[image: image1.jpg]It is likely that everyone reading this article will have suffered from a variety of infections. Why is it that

people catch some diseases and not others? Why are some infectious diseases life-threatening while others
have little effect? This article considers these and other questions and argues that an understanding
evolution could prove to be a powerful weapon in the battle against infection.

% A thy do humans catch some
diseases and not others? Doctors
usually ask ‘what’ and ‘how’
5 questions about disease — What
causes this particular set of symptoms? How
can this patient be treated? “Why’ questions
lead to evolutionary explanations of rela-
tionships between parasites and hosts in
infectious diseases. An evolutionary perspec-
tive can complement conventional medicine.
Sometimes termed ‘Darwinian medicine’,
the approach is simply the application of
Darwin’s principles of natural selection to
disease.

Host-parasite relationships have evolved
in ways very similar to the relationship
between predators and their prey (see
BIOLOGICAL SCIENCES REVIEW, Vol. 10, No. 5,
pp. 31-35). A predator that has some
character that makes it better at catching
prey is more likely to survive and to pro-
duce offspring than predators that lack that
character. Similarly, a prey organism that
has some character that makes it more
likely to escape its predator is more likely
to survive and produce offspring than its
fellows.
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If the characters are determined geneti-
cally, they will be inherited, so some geno-
types will be selected over others. Thus, both
predators and prey continually evolve.
Changes in the characteristics of one leads
to changes in the characteristics of the other.
Similarly, pathogens evolve and change their
genotypes, allowing them to evade the strate-
gies of their hosts.

The host’s immune system also evolves,
making it more effective in warding off attack
by pathogens. However, pathogens such as
bacteria reproduce much more quickly than
humans, so they can evolve much faster than
we do. This puts us at a significant disad-
vantage in the battle, and our complex
immune system can only partly redress the
balance. Although we have the advantage
of medicine on our side, the rapid mutation
rates of many viruses, together with rapid
increases in bacterial resistance to antibiotics
(see pp. 28-30), may limit the effectiveness
of many drugs. Furthermore, humans in
affluent countries are less exposed to patho-
gens. This reduces the selection pressure
on the immune system and may result in
weakened natural defences. The evolution of

False-colour transmission electron micro-
graph of HIV viruses budding from the
surface of a human T-cell. (x 250000)

mechanisms for resisting disease represents
an excellent example of evolution in action,
and much human variation is the result of
past battles against infection.

Infectious organisms that out-compete
rival pathogens within the same individual
host are selected for and reproduce as fast
as possible. The reason why infections make
us ill is, in general, that this in-host selection
favours more virulent pathogens. However,
pathogens that kill the host before they
can be transmitted to another host will
not survive, so between-host selection acts
to decrease virulence. Likewise, diseases
spread by personal contact tend to be less
virulent than those spread by insects or other
vectors. It is in the interest of pathogens
spread by contact to keep their host feeling
reasonably well, because this will lead to
interaction with other people and a conse-
quent increase in the transmission of the
disease-causing organism.

AIDS — A VIRAL INFECTION

Acquired immune deficiency syndrome
(AIDS) is an ‘umbrella’ term for a variety
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[image: image2.jpg]of life-threatening diseases associated with
the destruction of the immune system
by human immunodeficiency virus (HIV).
Infection with HIV causes the person to
become more vulnerable to other infections,
such as tuberculosis, and to certain forms
of cancer. These are two of the diseases that
eventually kill AIDS patients.

Over ten million people worldwide are
now infected with HIV, and over one million
have AIDS or have died from AIDS. These
numbers are still small in relation to the
deaths from influenza, malaria, or the diar-
rhoeal diseases. However, there is no end in
sight to the AIDS pandemic. An examination
of the evolution of AIDS may provide a
useful insight into the nature of the disease.

AIDS is caused by highly virulent forms
of HIV, which appear to have evolved in
recent times. It has been suggested that
AIDS may have arisen because of changes in
social behaviour — increased promiscuity,
prostitution and intravenous drug use —
which may have led to the rapid transmis-
sion of HIV. When these changes occur, host
survival becomes less important to the
survival of the virus, favouring the evolution
of more virulent forms. Under these condi-
tions, even highly virulent forms of HIV may
have the opportunity to disperse to new
hosts before the original host dies.

The use of clean needles and condoms
would not only reduce the transmission of
HIV, it would also favour the evolution of
lower virulence because the virus needs to
keep the host alive longer to increase its
chances of transmission. This may become
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increasingly important, as resistance of HIV
to anti-AIDS drugs such as AZT is on the
increase.

TUBERCULOSIS — A BACTERIAL
INFECTION

Mycobacterium tuberculosis is a bacterium
that now kills more humans than any other
pathogen, and the annual death toll of 3
million worldwide is expected to rise. Tuber-
culosis (TB) is an airborne disease which
originally became endemic in Europe with
the rise of large, crowded cities. Widespread
vaccination and use of antibiotics, together
with improved standards of nutrition and
housing, produced a steady decline in the
occurrence of disease during the latter half
of this century. This progress has recently
been reversed by two factors: the AIDS
pandemic and resistance of the bacteria to
antibiotics.

Antibiotic resistance in M. tuberculosis
reduces the chances for recovery, and
thereby increases the extent to which
infected people may infect others. Resistant
bacteria are particularly widespread in some
urban areas like New York City and in devel-
oping countries, and there is no immediate
prospect of effective replacement drugs.

One third of all cases of TB in New York
City are caused by bacteria resistant to one
antibiotic, while 5% of cases are resistant to
two or more antibiotics. People with tuber-
culosis caused by bacteria resistant to two or
more antibiotics have about a 50% chance
of survival, the same as before antibiotics

were discovered. This effect is worsened by
the relative hardiness of M. tuberculosis
outside the body — the bacterium can
survive for months in the absence of a host,
whereas many other pathogens are viable
for only hours or days. This increases the
chances of transmission and leads to
increased virulence. M. tuberculosis is a ‘sit-
and-wait’ pathogen. It gains the benefit of
rapid multiplication inside hosts while
paying little cost through immobilisation of
the host.
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False-colour transmission electron micro-
graph of a Mycobacterium tuberculosis
bacterium — the microorganism that causes
tuberculosis. (x 28 000)

Large crowded cities, such as Bombay
(shown here), are ideal for the transmission
of airborne diseases like TB.
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MALARIA —
A PROTOCTISTAN INFECTION

Malaria is caused by Plasmodium,
a single-celled organism which is
transmitted from one person to
another by certain species of
mosquito. The life cycle of this
microorganism is summarised in
Figure 1. We would expect malaria,
as a vector-borne pathogen, to be
relatively virulent. In contrast to
the viruses causing coughs and
colds, Plasmodium does not benefit
from the host’s feeling well. In fact,
experiments with rabbits and mice
have shown that a prostrate host is
more vulnerable to mosquitoes, and
it is unlikely that people suffering
from the disease will expend much
energy warding off the insects.
Extensive multiplication and spread
within the human body, character-
istic of high virulence, should also
increase the probability that a
mosquito will become infected.
One strategy currently being
employed to reduce the incidence of
malaria is the production of
mosquito populations that are
genetically resistant to Plasmodium.
However, the success of such a
project is likely to be short-lived.
There will be strong selection pres-
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Figure 1 The life cycle of Plasmodium
vivax in human and Anopheles mosquito.

Similar problems exist for the
chemical control of malaria. Tradi-
tionally, quinine or quinine-type
drugs were used to control the dis-
ease. However, resistance to these
drugs first arose in the 1960s,
and is now widespread. Resistance
to new antimalarial compounds
appears to be following the same
course. It looks as if the future
will offer a succession of new
antimalarial drugs followed, after
a short time, by the evolution
of resistance to them. From an
evolutionary viewpoint, the best
strategy for us to adopt would be
to attempt to reduce transmission
from infected people. The most
feasible way to accomplish this
would be to prevent mosquitoes
from entering houses and hos-
pitals. This would be expected
to cause a strong evolutionary
shift towards the production of a
more benign malarial parasite. In
general, raising the costs that
pathogens incur from harming the
host should eventually lead to a
reduction in virulence.

THE RESPONSE TO
INFECTION

Avoidance and expuision

sure on the parasite to overcome any resis-
tance mechanism in the mosquitoes,
especially as the population of resistant
insects increases. If the natural mosquito

population were also reduced, there would
be ever fewer pathogens, but this would
probably only delay the inevitable evolu-
tionary breakthrough.

A range of strategies have evolved in humans
which reduce our susceptibility to patho-
gens. For example, we defecate in private
and find the sight or smell of others’ faeces

(A) A female Anopheles mosquito feeding on human blood. (B) A patient
suffering from jaundice due to severe malaria. (C) False-colour transmission
electron micrograph (x 6700) of red blood cells, infected with the malaria
parasite. Two cells at the centre are at the final stage of the parasite’s life
cycle (see Figure 1), shortly before the blood cells would have burst. Large-
scale loss of red blood cells causes jaundice (see B).
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[image: image4.jpg]unpleasant. This means that we are unlikely
to come into contact with the waste of
others, thus avoiding infection. We generally
avoid eating foods that smell unpleasant,
perhaps taking this to be a sign of bacterial
decomposition or fungal contamination. If
something already in the mouth tastes bad
we spit it out. Bitter substances are more
likely to be poisonous. These adaptations
help to prevent the ingestion of potentially
dangerous microorganisms or substances.

Pain, also, may be seen as an adaptation
that can lead to escape and avoidance of
danger. Occasionally people are born who
cannot feel pain, but without this warning
of dangerous situations nearly all of them
die by the age of 30. Generalised aches
and pains are also adaptive. They encourage
inactivity, which favours the effectiveness
of immunological defences and repair of
damaged tissues. Any medication that simply
makes an ill person feel less sick may inter-
fere with these benefits.

Many of the body’s defences are based on
expulsion, such as sneezing and coughing. In
general, expulsion mechanisms are defen-
sive adaptations, not part of the disease. If
we swallow something poisonous, toxins are
absorbed into the blood. When the brain
detects these toxins, a nauseous response is
triggered, followed by vomiting. This is why
so many drugs are nauseating, especially the
(toxic) ones used for cancer chemotherapy.
The nausea discourages us from eating more
of the noxious substance, and its memory
prevents future sampling of the food thought
to be responsible. The function of vomiting
is more obvious: it ejects the toxin before
more is absorbed. Similarly, diarrhoea is a
defensive mechanism which occurs at the
other end of the digestive tract. Blocking
this mechanism with drugs, although initially
appealing, simply extends the period of
suffering.

Sneezes can be caused by irritation of the nasal lining — the
jet of droplets generated is exploited by cold viruses which
use sneezing as a means to spread from person to person.

The immune response

The immune system has evolved over a
hundred million years, making life difficult
for pathogens, and it is generally very effec-
tive. ‘Foreign’ proteins (antigens) in the
body, such as those found on a bacterium or
cancer cell, stimulate B-cells to produce
protective proteins (antibodies) that bind
specifically to the antigens. This may destroy
the foreign material directly, or simply label
it for destruction by other cells of the
immune system.

The immune system can make two kinds
of mistake: failing to attack when it should,
and attacking something when it should not.
The first kind of mistake results in an inad-
equate response, so that a disease gets worse
instead of being rapidly overcome. This may
occur if the infectious agents become better
adapted at avoiding recognition by the
immune system. For example, malaria para-
sites have specific surface proteins that allow
them to bind to the walls of blood vessels.

This prevents them from being carried to
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the spleen, where they would be filtered
out and killed. The genes that code for
these binding proteins mutate at a rate of
2% per generation, just enough to ensure
that the immune system cannot ‘lock in’
on the organism.

Another strategy is to assume a
disguise by taking on the appearance of
host cells. This is the technique used by
many species of Streptococcus bacteria,
which may avoid the immune system
completely, or cause antibody produc-
tion against the host tissues (as occurs in
autoimmune conditions like rheumatic
fever). Alternatively, the pathogen could
directly attack the immune system, as
seen in AIDS.

The second kind of mistake by the
immune system results from mounting
too aggressive a response to a relatively

‘What a day!... | must have spread
malaria across half the country.’
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harmless pathogenic stimulus. This can
result in autoimmune diseases, such as
rheumatoid arthritis, or allergy. The

average person’s degree of sensitivity and
responsiveness is probably close to what was
optimal in our ancestral environment:
enough to counter pathogens, but not so
great as to attack and damage the host
tissues.

CONCLUSIONS

Host adaptations for resisting disease, and
pathogenic counteradaptations, represent
one of the best examples of evolution in
action. Evolutionary explanations of why we
are susceptible to certain infectious diseases
and not others help us to distinguish between
disease symptoms and host defences, result-
ing in more efficient treatment. Furthermore,
they may provide important strategies for
the future reduction of transmission and
virulence of pathogens. B

POINTS FOR DISCUSSION

(1) In what ways do pathogens manipulate
host defence mechanisms in order to aid
dispersal?

(2) Should all doctors be taught evolutionary
principles (Darwinian medicine) in order to
improve the effectiveness of health-care?
(3) Consider other infectious (or non-
infectious) diseases that you have studied.
To what extent can evolutionary theory
help us to understand the nature of these
diseases?
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