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Abstract

Schizophrenia is a condition in which biopsychosocial factors interact with genetic pre-disposition
to cause a disease of thought disorder. It is proposed that bacterial induced inflammation and
toxemia, a consequence of mucosal tissue dysbiosis, is one of the key environmental factors in the
pathogenesis of schizophrenia. Genetic polymorphisms identified in schizophrenia include genes
involved in immunity. The age incidence and sex ratio seen in schizophrenia are consistent with
previously published models of bacterial infection. Mucosal tissue dysbiosis induced inflammation
can explain the key associated features of neuroinflammation, periodontitis, low levels of vitamin
D, accelerated aging, and early life developmental changes. Mucosal tissue dysbiosis induced
inflammation is orchestrated by cytokines as are emotional responses. This gives a plausible
mechanism for biopsychosocial interaction in the genesis of thought disorder. Mucosal tissue
dysbiosis induced inflammation can be investigated by using PCR (polymerase chain reaction) to
assess the carriage of specific bacterial pathogens in cases and controls. Optimizing the microbial
flora from early in life could reduce the severity of the disease. This could be achieved by simple
measures, such as maintaining serum vitamin D levels and regular consumption of yoghurt.

Keywords: Schizophrenia; Mucosal tissue dysbiosis; Neuroinflammation; Periodontitis;
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Key Messages

1. A distinction must be drawn between the mucosal luminal microbiota and the mucosal
tissue microbiota. The former consists of a vast number of bacteria with many species, they are
present on the luminal surface of epithelial cells, they derive their energy from surface secretions
and restrict the entry of pathogenic bacteria into tissues. The mucosal tissue microbiota consists of
pathogens which have genetic mechanisms which enable invasion and restrict immune elimination.
It is these bacteria that cause systemic inflammation and contribute to a wide range of disease, both
mental and physical.

2. The realization that human tissues are not sterile and that there is a mucosal tissue
microbiota represents a paradigm change in understanding human disease.

3. Bacterial induced systemic inflammation and toxemia is a plausible explanation for
neuroinflammation seen in schizophrenia.

4.  Periodontitis is a clinical marker of mucosal tissue dysbiosis; it is commonly both a cause
and a consequence of the conditions with which it is associated.

5. Low levels of vitamin D predispose to mucosal tissue dysbiosis and thereby contribute to
the genesis of a wide range of disease, including schizophrenia.

6.  Mucosal tissue dysbiosis induced inflammation interacts with other pathological and
physiological processes to cause a wide range of disease. In the case of schizophrenia that could
include psychosocial factors as well as germ line genetic mutations.

Introduction

In the last decade we have come to realize that the tissues of our bodies are not sterile [1-12].
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There are pathogenic bacteria growing within the mucosal tissues
that underly all epithelial surfaces. These bacteria have genetic
mechanisms that enable them to survive within the body and avoid
immune elimination [6,7,12]. The bacteria use glucose as their energy
supply. They cause local and systemic inflammation which persists
throughout life and gets gradually worse as our immune system ages.
Many of these bacteria produce toxins, often within extracellular
vesicles, and they can damage distant cells; including endothelial cells
leading to atherosclerosis, and brain cells (neurons and microglia)
leading to neuro inflammation.

Mucosal luminal dysbiosis is the condition in which the trillions
of bacteria that survive on the surface of epithelia form a suboptimal
mixture that allows pathogenic bacteria to become established within
the tissues [1,2]. The resulting inflammation (mucosal tissue dysbiosis
induced inflammation) then contributes to a wide range of disease [9-
11]. This distinction between mucosal luminal dysbiosis and mucosal
tissue dysbiosis is rarely made; but it is crucial to understanding how
the micro biota causes disease (see appendix for definition of terms).

Schizophrenia is a disease of thought disorder with both positive
and negative symptoms. The positive symptoms include the psychotic
syndrome of delusions, hallucinations and formal thought disorder.
The negative symptoms include lack of volition and flattening of
affect. It occurs worldwide with a lifetime prevalence of the order
of 1%. It is familial, with 60% concordance in monozygotic twins
and closer to 10% concordance in dizygotic twins and other siblings
[13]. The genetic component is well defined but there is also an
environmental component since concordance in monozygotic twins
is less than 100%. In this article we explore the evidence that mucosal
tissue dysbiosis has a role in the pathogenesis of schizophrenia. The
hypothesis proposed is that bacterial induced inflammation and
toxemia interact with complex genetic systems impaired by germ line
deleterious mutations; this leads to thought disorder and the other
pathological features seen in patients with schizophrenia.

The concept that schizophrenia could arise as a consequence of
bacterial toxins interacting with a complex genetic system in which
deleterious mutations are present has been suggested previously [14].
The idea was plausible at the time of publication, but there is now
much more evidence in support of this idea.

Genetic predisposition

Genome Wide Association Studies (GWAS) have shown that
a large number of Single Nucleotide Polymorphisms (SNPs) are
associated with schizophrenia [15]. SNPs are markers for neutral
changes in nearby genes [16]. Each variant has a small effect on risk,
usually less than a 50% increase. Each individual will have genetic
variants which raise the risk and lower the risk by a small amount.
Many of these variants are associated with inflammation and
neuronal excitability. These variants include genes related to voltage
gated calcium channels and to B cell lineages and components of
complement [13].

GWAS can also identify small deletions in chromosomes, and
these are more likely to be associated with deleterious mutations.
Some of these deletions are associated with schizophrenia and they
have larger effects [17,18].

Genes act in large complex networks to preserve health and
prevent disease [19-24]. The networks are robust and therefore there
needs to be a degree of redundancy so that if one or two genes are lost
(deleterious mutations) the network will still function. A property

of a complex, robust but highly redundant system is that deleterious
mutations will act synergistically to impair performance. Thus, one or
two deleterious mutations will have little effect on function but a third
could lead to a large detrimental effect.

Schizophrenia is a disease in which there is thought disorder.
There are obviously many genes involved in specifying the protein
networks that control thought. It is therefore possible to construct
a mathematical model in which M genes specify a system and a
small number of deleterious mutations (n) lead to disorder in that
system. If M is of the order of 10% of the human genome and n=3
then a reasonable model of schizophrenia is produced, with a lifetime
prevalence of 1%, and approximately 10% concordance in siblings, but
60% concordance in monozygotic twins [15,24]. This model merely
illustrates a principle that a small number of deleterious mutations
acquired from parents (some present in the genome of parents, and
some acquired de novo during spermatogenesis or oogenesis) can
lead to the genetic predisposition to schizophrenia.

Mucosal luminal and tissue dysbiosis

There are of the order of ten trillion bacteria present on the
epithelial surfaces of the human body [1,2]. These bacteria have co-
evolved with our human ancestors. The vast majority of bacteria are
present in the lumen of the colon. But bacteria are also present on
all epithelial surfaces including the skin, the respiratory tract, the
gastrointestinal tract from the oral cavity to the anus, and the vagina.
There are bacteria in skin adnexal glands, and the ducts of salivary
glands, the pancreas, the prostate, the breast etc.

Bacteria growing on epithelial surfaces derive their energy
from epithelial secretions. These secretions include mucus in the
gastrointestinal tract and respiratory tract, keratin on the skin, and
glycogen secreted from the surface cells of non-keratinized stratified
squamous epithelium in the oral cavity, esophagus, and vagina. The
role of these bacteria is to out compete pathogenic bacteria and
thereby prevent disease.

Pathogenic bacteria have also co-evolved with our human
ancestors [5-8]. These bacteria have genetic mechanisms that enable
them to invade tissues and grow near the epithelial surface but within
the body. They grow in tissues, their energy supply is derived from the
bloodstream and they cause inflammation [7,8]. These bacteria have
a complex relationship with the immune system. The bacteria have
mechanisms to survive an immune attack. But the immune system
must contain them and prevent too much growth and too much
inflammation. There is, however, a potential advantage to the host
in growing the pathogens in low dose with minimal inflammation. It
allows the host to generate and maintain an immune response to the
bacteria throughout life.

Staphylococcus aureus is an example of a pathogen which
has adapted to grow within the body [7]. Some strains produce
superantigens. These are toxins which stimulate human T cells to
undergo clonal proliferation and induce an inflammatory response.
This does more damage to the host than to the bacteria. These
toxins are produced at body temperature and above and induce the
production of anti-toxin antibodies which are found in the blood of
the majority of adults [7]. In effect the bacteria protect themselves
and their niche against immune attack. Porphyromonas gingivalis is
another example of a pathogen with genetic mechanisms to survive
in tissues [12]. This is a Gram-negative anaerobe which grows in
periodontal tissues, slowly destroys the cementum around teeth and
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leads to tooth loss. The bacteria produce toxins which citrullinate
proteins. The result is a change in the structure of antibodies and
complement which reduce their anti-bacterial actions [12].

Features of schizophrenia

Age incidence: The age incidence of presentation or diagnosis
rises through the teenage years to a peak in the early twenties and then
slowly falls [25,26]. This age incidence curve is typical of a disease
caused by exposure to common bacterial or viral pathogens [27-29].
Mucosal tissue dysbiosis increases with age as our immune system
gradually deteriorates. But if in schizophrenia there is a specific
inherited deficit in the immune response to a specific organism or
a specific bacterial toxin then the risk of disease onset will peak at
the time the organism is first well established in mucosal tissues.
Furthermore, it is likely that the genetically determined immune
deficit is not all or none, but instead an increased risk of a failure
to develop the optimal response to contain the bacteria. Early in life
the immune system is at its best in terms of developing appropriate
immune responses, but as the thymus atrophies in the teenage years
the risk of a less than optimal response rises [Appendix].

Sex ratio: Schizophrenia is more common in men than in
women. The ratio quoted in one study is 1.7 [26]. A modest increase
of this degree is, in fact, of considerable interest. This is because the
ratio of approximately 1.5 to 1 is commonly found in diseases caused
by bacterial or viral infection [30].

The X chromosome carries approximately 1,000 genes which is
5% of the human genome. This means that males have only 95% of
the heterozygosity of females. Genetic variants which are conserved
in the genome are neutral and lead to heterozygous loci. Consider
a genetic variant concerned with cytokine regulation. If the variant
increases cytokine production relative to the wild type, this might be
advantageous against certain organisms but disadvantageous against
others, thus neutral overall. The heterozygous individual with both
the variant and the wild type will be at an advantage relative to the
homozygous individual because both responses are available in the
heterozygous state.

There are around three male deaths for every two female deaths
throughout life. This fits with the idea that mucosal tissue dysbiosis
contributes to a wide range of disease, including schizophrenia, and
males are at increased risk because they have only one X chromosome
[30].

Life time prevalence: The lifetime prevalence of schizophrenia is
close to 1% in most countries and most cultures [31]. This is unusual
for a disease with a strong genetic determinant. But there is strong
selective pressure against the build-up of deleterious mutations in
the human genome and the mean number is likely to be similar in
different population groups. Thus, the chance of any three deleterious
mutations in a large set of genes will also be similar world-wide.
Mucosal tissue dysbiosis is also universal but it will vary between
different cultural groups and over time.

More recent work, however, has shown that there is cultural
variation [32]. There is, for instance, an increased prevalence in young
male immigrants to the UK from the Caribbean. Complex social and
cultural features will be involved but low vitamin D levels could also
be a factor.

Neuro inflammation: Early autopsy studies revealed dilated
ventricles with loss of neural tissue around the third ventricle [33].

Subsequent imaging has established that this is a feature of the
disease and not merely a consequence of therapy [34-36]. Studies
have established lateral ventricular enlargement of the order of 25%
and brain volume loss of around 2%. The brain loss is mainly grey
matter and involves frontal lobe, temporal lobe and the hippocampus
[35,36]. The degree of brain loss increases with age, with disease
severity and length of treatment.

Itis only since the turn of the century that it has become established
that human tissue is not sterile [1-12]. Bacteria and fungi are normal
constituents of tissue and blood. They are present at very low levels
compared with the epithelial surfaces, but the pathogens within
can spread to the brain and cause neuroinflammation. The more
marked the mucosal tissue dysbiosis, the more marked the systemic
inflammation and the more likely it is that neuroinflammation will
be present.

Neuroinflammation, due to direct bacterial invasion of the
brain or secondary to bacterial toxemia, is a plausible explanation
for thought disorder in this disease. Genetic predisposition could
be secondary to immune deficits that allow the bacteria to spread,
or failure to produce antibodies to neutralize toxins. Alternatively,
neutral polymorphisms could have increased neuronal excitability or
deleterious mutations could have impaired the blood-brain barrier.
All these factors and more are likely to be present in some cases, if
not all.

Accelerated aging: People with schizophrenia often have
accelerated aging and die up to 15 years earlier than their peers. The
commonest cause of death is one of the complications of atherosclerosis
[37]. Once again this is one of the consequences of mucosal tissue
dysbiosis. Mucosal tissue dysbiosis causes systemic inflammation
and this is an independent risk factor for ischemic heart disease and
stroke. Indeed, the mechanisms that cause neuroinflammation are
the same mechanisms that damage endothelial cells and accelerate
the development of atherosclerosis.

Periodontitis: Periodontitis is a clinical marker of mucosal
tissue dysbiosis [38]. Periodontal pathogens grow in the tissues of the
gum, they erode the cementum and lead to loss of teeth. The same
organisms can spread via the blood stream to other sites, including
the brain, and cause local inflammation [4,6,9]. They can also secrete
toxins, often within extracellular vesicles, which can directly damage
endothelial cells and neuronal cells. Furthermore, they lead to the
secretion of cytokines which can also spread systemically and damage
cells directly. The growth of periodontal pathogens in the gums is
secondary to a sub-optimal flora on epithelial surfaces which has
allowed the invasion in the first place (mucosal luminal dysbiosis).
Thus, periodontitis is likely to be associated with mucosal tissue
dysbiosis at other sites, including increased carriage of S. aureus in
the pharynx.

Periodontitis is associated with a wide range of disease and that
includes both schizophrenia and atherosclerosis [39-43]. Smoking is
also strongly associated with schizophrenia and atherosclerosis. There
can be neglect of oral hygiene in patients with schizophrenia. The
pathways connecting these various features are complex, medication
has a role and it is difficult to determine cause and effect [40]. But in
general periodontitis seems to be causally related to the conditions
with which it is associated even though in many cases the causal
pathways are bi-directional.

Vitamin D: Low levels of serum vitamin D are, like periodontitis,
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associated with a wide range of disease; and that includes both
schizophrenia and atherosclerosis [44-47]. Sunlight stimulates the
synthesis of vitamin D in skin epithelial cells. The vitamin D molecule
is then hydroxylated in the liver and then the kidney to produce the
most active form. The active vitamin D stimulates the production
of anti-microbial compounds by epithelial cells and thereby aids
in preventing or slowing down the development of mucosal tissue
dysbiosis. In addition, vitamin D is a co-factor in immune responses.
Thus, lack of the vitamin will impair the immune response that is
involved in suppressing bacterial growth in tissues. Immigrants to
the UK from tropical climates are at particular risk of low serum
vitamin D levels as the production of vitamin D is reduced in melanin
pigmented skin.

Low levels of vitamin D are associated with many conditions but
there is no good evidence that oral supplements will, in the short
term, have beneficial effects on specific conditions. For instance, low
levels of vitamin D are associated with increased S. aureus carriage.
But there is no evidence that oral supplements will reduce carriage
[38]. Low levels of vitamin D are associated with increased markers
of systemic inflammation, but supplements have only a small effect.
The explanation is not, as some claim, that the association of low
levels of vitamin D with disease is not causal [47]. But that low levels
of vitamin D lead to increased mucosal tissue dysbiosis and oral
supplements of vitamin D are unlikely to reverse the process in the
short term. Supplements might slow the process by which mucosal
dysbiosis gets worse but will not bring about a cure.

It is also worth reflecting that while there is a plausible mechanism
by which vitamin D can limit the development of mucosal tissue
dysbiosis there is no reason to believe that it will influence mucosal
luminal dysbiosis.

Neurodevelopment: The disease schizophrenia presents in adult
life. But there is evidence of pre-existing pathological changes [48-
50]. The condition is more common in those born in the winter
months and in those whose mothers have suffered viral respiratory
tract infections in pregnancy. Children who later present with
schizophrenia are often more isolated in childhood. These features
indicate a pathological process that starts early in life. Exposure to
bacteria also starts early. There is some evidence that bacteria in
mother’s bloodstream can cross the placenta and enter amniotic
fluid, but this is still a matter of dispute. Mother’s milk, however, is
not sterile and this is beyond dispute. It contains lactose fermenting
organisms in moderate dose and pathogenic bacteria in low dose
[5]. The infant’s microbial flora is established shortly after birth, and
this includes both bacteria on the surface and bacteria within tissues.
S. aureus, for instance, is commonly carried in the nasopharynx of
infants in the first few months of life [51].

Genetic defects in dealing with bacterial pathogens therefore will
initiate pathological processes early in life.

Biopsychosocial interaction: The concept proposed in this
article is that mucosal tissue dysbiosis contributes to a wide range of
disease. It is not a single specific entity causing a specific disease, but
a wide range of disparate entities interacting with other pathological
processes. There are multiple different bacteria growing at multiple
different sites, in varying dose, and interacting with other processes
to cause disease. The other etiological factors will include pollution,
which also causes inflammation, but also the less well defined, but
no less important, psychological, sociological, economic and cultural

factors that will influence the thought processes of young men and
women as they enter adult life.

The interaction between physical, psychological and sociological
factors, depends on chemical messengers (cytokine, endocrine and
neurotransmitter molecules) which co-ordinate the action of cells
throughout the body. The emotional states of depression and anxiety
are orchestrated by these molecules, as are the cells of the immune
system. The term orchestration is appropriate because the chemical
messengers “play a complex tune” as they interact. Emotions are
normal physiological states with a biological purpose, but that will be
impaired in the presence of inflammation as different orchestrations
interact (cacophony). Equally the immune response will be impaired
in the presence of anxiety and depression. These ideas are developed
more fully elsewhere [52].

Discussion

The key epidemiological features of schizophrenia can be
explained by this concept of mucosal tissue dysbiosis interacting with
genetic predisposition.

Schizophrenia is a genetic condition in which there is
approximately 60% concordance in monozygotic twins and 10%
concordance in siblings [13,15,17,25,26]. The lifetime prevalence is
approximately 1%, but this is no longer considered to be constant
worldwide [31,32]. Previously published models have shown that a
small number of germ line deleterious mutations in a large genetic
system can explain these features [19-24] (see Appendix). The models
were conceived prior to the year 2000 when the human genome
was first analyzed. Since then, a large number of polymorphisms
have been identified which raise or lower the risk of schizophrenia
[15]. These polymorphisms, identified in GWAS, have small effects.
Many are close to genes involved in immunity. Others are close to
genes which code for ion channels. GWAS can also identify small
and medium sized deletions from chromosomes which are more
common in schizophrenia. These are deleterious mutations and when
identified they have large effects [17,18].

There are also published models of the age incidence and sex
ratio in diseases in which common bacteria and viruses interact with
genetic systems that deteriorate with age [27-29] [see Appendix].
In general, diseases cause by mucosal tissue dysbiosis increase in
prevalence with the seventh power of age. But conditions which occur
on first exposure to a pathogen have a different age incidence curve.
They rise to a peak and then fall. The position of the peak depends
on how common the organism is. Common organisms peak early,
less common organisms peak in the late teens or early twenties.
Furthermore, if the disease is more likely to occur in males than in
females, the peak in males will be earlier. Diseases caused directly by
bacteria are more common in males because they have only one X
chromosome and therefore have less heterozygosity [30]. Diseases in
which an autoimmune response to bacteria is responsible for damage
are more likely to occur in females. Thus, in multiple sclerosis, an
autoimmune disease which is more common in females, the age
incidence curves are similar to those of schizophrenia but reversed so
that the peak is higher in females than in males and occurs earlier in
females than in males [28].

Periodontitis [6,9,10], low levels of vitamin D [44-47], accelerated
atherosclerosis [37], neuro inflammation [33-36] and defects in
neurodevelopment all fit with mucosal tissue dysbiosis [48-50].
Periodontitis is a clinical marker of mucosal tissue dysbiosis. If
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periodontitis is present then there are bacteria growing within the
gums, and there are likely to be the same and also different pathogenic
bacteria at other mucosal sites. Smoking and neglect of dental hygiene
can contribute to periodontitis thereby making the situation worse.
Vitamin D is a co-factor for immune action and directly causes the
production of anti-microbials from epithelial cells. Chronic low
levels of vitamin D pre-disposes to mucosal tissue dysbiosis and to
schizophrenia. Vitamin D supplements, however, have little short-
term effect once mucosal tissue dysbiosis is established.

Mucosal tissue dysbiosis is not a single entity. Multiple
different pathogenic bacteria, at multiple sites, in varying
concentrations, interacting with other pathogenic agents can lead
to many different pathological processes. In those with the genetic
predisposition to schizophrenia bacterial action early in life can cause
neuroinflammation and affect neurodevelopment. Late in life it can
lead to accelerated atherosclerosis and death from ischemic heart
disease or stroke. In the late teens, or early twenties, a new strain
of a common bacterium could act directly on the brain to cause the
symptoms that are diagnostic of the disease.

Stressing the role of mucosal tissue dysbiosis/genetic interaction
in schizophrenia, does not exclude other pathogenetic factors. Indeed,
one of the reasons why mucosal tissue dysbiosis is involved in so many
different conditions is that it interacts with other causative agents.
Bacterial induced inflammation is orchestrated by cytokines [52].
The same cytokines, in differing concentrations, orchestrate every
physiological process in the body. Sociological and psychological
factors leading to emotional states, such as depression and anxiety, are
associated with specific patterns of cytokine secretion. A combination
of inflammation and emotional response will lead to interference; the
immune response is impaired as is the emotional response. This is a
highly plausible setting for thought disorder.

There have been a number of studies of the fecal microbiome in
patients with schizophrenia [53]. Analysis of bacterial DNA using 16S
rRNA amplicon sequencing or DNA metagenomics reveals a large
number of bacterial genera and bacterial species, although the analysis
is expensive and the statistical computation extremely complex. It has
proved difficult to establish the optimal fecal microbiome and thereby
diagnosis mucosal luminal dysbiosis as deviation from that optimum.
Studies reveal a great deal of diversity in both cases and controls with
extensive overlap. Numerous statistical comparisons usually reveal
some significant differences, but they are rarely consistent across
different studies. Our approach is to define dysbiosis in terms of the
pathogenic bacteria growing within the tissues rather than within
the lumen. These pathogens are only a tiny fraction of the total and
are not detected when bacterial DNA is analyzed as described above.
They can be detected, however, with PCR. In addition, inflammatory
markers, such as pro-inflammatory cytokines and endotoxin are
elevated when bacterial pathogens are established within the body.

Studies of germ free and normal mice have also contributed to our
understanding of dysbiosis and its consequences [54-58]. Laboratory
mice live in clean conditions with sterilized food and filtered air. This
induces a mild degree of mucosal tissue dysbiosis as revealed by studies
in which the addition of yoghurt to the diet, or lactobacilli to drinking
water, causes a marked improvement in health. Mice receiving the
probiotic bacteria have lower levels of inflammatory markers, higher
levels of anti-inflammatory markers, including increased oxytocin,
show increasing grooming, and have faster and better healing [54,55].
Dysbiosis can also be induced by giving antibiotics to mice or by

studies in which feces are transplanted from patients with suspected
dysbiosis [56-58]. These studies have shown how dysbiosis can lead to
systemic inflammation and to neuroinflammation. But it is not clear
to what extent the changes induced are a consequence of mucosal
luminal dysbiosis or mucosal tissue dysbiosis; perhaps both. The
claims that animal models of schizophrenia can be produced in this
way, however, are not universally accepted.

There is emphasis throughout this paper on a distinction
between the mucosal luminal microbiota and the mucosal tissue
microbiota. The key role of the former is to restrict the entry of
pathogens into tissues; but it is the latter that are directly relevant
to disease causation. But as always biology is more complex and the
mucosal luminal microbiota does provide some essential molecules
for the body and does influence the health of the nearby epithelial
cells [59,60]. Furthermore, if pathogenic bacteria in tissues cause
inflammation, then damage to epithelial cells can lead to leaky tight
junctions, and endotoxin molecules from Gram-negative bacteria
can diffuse passively into the tissues. This is an important contributor
to systemic inflammation. But studies so far of the microbiota in
disease invariably assess the luminal microbiota rather than the tissue
microbiota and it is time to redress the balance.

Investigating the hypothesis proposed in this article will involve
quantification of the pathogenic bacteria carried within tissues.
Pathogenic bacteria growing in mucosal tissues will be shed into the
lumina and most will make their way into the lumen of the colon.
Thus PCR (polymerase chain reaction) for specific organisms is
probably the best way to assess carriage. Other approaches are to
measure specific bacterial toxins in body fluids or directly analyze
extracellular vesicles in body fluids.

If this concept is confirmed, then there is a possibility of
prevention based on optimizing the microbial flora from birth in
those with the genetic pre-disposition to the disease. The argument
for optimizing the microbial flora applies to many other conditions.
The simplest way in the western world is to maintain vitamin D levels
and to encourage the consumption of yoghurt, as argued elsewhere
[61].

References
1. Mackowiak PA. The normal microbial flora. N Engl ] Med. 1982;307(2):83-
93.

2. Tannock GW. New perspectives of the gut microbiota: implications for
future research. Gastroenterol Clin North Am. 2005;34(3):361-82.

3. Morris JA, Harrison LM, Biswas J, Telford DR. Transient bacteraemia:
A possible cause of sudden life-threatening events. Med Hypotheses.
2007;69:1032-9.

4. Hajishengallis G. Too old to fight? Aging and its toll on innate immunity.
Mol Oral Microbiol. 2010;25(1):25-37.

5. Rodriguez JM. The origin of human milk bacteria: is there a bacterial
entero-mammary pathway during late pregnancy and lactation? Adv Nutr.
2014;5(6):779-84.

6. Hajishengallis G. Periodontitis: from molecular immune subversion to
systemic inflammation. Nat Rev Immunol. 2015;15(1):30-44.

7. Morris JA. Staphylococcus aureus bacteraemia: A hidden factor in the
pathogenesis of human disease. JSM Microbiol. 2017;5:1037.

8. Morris JA. Optimise the microbial flora with milk and yoghurt to prevent
disease. Med Hypotheses. 2018;114:13-7.

9. Konkel JE, O’Boyle C, Krishnan S. Distal consequences of oral

Remedy Publications LLC.

2023 | Volume 6 | Issue 2 | Article 1036


https://pubmed.ncbi.nlm.nih.gov/6806656/
https://pubmed.ncbi.nlm.nih.gov/6806656/
https://pubmed.ncbi.nlm.nih.gov/16084302/
https://pubmed.ncbi.nlm.nih.gov/16084302/
https://pubmed.ncbi.nlm.nih.gov/20305805/
https://pubmed.ncbi.nlm.nih.gov/20305805/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4276050/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4276050/
https://www.sciencedirect.com/science/article/pii/S0306987718300847
https://www.sciencedirect.com/science/article/pii/S0306987718300847
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6603141/

Morris JA, et al.,

World Journal of Psychiatry and Mental Health Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

inflammation. Front Immunol. 2019;10:1403.

Hoare A, Soto SC, Rojas Celis V, Bravo D. Chronic inflammation as
a link between periodontitis and carcinogenesis. Mediators Inflamm.
2019;1029857.

Marwaha AK, Morris JA, Rigby R]. Hypothesis: Bacterial induced
inflammation disrupts the orderly progression of the stem cell hierarchy
and has a role in the pathogenesis of breast cancer. Med Hypotheses.
2020;136:109530.

Okamura H, Hirota K, Yoshida K, Wang Y, He Y, Shiotsu N, et al. Outer
membrane vesicles of Porphyromonas gingivalis: Novel communication
tool and strategy. Jpn Dent Sci Rev. 2021;57:138-46.

Jauhar S, Johnstone M, McKenna PJ. Schizophrenia. Lancet. 2022;399:473-
86.

Morris JA. Schizophrenia, bacterial toxins and the genetics of redundancy.
Med Hypotheses. 1996;46(4):362- 6.

Schizophrenia Working Group of the Psychiatric Genomics Consortium.
Biological insights from 108 schizophrenia-associated genetic loci. Nature.
2014;511:421-7.

Morris JA. The genomic load of deleterious mutations: Relevance to death
in infancy and childhood. Front Immunol. 2015;6:1-8.

International Schizophrenia Consortium. Rare chromosomal deletions and
duplications increase risk of schizophrenia. Nature. 2008;455(7210):237-
41.

Pocklington AJ, Rees E, Walters JT, Han J, Kavanagh DH, Chambert
KD, et al. Novel findings form CNVs implicate inhibitory and excitatory
signaling complexes in schizophrenia. Neuron. 2015;86(5):1203-14.

Morris JA. Genetic control of redundant systems. Med Hypotheses.
1997;49(2):159-64.

. Morris JA. Information and redundancy: Key concepts in understanding

the genetic control of redundant systems. Med Hypotheses. 1999;53(2):118-
23.

Morris JA. Information theory: A guide in the investigation of disease. |
Biosci. 2001;26(1):15-23.

Morris RD, Morris KL, Morris JA. The mathematical basis of sexual
attraction. Med Hypotheses. 2002;59(4):475-81.

Morris JA, Morris RD. The conservation of redundancy in genetic systems:
Effects of sexual and asexual reproduction. J Biosci. 2003;28(6):671-81.

Morris JA. Synergistic interaction of heterozygous deletions impairs
performance and confers susceptibility to disease at all ages. Med
Hypotheses. 2005;65(3):483-93.

Kirkbride JB, Errazuriz A, Croudace TJ, Morgan C, Jackson D, Boydell J, et
al. Incidence of schizophrenia and other psychoses in England, 1950-2009:
A systematic review and meta-analyses. PLoS One. 2012;7(12):e31660.

Jongsma HE, Turner C, Kirkbride JB, Jones PB. International incidence
of psychotic disorders, 2002 — 17: A systematic review and meta-analysis.
Lancet Public Health. 2019;4(5):€229-44.

Morris JA. Autoimmunity: A decision theory model. J Clin Pathol.
1987;40(2):210-15.

Morris JA. The age incidence of multiple sclerosis: A decision theory
model. Med Hypotheses. 1990;32(2):129-35.

Morris JA. Ageing, information and the magical number seven. Med
Hypotheses. 1992;39(3):291-4.

Morris ], Harrison LM. Hypothesis: Increased male mortality caused by
infection is due to a decrease in heterozygous loci as a result of a single X
chromosome. Med Hypotheses. 2009;72(3):322-4.

WHO. Report of the international pilot study of schizophrenia (WHO

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47

48.

49.

50.

Offset Publications, No. 2) Geneva: World Health Organisation. 1973.

Jablensky A, Sartorius N, Ernberg G, Anker M, Korten A, Cooper JE, et al.
Schizophrenia: Manifestations, incidence and course in different cultures.
A World Health Organisation ten-country study. Psychol Med Monogr
Suppl. 1992:20:1-9.

Southard EE. On the topographical distribution of cortex lesions and
anomalies in dementia praecox, with some account of their functional
significance. Am J Insanity. 1915;71:603-71.

Johnstone EC, Crow TJ, Frith CD, Husband J, Kreel L. Cerebral ventricular
size and cognitive impairment in schizophrenia. Lancet. 1976;2(7992):924-
6.

Haijma SV, Van Haren N, Cahn W, Koolschijn PC, Hulshoff Pol HE,
Kahn RS. Brain volumes in schizophrenia: A meta-analysis in over 18,000
subjects. Schizophr Bull. 2013;39(5):1129-38.

Van Erp TGM, Walton E, Hibar DP, Schmaal L, Jiang W, Glahn DC, et al.
Cortical brain abnormalities in 4474 individuals with schizophrenia and
5098 control subjects via the Enhancing Neuroimaging Genetics through
Meta-Analysis (ENIGMA) consortium. Biol Psychiatry. 2018;84(9):644-
54.

Ringen PA, Engh JA, Birkenaes AB, Dieset I, Andreassen OA. Increased
mortality in schizophrenia due to cardiovascular disease - A non-
systematic review of epidemiology, possible causes, and interventions.
Front Psychiatry. 2014;5:137.

Morris JA, Shepherd RF, Diep P-T, Gatheral T, Wray M, Rigby RJ. SARS-
CoV-2 interacts with mucosal dysbiosis to cause the wide range of disease
seen in COVID-19. Austin ] Pulm Respir Med. 2022;9(1):1086.

Shetty S, Bose A. Schizophrenia and periodontal disease: An oro-neural
connection? A cross-sectional epidemiological study. ] Indian Soc
Periodontol. 2014;18(1):69-73.

Hu KF, Ho PS, Chou YH, Tsai JH, Lin CHR, Chuang HY. Periodontal
disease and effects of antipsychotic medications in patients newly
diagnosed with schizophrenia: A population-based retrospective cohort.
Epidemiol Psychiatr Sci. 2019;29:e49.

Martin S, Foulon A, Hage WE, Dufour-Rainfray D, Denis F. Is there a
link between oropharyngeal microbiome and schizophrenia? A narrative
review. Int ] Mol Sci. 2022;23(2):846.

Muller N, Weidinger E, Leitner B, Schwarz MJ. The role of inflammation
in schizophrenia. Front Neurosci. 2015;9:372.

Kang ], Palmier-Claus J, Wu J, Shiers D, Larvin H, Doran D, et al.
Periodontal disease in people with a history of psychosis: Results from the
UK biobank population-based study. Community Dent Oral Epidemiol.
2023;51(5):985-96.

Wang H, Chen W, Li D, Yin X, Zhang X, Olsen N, et al. Vitamin D and
chronic diseases. Aging Dis. 2017;8(3):346-53.

Cui X, McGrath JJ, Burne THJ, Eyles DW. Vitamin d ad schizophrenia: 20
years on. Mol Psychiatry. 2021;26(7):2708-20.

Chiang M, Natarajan R, Fan X. Vitamin D in schizophrenia: A clinical
review. Evid Based Ment Health. 2016;19(1):6-9.

. Sutherland JP, Zhou A, Hypponen E. Vitamin D deficiency increases

mortality risk in the UK Biobank: A nonlinear Mendelian randomization
study. Ann Intern Med. 2022;175(11):1552-9.

Bradbury TN, Miller GA. Season of birth in schizophrenia: A review of
evidence, methodology, and aetiology. Psychol Bull. 1985;98(3):569-94.

Done DJ, Johnstone EC, Frith CD, Golding ], Shepherd PM, Crow TJ.
Complications of pregnancy and delivery in relation to psychosis in
adult life: Data from the British perinatal mortality survey sample. BM]J.
1991;302(6792):1576-80.

Jones P, Rodgers B, Murray R, Marmot M. Child development risk

Remedy Publications LLC.

2023 | Volume 6 | Issue 2 | Article 1036


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6603141/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6458883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6458883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6458883/
https://pubmed.ncbi.nlm.nih.gov/31862686/
https://pubmed.ncbi.nlm.nih.gov/31862686/
https://pubmed.ncbi.nlm.nih.gov/31862686/
https://pubmed.ncbi.nlm.nih.gov/31862686/
https://pubmed.ncbi.nlm.nih.gov/34484474/
https://pubmed.ncbi.nlm.nih.gov/34484474/
https://pubmed.ncbi.nlm.nih.gov/34484474/
https://www.sciencedirect.com/science/article/abs/pii/S014067362101730X
https://www.sciencedirect.com/science/article/abs/pii/S014067362101730X
https://pubmed.ncbi.nlm.nih.gov/8733166/
https://pubmed.ncbi.nlm.nih.gov/8733166/
https://pubmed.ncbi.nlm.nih.gov/25056061/
https://pubmed.ncbi.nlm.nih.gov/25056061/
https://pubmed.ncbi.nlm.nih.gov/25056061/
https://www.frontiersin.org/articles/10.3389/fimmu.2015.00105/full#:~:text=The genomic load of deleterious mutations is a major factor,strong selection against these mutations.
https://www.frontiersin.org/articles/10.3389/fimmu.2015.00105/full#:~:text=The genomic load of deleterious mutations is a major factor,strong selection against these mutations.
https://pubmed.ncbi.nlm.nih.gov/18668038/
https://pubmed.ncbi.nlm.nih.gov/18668038/
https://pubmed.ncbi.nlm.nih.gov/18668038/
https://pubmed.ncbi.nlm.nih.gov/26050040/
https://pubmed.ncbi.nlm.nih.gov/26050040/
https://pubmed.ncbi.nlm.nih.gov/26050040/
https://pubmed.ncbi.nlm.nih.gov/9278928/
https://pubmed.ncbi.nlm.nih.gov/9278928/
https://pubmed.ncbi.nlm.nih.gov/10532704/
https://pubmed.ncbi.nlm.nih.gov/10532704/
https://pubmed.ncbi.nlm.nih.gov/10532704/
https://pubmed.ncbi.nlm.nih.gov/11255510/
https://pubmed.ncbi.nlm.nih.gov/11255510/
https://pubmed.ncbi.nlm.nih.gov/12208192/
https://pubmed.ncbi.nlm.nih.gov/12208192/
https://pubmed.ncbi.nlm.nih.gov/14660866/
https://pubmed.ncbi.nlm.nih.gov/14660866/
https://pubmed.ncbi.nlm.nih.gov/15953691/
https://pubmed.ncbi.nlm.nih.gov/15953691/
https://pubmed.ncbi.nlm.nih.gov/15953691/
https://pubmed.ncbi.nlm.nih.gov/22457710/
https://pubmed.ncbi.nlm.nih.gov/22457710/
https://pubmed.ncbi.nlm.nih.gov/22457710/
https://pubmed.ncbi.nlm.nih.gov/31054641/
https://pubmed.ncbi.nlm.nih.gov/31054641/
https://pubmed.ncbi.nlm.nih.gov/31054641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1140870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1140870/
https://pubmed.ncbi.nlm.nih.gov/2198441/
https://pubmed.ncbi.nlm.nih.gov/2198441/
https://pubmed.ncbi.nlm.nih.gov/1474957/
https://pubmed.ncbi.nlm.nih.gov/1474957/
https://pubmed.ncbi.nlm.nih.gov/19013722/
https://pubmed.ncbi.nlm.nih.gov/19013722/
https://pubmed.ncbi.nlm.nih.gov/19013722/
https://iris.who.int/handle/10665/39405?locale-attribute=ar&show=full
https://iris.who.int/handle/10665/39405?locale-attribute=ar&show=full
https://pubmed.ncbi.nlm.nih.gov/1565705/
https://pubmed.ncbi.nlm.nih.gov/1565705/
https://pubmed.ncbi.nlm.nih.gov/1565705/
https://pubmed.ncbi.nlm.nih.gov/1565705/
https://psycnet.apa.org/record/1915-10007-002
https://psycnet.apa.org/record/1915-10007-002
https://psycnet.apa.org/record/1915-10007-002
https://pubmed.ncbi.nlm.nih.gov/62160/
https://pubmed.ncbi.nlm.nih.gov/62160/
https://pubmed.ncbi.nlm.nih.gov/62160/
https://pubmed.ncbi.nlm.nih.gov/23042112/
https://pubmed.ncbi.nlm.nih.gov/23042112/
https://pubmed.ncbi.nlm.nih.gov/23042112/
https://pubmed.ncbi.nlm.nih.gov/29960671/
https://pubmed.ncbi.nlm.nih.gov/29960671/
https://pubmed.ncbi.nlm.nih.gov/29960671/
https://pubmed.ncbi.nlm.nih.gov/29960671/
https://pubmed.ncbi.nlm.nih.gov/29960671/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4175996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4175996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4175996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4175996/
https://austinpublishinggroup.com/pulmonary-respiratory-medicine/fulltext/ajprm-v9-id1086.php
https://austinpublishinggroup.com/pulmonary-respiratory-medicine/fulltext/ajprm-v9-id1086.php
https://austinpublishinggroup.com/pulmonary-respiratory-medicine/fulltext/ajprm-v9-id1086.php
https://pubmed.ncbi.nlm.nih.gov/24744548/
https://pubmed.ncbi.nlm.nih.gov/24744548/
https://pubmed.ncbi.nlm.nih.gov/24744548/
https://pubmed.ncbi.nlm.nih.gov/31526409/
https://pubmed.ncbi.nlm.nih.gov/31526409/
https://pubmed.ncbi.nlm.nih.gov/31526409/
https://pubmed.ncbi.nlm.nih.gov/31526409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8775665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8775665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8775665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4612505/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4612505/
https://pubmed.ncbi.nlm.nih.gov/36258297/
https://pubmed.ncbi.nlm.nih.gov/36258297/
https://pubmed.ncbi.nlm.nih.gov/36258297/
https://pubmed.ncbi.nlm.nih.gov/36258297/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5440113/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5440113/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8505257/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8505257/
https://pubmed.ncbi.nlm.nih.gov/26767392/
https://pubmed.ncbi.nlm.nih.gov/26767392/
https://pubmed.ncbi.nlm.nih.gov/36279545/
https://pubmed.ncbi.nlm.nih.gov/36279545/
https://pubmed.ncbi.nlm.nih.gov/36279545/
https://pubmed.ncbi.nlm.nih.gov/4080898/
https://pubmed.ncbi.nlm.nih.gov/4080898/
https://pubmed.ncbi.nlm.nih.gov/1855042/
https://pubmed.ncbi.nlm.nih.gov/1855042/
https://pubmed.ncbi.nlm.nih.gov/1855042/
https://pubmed.ncbi.nlm.nih.gov/1855042/
https://pubmed.ncbi.nlm.nih.gov/7968076/

Morris JA, et al.,

World Journal of Psychiatry and Mental Health Research

factors for adult schizophrenia in the British 1946 birth cohort. Lancet.
1994;344(8934):1398-402.

5

—

.Harrison LM, Morris JA, Telford DR, Brown SM, Jones K. The
nasopharyngeal bacterial flora in infancy: effects of age, gender, season,
viral upper respiratory tract infection and sleeping position. FEMS
Immunol and Med Microbiol. 1999;25(1-2):19-28.

52. Morris JA. A cacophony of cytokines explains the biopsychosocial
interaction model of mental and physical disease. Arch Depress Anxiety.
2018;4(2):56-64.

5

w

. Szeligowski T, Yun AL, Lennox BR, Burnet P. The gut microbiome and
schizophrenia. The current state of the field and clinical applications. Front
Psychiatry. 2020;11:156.

54. Poutahidis T, Kearney SM, Levkovich T, Qi P, Varian BJ, Lakritz JR, et
al. Microbial symbionts accelerate wound healing via the neuropeptide
hormone oxytocin. PLoS One. 2013;8(10):e78898.

5

w

. Levkovich T, Poutahidis T, Smillie C, Varian BJ, Ibrahim YM, Lakritz JL, et
al. Probiotic bacteria induce a glow of health. PLoS One. 2013;8(1):e53867.

56. Zheng P, Zeng B, Liu M, Chen J, Pan J, Han Y, et al. The gut GM from
patients with schizophrenia modulates the glutamate-glutamine-
GABA cycle and schizophrenia-relevant behaviours in mice. Sci Adv.
2019;5(2):eaau8317.

57. Juckel G, Manitz MP, Freund N, Gatermann S. Impact pf Polyl: C induced
maternal immune activation on offspring’s gut GM diversity-implications
for schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry.
2021:110:110306.

58. Li W, Chen M, Feng X, Song M, Shao M, Yang Y, et al. Maternal immune
activation alters adult behaviour, intestinal integrity, gut microbiota and
the gut inflammation. Brain Behave. 2021;11:€02133.

59. Silva YP, Bernardi A, Frozza RL. The role of short chain fatty acids from gut
microbiota in gut-brain communication. Front Endocrinol. 2020;11:25.

60. DinanTG, Cryan JF. The impact of gut microbiota on brain and
behaviour: Implications for psychiatry. Curr Opin Clin Nutr Metab Care.
2015;18(6):552-8.

6

—

. Morris JA. Optimise the microbial flora with milk and yoghurt to prevent
disease. Med Hypothese. 2018;114:13-7.

Appendix

Age incidence of disease

All mathematical models of biological processes are wrong,
but some are useful. They are wrong because the models involve
simplification, therefore in the final analysis they will fail to allow
for all eventualities. They are useful, however, if in the process of
simplification, they preserve the essence of the biological process
under investigation.

One way of producing a useful model is to assume complexity
and work with the principles of complex systems which include
redundancy, synergy and temporal decay [19-24].

Consider a complex system (specified by genes and composed of
proteins) which is designed to preserve health by making a series of
decisions in an uncertain world [27-29]. The probability of a correct
response is R, and the probability of an incorrect response is 1-R.
Over time the system will decay at random, and the probability of a
correct response becomes Re*. Now add in redundancy to make the
system more robust. This involves creating n systems and a mistake
will only occur if all the systems make the mistake at the same time.
The risk of a mistake is now [1-Ret*V]". If we consider death as the
ultimate mistake then this function, with a value of n=7, produces
a good fit to human mortality rates [29]. On a log scale the slope is

7, and this fits with data for males, slightly less than 7 i.e., 6.8 and
females slightly above 7 i.e., 7.04. (Note that 6.8 is 96% of 7.04).

The risk of death doubles every 6 or 7 years and the majority
of diseases, such as atherosclerosis and cancer, show similar age
prevalence. The prevalence of cancer, for instance, rises as the seventh
power of age and the incidence (the first derivative) rises as the sixth
power of age. But diseases caused by first exposure to common bacteria
or viruses show a different age incidence. If a bacterium is common
and the chance of exposure is constant with time then the probability
of meeting the organism for the first time falls exponentially with age
(if 50% meet it for the first time in year one, then 25% (50% of the
remaining 50%) meet it for the first time in year two, and 12.5% for
the first time in year 3, and so on). The appropriate function is Ce™,
where C and k are constants.

Now consider a common bacterium interacting with an aging
system. The age incidence is now a combination of the two functions
(but of course we need different decay constants now k1 and k2).
The resulting age incidence curve rises to a peak and then falls.
The position of the peak depends on how common the organism
is. More common organisms lead to earlier and lower peaks, less
common organisms lead to later and higher peaks. Furthermore, if
the condition is more common in males (or females) then the peak
is higher and earlier in males (or females). Bacterial infection, in
general, is more common in males and therefore the peak is earlier
and higher in males. Autoimmune disease, precipitated by exposure
to bacteria, is more common in females, therefore the peak is earlier
and higher in females [27-29].

The most likely explanation for the observation that males
are more susceptible to bacterial and viral infection than females
is that males have only one X chromosome [30]. The result is less
heterozygosity and therefore less redundancy. The X chromosome
carries approximately 5% of the human genome. It is therefore of
interest that the slope of the male mortality curve is approximately
96% of the female mortality curve, at least it was in data analyzed in
1992 in the UK [29].

Thus, the observations that the age incidence of first diagnosis
of schizophrenia peaks in the 20s in males, but the peak is lower and
later in females fits with bacterial induced disease. Furthermore, the
sex ratio of 1.7:1 is also consistent with bacterial induced disease
[25,26].

Genetic models

Genes act in complex systems to preserve health and prevent
diseases [19-24].

There are approximately 20,000 genes in the human genome
(haploid set) [16]. But when cells divide in mitosis and meiosis there
is a finite chance of a deleterious mutation occurring. The result is
that deleterious mutations accumulate in the genome as parents
pass germ line mutations and de novo mutations to their offspring.
The frequency of deleterious mutations in the genome can be
estimated from the frequency of recessive disease in the offspring of
cousin unions compared with the frequency of the same disease in
the general population. The best estimate is that the mean number
of deleterious mutations is close to seven with a mean of one new
mutation per generation. The deleterious mutations are distributed at
random in meiosis and therefore the number of deleterious mutations
will form a Poisson distribution with a mean of seven in the germ line
of adults but eight in the zygotes of the next generation. In complex
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systems the deleterious mutations will interact synergistically to
impair performance. Thus, some of the zygotes at the upper end of
the Poisson distribution will not survive and those that do will have a
mean of seven; and the population comes into balance.

If we consider the disease schizophrenia. There are many genes
concerned with thought and more than one deleterious mutation
to cause thought disorder. Consider the following model, published
in 2005 when it was thought there were 30,000 genes (haploid set)
in the human genome and that the mean number of deleterious
mutations in the genome of adults was 10 [24]. Assume that 3600
genes (diploid set) form a complex system concerned with thought.
Then 1.9% of the population will have three deleterious mutations
in the 3600 set and will be at risk of schizophrenia (calculated using
the Poisson distribution). If the concordance rate in monozygotic
twins is 60%, then 60% of 1.9% is 1.14%. This is the lifetime risk of
schizophrenia in the population. If one child has three deleterious
mutations and develops schizophrenia, the chance of a sibling having
three relevant deleterious mutations was calculated as 0.19 (This is a
more complex calculation; the chance of the same three is 0.125 but
the parents might have more than three relevant mutations between
them and there is also the possibility of de novo mutations). A sibling
with the three deleterious mutations has a 60% chance of developing
schizophrenia so the risk in siblings is 11.4% (60% of 19%).

These calculations merely establish the principle that more than
one deleterious mutation in a large complex highly redundant system
can explain the occurrence of schizophrenia in family members. Each
family, however, will have a different set of deleterious mutations and
therefore at risk of a different set of bacteria. But still there is sufficient
in common between the genetic and bacterial sets to allow a specific
disease to be defined.

Definition of terms

Mucosal tissue microbiota: The mucosal tissue microbiota
consists of pathogenic bacteria which have evolved genetic
mechanisms that enable them to survive and grow within mucosal
tissue. They derive their energy from the bloodstream and cause low

grade local inflammation. They grow close to the mucosal surface as
this allows them to shed bacterial progeny into the mucosal lumen
and thereby spread to infect other people. Examples of these bacteria
include S. aureus and the periodontal pathogens, P. gingivalis and
Fusobacterium nucleatum.

Mucosal luminal microbiota: These are bacteria that have
evolved to occupy niches close to the mucosal luminal surface but
not within the tissues. They are resident external to the apical surface
of epithelial cells. These bacteria derive their energy from epithelial
secretions. In general, these bacteria are commensals. They act to
protect the host by out-competing pathogens and by supporting
the integrity of epithelial cells. These bacteria vastly outnumber the
mucosal tissue microbiota.

Fecal microbiota

The mucosal luminal microbiota shed progeny into the center
of ductal lumina and many of these bacteria are carried into the
gut lumen. The mucosal tissue microbiota also shed progeny into
ductal lumina and they too arrive in the gut lumen. Thus, the fecal
microbiota is made up of bacteria from every mucosal surface
including the colonic mucosa. Bacteria that have evolved to occupy
a specific mucosal niche will form an ordered community (a low
entropy state). But the feces contain bacteria from multiple different
mucosal niches and thereby form a diverse state (high entropy). In
general, a healthy system is one that is highly ordered, non-random
and with low entropy. By comparison, disease is associated with
disorder, increased randomness and high entropy. But an increased
Shannon index (a measure of entropy) is accepted as an indicator of
a healthy fecal microbiota. This appears paradoxical but the answer is
that increased diversity reflects the large number of possible mucosal
niches. Less diversity in feces would indicate unfilled niches.

The vast majority of the DNA of the fecal microbiome is of the
mucosal luminal microbiota. Thus, methods developed to assess the
fecal microbiome will not be suitable for assessing the mucosal tissue
microbiota.
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