the rest of the world [42].
Finally, similar autoimmune diseases have been connected to antibodies against
IgLON5, a cell surface protein involved in nerve cell connectivity [43].
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7.7. Fatigue, Long COVID, and Other Mysteries

Although more formally known as SARS-CoV-2, (SARS standing for “severe
acute respiratory syndrome”) the novel coronavirus that sprang on the world became
known as COVID-19 as a contraction of both “coronavirus disease” and “2019”, the
year this version was first described. While the direct effect of the virus itself varied
from mild to deadly, some ex-patients began to notice that they were not getting
better, communicating with one another in self-help groups. In the light of their
efforts, the term “Long-haul COVID” or, more simply, “Long COVID” began to
be coined, bringing their plight to the attention of healthcare professionals [44].
Although COVID itself was very much in the ascendant, and each individual
exhibited very different symptoms, nevertheless it slowly became apparent that Long
COVID resembled earlier mysteries, variously termed myalgic encephalomyelitis or
chronic fatigue syndrome (ME/CFS), another set of potentially devastating long-haul
conditions [45]. Of course, fatigue is an exasperating symptom, often not easily linked
to a specific cause. Sporadic mentions of historical disease have been traced back to
the period 1860 to 1910, remaining rare until the late 20th century [46] but essentially
following the same trajectory as hay fever within microbiome-related autoimmune
disease: present but rare in the 19th century, and common and of increasing severity
in the 21st century [47]. Indeed, SARS-CoV-2 has been specifically described as
“an instrumental trigger” of autoimmunity [48]. Among potentially many Long
COVID-related individual complaints, chronic fatigue, orthostatic dizziness, and
brain fog have been associated with autoimmune disease in a similar fashion to
Post-Treatment Lyme Disease Syndrome [49]. Multisystem inflammatory syndrome
remains a threat, both in the young [50] and in adults [51]. Thromboembolism is a
problem in people with Long COVID, and is also related to the immune system by
dysregulation of the complement system [52]. Nevertheless, the most mysterious
characteristic of both Long COVID and ME/CFS is chronic fatigue. There could be
a new form of autoimmune disease: an interdiction of the protein chain associated
with mitochondrial ATP, either its generation or its utilisation [53], bearing in mind
that there are many potentially targetable antigens involved in the mitochondrial
energy-harvesting cascade, and each patient could present with a unique combination
thereof. Overall, it seems that the recent onset of Long COVID has highlighted the
full extent and complexity of microbiome-related diseases, and that each individual
has a different mix of these triple plague conditions. Interestingly, it could be that
such fatigue-related autoimmune disease has been slowly increasing in extent for
many years, with only the most severe cases coming to the attention of healthcare
professionals, at least until the advent of SARS-CoV-2. A recent perspective (February
2024) has highlighted the substantial remaining problems posed by Long COVID,
especially the absence of validated treatment methods and the waning attention of
governmental agencies as it moves down the political agenda. The article mentions
microbiome dysbiosis, but without going into detail [54]. Finally, muscle damage
has been recorded after exercise [55], and it could be that this effect is related to
the muscle weakening observed in recent tranches of schoolchildren mentioned
earlier [7].
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7.8. Bowel, Skin, Brain, Mouth, Lung, etc.

This section illustrates the interrelatedness of the diseases that are probably
due to microbiome-function deficiency. Bearing in mind the above arguments,
it should be no surprise that the risk of inflammatory bowel disease is raised in
patients exhibiting atopic dermatitis [56], but that “original investigation” article
aimed to answer a direct question, and did not try to find any wider links with
microbial communities, or with depression or cardiovascular disease, for example.
Psoriatic arthritis is one of those probably microbiome-related conditions that, like
coeliac disease, can express itself in a wide variety of ways, affecting the skin and
bowel or causing eye inflammation (uveitis) or cardiovascular disease, among
other issues [57]. The connection between acne and its unproven but suspect
bacterium, Propionibacterium acnes, has already been mentioned [58], but earlier
work on acne vulgaris seemed to establish an “axis” between gut, brain and skin
that manifests itself alongside depression and anxiety [59]. Certainly, the concept
of the intestinal microbiome as “first among equals” is entirely consistent with the
dual inheritance hypothesis, due to its transfer by direct faecal “contamination”
via either live birth or egg. Indeed, the entry of skin bacteria into the intestinal
microbiome of the neonate following delivery of a baby by caesarean section seems
to have unhelpful consequences [60]. Regarding the brain, Parkinson’s disease
has recently been widely recognised as a gut microbiome-related condition, with a
wide variety of bacterial families associated with both positive and negative effects,
but its relationship with the production of short-chain fatty acids is unclear, and
possibly irrelevant [61]. Likewise, as part of the complex tangle that is Alzheimer’s
disease (AD), what has been called the “microbiota–gut-AD axis” has been subject
to significant effort, albeit mostly involving the search for potentially important
pro- or anti-inflammatory bacteria [62]. The same logic follows when looking at the
neurotransmitter-related connection between gut bacteria and AD [63], and with
inflammatory bowel disease [64]. Sticking with brain diseases, there is a connection
between migraine and a similar set of inflammatory bowel diseases that are seen with
AD [65]. Polycystic ovary syndrome is a little-understood but widespread disease,
increasing in incidence, which is associated with anxiety, depression, cardiovascular
disease, weight gain, and type 2 diabetes [66], in addition to bipolar disorder [67].
It is, therefore, somewhat surprising that a recent comprehensive review makes no
mention of possible microbiome involvement [68], an oversight that cannot last long.

7.9. Autoimmunity: A Case of Mistaken Identity?

It seems that the above-mentioned “harmful gluten peptides” of coeliac
disease [28] must be surprisingly toxic for what is essentially a foodstuff [69]. Indeed,
it could be that, bearing in mind the example of the skeleton of a young lady
with suspected coeliac disease found in first century Italy [70], perhaps there is
a resemblance to the rare initial appearance of the now-common hay fever [21].
It seems likely that the uncalibrated, naïve immune system described in Figure 2
(Chapter 2) has tagged these not-so-harmful gluten peptide antigens as “dangerous
unknowns”. In this view, coeliac disease represents a form of internal hay fever, in
essence a debilitating, potentially deadly form of food allergy. Coeliac disease has
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been shown to be associated with inflammatory bowel diseases such as Crohn’s and
ulcerative colitis [71], and there is an established relationship with the autoimmune
thyroid diseases [72]. It is likely that all these stem from fundamentally the same
problem: a microbiome-related propensity toward autoimmune disease in general.
Accordingly, stimuli such as viral modification, as postulated for multiple sclerosis,
may bring about more widespread autoimmune episodes. A recent article has drawn
attention to a possible intermediary between viruses and autoimmune disease, as a
study on the Zika virus identified “bystander” activation of CD8+ T cells causing
neuropathology via “antigen-independent” cytotoxicity [73]. However, such stimuli
could also be part of normal bodily changes and, accordingly, hay fever may start
with puberty, or Grave’s disease with pregnancy, to quote just two examples. Sadly,
the autoimmune effect is unlikely to resolve itself upon removal of the trigger and,
therefore, elimination of the Epstein–Barr virus is unlikely to prove a “miracle cure”
for MS. Incidentally, while miracles themselves are, perhaps, not totally verified,
the placebo effect described by the three-way interaction of the immune–gut–brain
triangle may well be sufficiently powerful to deflect the autoimmune response itself,
even if it cannot repair the damage already done.

7.10. Mental Health

While the neonate brain is primed for growth, the direction of that growth will
depend on the input received and, accordingly, requires a degree of engagement
with the developing gut–brain axis. While much available capacity will be taken
up with the growth of the senses, there is also a need for internal maps: both of
proprioception, to do with the relationship between the body and the outside world,
and of interoception, the status of its various components [74]. A deficit in the
gut–brain axis is likely to have its greatest impact on this latter facility, as illustrated
by the above-mentioned connection between autism and joint hypermobility [75],
probably due to distortion of growth following poor communication between body
and brain. Once this principle is accepted, a number of psychological phenomena
become more readily explicable: as an example, while the correct response to
apparent food poisoning is the diarrhoea and vomiting that is all too frequently
observed by people travelling far from home [76], the lack of information from
the gut may prompt an anxious, uncertain response for which the expression
“butterflies in the stomach” seems to be appropriate. Indeed, anxiety disorders
are very common, and are found in a wide variety of situations, as described in
a recent comprehensive review [77], and increasingly found alongside depression
and insomnia [78]. Significantly, as described above, the seemingly pointless rise
in blood pressure known as white coat hypertension [79] is, presumably, also a
form of anxiety disorder. In a similar vein, anorexia nervosa is recognised as the
deadliest of the psychiatric disorders and, although a recent comprehensive review
has described “interesting” intestinal microbiome characteristics, it was stressed that
it is unknown whether these are a cause or consequence of the disease [80]. Of course,
even young patients are only assessed when their neurodevelopmental conditions are
well advanced, often presenting with many comorbidities, rather than being able to
follow any distortion of mental image consequent upon the postnatal development of
a weak gut–brain axis. Although microbial involvement has not been mentioned, the
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recently declared “epidemic” of loneliness [81] may well be related to an autism-like
inability to communicate in socially significant environments. Similar developmental
disorder arguments could be applied to many such conditions, including body mass
dissatisfaction and depression [82]. Likewise, disordered eating [83], or even outright
anorexia, may follow from a “too fat” distortion of reality [80]. Similarly, gender
dysphoria adds a question mark over the very nature of disease itself [84], and is
a source of significant professional dispute [85], while body dysmorphic disorder
is, perhaps, not quite as contentious [86]. It is interesting to speculate that some of
the difficulty in getting giant pandas to breed in captivity may be due to a disturbed
microbiome [87], with potential consequences for their gut–brain axis and, possibly,
neurodevelopmental disease. If so, this could be another example of “domestication”
being equivalent to “industrialisation” in the microbiome of animals [88]. Perhaps
the best way to understand the wide range of body dissatisfaction disorders is that
the failure of the gut–brain axis in the neonate leads to distorted interoception on
subsequent growth, which comes to the fore only when the individual is old enough
to appreciate (if not fully understand) that their physical mirror reflection does not
agree with their virtual self-image.

7.11. Brain Shape

Recent research has been uncovering the relationship between the distortion
of brain shape and psychiatric conditions: striatal volume with psychopathy [89],
evidence of brain asymmetry changes in autism [90], or in depression [91]. Likewise,
both inflammation and changes in brain structure with neuropsychiatric disorders
such as schizophrenia have been recorded [92], while the immune system has also
been linked to autism via inappropriate neuroactivity and the gut microbiota [93].
However, as mentioned earlier, Mendelian randomisation studies suggest that,
although poor mental health and inflammation are linked, consistent with the dual
inheritance hypothesis, it seems that one does not actually cause the other [94].
Although autism-like disease can be hard to diagnose, its prevalence is clearly
increasing in step with the autoimmune and weight gain epidemics of the modern
age [95], and it is also reported to be strongly heritable [96]. Finally, gut microbiome
studies show no particular commonality among sufferers of either autism or
attention-deficit hyperactivity disorder [97], perhaps consistent with the idea that the
precise bacterial (or mobile genetic element) composition of the intestinal microbiota
is no longer relevant once the condition has been initiated from birth. In addition,
once it is clear that both gut and brain disturbances are two sides of the same coin, i.e.,
the gut–brain axis, it should not be a surprise that type 2 diabetes and poor mental
health are found to be related [7]. Equally, it should be no surprise that intermittent
fasting causes both weight loss and changes in brain activity, as well as altering the
relative proportions of intestinal bacteria [98], although the exact meaning of these
changes is not so clear. Granted that there is a connection between brain shape on
the one hand, and poor mental health on the other, it is possible that the weight gain
normally associated with type 2 diabetes is also related to altered brain shape. Indeed,
it could be that “normal” brain shape can only be found in those populations that do
not suffer from the triple plagues of non-communicable disease. It is interesting to
note an increase in brain volume between people born in the 1930s compared to those
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in the 1970s. The authors of the paper link this fact to the reduction in the incidence of
dementia in recent years, largely on the basis of a corresponding increase in cognitive
reserve, pointing out that early life environmental effects are a more likely cause
than genetic changes, but without any mention of possible microbial involvement or,
indeed, of the general increase in body mass index over this period [99].

7.12. Placebo Effect

While there is significant interest in the connection between nutrition and
mental health [100], any improvement could be due to a strengthening of the
gut–brain axis. Similarly, the appearance and disappearance of the symptoms of
autoimmune disease may seem to be entirely random. However, as illustrated by
the “triangle diagram” of Figure 2 (Chapter 2), essentially any input affects the rest,
and the involvement of the brain sets up a resemblance to the placebo effect [101].
The system works both ways, however, and what is known as the nocebo effect
may cause harm in certain circumstances [102]. Indeed, it has been referred to as
modern voodoo, in that unconscious offhand treatment of an already ill patient has
been suggested to actually accelerate death [103]. Of course, placebo effects are
notoriously hard to study, being subject to all kinds of bias [104]. Interestingly, when
studies were carried out without deception—stating specifically that “this is a sugar
pill”, for instance—the placebo effect still led to an improvement compared to no
treatment [105]. The immune–gut–brain triangle illustrated by Figure 2 suggests a
reason for the ubiquitous nature of this effect: that even a transitory disturbance in
any one of the corners will affect the others. A doctor with a good “bedside manner”,
however that is defined, is likely to achieve better results than less gifted doctors and,
while a good cup of tea may work wonders, it is possible that probiotics, whether
patented or sauerkraut-like natural, improve apparent health by initially engaging
with the immune system of the patient. As an example, since psychiatric conditions
are associated with presumably irreversible alteration of brain structure, any changes
in the symptoms of autism spectrum disorder with probiotic treatment are likely to
be transitory [106]. Although a lot of effort has gone into the discovery of effective
probiotics, there is surprisingly little evidence that these bacteria actually populate
the intestine, at least in healthy adults [107]. It is probably a question of the right
degree of immune–gut–brain stimulation because, as mentioned earlier, too much
stimulation may lead to traveller’s diarrhoea [76].

7.13. Genius

Having noted the changes in brain shape associated with potentially sub-optimal
behaviour, the question remains: do these reflect active disease, or only
characteristics? From the perspective of the early 21st century, it was considered
that “dyslexia is a neurological disorder with a genetic origin”, and that it “has
lifelong persistence, reading retardation being merely one of its manifestations” [108].
Interestingly, if it is not a brain disease in itself, but rather a problem of differential
brain development, it could be that obvious deficits such as dyslexia mask
compensatory advantages elsewhere. Are dyslexics more “intelligent” (however
this term is defined) than the average? Savant syndrome, the co-existence of both
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exceptional skill and neurological impairment, has been known about for a long
time [109], as has the existence of an uneasy balance between psychopathology and
creativity [110]. An entertaining tract highlighted by the title “The Mythconception
of the Mad Genius” although replete with examples of actual “mad” “geniuses”
(however those two terms are defined), still comes down in favour of madness being
unnecessary for the expression of true genius [111]. In conclusion, although dyslexia,
like hay fever, is a nuisance, it cannot readily be classed as a mere characteristic,
even though it does not seem to lead on to more serious disease in its own right.
Likewise, while it is hard to define genius as an actual mental illness, it is probably
more “interesting” than a mere foible, and it still affords plenty of scope for further
investigation.

7.14. Morning Sickness

While the dual inheritance hypothesis suggests that pregnancy involves a
change in the rate of peristalsis mediated by the gut–brain axis, in reality we often see
the appearance of mysterious so-called morning sickness—which can actually occur
throughout the day [112]—as is the case for its rare but most debilitating version:
hyperemesis gravidarum [113]. While an adaptive, prophylactic function for morning
sickness has been proposed, and it is associated with lower rates of miscarriage, it
is also known that there are some traditional societies in which morning sickness
has never been observed [114]. However, perhaps not surprisingly for paternalistic
societies, there does not seem to be any equivalent of Denis Burkitt’s observations
relating to his “Some Diseases Characteristic of Modern Western Civilization” [27]
nor, indeed, of a female equivalent of John Bostock proclaiming the discovery of a new
disease in front of her learned society [21]. In a sense, there is a connection between
hay fever and the less serious forms of morning sickness in that, by and large, neither
are life-threatening: a disturbance of normal function, rather than a disease. Indeed.
it may be that pregnancy-associated sickness is related to microbiome-function
deficiency, as an extreme case of the anxiety engendered by the changes in gut
behaviour that the unconscious part of the brain is not wholly aware of. Of course,
the consequences are similar to that perfectly reasonable, if dramatic, condition
of traveller’s diarrhoea [76], in which the sudden appearance of large numbers of
unknown bacteria provokes a “get rid of them at all costs” response. Of course, the
brain is not to know that these bacteria are probably harmless non-pathogens, just
as a weak gut–brain axis may cause the relevant subconscious parts of the brain to
mistake pregnancy for infection, with similarly unpleasant consequences.

7.15. Functional Gastrointestinal Disorders

As mentioned earlier, there is substantial overlap between coeliac disease and
psychological manifestations [115], as there is with psychological problems and
functional gastrointestinal disorders [4], perhaps indicating that both are aspects of
microbiome-related deficiency disease, but with immune system input of variable
seriousness. Consistent with the dual inheritance hypothesis, these problems are also
found in the infant, a fact which carries its own special problems of diagnosis and
treatment [116]. Significantly, it is also clear that mast cell-mediated inflammation is
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somehow involved, along with food allergy and bowel disorders such as Crohn’s
and ulcerative colitis [117], and such microbial-imbalance responses can also be seen
in the small intestine [118]. Attempts to ameliorate irritable bowel syndrome by the
introduction of bifidobacteria are not universally successful [119] and it is possible
that peristalsis is improved by the placebo-like strengthening of the gut–brain axis
after the interaction of these bacteria with the immune system of the host.

7.16. Straining

Following his ideas on low-fibre diets causing faecal arrest, among other
complaints, Denis Burkitt blamed disorders like haemorrhoids, hiatus hernia, and
varicose veins on intra-abdominal pressures rising above 200 mm Hg during straining
on defecation [27]. An alternative explanation for such complaints may result from
a lack of coordination following breakdown of the gut–brain axis. Defecation is a
socially sensitive act and, as such, requires approval from higher management, i.e.,
the brain. The act itself is a reflex movement, requiring coordination of peristalsis
and sphincter opening; however, at some point, permission to proceed, if granted by
the brain, must be communicated to the relevant muscles through the gut–brain axis.
If that message is not received at the critical moment, straining leads to eventual
damage. Of course, fear stimulates bowel action, possibly by strengthening the
gut–brain axis, and this may link in with the psychological problems associated with
functional gastrointestinal disorders [1].

7.17. Summary

The full range of Burkitt-like non-communicable diseases are now beginning
to make their presence felt, with the all too obvious inclusion of mental health
conditions in recent generations. At this time, the most important thing is to confirm
or deny the existence of key unicellular eukaryotes in populations not suffering from
non-communicable disease, as it is to be expected that such entities would be rare or
non-existent in afflicted peoples. Similarly, it will be necessary to identify relevant
semiochemicals. In terms of the amelioration of existing disease, while probiotics do
not seem to exert their action by supplementation of the gut microbiota, they may
help to allay symptoms by stimulation of the immune–gut–brain triangle.
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8. Attempts at Amelioration

8.1. Disentangling Disease

While the “cutting edge” concepts of disease are moving towards microbial
involvement, practical steps remain firmly grounded in 20th century validated
methods. Of course, this leads to a tension at the new/old interface when, for
example, probiotics are recommended for use alongside antibiotics [1]. In essence,
oral antibiotics not only generate resistance in their bacterial targets, but they are
also damaging to bystander microbes and incompatible with the idea of a diverse,
fully functioning microbiome [2]. By contrast, phage therapy seems to be a valid
microbiome-preserving technology, in principle at least. Equally, the probiotic
concept, that specific added bacteria can improve the health of both the body and
mind, perhaps falls down on the fact mentioned earlier, that people seem to be
otherwise healthy after undergoing colectomy [3] and are even capable of bearing
their own children with minimal disturbance to their reproductive capacity [4].
In fact, the best way to explain the apparent lack of serious microbiome-related
problems after colectomy is to say that these patients are actually no worse than the
bulk of people who already have a malfunctioning microbiome. Accordingly, it is
the purpose of this chapter to re-interpret current treatment methods in the light of
this hypothesis, while the next and last section, Chapter 9, perhaps offers a way to
ensure that our as-yet-unborn children’s children will eventually be free from these
characteristic non-communicable diseases.

8.2. Antibiotic Resistance

Not surprisingly, the bulk of current antibiotic discovery effort is designed
to counter the rising threat of antibiotic resistance [5] but there have been some
efforts to minimise the problem of antibiotics reducing microbiome diversity [6].
However, it seems clear that oral antibiotics will cause problems if taken either
during childhood or in pregnancy, if only by reducing their ability to express mobile
genetic elements. In other circumstances, however, antibiotics may not be the major
reason for the overall loss of microbial diversity. As normally prescribed, antibiotics
work alongside the immune system to resolve infections, but the immune system is
less effective inside the gut lumen. Equally, while the lymphatic system clears away
debris from the site of infection, the lack of such clearance from the gut lumen allows
the reassembly of microbes according to the viral shunt mechanism [7]. Accordingly,
it is possible that antibiotics simply contribute to the normal phage-induced turnover
within the gut lumen. Furthermore, it is considered possible that key microbes held
within the appendix may act as a reservoir to repopulate the intestinal microbiome
sometime after the course has finished [8]. According to the dual inheritance
hypothesis, the most dangerous time for antibiotic use will be around pregnancy
and childbirth, when key microbes must be physically transferred from mother to
child. Even this caveat will not apply if the antibiotics are delivered by injection, in
which case the effect on the gut, and hence maternal microbial transfer, is likely to be
minimal. Of course, injected antibiotics, where the bulk of the dose does not interfere
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with the normal gut microbiota, are less likely to induce antibiotic resistance in the
first place.

8.3. Phage Therapy

Increasing levels of the genes responsible for antibiotic resistance have led to the
resurrection of an old idea: that pathogen-specific phage viruses could be generated
and injected back into infected individuals [9]. Paradoxically, however, a lot of the
work on alternative antimicrobial agents, including phage technology, has been
performed on farmed animals [10], part of the rationale being that husbandry is
responsible for significant levels of antibiotic resistance, but also because much safety
work has to be carried out in animals before it can be used in humans. Interestingly,
it has long been known that treatment of farmed animals with antibiotics increases
their rate of growth [11], presumably by interfering with microbiome function, as
well as causing immune system problems in pet animals [12]. As increased meat
production is clearly a better idea than microbiome-related disease in people and our
pets, the ultimate aim must be the opposite: to retain antibiotics for meat production
while using the alternatives for our pets and ourselves.

8.4. Probiotics and Their Kin

As the medical/scientific world began to realise that the range of non-
communicable diseases may be connected to the low diversity of microbes in the
large intestine [13], the logical—some may say naïve—response was to simply
add more, in the shape of bacteria-enhanced “probiotic” foodstuffs. Of course,
this approach has a long history, perhaps starting with the observation of the
increased lifespan of yoghurt-eating Bulgarian farmers, a point taken up by the
Nobel prize-winning Élie Metchnikoff in the early 20th century and his studies
on Lactobacillus consumption [14]. After the events of the middle 20th century
and the later rise in non-communicable disease, these ideas have been revised
and re-introduced in a variety of ways, such as probiotics (meaning “for life”, i.e.,
the bacterial entities themselves), prebiotics (substances that are known to feed
the microbes, normally dietary fibre), and synbiotics (a combination of pro- and
prebiotics), all of which need to be precisely defined [15]. In a similar vein, the
apparent ability of added bacteria to improve mental health led to the appearance
of the word “psychobiotics” [16]. Current emphasis seems to be shifting to the
compounds that these probiotics actually produce, the “postbiotics,” in the hope that
some of these will be the actual medicinal agents [17]. The final word in our “biotics”
collection is “paraprobiotics,” a term used for probiotics whose active bacterial agents
have been deliberately killed during the manufacturing process, thus rendering a
more stable final product from the quality control point of view [18]. In principle
these no-longer-living molecular entities are safer than probiotics themselves, as
they contain no viable bacteria; however, they still engage with the immune system
and thereby, hopefully, express their benefits. Interestingly, in these latter two terms
there is an echo of the early 20th century “transforming factor” observations of
Frederick Griffith, referred to earlier, in that degraded bacteria can still pass on their
characteristic features by what later became known as horizontal gene transfer [19].
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Accordingly, in this way paraprobiotics could, indeed, pass on their value to the
customer. Sadly, after all this “biotics” work, the conclusion is that “more research is
needed,” at least from a sports recovery perspective [20].

8.5. Fermentation

While it has been known since the earliest times [21], food fermentation has
undergone a renaissance over recent decades [22], down to carefully looking at the
precise detail of polysaccharide chemistry [23], and at the microbes themselves [24].
Of course, it is the job of the medical scientists to sort out health claims from health
benefits, although controlled human studies on fermented foods themselves can be
hard to arrange [25].

8.6. The Promise of Probiotics

In essence, foodstuffs containing adequate levels of suitably antigenic materials,
be they harmless live bacteria or fragments thereof, will initially interact with the
immune system. In turn, this system will send signals to both brain and gut,
strengthening the gut–brain axis and thereby, perhaps, temporarily alleviating some
non-communicable conditions. While the placebo effect itself is normally considered
to be stimulated solely by talk [26], the ability of “biotics” to simultaneously engage
with brain, gut, and immune system, increases their potency and, presumably, helps
account for the popularity of probiotics with the public. Needless to say, there will
be many factors involved with this subtle “treatment,” perhaps requiring fine tuning
between patient and medicine, with the threat that over-reactivity with live bacteria
may strongly resemble the consequences of traveller’s diarrhoea [27], an outcome
that will not be good for sales!

8.7. “Blind” Medication

Beyond probiotics and functional foods in general, it is probably fair to
say that the medical/scientific world has been wrong-footed by the sudden rise
in non-communicable disease. As an example, even the current frontrunner
against obesity, the glucagon-like peptide agonists [28], were discovered “blind”,
i.e., without a full understanding of the reasons out-of-control weight gain occurs
in the first place [29]. Similarly, while metformin has a long and distinguished
career behind it [30], we are now stumbling across new uses to offset the effects of
microbiome-function deficiency disease “beyond diabetes” [31]. Other chemicals
are beginning to show promise for what can, perhaps, be best described as “lifestyle
replacement therapies”: exercise mimetics [32] and calorie reduction mimetics [33].
Only time and clinical trials will tell if these agents offer more than just profits for
shareholders but, even if successful in reducing levels of non-communicable disease,
it is important to remember that they only put us back to where we were before
the advent of industrialisation. Essentially the same story applies to aspirin, from
a Wonder of the Ancient World (as salicylic acid) to an effective antithrombotic
in the modern [34]. Indeed, such is our lack of knowledge that it is not clear if
aspirin is a medicinal agent in its own right, or if it is actually a prodrug for salicylic
acid [35]. Nevertheless, a new indication for aspirin is gaining greater interest in that,
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while its anti-metastatic properties have been established for number of years, if not
decades, only now are medics beginning to overcome their scruples and tentatively
suggesting its use alongside cancer therapy [36]. Sadly, as there are no actual cures
for microbiome-function deficiency disease currently in sight, the emphasis must be
on prevention in future generations or, at least, on preventing the current situation
from getting any worse.

8.8. The Effects of Exercise

Of course, the economic world runs on the flow of capital so, when politicians
belatedly realised that obesity and type 2 diabetes were placing an intolerable strain
on health systems around the world, the answer was quite clear: encourage people
to spend more money on “burning the fat off” by joining a gym. As we saw earlier,
however, although this approach has been discussed as the “energy balance model”
by scientists [37], there seems to be strong evidence for so-called compensation
mechanisms being mobilised to defend against weight loss [38]. Although exercise
does not easily reduce excess adiposity [39], it can help to both generate fitness, and
to maintain the ideal weight and shape [40]. In addition, a direct comparison for the
relief of depression and anxiety disorders by either medication or “running therapy”
showed the latter to be substantially better for both physical and mental health [41].
Overall, it seems that a set of hormones called exerkines may be responsible for
the majority of their benefits [42]. Finally, while the idea that exercise reduces
cancer is hard to prove [43], the intriguing observation that GLP-1 receptor agonists
are not only active against type 2 diabetes but also seem to reduce the incidence
of colorectal cancer [44] suggests a mechanism: that the fasting-like reduction of
circulating glucose may slow cancer growth simply by increasing competition for
limited nutritional resources.

8.9. Standard Human and Standard Microbiome

Sadly, it seems that the slowing of peristalsis consequent upon microbiome-
function deficiency disease is increasing in extent and severity with each new
generation, producing what could called a “drift” of body statistics. To re-emphasise
the findings of Chapter 3, this can most clearly be seen by the well-documented
fact that, while people have been eating less in recent decades, they have also been
increasing in weight [45] and decreasing in average body temperature, at least in
the United States, since the Industrial Revolution [46]. The effect on children is
particularly pertinent, with measurements of height, circumference, weight, and
strength being carried out across different groups of ten-year-old children in 1998,
2008, and 2014. It was found that all dimensions expanded in equal ratios, including
weight, leaving the body mass index unaltered but, worryingly, with decreasing
strength [47]. Accordingly, the question of the correct statistics to represent a healthy
human continues to perplex the medical profession, although the answer will lie
within those populations not suffering from non-communicable disease, such as the
microbially diverse Hadza, for example [48]. However, it is necessary to bear in mind
that the “standard” ranges of weight, shape and, indeed, microbiome, will depend
on local population variants, such as those adapted for polar or for tropical regions,
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for example. Indeed, it is important to note that, for a given population to be classed
as a locally standard example of healthy H. sapiens, no member of that population
should be found to be suffering from one of the Burkitt-like non-communicable
diseases [49]. As an example, while older members of the so-called “Blue Zones”
may represent standards for their local population body type [50], younger members
may well be at risk of body shape drift due to pollution having caused subsequent
microbiome-function deficiency disease.

8.10. Shape Control

It seems reasonable to suppose that people who seem to be healthy can reduce
their chances of developing some of these microbiome-related degenerative disorders
if they can maintain their weight and body shape within whatever their optimum
range happens to be. As related in Chapter 3, these questions came to the fore
in Europe in the 19th century, alongside rising levels of obesity and, indeed, hay
fever [51]. Ultimately the most famous answer was that by Adolphe Quetelet,
later known as body mass index, or BMI [52]. At the time it was known that this
mathematical weight/surface area ratio is not really suitable for individual use, as too
wide a range of anywhere between 18.5 and 24.9 kg/m2 could be defined as healthy.
The problem is that weight on its own cannot distinguish between healthy muscle
and unhealthy visceral fat, for example, so other factors must be taken into account.
Sadly, simpler measures, such as waist circumference, or the ratios waist-to-hip
or waist-to-height, are reported to be either no better or of unproven value, and
were only determined within Caucasian populations [53]. Meanwhile, a composite
measure is under consideration specifically for individual use: “lipid accumulation
product” is a comparison of a simple waist circumference measurement combined
with blood levels of triglyceride, acting as a marker for visceral fat and the likelihood
of type 2 diabetes [54]. While the addition of a blood test makes this too expensive
for general screening, a more expensive method that is only suitable for research
involves DEXA (Dual-Energy X-ray Absorptivity), which measures the absorption
of X-radiation at two energy levels [55]. This method has been applied to a large
group of younger individuals, following their growth from 9 to 24 years of age and
comparing body fat distribution with various physical measures, including BMI. The
best predictor of good health turned out to be the ratio of waist circumference to
height, abbreviated as WHtR, in which about 0.5 corresponded to seemingly good
levels of body fat compared to muscle, essentially independently of age or gender. In
turn, this indicates that WHtR is probably an inexpensive and superior replacement
for BMI over a wide age-range [56]. Reinforcing these observations, the National
Institute for Health and Care Excellence (NICE) of the United Kingdom has recently
issued a draft guidance encouraging people to maintain a waist diameter of less than
half their height [57]. As seen in a previous paragraph, although exercise can help
to maintain shape, it seems that some kind of diet control is needed to remove any
excess fat storage before exercise can begin to do its job.
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8.11. The Perils of Dietary Intervention

As described by Figure 8 (Chapter 6), the key point about the dual inheritance
hypothesis is that a microbiome, fully functioning from birth, is capable of
accelerating gut peristalsis to supply itself with nutrition, only being over-ruled when
its host needs the food to overcome adverse conditions such as famine. Conversely,
the failure to establish gut–brain connections in the early years forfeits this ability,
increasing intestinal transit time and leaving the host vulnerable to disorders
resulting from overabsorption of nutrition. At this point it must be remembered
that complicating factors such as coeliac disease may disrupt this absorption and
give the superficial appearance of health. Nevertheless, while mental health
problems may be invisible, even to the sufferer, and immune system malfunction
may be controlled by antihistamines or emollient cream preparation, for example,
food-related gastrointestinal disorders are uncomfortable and/or embarrassing, and
obesity is visible to all. Accordingly, most non-pharmaceutical effort is focused on
weight loss interventions, but without any universally accepted underlying theory
as to the reasons the problem occurs in the first place. Diet must always be used
with care, however, as there exists a sizeable number of people who might be pushed
into disordered eating, an increasing problem in the young [58], or even outright
anorexia nervosa, an all too common condition which is more dangerous to the
individual than type 2 diabetes [59]. Sadly, the zeitgeist of the modern world is
exactly the opposite of what is needed, as we are invariably encouraged to eat more
food containing more easily digested substances.

8.12. The Ultraprocessed “Diet”

A large proportion of the food eaten nowadays, at least in the richer countries
of the world, has been “ultraprocessed”: disassembled and reconstituted, often with
added sweeteners and emulsifiers. As an increasing proportion of people in the
richer world are overweight and obese, naturally, this level of processing has come
under scrutiny [60]. Unfortunately, it is difficult to find the exact reasons why the
level of processing should cause weight gain, making “ultra-processing” seem to be
an artificial concept, invented merely for want of anything better. Sadly, an attempt to
avoid such foods by providing “healthy groceries” sufficient for ten meals per week,
per household, to type 2 diabetic food-insecure people, did not improve their level of
glycaemic control [61]. Rather than the intrinsic nature of over-processed foods being
to blame, perhaps the best way to describe the unhealthy nature of such foods is also
the simplest: that they encourage overeating. In one experiment, 20 weight-stable
adults were randomly assigned into two groups, eating similar ad lib diets of either
“normal” or “ultraprocessed” food (however defined) for 2 weeks, then swapping
for a further 2 weeks, but always under close supervision. The answer was clear-cut,
as both groups ate more food and gained more weight during the ultraprocessed leg
of the experiment, indicating hyper-palatability as the cause of the weight gain [62].
At this point it is important to emphasise that overeating is only a problem when the
population suffers from microbiome-function deficiency disease as, otherwise, excess
nutrition would contribute to microbial overgrowth and, eventually, be excreted.
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8.13. Subtraction Soup

Based on the concept of the “personal fat threshold” developed by Professor
Roy Taylor at the University of Newcastle upon Tyne, UK, probably the ultimate
form of food reduction is a strict soup- and shake-based diet designed to reduce
visceral fat in people suffering from type 2 diabetes [63]. Although hunger meant
that strict adherence was a challenge, it was shown that insulin levels remained
normal if the reduced body weight could be maintained over the long term [64].
However, the majority of “controlled-food” diets offer a less rigorous regime based
around historical observations made in different parts of the world.

8.14. A Blue Diet?

Interestingly, as the dual inheritance hypothesis agrees with David Barker’s
1990 article “The Fetal and Infant Origins of Adult Disease” in that the propensity
for disease is set at birth [65], it follows that any person inheriting a fully functioning
microbiome will tolerate an adequately nutritional diet that does not contain actual
poisons. As an example, there are a series of so-called “Blue Zones” in which people
tend to live long and healthy lives. While much effort focuses on what may be
termed the “BZ Diet” [50] it is, perhaps, more likely that they owe their benefits to
the circumstances of their birth, up to a century or so earlier. If so, then individuals
subsequently inheriting a dysbiotic microbiome in more recent times may gain no
advantage from such a diet.

8.15. A Tailored Diet

A different tack is taken with so-called personalised nutrition, which attempts
to take account of an individual’s genetic makeup, in addition to their intestinal
bacteria [66]. However, this approach does have its detractors, specifically about
terms related to glycaemic response, such as “normal postprandial” or “absolute
and relative” [67]. Regardless of the exact definitions, however, a systematic review
of moderate- to high-quality trials “did not show consistent benefits... in dietary,
behavioural, or health outcomes” [68]. Interestingly, longer-term predictive studies
looking at both dietary and inflammatory markers have uncovered a potential role
for entities normally classed as parasites, such as Blastocystis species (protozoa often
associated with detectable disease) [69].

8.16. Low-Carbohydrate Diets

One of the alternatives for the weight-gain energy balance model (EBM)
summarised in Chapter 4 was the so-called carbohydrate–insulin model (CIM),
championed by David Ludwig and his team. The idea is that the modern dietary
environment exposes our endocrine systems to greater levels of carbohydrate than
were found during evolution, leaving them effectively broken [70]. Whether or not
this idea is correct (and it is very hard to obtain conclusive evidence as far as health
and diet is concerned [71]), the low-carbohydrate diet philosophy is very successful,
with the caveat that the term “low-carb” is hard to define exactly [72]. At the opposite
end of the low-carbohydrate dietary spectrum, we have the so-called ketogenic diet.
First developed to control epilepsy in children during the 1920s, this tasty-looking,
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very high-fat, moderate-protein diet sadly does not provide clear-cut answers when
subjected to “an umbrella review of meta-analyses”; however, the authors suggest
that longer-term, more comprehensive investigations may afford a more definitive
answer [73]. Similar points apply to a recent pilot study noting benefits to both
mental and metabolic health, as well as a reduction in symptoms relating to bipolar
disorder and schizophrenia [74]. While we wait for confirmation of these results,
however, it is clear that there are fewer of the theoretically good bifidobacteria in the
intestine of people on the keto diet, along with a reduction in the levels of butyrate
and other short-chain fatty acid-producing bacteria, although the implications of
these findings for the health of individuals are not clear [75].

8.17. Omega-3 Fatty Acids

Of course, a relatively high-fat, low-carbohydrate diet allows an opportunity to
increase the ratio of omega-3 polyunsaturated unsaturated fatty acids compared to
the overwhelmingly more common omega-6 equivalents [76]. It seems reasonable to
suppose that early humans were more reliant on marine food sources than our later
farming ancestors, as the worldwide presence of extensive shell middens, dating
from palaeolithic times, testifies [77]. Interestingly, the primary benefit of the omega-3
series of fatty acids is around birth, with supplementation being associated with
many benefits to both mother and infant, especially involving brain structure and
the immune system [78]. Indeed, it may well be that many of the benefits of the more
traditional eating patterns, such as the so-called “Mediterranean diet”, actually come
from the greater levels of omega-3 polyunsaturated fatty acids that are available
around pregnancy and infancy.

8.18. Olive Oil and the Mediterranean Diet

There are a number of diets, based on regions in which people seemed to achieve
good levels of health and longevity, of which some variation of the Mediterranean
diet is probably the best known [79], seemingly superior to low-fat diets [80]. Few
subjects could have had more words written about them than the Mediterranean Diet,
from its celebration as a holistic culture on the one hand [81] to virtual advertising
for olive oil on the other [82]. Olive oil has itself undergone a parallel transition,
firstly being lauded as a source of “healthy” monounsaturated fatty acids then, as
the virtue of the extra-virgin designation gained a higher profile, attention shifted to
the polyphenols in imparting its green colour and characteristic bitterness. In turn,
these were assumed to be absorbed into the body as so-called antioxidants, at least
until they were shown to interact with the gut microbiota [83]. On the whole, it is
likely that the secret lies in the “cold pressing” process that yields an impure oil, in
which the polyphenol “contaminants” have a complementary value to the oil itself.

8.19. Antioxidants or Polyphenols?

Interestingly, the “healthy” polyphenols were just being uncovered in the
first decade of the 21st century, perhaps a little too early for the more modern
understanding of the microbiome, and the seemingly reasonable assumption
was made that they possess tocopherol-like antioxidant ability. However, initial
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enthusiasm about these suspected polyphenol “antioxidants” should have been
dented when they were found to be of low bioavailability [84] and, even more
significantly, phenols are normally toxic within the body [85]. However, such is the
drive to find medicinal agents active against non-communicable disease that research
continues unabated. Turmeric is a case in point [86]. While it is a natural product
with a wide variety of components, much effort has been directed at increasing the
bioavailability of one of them, curcumin, in spite of the fact that it is considered
to be too reactive from a medicinal chemistry standpoint [87]. While there are an
almost infinite number of natural products, and the search for the single magic
ingredient continues, the polyphenols are most likely to exert their benefits through
the microbiome, and are probably best obtained by eating the plant sources in which
they are normally found.

8.20. Polyphenols: Stimulating the Microbiome

While many people will have heard of the benefits of dietary fibre, the term
“polyphenol” is a relative newcomer. These compounds represent a class of aromatic
compounds normally associated with the strong colours of fruits and leafy vegetables,
as well as the scents of herbs and spices [88]. As described in the last paragraph,
owing to an initial lack of knowledge of their mode of action, they are still often
described by the default term “antioxidants”, but they are now considered to be more
likely to improve health via stimulation of the gut microbiota reducing residence
time in the small intestine. Tannins, a complex form of mixed polyphenols that have
been described as “anti-nutrients” due to their ability to entrap otherwise valuable
metal ions [89], may be responsible for at least some of the beneficial effects of tea
and coffee, for example [90].

8.21. Dietary Fibre: Feeding the Microbiota

The term dietary fibre represents a range of hard-to-digest complex carbohydrates
such as the galactose-based oligosaccharides found in milk, or the fructose-based
fructans normally associated with the roots and leaves of vegetables. Needless to say,
as soon as natural products are identified, the search is on for therapeutic agents [91]
and/or medicinal bioactivities [92]. These substances are the so-called prebiotics,
normally associated with the production of short-chain fatty acids by bacteria within
the intestine [93], of which perhaps the best known are the inulin fructans [94].
Interestingly, while no carbohydrates are technically considered to be “essential” in
the way that certain fats and amino acids are, nowadays they are widely considered
to be valuable for optimal health [95]. Indeed, although cooked starchy foods such as
potatoes are normally readily digested, it is relatively easy to modify them by chilling
to afford so-called resistant starch, thus slowing down their conversion to glucose
and hence, in principle, lessening any glycaemic load on consumption [96]. In turn,
this changes the ratios of gut bacteria reported to lead to weight loss [97], although
it remains possible that any observed weight loss is actually due to a temporary
strengthening of the gut–brain axis reducing transit time in the small intestine.
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8.22. FODMAP Intolerance: Irritating the Bowel

Of course, microbiome-related disease is not restricted to slowed peristalsis and
the accumulation of excess fat, as inflammation and autoimmune disease add to the
burden, the intestine being especially susceptible to microbiome-related problems.
Accordingly, it is not surprising that food is associated with bowel disorders—if
not inflammatory, such as ulcerative colitis or coeliac disease [98], then irritable,
causing painful spasms [99]. Patient experience pointed to a wide number of
the so-called fermentable saccharides being involved, and eventually the term
“FODMAP” was adopted, standing for “Fermentable Oligo-, Di-, Mono- saccharides,
And Polyols”—the latter referring to a class of loosely related carbohydrate-like
substances. Translated, this catchy acronym means that any carbohydrate and
related substances may cause irritable bowel-like symptoms, nominally requiring
a low-FODMAP diet to avoid such problems. Unfortunately, these conditions
are very variable, and it is possible that the services of a nutritionist may, in
itself, ease the condition, if only by stimulating the gut–brain axis in a fashion
reminiscent of the placebo effect [26]. Needless to say, microbes are involved [100],
but attempts to supplement them by bifidobacteria are not always successful [101].
Sadly, large, long-term randomised controlled studies are missing, while doubts
about the cost-effectiveness of such low-FODMAP diets are growing, although there
remain hopes that they may eventually contribute to the control of more serious
conditions [102]. Although coeliac disease itself is known to be a potentially fatal
allergy to gluten-related peptides [103], gluten intolerance, like FODMAP, tends to
afford irritable bowel-like symptoms, leaving clinicians confused [99]. Sadly, the
overall situation has not clarified in more recent years, with “wheat sensitivity” being
added to gluten intolerance [104]. It seems feasible that there is a degree of subclinical
inflammation of the gut wall, with dietary fibre-/gluten-stimulated bacterial growth
causing a level of irritation, which can be detected by the patients themselves, but
without yielding any interpatient disease-specific biomarkers. Accordingly, this is
likely to be a “classic” microbiome-function deficiency disease: vulnerable to placebo
and/or nocebo effects dependent upon the fluctuating strength of the gut–brain axis.
Unfortunately, this diagnosis is not, in itself, helpful to the patient, nor is the fact that
bowel discomforts are more likely to be associated with other microbiome-related
conditions such as cardiovascular disease and/or poor mental health [105].

8.23. Lactose Intolerance

Another major component of breast milk is lactose, a disaccharide that is cleaved
into more readily digestible monosaccharides by the enzyme lactase, an ability which
almost all mammals lose after weaning. The exceptions are human populations who
have spent many generations living a cattle-based lifestyle, consuming lactose-rich
animal milk derivatives, in which lactase production has continued into adulthood.
Accordingly, those people lacking the necessary enzyme who consume lactose will
experience bacterial fermentation and may feel the gastrointestinal discomfort known
as lactose intolerance [106]. It is important to note the accumulation of factors: the
absence of lactase; the presence of microbiome-function deficiency; and the existence
of another factor, such as intestinal inflammation, which leads to the actual abdominal
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discomfort itself. In the absence of the last factor, milk oligosaccharides have actually
been considered as microbiome-stimulating therapeutic agents in humans [91].

8.24. C-Section Delivery: Losing the Microbes

Essentially the same arguments apply to the delivery of babies by caesarean
section under sterile conditions as for the use of antibiotics, that key microbes may
not be transferred from the maternal microbiome to the neonate gut. It is known that
the neonate bacteriome will differ greatly between vaginally or C-section-delivered
babies, and that a post-birth procedure, often called vaginal seeding, will erase some
of the differences, but the health outcomes remain unclear [107]. On the whole,
however, it seems sensible to count vaginal seeding as the default option, unless
there are very specific reasons not to do so. It is worth noting that standard hospital
procedures are not as sterile as the obtention of so-called germ-free, or gnotobiotic,
animals for research purposes [108] and it may be possible for differential (beneficial)
contamination to occur during the C-section delivery of twins, perhaps leading
to correspondingly variable health outcomes. Interestingly, “twin studies” (see
paragraph 4.11), the comparison of genetically identical and non-identical twins, have
long been used to distinguish genetic from environmental influences, often without
any consideration of the also-heritable microbiome [109]. It is important to note
that essentially all reported studies refer exclusively to the bacteriome, whereas the
dual inheritance hypothesis postulates the presence of “benegen” microeukaryotes,
potentially as evolved partners of dendritic cells [110], or of other sentinel cells of
mammalian immune systems [111]. Furthermore, the nature and epidemiology
of non-communicable disease is best explained if, as seems likely, malfunctioning
microbiomes are a consistent feature of industrialised countries and, granted that
the roots of non-communicable disease can be traced back at least to the early 19th
century [112], it seems that the single consistent factor over all this time will be toxic
heavy metals distributed around the world. In turn, it is likely that such poisoning
has led to a progressive loss of microbiome function, with damage accumulated
over the generations and, perhaps, leaving a signature in the shape of “inherited”
non-communicable disease, even in the absence of the initial pollutant. What is
needed is a way to look inside the gut itself. . .

8.25. Ingestible Sensors

The miniaturisation of electronics has allowed the development of pill-like
devices that are able to sense and transmit information relating to events inside the
gut lumen [113]. The technology has been comprehensively reviewed [114], covered
by patent landscape analysis [115], and is classed as “minimally invasive” for human
study purposes [116]. The first working system to be commonly employed is based
on lights and a camera, transmitting live images from the inside of the gut [117].
More recently, a pill with an in-built accelerometer has been developed and trialled
to monitor vital signs such as heartbeat and breathing rate [118]. A chloride ion
detector has been built inside a capsule, alongside a transmitter, so that exposure
to gastric juices causes the device to emit a signal, designed to eventually reach key
stakeholders such as research teams and healthcare providers [119]. Aside from
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chemical sensors, bacteria can be engineered to produce a luminescent signal on their
detection of specific agents, in one case to detect a haemorrhage inside the stomach
of a pig [120]. A more compact device is self-powered and is being developed
specifically for the real-time measurement of metabolites within the gastrointestinal
tract [121].

8.26. Assessing the Damage

It could be that the single most accessible measure of microbiome-related
damage in the adult is the slowdown in intestinal transit time and, therefore, wireless
motility capsules could be used more widely as a screening tool to estimate gut
health [122], detecting the high-intestinal-motility traditional peoples as reported by
Burkitt [49]. In particular, gut motility in populations that are not experiencing high
levels of non-communicable conditions, e.g., the high-microbial-diversity Tanzanian
Hadza, could be most enlightening [48]. As discussed above, checking gut motility
is only one aspect of a wider range of opportunities afforded by the use of ingestible
sensors. Not only is work underway on the faecal metabolome, the sum total
of all small molecules contributed by food substances, gut wall, and microbial
metabolites but, most importantly, the rate of change with respect to the level of
industrialisation is also being assessed [123]. Their samples were taken from across
the world, including the USA, Burkina Faso, and Peru, and can be compared to
the (bacterial) microbiome data being accumulated within “urbanising” Brazilian
Amazonian populations [124]. In fact, it seems that much of the work required
for the determination of semiochemical action is already well underway, with the
prime difficulty likely to be the recruitment of subjects from non-polluted parts of the
world not suffering from extensive non-communicable disease. Fortunately, animal
studies will be helpful, perhaps using feral pigs or similar undomesticated large
animals. In principle, the wild baboons of the Kenyan Amboseli research project
would be the perfect primate subject—if these intelligent animals could be persuaded
to eat non-food-like objects, that is [125]. The ultimate aim, of course, is to improve
the health of future generations by understanding the role of the fully functioning
microbiome.

8.27. Summary: Human Biology

By this stage in the book, the reader may be reconsidering some assumptions
regarding human biology. For example, which represents the “standard human
value” for gut motility: people living the “traditional” or “modern, Western”
lifestyles as noted by Denis Burkitt [49]? Indeed, it seems feasible that a poor
microbial inheritance is the primary cause for obesity and other non-communicable
diseases related to the circulatory system. As a consequence, it may be that the
least affected may remain healthy on one of the more “balanced” diets, such as the
so-called Mediterranean diet, for example [79]. By contrast, those more seriously
affected may require more direct pharmacological intervention, such as metformin
or statins, working well beyond their original indications of managing diabetes [31]
or lowering blood cholesterol [126], respectively. Of course, the GLP-1 receptor
agonists effectively enforce dieting by bypassing normal appetite regulation, albeit
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with further lengthening of gut motility [44], while it is encouraging to note that statin
use seems to lower cancer mortality [127]. Finally, osteoarthritis is an example of a
disease in which experienced pain is not closely related to the objective assessment of
damage. Accordingly, it may be possible to leverage the placebo effect to advantage,
even while making clinical trials more difficult [128]. In summary, while it seems
ridiculous to assert that the same mechanism, dysbiosis, both gives rise to the disease
and allows its amelioration, at this stage we simply do not know.
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9. Benegens and the Closing of
Pandora’s Box

9.1. Holobiont Repair

The epidemiology of non-communicable disease suggests the need for the
transmission of an intact, fully functioning microbiome from mother to offspring.
The arguments set out in this book imply that the primary losses from the microbiome
of people suffering from Burkitt’s “Diseases of Modern Western Civilization” [1]
are microbial sentinel cells, agents of the intergenerational immune system, whose
purpose is to transfer antigenic information from the maternal microbiome to the
neonate at the moment of birth. Accordingly, the health of future generations requires
that these agents be re-introduced into the population, a process that can only be
performed at the time of birth, just as the eventual adult immune system is first
being assembled.

9.2. Benegens

In principle, such thus-far hypothetical microbial sentinel cells could be
termed “birth probiotics”, but their theoretical ability to provide benefits to future
generations, and their potentially unique mode of action, suggests a new name:
“benegens”. Analysis further suggests that regular exposure to microbe-sized,
sparingly soluble heavy-metal particles serves to deplete such cells, while oral
antibiotics may have the effect of hindering the transfer of maternal microbiota
to the child. Likewise, in the absence of the swabbing procedure known variously as
microbirthing, vaginal seeding or vaginal inoculation, caesarean section may well
prevent such transfer completely [2]. Accordingly, three steps will be needed to
protect populations from further disease:

1. Identify and re-introduce microbial sentinel cells and other components of the
fully functioning microbiome.

2. Limit opportunities for pollution by toxic heavy-metal ions while using
bioremediation to reduce the toxic load currently in the environment.

3. Prevent further deterioration by modifying the policies surrounding C-section
delivery and oral antibiotic use while ensuring the safety of the individual
being treated.

9.3. Nature of Microbial Sentinel Cells

The analysis presented in this work strongly suggests that such cells have
co-evolved with our own immune cells and will, therefore, be hard to distinguish.
Indeed, it could be argued that benegen-like activity could follow if our own sentinel
cells were sloughed off the wall of the intestine and transferred directly to the neonate.
A counterargument to this suggestion is the expectation that these triple plagues
would diminish if the toxic load were decreased. Sadly, nearly 30 years after the
cessation of the use of leaded petrol [3], there is no sign that the population as a
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whole is regaining its health. Nevertheless, there remains a possibility that benegens
and our own immune cells are one and the same.

9.4. Detection of Microbial Sentinel Cells

Perhaps the only way to definitively detect benegens is to catch them in action,
actually transferring antigens from mother to child. In turn, perhaps the best way
to do this is to use a harmless antigen-containing substance attached to a readily
detected, harmless label, possibly including very low levels of radioactivity. The idea
would be to swab the skin of the neonate immediately after birth. Of course, this dual
inheritance hypothesis applies to all vertebrate animals, although our companion
animals are exposed to the same toxins as their human handlers, and suffer from
similar diseases [4]. Similarly, farmed animals are grown for their meat, the finer
details of their long-term health being largely inconsequential. Likewise, laboratory
animals are currently raised for their genes, while the loss of specific bacteria between
different suppliers has already been documented [5]. The ideal animal subject may
well be semi-wild animals, such as the baboons of the Amboseli National Park,
Kenya, for example [6].

There is an increasing amount of work being carried out that involves people
living in traditional societies and, with their agreement, this would be the best
way to perform such studies. The primary drawback is the speed with which
so-called urbanisation is taking place [7], probably with concomitant loss of microbial
species [8]. Needless to say, any help provided by such peoples should be
compensated for, possibly by the mechanisms developed for cancer treatment-related
ethnobotanical knowledge [9]. Of course, it would be necessary to ensure that
any such compensation does not itself destroy their microbiome and introduce
non-communicable disease into their populations. For the ultimate benefit of
humanity, Pandora’s box must remain closed.

9.5. Funding

This work covers essentially all the elements of non-communicable disease,
having the potential to draw all the threads together to solve these increasingly
dangerous conditions. However, it is clear that major changes will be needed
across society. I would suggest requesting a portion of every healthcare-related
budget, including veterinary, in order to establish a committee dedicated to making
recommendations in light of this dual inheritance hypothesis.

9.6. Changing the World

Interestingly, the whole world is now facing the same kind of challenges
as did the Western world in the mid-1800s, except that the threat is now from
non-communicable conditions, rather than infectious disease spreading through
the overcrowded, unsanitary towns of the day. The two types of disease are by no
means equivalent, however, as many survivors of infectious disease will bounce
back to health, whereas those afflicted by these chronic conditions may even pass
the problem on to subsequent generations. In those days, change followed the
development of a new hypothesis, as the miasma theory of disease was eventually
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replaced by germ theory. One early attempt to change opinions was made by a
Hungarian physician called Ignaz Semmelweis (1818–1865), who discovered a way
to prevent the transmission of puerperal fever by the washing of hands with chlorine
bleach. Although he had published sufficient evidence, his attempts to convince his
colleagues failed completely, leading to be him becoming increasingly distraught
until he met his death in a mental hospital [10]. It seems that, no matter how strong
the evidence, real change requires peer-group consensus, without which nothing
will happen. Nevertheless, Semmelweis’ findings were widely reported, and he
contributed to the changing zeitgeist as the 19th century wore on. At about the
same time as Semmelweis was attempting to cajole his colleagues, Louis Pasteur
(1822–1895) was completing his fermentation studies and realising their significance
for infectious disease. Perhaps assisted by Semmelweis’ efforts, Pasteur’s ideas were
picked up, and put into practice, by his younger colleagues, thus allowing consensus
to develop over the longer term [11]. Even so, not everybody accepted that germs
were all bad and, as we have seen, Élie Metchnikoff (1845–1916) was developing his
ideas around the seemingly “good” Lactobacilli [12]. The ideas developed in this
book derive from Lynn Margulis (1938–2011), suggesting that evolved, symbiotic
microbes are neither exclusively “good”, nor entirely “bad” [13]. Similarly, while
Margulis championed the idea that microeukaryotes evolved by an exchange of
genes between two prokaryote precursors, rendering neither capable of long-term
survival [14], the same process may well have taken place prior to the evolution
of the vertebrates. Of course, the science of microbiology developed in the context
of pathogenicity, using what has become known as the Petri dish as the standard
apparatus [15]. Although outside the scope of this work, in honour of Lynn Margulis
it could be that the science of non-pathogenic/gut wall/body interactions should be
described as holobiology [16].
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