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Autoimmunity: a decision theory model
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Fig 3 Theoretical age distribution histogram of
autoimmune disease produced by rising error function
P{H,[h,) interacting with falling curve of susceptibility.

small increase in the rate of bacterial circulation
would cause a substantial reduction in disease inci-
dence, and if this model is correct efforts to ensure that
children meet the putative bacteria early could in the-
ory virtually eliminate the condition.

This type of age incidence curve with a peak in early
or middle life is seen in many putative examples of
autoimmune disease,'® including multiple sclerosis,'®
thyrotoxicosis, insulin dependent diabetes mellitus,2°
ulcerative colitis and Crohn’s disease.

Discussion

There is clear evidence to show that many bacteria of
the normal microbial flora are capable of causing dis-
ease either by tissue invasion or by elaborating toxins.
There is also evidence of extensive cross reaction
between bacterial antigens and host tissues. The
immune system is faced with an exceedingly complex
task in determining responses to bacterial antigens so
as to avoid both infection and autoimmune disease.
The fact that it is successful in most cases indicates
that the decision strategy adopted is close to the ideal,
so that modelling the decision process using the prop-
erties of an ideal detector is a reasonable approxi-
mation. If the immune system deviates from an
optimal strategy then this will only amplify errors that
are inherent in the decision process and which have
been identified using the ideal detector model. It is not
assumed that there is a structural entity corresponding
to the ideal detector, but that the integrated action of
the many and diverse arms of the immune system
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approximates to an optimum strategy. As the immune
response to bacteria is decided in uncertainty there
will be a finite change of the error H, |h,, and it can be
predicted that at least some examples of autoimmune
disease will arise as a response to microbial flora anti-
gens. Obviously this in no way implies that this is the
only way in which autoimmune disease arises. It is
certainly possible that autoimmune disease could arise
as a result of cross reacting antigens present on
viruses. Interestingly, while viruses have a coding
capacity of between 3 and 50 kilobases of DNA or
RNA, bacteria have up to 5000 kilobases of DNA.2!
Given the large number of bacteria resident on the
body surface, the antigenic challenge posed by
bacterially coded polypeptides is many 100-fold more
complex than even a lifetime’s accumulation of viral
infections.

The age incidence of many examples of auto-
immune disease, which show a peak in early or middle
life, can be explained using this model. The assump-
tions are that the immune response is set at first con-
tact and that the performance of the ideal detector
decays at random with time. The latter assumption
means that a simple exponential decrease in the num-
ber of samples of information (N) leads to a steep age
dependent increase in P[H, |h,]. Burch has shown that
there is an approximate linear relation between log
incidence and log age for many diseases of aging22~2*
including malignant disease, degenerative diseases,
and cardiovascular disease. It is therefore of interest
that there is also an approximate linear relation
between log P[H, |h,] and log age over a wide range of
values. The concept of random decay in the com-
ponents of a decision process leading to increasing
probability of errors of function might have a wider
application.

If the age at first contact with a bacterium deter-
mines the probability of autoimmune disease then
communities in which the bacteria circulate more rap-
idly will have a lower incidence of the disease. The
spread of enteric bacteria might be influenced by
social class, sibship order, and climate. In this respect
the observation that multiple sclerosis is more com-
mon in higher social classes,?* first born children,?®
and colder climates?” is of considerable interest. On
the other hand, the spread of respiratory tract bacteria
might be influenced by sibship order, but is less likely
to be affected by social class, and might actually
increase in colder climates. Consequently, the epi-
demiological features of autoimmune disease could
give a clue to the normal mode of spread of the ini-
tiating organisms.

There is some evidence to suggest that common
viral respiratory tract infections can precipitate auto-
immune disease.2® 3° When this is observed it is usu-
ally assumed that the virus acts directly, either by
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presenting new antigens, changing host antigens, or
interfering with lymphocyte function. There are
several problems associated with this explanation.
Different viruses seem to be capable of initiating the
same disease, and waves of viral infection in a commu-
nity only precipitate disease in a fraction of the popu-
lation at risk. Furthermore, although the incidence of
any one virus fluctuates considerably from year to
year, the incidence of autoimmune disease shows only
small yearly fluctuation.3® Viral infections of the
respiratory tract also disturb the normal microbial
flora and lead to overgrowth of staphylococci, strep-
tococci, or Gram negative bacilli.3! As the antigenic
challenge posed by this bacterial overgrowth is many
fold greater than that of the initiating virus, it is not
unreasonable to suggest that at least some examples of
autoimmune disease might arise as a response to the
bacterial antigens.3? If by chance the first encounter
with a particular bacterium follows a viral infection
and the bacteria overgrow in the nasopharynx then
the host is faced with a potentially threatening infec-
tion necessitating a swift response. According to deci-
sion theory, swift responses mean that less
information is sampled (decreased N), potentially
threatening infections increase V,,, and both these
changes increase P[H,|h,}. This idea would explain
why autoimmune disease only arises as a very rare
complication of a common viral infection and why
different viruses could precipitate the same disease.
Furthermore, as the spread of bacteria that grow on
the body surface is less affected by host immunity than
is the spread of viruses this would explain why auto-
immune disease shows less yearly fluctuation than
does epidemic viral disease.

Autoimmune disease may be acute, subacute, or
chronic but often shows a characteristic remitting and
relapsing course. This is understandable in terms of
this hypothesis, as the microbial flora undergoes con-
stant change under a variety of influences, not least of
which are viral infections of the host and bacte-
riophage infections of the bacteria. If the activity of
autoimmune disease is related to antigenic challenge
then it will wax and wane as the bacterial flora
changes.

One aspect of autoimmune disease that has received
a great deal of attention is the role of genetic consti-
tution, in particular HLA phenotypes.33 Ninety five
per cent of whites with insulin dependent diabetes
mellitus express the class [ HLA alleles DR3 or DR4,
or both.3* These alleles are only expressed in 40% of
the general white population. Similar associations
between HLA phenotype and other examples of auto-
immune disease have been reported.33 Although gen-
etic factors are important, however, concordance in

identical twins for diseases such as insulin dependent

diabetes mellitus®® *° is less than 100%, indicating the
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importance of environmental factors. The HLA com-
plex is a multigene family on the short arm of chromo-
some 6 concerned with self- and non-self
discrimination. Class I HLA molecules participate in
target cell recognition by suppressor and cytotoxic T
cells, while class II HLA molecules, which are
expressed on the surface of antigen presenting cells,
participate in antigen recognition by T helper cells.
The relation between HLA antigens, autoimmunity,
and infection is undoubtedly complex. If some exam-
ples of autoimmune disease arise in response to bacte-
rial antigens as suggested in this paper then as HLA
molecules have a central role in T cell recognition of
foreign antigens, it is not surprising that HLA pheno-
types influence the risk of autoimmune disease. Other
ways in which this association might arise include
increased susceptibility to certain viral infections and
defective T cell suppressor activity, allowing the pro-
liferation of autoreactive clones. Genetic factors could
influence the decision theory model in several ways.
As genetic factors influence the structure of cell sur-
face antigens they will determine the bacterial anti-
gens to which the individual is susceptible. In fact, the
composition of the bacterial flora is influenced by
genetic factors as the colonisation of epithelial sur-
faces by bacteria depends on specific bacterial adhe-
sions combining with cell surface molecules.®
Furthermore, the incidence of autoimmune disease
will vary between subjects who operate different risk
strategies. Different perceptions of values [V, Vo,
Vo1, Vi,] and a priori probability will influence B, and
thereby vary the probability of error [H,|h,]. Indeed,
the higher incidence of autoimmune disease in women
might be explained in this way as men seem to be more
prone to infection and malignant disease, which can
be regarded as the consequence of the converse error
(Hofh,).

The hypothesis presented is amenable to laboratory
investigation, although testing it will be a formidable
task. Epidemiological data can be used to determine
the likely mode of spread of the causative bacteria.
For those diseases that are precipitated by common
viral respiratory tract infections the bacterial flora in
the upper respiratory tract should be determined to
see of there is any constant pattern preceding onset or
exacerbations of the disease. If there is, monoclonal
antibodies can then be used to search the bacterial
isolates for antigens that cross react with host tissues.
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