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PREFACE TO THE SECOND EDITION

Since the first edition of this book was written in 1936~7
there has been a 1 in the practical approach to the
problems of infectious discase. The effectiveness of the
sulphonamide drugs had just been discovered in 1936, but
there was little to suggest that within a few years the treat-
ment of protozoal and bacterial discase would reach its
present level of efficiency. It is hardly too much to say that
infectious disease has now ceased to have any serious social
significance in the advanced countries of the world. There
are sull, however, unlimited opportunities for the extension
of control of the areas lacking the financial and technological
resources that are needed to ehmmatc disease and for the

of our own tech of p ion and cure.

Thc advances of the last twenty years have not been so much
in the understanding of the processes of infectious discase as
m the provision of agents of extraordinary efficiency for
dealing with its practical problems. Since the days of Ehrlich
1t has been clear that to cure an infectious disease a substance
was needed which would kill the responsible organism yet
have no harmful action on the cells and tssues of the patient.
By methods more empirical than logical it has been possible
to select from the vast array of orgame compounds now
avallable substances with the specific Lilling power that
Ehrlich dreamt of, not only against bacteria, protozoa and
parasitic worms but also against mosquitoes, lice and rats.

It has been an interesung task to rewrite an account of
the natural hustory of infectious disease in the light of the
changes that have taken place in the intervening years, The
fundamentals of the subject have not altered and except for
the addiuon of a chapter on the antibiotic drugs the structure
of the book has not been changed. The valdity of the
ceological approach is now umwversally recognized; in fact
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Part I
BIOLOGICAL CONSIDERATIONS

CHAPTER I
THE ECOLOGICAL POINT OF VIEW

Infectious disease 13, and always has been, part of the everyday
experience of life. In every generation men of affairs have had
1o cope as best they could with the practical problems it pre-
sents, while priests, phulosophers, and, later, scientists have had
perhaps the harder task of interpreting the significance of such
disease in accordance with the mteliectual outlook of thar
time, Over most of the historical period, the human attitude
to epidemics and the other aspects of infectious disease was
a curidus muxture of erroneous theory with a good deal of
useful common sense. On the pracucal side, we must re-
member that the contagiousness of some of the more easily
Tecognized diseases like plague and leprosy was well under~
stood 1n the I\hddlc Ages, and logically planned measures to
prevent or mi demics were pted. The insti-
tution of quarantine for travellers from sfected regions by
the Venetians 1n 1403 may be instanced, while a general
Tecognution of the association of disease with civic filth and
personal uncleanliness goes back to classteal imes
Theoretical 1deas took some fantastic forms, but after the
time of Hippocrates there was nearly always evident a desire
ta replace the too simple explanation of disease as divine
vengeance for wrongdoing by some more immediate cause.
Tufection scemed obviouwsly to pass from person to person in
the air, and it was a natural association of 1deas 10 think of the
spread of snfection as analogous to the daffusion into the air of
unpleasant smells from sepuc wounds or dead bodies. From

the carliest times, putrefaction, especially of unburied human
e
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the new drugs and insecticides have already raised new
problems that car only be comprehended along such lines.
Tn incorporating new material I have tried to ensure that the
most appropriate examples whether new or old have been
used to iltustrate the general points raised and that the
accounts of specific diseases in the later chapters are reasonably
up to date.

F. M. BURNFET



ECOLOGICAL POINT OF VIEW 3

canreach an adequately equipped hospital before the infection
hasirreparably damaged his tissues. New insecticides and new
methods of using them have made jt feasible to eradicate most
of the insect-borne diseases even in relatively undeveloped
countrics. Malaria was banished temporarily at least from
continental United States in 19 50 and typhus fever, than_ks
toa bi of pi and 1mp
measures against lousc mfcstauon, played no sigmficant part
in the War.

Tn many ways one can think of the middle of the twentieth
century as the end of one of the most important social revolu-
tions in hustory, the virtual elimination of infections disease as
a significant factor in social hfe. If we could be assured of
peace we could feel confident that over progxcsswcly greatcr

2 f'the earthweshould see a swift red, in
and the relegation of infectious disease to the relatively mv:al
illnesses which are all that most families in advanced com-
mumties know from direct experience.

Along with this development of practical measures of pre-
venting and curing mfectious disease, there has gone a steadily
increasing interest in the intrinsic characteristics of the mcro-
orgamsms responsible for disease. It might almost be said
that in the last twenty or thirty years the centre of interest i
bacteriology has mov ed from the problems of infectious disease
to the use of micro-organisms i the study of the fundamental
chemical problems of iving sut Ttis of the
change in outlook that the older generation of bacteriologists
who were mostly trained as medical men has now almost been
Teplaced by workers truned primanly as biochemists.

But other brological sciences have moved forward as well as
biochemistry and, although workers in such fields are fewer in
number, there are many who are interested 1n what may be
called the ecological aspects of infectious disease. In a broad
way one can dmvade the biological sciences mto two groups.
Thcn: are those that are concerned with the structure and

iorting of the living organism and ofits p parts,




2 BIOLOGICAL CONSIDERATIONS

corpses, was regarded as likely to breed disease. In the early
nineteenth century, bad drains, that is, smelly drains, were
universally blamed for typhoid fever and dnphthma Evm as
late as 1890, well-informed epid idered that
epidemics of plague, influenza or yellow fever might be initi-
ated by the diffusion of gaseous material from poisons in the
soil, usually of putrefactive origin, They knew that a further
generation of infective material in the bodies of those initially
infected must occur and be responsible for spread of the epi-
demic, but they looked for the initiating cause of the epidemic
in peculiarities of soil and weather.

With the coming of Pasteur and Koch, the mystery of
infectious discase secemed to be swept away for ever. ‘Fluxes,
agues, botches and hoils’, not to mention the major psul:ncu,
werealld k n"bactcna imilar rganism:
on the body. The new science of bacteriology provided a great
ympetus to the process of cleaning up the conditions of human
existence which had begun, in England at Ieast, a few decades
carlier. A rational basis was now available for the demands
for purc water supply, stw:ragc schemes, pure food and milk

fovercrowding, andsoforth, Medical,
and pnmcularly surgical techniques were revolutionized by
antiseptic and aseptic methods, Typhoid fever disappeared,
and infantile mortality rapidly declined, surgeons freed from
the fear of sepsis flourished, and a few economically vital areas
of the tropics were cleared of yellow fever and malara. All
these triumphs, and they were triumphs, received the publicity
they deserved. Medical research, and espeaally bacteno-
logical research, became an eminently worthy occupation.

Over the period of the second World War one can almost
say that most of the remaining practical problems of dealing

with infectious disease were solved. Penicillin was discovered
and subsequently halfa dozen other potent antibiotics to deal
with those bacteria untouched by penicillin. In 1951, 1t is
hardly an exaggeration tosay that no previously healthy chald
or adult need die of any bactenal or protozoal infection if he
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canreachan adcquatclycqulpped hospital before theinfection

hasir d his tissues. Newi icides and new
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Tn many ways one can think of the middle of the twentieth
century as the end of one of the most important social revolu-
tions 1n history, the virtual elimination of infectious disease as
a significant factor in social life. If we could be assured of
peace we could feel confident that over progressively greater
regions of the earth we should see a swift reduction in mortality,
and the relegation of infectious disease to the relatively trivial
illnesses which are all that most families in advanced com-
munities know from direct experience.

Along with thns development of practical measures of pre-
venting and curing infectious disease, there has gone a steadily
increasing interest in the intninsic characteristics of the micro-
organisms responsible for disease. It might almost be said
that in the last twenty or thirty years the centre of interest in
bacteriology has moved from the problems of infectious disease
t0 the use of micro-organisms in the study of the fundamental
chemical problems of lnving sut Ttssig of the
change in outlooh that the older generation of bacteriologists
whio were mostly trained as medical men has now almost been
replaced by workers trained primarily as biochemusts

But other biological sciences have moved forward as well as
biochemustry and, although workersin such fields are fewer in
number, there are many who are interested 1n what may be
called the ecological aspects of infectious disease. In a broad
way one can divide the biological saences into two groups.
Thm: are those that are concerned with the structure and

of the hiving org and ofuts P parts,
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g of the living ism and ofits comp parts,
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anatomy, physiology, cytology, biochemistry and so on. On
the other hand, there are those sciences which deal with the
interaction oforganisms with their environment and especially
with ather organisms whether of their own or different species
in that environment. Ecology is a broad term covering such
an approach to the problems of animals, plants and micro-
organisms, and in the human sphere we can include the social
sciences under the same heading, Next to the recognition that
bacteria provide in almost a diagr ic form the ial
chemical processes of living matter, the application of the
ecological point of view to the problems of infectious disease
probably represents the most important change of attitude by
microbiologists in the past twenty or thirty years.

Since the eighteenth century, at least, there have always
been educated men of some leisure with a natural interest in
the activities of ammals and plants. Many of these amateur
naturalists, from Izaak Walton and Gilbert White onward,
have written about the way animals make a living. The habats
of birds in feeding, courting and nesting have attracted the
interests of many. Others have spent years unravelling the ife
history of insects, especially the miniature civilizations of the
ants, becs and termutes. In more recent years, this essentially
amateur type of observer has been supplemented by the pro-
fessional brologist, whose more systematic investigations in the
field once known as nature study have rassed its digmty to the
science of ecology. As the form of the word suggests, ecology
is the study of the economics of living organisms. Ammal
ecology deals with the activity of animals as individuals and
as species, their mode of feeding and of reproduction, the
environmental conditions necessary for their well-being, and
the enemies with which they have to contend. The combined
action of such factors determines how numerous a spectes will
be atany particular ime and place. Sometimesinconspicuous
changes in the environment of a species may produce extreme
changes in its numbers, and in practice most ccological
investigations are undertaken to elucidate the excessive
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abundance or undue scarcity of some economically important
animal. Like most, perhapsallsciences, ecology hasdeveloped
inresponse to practical human needs. On the one hand, there
are countless pests which, when their numbers are excessive
eause great economic loss from damage to growing crops,
domestic animals or stored food products. On the other hand,
there are the economically important wild animals, the fur-
bearing rodents and garnivores of subarctic regions, the edible
fish of the North Sea, the whales of the Antarctic, and so on,
where the problem is to avoid undue scarcity or extinction of
the species. If the pests are to be controlled or the valuable
species saved from extermination, every detail of their lfe
histories, their physical envi and of the bersand
‘habits of their enemies may be necessary. It is the task of the
trained ecologut to provide this Lnowledge and to show how
it can be applied to the desired end.

Every ammal species reproduces its kind at a far greater
rate than would be necessary to maintain its numbers if death
occurred only as a result of old age or accident. Innature, of
course, limiting factors are always present, and the main-
tenance of the numbers of a species can be regarded as the
result of conflict between two opposing forces, the “popul
pressure’ of thesp the constant prod of more young
than can hope to survive, and the equally constant destruction
of 1nd: Is by physical ¢ ities, frosts, floods and the
like, predatory and parasitic animal enemies and infectious
disease. Except for some large, slowly breeding animals, the
reproductive potentialities of most species are so great that 1t
needs only a surpnsingly short time for a vast increase in
numbers to occur following some change 1n thn environment

Uy £ ble to the species . In most prac-
tical pmblcms, this capaaty for rapid muluphcauon can be
taken for granted, and attention need be focused only on the
wo p pal factors which diminish or limit the bers of
any species—the available food supply and the activity of
enemies. The ammal enemies of a species include those which
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capture and devour their prey (predators) and those smaller
forms which live in or on the tissues of their host (parasites);
and not infrequently there are encmies whose harmful acti-
vities are intermediate between those of predator and parasite
—the blood-sucking insects and vampire bats for example.
All these activities of enemies, however, have the same object,
to obtain food for their own requirements from the tissues of
their victims. Put concisely, the two essentials for survival are
that an animal should find enough to eat and avoid being
eatenitself. Food thus becomes the central problem of ecology.

Every animal needs for its nutrition some form of protein
which can be used to build up its tissues, and carbohydrate or
fat to provide energy forits activities. Inthebody thechemical
form of these substances can be modified, but the essential
“building stones’, amino-ncids and simple carbohydrates,
must be obtained from without. Only the green plant can
synthesize these substances from inorganic materials, and all
animals are primarily dependent on plants for their nutrition.
Probably more than half the species of animals and the vast
majority ofindividuals feed directly on plantsor their products.
There is an infinite varicty in the methods of such feeding. The
single-celled protozoa engulf minute green algae, fish and
molluscs browse on seaweed, insects and humming birds seek
honey in flowers; there are eaters of seeds and fruit, leaves,
bark and roots; insect larvae and termites tunnel through
wood, using it as food in the psocess, and there are multitudes
of insects which exist by sucking the juices of plants. A few
species of animal, protozoa and certain corals, have dispensed
with the necessity of devouring plantmatenal byincorporating
small green algaein their tissues and utilizing the food material
synthesized by these primitive plants,

All these plant-feeding animals by their digestive processes
break down the plant sub to simpler mol , and
discarding waste materials build these up into therr own
proteins and fats. In doing so they provide for other creatures
a more concentrated and more readily utilized store of food,
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Nearly every animal is liable to become the prey of some
predatory carnivore, and with the exception of the largest
carnivores, this holds irrespective of whether the aimal itself
feeds on plants or on other animals, For every animal species
one can trace back its food supply through one or mare stages
to the ultimate source in plant tissues. To take an unusually
complicated example, a shark feeds on large fish which in
most cases capture smaller fish. These probably find their
mam food supply in small crustaceans which feed on the
protozoa of the surface waters. The protozoa live on micro-
scopic green algae, the umcellular plant organisms which are
the final source of food for most marine animals. Such
a sequence of organisms, each feeding on the one beneath it,

is referred to as a food-chain. Amongst land animals the food
chains are usually composed of fewer links than amongst the

larger marine forms. A lion feeds on plant tissues at only one
remove, since large herbivorous mammals are its usual prey.

A longer chain leads from the small, but very numerous

insects, aphis, plant lice, scale msects and so on, which suck

plant juices. These are preyed on by the larvae of ladybird

beetles, which may provide food for birds either directly or

after being eaten by spiders. Owls and hawks, by feeding on

the smaller birds, complete the cham,

In all the series we have mentioned so far, the animal which
eats 1s larger than that eaten. At the end of each food chain
we find the larger carnivores, eagle and owl, wolf and Lon,
killer whale and shark, along with a few herbivores like the
clephant, which, by their size or for some other reason, are
immune from attack, Such ammals have no visible encrmes
in nature, but they are just as exposed to the attacks of para-
sites as smaller types. The tiger may be the lord of the jungle,
but 1ts lungs may be nddled with parasitic worms.

The parastic mode of Iife 1s essentially similar to that of the
predatory carnivores. Itis just another method of obtaining
food from the tssues of living animals, and it 13 sometimes not
easy to decide whether a given form is or is not a parasite. In
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general, a parasite may be defined as an organism smaller and
less highly differentiated than its host, which lives on the skin
or within the tissues or body cavities and gains its nourishment
at the expense of the host’s living substance. Although at
present we are concerned with the means by which animals
gain their food, we can class all the internal parasites together.
The micro-organisms of disease, just as much as parasitic
worms, are using the tissues of their host simply as a source
of the food they require for growth and multiplication,

As an example of the way in which this complex interaction
of species feeding on and forming the prey of other organisms
is reflected in the varying numbers of the species concerned,
we may describe one of the first and most striking successes
of applied ecology. Soon after orange growing had become
an important industry in California, serious losses began to
occur through the spread of a scale insect. The trees were
covered with little white cushions built up by the insects as
a protective covering beneath which they sucked the sap of
the orange trees. It was soon found that the pest was not a
native American insect, but an importation from Australia,
There it normally lives on the native acacias, and when it
spreads to orange trees does no particular damage. The

i between the behaviour of the insect in Australia
and 1 California was not due to chimate, but to the fact that
in its native home the cushion scale insect is the chief food
supply of a ladybird. The two insects automatically control
each other’s numbers. If the scale insect is particularly
plentiful, the ladybird larvae find an abundant food supply
and the beetles in their turn become more plenuful, An
excessive number of ladybirds wall so diminish the population
of scale insects that there will be insufficient food for the next
generation, and therefore fewer ladybirds. On the whole, a
balance will be reached with such a population of each species
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the Australian ladybird to feed on and reduce the numbers of
scale insects to a normal level The logical way to remedy the
excessive multiplication of the pest was to introduce its most
important natural enemy into the orange groves. 'I’h:s was
done in 188g, and once the di Ities of breeding a

supply of the little beetles had been overcome, the experiment
was a triumphant success. The cushion scale was reduced in
importance to a relatively trivial pest.

In this example we have a contrast between the behaviour
of an organism, the scale insect, in its natural environment
and in a new environment, which in essentials may be taken
as the type of a large number of practical ecological problems,
In Australia, the scale 1nsect, like the other indigenous plants
and animals, had been free to evolve and adaptitself to a rela-
tively constant cnvn‘onment for xmlbons of ycars In thc long
period befor E
of all the species, anmal and plant, had determined what
numbers of individuals of each species would allow an ap-
proximately balanced and stable condition to be maintaimed.
‘The interaction between scale insect and ladybird 1s only
one of countless similar adjustments between all groups of

species whose food-seeling activities influenced one another’s
numbers

The process by which an approximately constant popu-
lation of ling organisms 15 developed has been studied in
more detwl by botanists than by ammal ecologists, but the
broad principles are the same for both great classes of hving
orgarusms. The final constant condition of the vegetation in
any particular region is called by plant ecologists the *climax’
state. Itisnotinfreq for the normal of an area
to be completely destroyed cither by human acuvity or as
a result of some natural catastrophe, fire, flood or volcanic
eruption. If after the destruction the land 1s left to natural
Pprocesses, a regular series of changes can be recognized in the
return of plant Wfe to the area. The island of Krakatoa in the
East Indies provides the most striking example. In 1883itwas
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apparently completely sterilized of every living organism by
intense volcanic activity. Within sixty years it has again be-
come covered with dense tropicalforest. First ofall thelifeless
volcanic ash was colonized by air-borne spores of bacteria,
primitive plants, mosses and ferns, then in succession appeared
grasses and shrubs from sea-borne seeds. Twenty-three years
after the cruption, a forest of coconut palms, fig trees and others
had developed along the shore and was gradually spreading
inland. In another half-century, excluding further cata-
strophes, Krakatoa will be completely covered with tropical
rain-forest. This succession of different types of vegetation is
seen in all such denuded areas left to uncontrolled natural
processes. In every case the succession goes on to a final state
characteristic of the region, and determined mainly by the
climate and nature of the soil. This final ‘climax’ may be
tropical rain-forest, grass-covered prairie, pine forest or some
other type of plant community, but once reached, it remains
essentially constant, and is likely to change only as a result
of long-period climatic changes.

Along with such changes in the plant Ife, a related series of
changes in the animal population will occur, and with the
establishment of the climax state of vegetation animal species
wxll adjust themselves to an uneasy cquxhbnum This mutual

is an i c d process, for all the
food-chains concerned are natura]ly mterwoven, and for
every species there will be fluctuations in numbers from time
to time, but on the whole, 1n a constant environment a reason-~
able approach to a stable balance will be mamtained. As
long as the number of ndividuals does not fall below a certain
munimurm, the lower the population density of a species, the
greater the opportunity 1t has to multiply. There is a greater
food supply available for each individual: general predatory
enemies may consume much the same proportions, but there
15 less opportunity for enemies such as parasites and carnivores
of restricted prey to thrve at their expense. Conversely, when
the numbers increase, food supplies are limited, and there is
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increased opportunity for the activity of all those specialized
parasites and prcdatcrs that are more or less strictly confined
to the spcmcs in question. So, from each side, there is an

d to the develof of a balanced condi-
tion of affairs for every species It is anuneasy balance, more
often swinging widely above and below the equilibrium point
than remaining nearly stable, and liable to be forced to a
totally different equilibrium by the introduction of some new
organism into the environment.

Australia provides some particularly striking instances of
such changes, probably because the whole continent was
practically isolated from the rest of the world for the long
geological period from the Eocene until the European settle-
ment. Plants which are relatively unimportant pests in their
native habitats have only too often spread excessively after
their introduction 1nto Austraha and become dominant forms
1n certain areas. The prickly pear cactus is the best known, but
in the south the blackberry will become the dominant vegeta-
tion of fertile valleys unless kept continuously in check by
human action, and thustles have spread imntensely over the
plains country. Amongst animals, the rabbit, hare and fox

have almost completely replaced the native han fauna
in the south-eastern region. Only the arboreal opossums have
d to their b

Australia m 1ts turn has provided pests for other countries,
mostly insects. We have mentioned the cottony cushion scale
of acacias and orange trees already. A leaf-hopper from
Queensland at one period almost destroyed the sugar industry
n Hawau unu\ sunablc p:u-as\uc wasps from Australia were

Smbond caad s oo -

not important enough to man to call for detmled research

This devel of an approxi bal 4 cond

Y
between ling species is as ch 1stic of the relation
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between host and parasites as of any other such interaction,
but there are certain special characteristics of the parasite-
host relation which need to be considered. Most parasites
are restricted to one host species, or at most to a small number
of related species, and the main problem that a parasitic
species has to sohve if it is to survive is to manage the transfer
of its offspring from one individual host to another. All sorts
of methods have been developed: the production of enormous
numbers of offspring is usual, and many larval forms find an
intermediate host in some other animal whose movements or
activities will help the transfer to fresh, final hosts. It will be
clear, however, that no matter by what method a parasite
passes from host to host, anincreased density of the susceptible
population will facilitate its spread from infected to uninfected
individuals. Suppose we have ten fowls in a large enclosure,
one of them infected with coccidia, a protozeal parasite of
the bowel which is spread by contamination of food with
infected droppings. It will probably be a long time before
another bird becomes infected, and when it does, only a small
number of parasites will be taken in and the fowl will probably
escape with a mild infection. But if 500 fowls are placed in
the same enclosure, again with one infected individual
amongst them, there will be a fifty times greater chance that
another bird will be infected wathin a short period. As soon
as a few become infected and start excreting the parasite,
the process will spread with accelerating speed unul all are
infected. Further, they will be constantly subject to re-
infection, and liable to more severe symptoms and a higher
mortality. This 15 precisely what is found to happen in
poultry-farm cxperience if precautions agamst cocadial
infection are not taken,

As a more natural example of the mutual influence
of population density and parasitic activity, we may say
something about the plagues of small rodents which occur
periodically. The lemming swarms of Scandinavia are the
classical examples, but 1n Australia we are more familiar
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with mouse plagues, In certain years theintroduced domestic
mouse multiphes enormously. The mice swarm in crops and
haystacks, and literal bucketfuls can be caught in a single
night, Hawks, owls and caty flourish at thesr expense, and
burds like ibises change their normal diet to one of mice, but
all these enemies have little effect in reducing the numbesy,
As a rule the plague ends rather suddenly. A fow dead mice
are found on the ground and the numbers dwindle rapidly to,
or below, normal, Infectious disease has been at work, and
when the population reaches a certain density, rapid and
d transfer of parasites, bacterial and otherwise,
takes place. Not many opportunities have arisen for bacsesio-
logists to determine what are the acfual micro-orgamsms
zesponsible for these epidemics which bring mouse plagues in
Austraha toanend, Wecan besure that the typeof parasitewslt
vary from one occasion to another. In 1940 I exanuned mice
from the wheat areas of Northern Victoria where a mouse
plague had been 1n progress for some months. All the mice
were diseased with 2 fungal affection of the skin of the face,
and large abscesalike swcllmgs on thc hmbs due to an
unusual type of b . On
another occasion @ mouse plaguc in Queensland was assom-
ated wath widespread human cases of a form of typhus fever,
and st1s reasonable to think that 1t was an infection of this sort
amongst the mice which termumated the period of over-
population. In England, a protozoal parasite, Taxoplasma,
seems to be the agent which reduees the numbers of wild vales
when they became excessive.
Such a reduction n numbers by the activaty of parasites
{ncluding the mucro-orgamsms of disease) when anumal
become ab fly large 15 only ancther
mcmx(m:uon of the prisaple that for every orgamism there
15 a certamn denuity of population which makes best for
survival of the species.
How far 15 this ecological newpoint apphcable to man?
TFor centunes he has been securely at the right end of o whole
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multitude of food-chains, But, like other mammals, he has
persistently multiplied beyond the limits of subsistence, and
in the absence of man-cating carnivores, other checks on
popul:mcn growth have developed. Simple starvation may
sometimes have been important, but more often shortage of
food supply has had indirect effects in forced migrations,
internal and external war, diminished fertility and excessive
infantile mortality, All of these have helped to effect the
nccdcd reduction in numbers. Evcn moreimportant has been
thei offamine in predisposing to ]
and increased intensity of infectious dlscas:. War and famine
have probably always taken their toll of human life morc
hrough the intermediary of the be than by starvatien
and the sword. And evenin thosc rare phases in history when
peace ied prospetity, infectious discase has played
its part. Rxght up to the nineteenth century infectious disease
was the most important agent in preventing human over-
population, and 1n some parts of the world it still remains so.

It needs only the most limited knowledge of human history
to see that the whole process of civilization has been largely
one of aggregation of greater and greater numbers of human
beings into limited areas. Cities are essential to civilization,
and until well into the mnetecnth century, all cities were the
spawning grounds of infectious disease. How could it be
otherwise? For centuries all the precautions we now know
to be necessary to prevent the spread of bacteria and animal
parasites were unthought of. City streets were littered with
human and animal filth, water came from contaminated
wells, rats, fleas and lice were universal.

Crowded together in such filthy environments, every city
dweller was mevitably exposed to mfection every day of his
ife. It is no wonder that the population of cities through all
history has had to be recruited periodically from the country.
Few cties have ever been able to maintain their population
by their reproduction, but the ion of gregarious life
has always been sufficient to bring a constant stream of the

T
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ambitious from the healthies, because fess densely populated,
countryside. And an a larger scale we see almost the whole of
angient and medieval history dominated by the pedodic oute
pouring of nomadic tribes from the steppes and mountains of
eastern Burope and central Asia down te the arens of chviliza-
tion and cities in China, India, Mesopotamiz, the Mediter-
ranean basin and western Europe. The nomadic fife is the
healthy Life, and the children of nomads survived uatil their
numbers were o0 great for ther steppes 1 support them.
After each outpounmg, the conquerors adepted the city hie
of the peoples they dispossessed, and disease saw to it that no
longer did ther children survive in the numbers that had
teen theirs i the nomad exstence.

1t will be our task 1n subsequent chapters to discuss the
reasons why all dwellers in the unsanitary cities did niot die of
nfectious disease, Here we are looking only 1 the general
ccological problem of human existence m crowded com-
munities We might reasonably expect that if a densely
populated area remained wolated from alt other populous
segions, an equitibri 5 would tually be
developed, | of what p were srutially
present. It 1 equally reasonable to expect that the o~
ducton of some important new parasite mio the area would
seriowsly distorb this equilibrum, Human history gives
many ples of such cond: Prior to the European
ducovenies, many of the Pacific Istands were quite densely
populated, There were a few enderuc diseases, but on the
whole, the people were very healthy. When the trader, the
missionary and the blackbirder had finished their work,
eprdermcs of a dozen or more anfectinns diseases of European
ongn, plus general demoralization, had reduced the popu-
latson of such groups as the New Hebndes to approximately
one-tenth of the ongal number,

In the Luropean aties, with whih epdenuologcal
tustory mostly deals, there was abways some degree of contact
with other ciues. New parastes might creep like the Black
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Death from city to city with the rats and their flcas, enter
them with conquering armies as syphilis did in its sweep
through Europe at the end of the fifteenth century, or spread
invisibly from carriers hike the cholera a hundred years ago.
Sieges, floods or drought brought famines to make other
violent disturbances of the balance between man and his
parasites. There was never an opportunity to develop a modus
viwendi with all the microbes and larger parasites which
assailed him.

Suppose we leave the insanitary past and survey the
conditions of present-day civilization from the same point of
view. Two things have happened. First, we have found
methods of preventing certain types of infection which were
of the greatest importance in the old days, those spread by
filth, or, to be more direct, by human faeces, and those

itted by animal parasites or semi-parasites such as
fleas, lice and mosquitoes. Efficient sewerage and water
supply, plus ordinanly decent cleanliness, have thus rid us
in temp 1 of typhoid, dy y, cholera, plague,
typhus and malaria. We have not been able, and perhaps
never will be able, to block the spread of those diseases which
are spread by what is technically called *droplet infection’.
Colds, sore throats, mfluenza, measles and the like are all
passed from person to person via tiny drops of saliva which
are sprayed into the air during coughing, shouting and so
forth, As long as human beings in large commumnities have to
go about their business, such dissermination of infection will
continue. If anything, the greater size and mobihty of
modern city popul has probably i d the oppor-
tunities for the spread of these infections. This brings us to
the second significant change of modern times, This is that
the extent and speed of travel between all civilized countries
has more or less converted them into a single closed environ-
ment in the biol 1 sense. The infecti diseases of
Europe, North America, Australia and New Zealand are
almost precisely 1dentical. There is now a real opportunity
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for those parasitic microbes, whose attack we cannot prevent,
1o reach the state of relatve equitibrium with the host species
which we have been postulating as the normal climax of
interaction between organisms, For many discases that seems
to have been accomplished. The common diseases of child-
hood, measles, c}uckenpnx, dlphthcna, wheoping cough and
mumps, have their ¢pid; and Hy kill,
but the proportion of dcaths falls from decade to decade.
Where medscal science 15 well advanced and the new drugs
available to deal with the comphications that used to be the
main cause of death and serrousiliness, there 1s now almost no
mortality from these diseases. The germs responsible continue
10 survive, yet their actwty sarely has any perceptible
wmfluence on the general hic of the community.

All these childhood duseases are followed by relative or
complete ummunsty against 2 sacond attack. As we shall
discnss in much more detas] later, they affect childhoad
precisely because they are followed by mmmumty. Takmg
measles as an ple, what ordinanly happens is
Irke thas after 2 year's almost complete absence of the disease
from the region, a child becomes infected, perhaps from
someone from another aty, From this child a mamber of
5w 6 and y-year-olds are mfected, perhaps at school, and
a fairly rapud spread ocours to all exposed chuldren not yet
insusceptible m virtue of a previous attack. This will mean,
as a rule, children who have just commenced schoal and
younges pre-schoo] children tn the same homes. Almost every
susceptible child exposed to contact with another child n
the early stages of nfecuon will contract the disease. There
may be some chuldren who come mto contact with infection,
bt recesve so 3matt a dose of the virus that no Tea) infection
follows, Accordmg to some writers there is evidence that such
children develop a certam degree of ymmumty, enaugh 0
protect them 1n the current epdemic, but not to give them
permanent protection. Those cluldren who are infected and
bave & typical avtack of measles wilt practically ot secover

ses

2
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Death from city to city with the rats and their fleas, enter
them with conguering armies as syphibs did in jts sweep
through Europe at the end of the fifteenth century, or spread
invisibly from carriers like the cholera a hundred years age.
Sieges, floods or drought brought famines to make other
violent disturbances of the balance between man and his
parasites, There was never an opportunity to develop a modus
vivendi with all the microbes and larger parasites which
assailed him.

Suppose we leave the insanitary past and survey the
conditions of present-day civilization from the same point of
view. Two things have happened. First, we have found
methods of preventing certain types of infection which were
of the greatest importance in the old days, those spread by
filth, or, o be more direct, by human facces, and those

d by ammal or parasites such as
fleas, hce and ot Efficient ge and water
supply, plus ordmanly decent cleanliness, have thus rid us
in of typhod, dy ¥, cholera, plague,

typhus and malaria. We have not been able, and perhaps
never will be able, to block the spread of those diseases which
are spread by what 1s technically called ‘droplet infection’.
Colds, sore throats, mfluenza, measles and the like are all
passed from person to person via tiny drops of saliva which
are sprayed into the air during coughing, shouting and so
forth. Aslong as buman besngs in large commumities have to
go about their business, such dissemination of infection will
continue. If anything, the greater size and mobility of
modern city populations has probably increased the oppor-
tunities for the spread of these infections. This brings us to
the second significant change of modern times, This is that
the extent and speed of travel between all civilized countries
has more or less converted them into a single closed environ-
ment in the biological sense. The infections diseases of
Europe, North America, Australia and New Zealand are
almost precscly identical There is now a real opportunity
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fire for many years are at last reached, the overgrown inflam-
mable material blazes fiercely, and many more trees are
Iikely to be destroyed here than elsewhere. When measles
was introduced into the Sandwich Islands, just such a
conflagration oceurred. Pracncally all the population went
down with the disease, and many thousands died.

In some such way we can picture the natural history of
measles. We can only consider the interaction between man
and the measles varus as an equilibrium when we look at it
over a large population and for a long period. For the

dividual i e 1 i bles much more
a widely swinging see-saw. Nevertheless, it is a clear pl
of one method by which man and an agent of infectious
disease have become adapted to one another without serious
damage to the host species, and with steady survival of the
virus concerned.

As an example of another method by which this same type
of mutual toleration is developed, we may consider the
actwities of the virus of psittacosis. Pattacosis, or parrot
fever, became a matter of almost iternational importance
in 1929 and 1930, owing to the large number of human
wfections which were denved both i Europe and North
America from infected parrots imported from South America.
Like many other imnfectious diseases, psittacosis was first
recognized as a serious epidermic disease of human beings,
but as its nature became gradually understood, 1t grew clear
that the epidemic phase was only an accidental and relatively
unusual happening. It is worth while going into the story of
the elucidation of psi is, for it is an 11 ple of
the way interest m infections tended to shuft from the medical
to the biological aspects. The scientific study of psittacoss is
relatively recent. It began early in 1930, when research
workers in England, Germany and America almost simul-
tancously announced that the disease was due to a filterable
virus, and not, as was previously thought, to a bactenum.
We need not now go into the difference between a virus and

PE]
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completely if they were well nourished and healthy at the
time of onset. Some of the weaklings and an occasional
unlucky healthy child will develop prneumonia and die. The
epidemic will spread progressively through a city or a
country, twelve or fourteen days between successive crops of
infections, and under ordinary city conditions will not
diminish greatly until a high proportion of susceptible children
is infected. As each passes through his infection, he becomes
immune and the germ finds progressively greater difficulty
in spreading. Eventually measles disappears from the com-
munity, but in the meantime the virus is spreading similarly
through other communities. Inabout two years’ time another
crop of susceptible children has appeared, and sooner or
later the measles virus re-enters the community and the cycle
is repeated.

It is 2 common simile to compare the spread of epidemics
to forest fires. Where the fire has once been, 1t does not recur
until fresh undergrowth has grown up. Perhaps we could
make th logy alittle closer if wei: ineaforestof, arather
special type of tree—a tree which I fear has no real existence
anywhere. In its youth this tree has a trunk from which
sprout shoots of inflammable leaves, but the upper part of
the tree, from which most of its ultimate development takes
place, is much less mflammable. If a fire passes over the
young trees, most of them lose their Jower shoots only and
remain ahve. Itisa characteristic of our tree that once these
Jower shoots have been removed they never grow again, but
unt! this 1s done they keep on growing. Sometimes when the
fire is especially intense, 2 whole young tree may be consumed,
but most of them survive and are no more susceptible to fire.
The forest 13 2 windless forest, and the fire spreads slowly and
irregularly. Sometimes it musses a patch for years, but sooner
or later 1t covers the whole area, creeping back to regions it has
once passed as soon as sufficient young trees have grown up to
allow its passage One little point in this analogy 1s worth
stressing. When those patches of forest which have missed the
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became sick, and that some died, but others, also mfected,
had no undue mortality amongst their birds. Meyer, who
was in charge of the i gation, came to the Tusi
that in the infected aviaries most of the fledglings contracted
the disease from droppings of older birds, The infection might
or might not result in visible symptoms, but in any case most
birds recovered. By the time they were eight months old,
the budgerigars were free from all signs of the infection. it
was present at all, the virus now remained only in very small
amounts lndden away and almost completely harmless in
the cells of the spleen or kidney. Enough of these carriers
persisted, however, to infect the young at the next breeding
season, On the basis of these results, measures were set
going to eliminate the disease, and a very considerable success
wag achieved.

In the course of this work, Meyer imported 200 wild
budgerigars from Australia, assurung that these would be
sure to be free from infection. A month or two after ammival
1n America, a few of them were noticed to be sick, and 1t was
found that they were infected with psittacosis. They had had
1o known opportumty to become mfected in California, and
1t seemed that they must have brought the wvirus from
Australia. It obviously became necessary that Australian
bacteniologists should look into the conditions in their own
land, which had heretofore been assumed free from the
disease In Melbourne we undertook to make the necessary
investigations. As a prelimunary, a batch of young parrots
was purchased from the nearest bird shop. About a thurd of
them were mfected wath 2 mild, but perfectly defintte
psittacosist 1 need not go into the details of our subsequent
mvestigations, but they showed that most of the common
Australian parrots and cockatoos were hable to be infected in
the wild state  Sometimes almost every bird in the batches
recanved direct from the catchers was infected. Other lots
showed only a few with signs of past infection, and none
actually carrying the virus  Each of the three mamn amilies—
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a bacterium. The real significance of the discovery was that
theresponsible germ had beenisolated and methods developed
of finding out whether or not it was present in a sick man or
a sick parrot. This is the necessary preliminary stage before
we can go any further toward understanding the natural
history of the germ.

The next big step took place three years later in California.
In the United States, after the epidemic of 1929-30, there
was a rigid prahibition on the importation of South American
parrots, and it was hoped that this would be sufficient to get
rid of the disease. But now that the disease had become
fanuliar to doctors, cases kept on being recognized, and most
of these had no connexion whatever with imported parrots.
‘The sources of their infections were nearly all American-bred
budgerigars. There was one relatively large outbreak traced
to a consignment of these birds from a Californian aviary,
and a largesscale investigation of the conditions i the
budgeri di of the States was set

gomg by the Califorman authonties,

Maost people know the budgerigar, also called the shell
parakeet or lovebird. Itisa native of Australia, very common
in the sparsely tumbered grasslands of the interior. The wild
bird is predominantly green mn colour, but under domestica-
tion, varous colour varieties have appeared and been
developed by selective breeding. Now there are varieties of
every colour, from nearly whate to decp blue, with dozens of
blends of yellow, green and grey. In most parts of the sworld
1t comes a close second to the canary as the most popular cage
bird, and there 15 quite a large minor mdustry devoted to
their breeding and sale. In America, budgerigar breedmg on
a large scale was almost confined to Cahfornia, from which
large numbers of birds were exported to the other States.

In the Californian avianes there was ample opportunity t0
observe the behaviour of the psittacosis virus, Over half of
the 104 awiaries examined were mnfected. In many of these it
was known that a considerable proportion of young birds
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became sick, and that some died, but others, also infected,
had no undue mortality amongst their birds. Meyer, who
was in charge of the investigation, came to the 1
that in the infected aviaries most of the fledghngs contracted
the disease from droppings of older birds. The infection might
or might not result in visible symptoms, but in any case most
birds recovered. By the time they were eight months old,
the budgerigars were free from all signs of the infection. 1fit
was present at all, the virus now remained only in very smail
amounts hidden away and almost completely harmless in
the cells of the spleen or kidney. Enough of these carriers
persisted, however, to infect the young at the next breeding
season. On the basis of these results, measures were set
going to eliminate the disease, and a very considerable success
was achieved.

In the course of this work, Meyer imported 200 wild
budgengars from Australia, assuming that these would be
sure to be free from infection. A month or two after arrival
1m America, a few of them were noticed to be sick, and it was
found that they were infected with psittacosss. They had had
no known opportunty to become infected in Califorrua, and
it seemed that they must have brought the virus from
Australia. It obviously became necessary that Australian
bacterologists should look into the condittons in ther own
land, which had heretofore been assumed free from the
discase. In Melbourne we undertook to make the necessary
investigations  As a prelimnary, a batch of young parrots
was purchased from the nearest bird shop. About a third of
them were mfected with a mild, but perfectly definite
Ppstttacosis! I need not go mnto the details of our subsequent
investigations, but they showed that most of the common
Australian parrots and cockatoos were Liable to be infected in
the wild state. Someumes almost every bird in the batches
received direct from the catchers was infected. Other lots
showed only a few with sigus of past mfection, and none
attually carrying the virus. Each of the three main families—
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a bacterium. The real significance of the discovery was that
theresponsible germ had been isolated and methods developed
of finding out whether or not it was present in a sick man or
a sick parrot. This is the necessary preliminary stage before
we can go any further toward understanding the natural
history of the germ.

The next big step took place three years later in California.
In the United States, after the epidemic of 1929-30, there
was a rigid prohibition on the importation of South American
parrots, and it was hoped that this would be sufficicnt to get
rid of the disease. But mow that the disease had become
familiar to doctors, cases kept on being recognized, and most
of these had no connexion whatever with imported parrots.
The sources of their infections were nearly all American-bred
budgerigars. There was one relatively Jarge outbreak traced
to a consignment of these birds from a Californian aviary,
and a large-scale 1nv ion of the diti in the
budgengar breeding establishments of the States was set
going by the Cahfornian authonties.

Most people know the budgerigar, also called the shell
parakeet or lovebird. Itisa native of Australia, very common
in the sparsely timbered grasslands of the interior, The wild
bird is predominantly green in colour, but under domestica-
uon, vanous colour varieties have appeared and been
developed by selective breeding. Now there are varieties of
every colour, from nearly white to deep blue, with dozens of
blends of yellow, green and grey. In most parts of the world
1t comes a close second to the canary as the most popular cage
bird, and there 1s quite a large minor industry devoted to
their breeding and sale. In America, budgerigar breeding on
a large scale was almost confined to California, from which
large numbers of birds were exported to the other States,

In the Cahfornian aviaries there was ample opportunity to
observe the behaviour of the psittacasts virus. Over half of
the 104 aviaries examined were infected. In many of these it
was known that a considerable proportion of young birds
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We may round ofl the story of pittacesis with an account of
a small epidemic in Melboume which we investigated some
years ago. Itis an instructive little tale. In Australia, white
cockatoas are popular pets: they are good talkers, and can at
feast appear to be both intelligent and affectionste. The
demand is supplicd by bird-catchers, who tabe the young
from the nests 1 hollow teees just belfore they are able to 8y,
In the city, the birds are sold in andmal shops and by casual
dealers. The epidemic with which we ave concerned arose
from a batch of cockatoos kept for some weeks by ahawkerin
very confined and dirty quarters Tuno serions human cases
of prsumcosu, (mc 1w the wife of the hawker, were diagnosed,
and an of the ci was made by the
health authorities. It was found, first, that all the remaining
cockatoos in the backyard shed were sick and heavily infected
with paittacosis; and sccondly, that altogether 2 total of
fourteen people had probably been mfected from this batch
of cockatoos, Only five of the cases, however, were severe,
amd there were no deaths,

Here we return to the medical sphere. somethmg had
tipped the balance in favour of the paraste. Tt is reasonably
certain that those cockatoos, Jeft to a natural 1ife 1n the wald,
would never have shown any symptoms of thew infectrion In
captinwy, crowded, filthy and without exercise or sunhght,
2 flarc-up of any latent infection was only to be txpecied.
The virus muoltiphied and spread i hout the body. Large
amounts of 2t passed out with the excreta, sohng the feathers,
When the turds fluttered they were always lable to fluff up
acloud of virus-faden dust and infect anyone i the neighbour-
head.

B 33 Bt My a wery discase, Tras
very rare for mfection o past from ane human being to
another, To produce dangerous iliness the wvirus must be
inhaled fato the fungs, and ordinanly thus 1s likely to oceur
only when infected parrots of corkatoos scatter the vivus 1nta
the ar by their movements. In one or mo mstances, sick
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cockatoos, parakeets and lories—provided its quota of
infected birds.

At the time these investigations were made we were
inclined to lock on the virus of psittacosis as something that
had evolved with the parrots in Australia and had been
spread with the budgerigar to the rest of the world. Sub-
sequent years, however, had seen a steady widening of the
range of birds known to be infected with viruses of the same
general character as psittacosis. In the Faeroes, in the
North Atlantic, cases of severe pneumonia began to occur
around 1933, almost always in women and at the time of the
year when large numbers of young fulmar petrels were being
killed and prepared for food. A few years later it was
established that the women were being infected by psittacosis
virus, that the infection was widespread amongst the fulmars
and that the young petrels were as commonly infected on the
bird chiffs of the Faeroes as the nestling budgerigars in the
aviaries. In America, England, Australia and South Africa
the semi-domesticated mgeons of the cities have been found
carrying 2 mild form of the virus. Hens and ducks and a
variety of sea birds have also been added to the list, and it is
hard to avoid the belief that we are dealing with a very
ancient, almost universal infection of birds.

The conditions in Australian parrots may, however, still be
taken as representative of the way these viruses survive in
nature. It is not practicable to carry out the same detailed
investigationofwild birdsasis possible withaviary budgerigars,
but our results were just what would have becn cxpcctcd lf
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but carry the virus in their bodies for at least a year In th:s
example, then, we have a well bal ful
interaction between parasite and host. In the natural state it
seems that very few parrots die or are even discommoded

by the infection.
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book to present 2 simpl tof the mi isxrss which
causedisease, of the processes within the body which are called
into action against them, and of the way infection persists
and spreads within the community. It is written not from
the point of view of a physician or a pathologist, whose
interests must necessarily centre on the human aspect, but
with the outlook of a biologrst, to whem both man and micro-
organism are ohjects of equal meerest.




24 BIOLOGICAL CONSIDERATIONS

parrots brought to a Lzboratory have infected people in 2ll
parts of the building by the spread of such dust on 2ir cerrents
along the cornidors.

Our Melbourne cpidemic was oaly 2 small oze, bt it
created 2 good deal of public interest, pointed a morel 2geinst
the iniquities of bird-cateking, 2rd for the first time made it
clear that the mild nature] prittacosis of our wild cockatoos
could light up to zn intencity a;:zbl' ofn-:!mg man

Perhaps these plesare indi he g 1
point of siew which we must 2dopt in rzgard to infactious
disease. Itis 2 conflict between man 2nd his paradites which,
in 2 constznt environment, would tend to resslt ia a virtual
equilibrium, a climax stzte, in which both epecies world
survive indefinitely. Mzn, bowever, lives in 20 exvironment
constantly being changed by his own activities, 2nd fow of his
disezses have anzmcd such 2n eqnih’b-mm_ Th— p—zcnm!

blems of pr and incipally
= undc'r'.zndmg of the results of new types ofm.a:uo:: o
the individuzl 2nd the community, 2nd of the stages by which
2 condition of tolerance is reached. When such Imowledze has
been geined it is 2 sumple matter to 2pply it to the fnterprera-
tion of those disczses which have reached their climax state.

Two icterdependent scences have arisen to deal with the
problems of infection. Immmology is concerned with the

of the indinidzel to invasion by micrp-organi

“’hzt determines whether he lives or dies, what are the
physiolozical processes by which the disease is overvoe, znd
what is the basis of the immuniry 10 further frfection which
5o often follows the attck? Epideryiolory dzals with the
lzrge-scale phenomena of inf=ctions disezse, not only with
ey:ﬂ:mc brt with the less drametic, mave or lems conrtznt,
prevalence of disezse in buman communities. Its eoncern i
with the community or the human race 2s 2 whole, not with
¢he jndivideal, but it is selfevident thet its methods znd
joms st be based larpely on what is known 2bowt
the individual’s reaction to infection. It is the 2im of this
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whether denved from plant or animal, bacterium or vins,
contain only the same twenty-eight varieties of amino-acids.
The processes by which these amino-acids are synthesized
seem to be common to att organisms which possessthe capacity
{or such synthesis. The energy requircments of tnng tssue
have been studied principally in regard to mammalian
muscle tissse and yeast. It js an extraordinary indication of
the common origin of hife that in such superficially dissimilar
materials the very complex cycle by which glucose 1s oxrdized
and vsed ta provide energy for cellular activities is alenost
pregisely the same in each. In one form or anather hiving
substance must obtain from 1its environment o}l the elements
needed for the synthesis of its own structure and 2 sousce of
energy. In the green plant energy is obtainable directly from
sunhight but for pracucally all other types of otganism sugars
of similarly oxidizable substances are used as encrgy sousces
and must be taken in as food.

We are i primarily with the evol of the
defence processes 1n ammals, and we can pass over completely
the development of the green plant and the whole vegetable
fangdom. Our concern is with the grear svolutionary dis-
covery that the bodwesof other organisras repeasented a concens
trated and casily obtatned source of foodstufl for growth. It
was from that discovery that the animal kingdom developed.

Pracucally without exception, all amimals hve at the expense
of some other arganism. The simplest one-celled animals, the
protazad, of wiuch the amocba is the convenuonal example,
bve mainly by taking in and digesting bactena or micro-
scopic green plants (algae). Amongst the agher animals,
some In ¢ directly on the substance of plants, others find their
nourshment in the bodies of ammals. Al sarts of methods
have been developed by ammals to obiam vanious forms of
Jiving substance for therr foad, but thas pricrary requirement
is common ta them all.

When we tunk about how this habst of kning on other
trganisms was developed by the earliest animal forms, we
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Any successful form would develop in myriads, and amongst
these some fresh and more successful variation would soon
emerge and spread in its turn,

As soon as living matter emerged, it became subject to
death: it was of necessity a complex labile system which
could be irrcparably damaged by changes in the environ-
ment, ¢ g. excessive heat, so that no further growth could
occur. These two alternatives, growth and death, set the
stage for the working out of the evolutionary process. What
grows most rapidly and avoids death most successfully will
survive. From the beginning, that has been the criterion by
which all living organisms have been tested, Perhaps it is
inregard toinfectious discase that the working of this principle
can be most clearly seen running through the whole history
of life. Almost it might be said that life itself is no more than
a disease of matter.

As evolution progressed, the primitive unorganized living
material gave place to the first micro-organisms, These must
have beenloosely organized units of living matter which could
function adequately only when their size lay within certain
hrts. To allow continued growth and yet retain a more or
less definute size, the process of reproduction was cvolved.
Each umt, by division or some other method, now gave rise
to other descendant units with the same potentialities as itself.
For a long time, we can be certain, the primitive organisms
fed as most bactenia do now, by the absorption of substances
dissolved in the surrounding water,

At some point in the evolution of these early forms a certain
standard chemical structure appeared which was so supremely
successful that 1t displaced all the alternatives that may have
developed along with it. To a biochemist interested simply in
the chemical mechanisms of iving matter, the resemblances
between a man and a primutive bacterium are more striking
than the differences. There are, for instance, practically no
limits to the number of amino-acids that could be prepared
by a competent team of orgamc chemists. Yet all proteins,
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amacba’s owr substance, chemically so similar to that of its
prey? As far as one can judge from the present state of
knowledge, no physico-chemical answer to this problem s
possible. This is not to say that the phenomena are not
governed by physico-chemical laws, Undoubtedly they are—
all we are saying s that no adequate experimental technigue
has been developed which will alfow us to desenibe the
detailed happenings within the cell in phystco-chermical terms.

If we are to describe and discuss such phenomena scien-
tifically, we must for the present at least be satsfied wuh o
simpler, more baclogicat approach. Isthereany simplerway of
Iookmg at this relationship batween the eater and the eaten?
Itmaybeth hi fulcan be gained by
on the most obvious aspect of all~that the engulfed micro-
organsm is not the amoeba wself, The fact that the one iy
digested, the other not, demands that in some way or other
the hving substance of the amocba can disunguish between
the chemical swructure ch of ‘self” and any
sufficiently dhfferent chermicat structure which 13 recogmzed
as ‘not self”, Here we seem to have an smportant general
character of anwaal protoplasm which may provide a con-
necting thread to help hink up some of the very diverse
manifestations of the defence processes which we shall have
to consider. For with one very smpostant exception, every
duscase-producing mvasion of the body ts by some type of
organism whose mbimate struckure is foregn to the body
All such invasions can, in at least a proportion of instances,
be by natural p Perhapsat s
that when invasion by the unco-ordinated growth of the
body’s own cells (cancer} oceurs, natural processes never
succeed n overcoming it

But t0 return to more primuue organusms, this power of
secopnizing the dufference between ‘self” and ‘not self’ iy
most clearly sten 1 the sarous processes by whick animat
=ells engull and digest other cells. There are, howeser, other
phenomena i which a sumudar recogrution of hike and unhke
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cannot help being impressed with some important difficulties
which must have been overcome. Let us tale some primitive
organism, rather like an amoeba, as our first animal. Itis
a blob of living jelly which, when it collides with a bacterium
or some other micro-organism, flows over and around it,
engulfing it into its body substance. To obtain material which
it can utilize for its own growth, our amoeba must disintegrate
the complex substance of its prey into quite simple chemical
units, It is the same problem for which our own complicated
digestive system has been developed. In this we have the
sequence of the starch-splitting ferment in the saliva, the
prolenged treatment with acid and pepsin in the stomach,
then a change over to alkaline conditions in the intestine
and a whole battery of ferments to split the proteins and fats
into simple molecules, The amoeba has to do the equivalent
of all this with its captured bacterium, all within its own
living substance, and with no specialized mechanisms at all.
Under the microscope all that can be seen is the appearance
of a clear space, a vacuole so called, around the food particle.
Within an hour or two the bacterium or alga begins to
disintegrate, and when only debris 1s left, the amoeba flows
on and leaves it behind. A httle thought will show that this
seemingly simple process must mvolve some delicate chemical
problems. A small hving organism is taken into the substance
of another, both are composed of fundamentally similar
material, but the larger organism must contrive to dismtegrate
the whole chemical structure of the smaller one without
damage to 1ts own structure.

It would be orthodox to say that the amoeba, as 1t were,
creates a stomach where 1t 15 needed around the particle,
and mto this space pours enzymes or ferments much like
those used in our own digestive processes, and that these
ferments break down the proteins (and other complex
components) of the engulfed bacterium to the small molecules
that the amoeba needs for its nutrition. But that shirks the
major problem—why do these ferments not digest the
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it is only one step further for the smaller organism to develop
the power on its side of wtilizing for food the substance of the
organism which engulfs it. If the mucro-orgamsm can
multiply within and cause the death of the protozoon, we can
quite reasonably say that the protozoon has died of infectious
disease. Actually such happenings are only rarely seen in
Nature, probably largely because of the efficiency with which
intigestible partictes are d from p Teis very
Lable to occur, however, when protozoal cultures are not
kept under the correct physiological condstions.

At the lowest level then, we have an interaction between
two organisms which, if it swings in favour of one, isan act of
digestion, if in favour of the other, 1t is an attack of infectious
disease. As we ascend the seale of animal Ife, we find the
same essential theme repeated in imfinite vanation, and o we
are to follow the development of the defence against micros
organismal invasion, 1t is necessary to know a hittle also about
the ¢ i lution of digestive §

In the simplest multicellutar aumals, the sponges, the
rode of nutation is essentially the same as that seen n the
protozoa, Small orgamsms in the water sull constitute the
food supply, and these are taken up by cells, themselves very
hke certain types of protozoa. Within the cells they are
digested and the debris discarded much 23 1n the uneellutar
forms. The chiel advance 1s in the co-ordimation of cells 1o
form an apparatus for the more efficicnt collection of food,
The whole sponge forms a prumtive pump, drawmg in water
with its ¢ ined mi i through a te of
potes and discharging st through a small number of Jarger
channels. In the process, the Iving food particles are taken
up by the eells, and waste products, such as carbon dioside
and residues from digestion, arc washed out from the tissues.
The butk of the fiving cells in the sponge are feeding cells, but
there are some cells which have other functions to perform,
and which receve thew nounshment indirectly from the

feeding colls. In some spanges there are pumiuie muscle
»e
)
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appears, When we advance from the single-celled animals to
multicellular types, the most primitive forms are represented
by the sponges. Their cells are very loosely co-ordinated and
retain a good deal ofindependent vitality. Someofthesimpler
sponges can be very readily disintegrated, Simply by
squeezing them through butter muslin, one can obtain a
collection of separate sponge cells in sea water. Most of them
are still alive, and if they are watched, small groups of cells
are seen to come together and build up a simple structure
which, under suitable conditions, can grow to a normal
organism again. From our point of view, the most interesting
experiment along these lines is that in which two species of
sponge were used. Owing to a difference in colour, the
disintegrated cells of each species could be readily recognized,
even when mixed indiscriminately. Such a muxture of cells
in sea water was observed, and it was found that in forming
the little groups of cells from which new organisms could
develop, like fused with like. Again there was this dim
recognition of “self” structure as opposed to “not self”,

In the development of methods of feeding by the intra-
cellular digestion of other organisms, we have the first
appearance of direct struggle for existence between species.
Indirect struggle for the available amounts of nourishment
must have gone on before, but this direct utilization of the
hving substance of other organisms was a new departure. It
opened up a new and successful ine of evolution from which
all animals bave developed, but at the same time 1t laid the
way open to infectious disease. Let us look at the process from
the point of view of the vicum, the eaten rather than the
eater. Suppose that by some modification perhaps of its
surface, the bacterium on which the amoeba (or any other
organism using the process of intracellular digestion) feeds
becomes resistant to the digesting effect. If it 1s taken in by
the protozoon it wall be retained for an hour or two, and then
discarded as useless, passing out ke Jonah, none the worse
for 1ts sojourn 1n a primtive digestive organ. From this stage
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itis only one step further for the smaller organism to develop
the power on its side of utilizing for food the substance of the
organism which engulfs it. If the micro-organism can
multiply within and cause the death of the protezoon, we can
guite bly say thatthep has died of infecti
disease, Actually such happenings are only rarely seen in
Nature, prabably largely because of the efficiency with which
indi particles are ¢ { from ¥ Ttis very
liable to occur, however, when protozoal cultures are not
kept under the correct physiological conditions,

At the lowest level then, we have an interaction between
two organismy which, if it swings in favour of one, is an act of
digestion, f'in favour of the other, 1t is an attack of infectious
disease. As we ascend the scale of animal kfe, we find the
same essential theme repeated in infinite vanation, and f we
are to follow the deselopment of the defence against micro-
orgamsmal invasion, it is necessary to know a little also about
the Tution of digestive p

In the simplest multicellular ammals, the sponges, the
mode of nutrition 15 essemtially the same as that seen w the
protozos. Small organisms in the water still constitute the
food supply, and these are taken up by cells, themselves very
like certamn types of protozoa. Within the cells they are
digested and the debris discarded much as 1 the wucellalar
forms, The chief advance 1s in the co-ordination of cells to
form an apparatus for the more efficicnt collection of food.
The whole sponge forms a primitn e purp, drawmg i water
with its contumed mic through a mulnmde of
pores and discharging 1t through a small number of larger
channels, In the process, the Hising food particles are taken
0p by the cells, and waste products, such az earbon diotide
and residues from digestion, are washed out from the tissues
The bulk of the Inng cells 1 the sponge are freding cells, but

there are some cells which have other functions ta perdorm,
and which recone their nourishment indirectly from the

feeding cells. In some sponges there are pomitive muscle
e 3
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cells, and in one group there are differentiated sexual cells
involved in the reproduction of the species, From our point
of view, the most interesting cells, however, are wandering
cells resembling amoebae, which move about in the jelly-
like structureless material at the base of the feeding cells.
Their function seems to be partly to transfer nourishment
from one part to another, but in addition they have the
capacity to engulf and digest any food particles which may
enter the deeper substance of the sponge, Such accidental
entrants may serve as an additional food supply, but it seems
clear that a major function of these wandering cells s to act
as protective scavengers and remove any micro-organisms
which might otherwise utilize the tissue of the sponge as
a source of food. This is the first indication in the animal
kingdom of a mechanism to deal with invasion of the tissues
by micro-organisms.

Metchnikoff, who was the first to recognize that the study
of comparative physiology might throw light on the nature of
infection and immunity, called these wandering cells phago-
cytes, and this name can be generally applied to all such cells
in whatever animal they are found.

As we go up the scale, we find a progressive increase in
complexity of organization, and in specialization of cell
function. Invery rough outline, we have first a differentiation
into an outer protective layer of cells and an inner tubular
structure which is responsible for nutritron. This ground plan
remains recogruzable m all animals from the coelenterates
(sea anemones, corals, etc.) upwards. Inany actual organism,
of course, the basic plan 1s complicated by all the a i
necessary for the ammal to feed, move and multiply. A sea

15 a highly specialized animal, and in the stinging
organs on its tentacles it boasts one of the most extraordinarily
elaborate offensive weapons in the whole realm of biology, but
essentially 1t has not advanced beyond the two-layered stage.
The internal cavity of the anemone is lined by cells specialized
for feeding. Some of them seem to liberate ferments mto the
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cavity toinitiate digestion of the shrimps or other smalt animals
that are captured, but the great bulk of digestion is donc
within the cells which gorge themselves with fragments of
food. Ifthefood particleis too large to be taken in completely,
the feeding cells erowd around it and digest it in a way which
is half-way between true intracelular digestion and extra-
ecllular digestion, as seen in higher animals. The feeding
cells of the primitive digestive cavity break down the proteins
and other components of the food into suitable ‘building
stones® which can be passed on as required to those other celly
of the organism rot capable of taking up food directly. Part
of thus transfer of food material is carried out by wandering
cells ble those 1n the sponges which, for the most part, are
found between the two main layers. Agam, we find the more
or less independent mobile phagocytic ceils 1n between the
twe puimary layers.

With the progress of evolution animals became more
complex sull, and new sarts of cells began to take 2 more and
more dominant role. If we use the conventional names of
estaderm and entoderm for the two primary layers of cells
these new cefls which develop m between them are called

d Itisa ience for the und ding of
embryolagy to derive the various tissues of the zdult ammal
from onc or other of these three layers, afthough recent
research indicates that the three are not so distinct as the
older bislogists thought. The so-calied mesodermal cells are
of special interest o us, for all the defence reactions are those
af cells ultimately denved from these, Since most of the
higher invertebrates and all the vertebrates have a basically
similar strueture it may be advisable 1o gve a bnef summary
of the various parts which avwse from the three layers,

The ectoderm, as sts name waplies, 18 the outer skin of the
embryo and gives nise to thase parts of the ammal which are
direetly concerned with sts environment. 1tis the tayer which
1 were separates the organism from the emvironment, and
at the same time 13 mfluenced by any changes from outside

’e
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cells, and in one group there are differentiated sexual cells
involved in the reproduction of the species. From our point
of view, the most interesting cells, however, are wandering
cells resembling amocbae, which move about in the jelly-
like structureless material at the base of the feeding cells.
Their function seems to be partly to transfer nourishment
from one part to another, but in addition they have the
capacity to engulf and digest any food particles which may
enter the deeper substance of the sponge, Such accidental
entrants may serve as an additional food supply, but it seems
clear that a major function of these wandering cells is to act
as protective scavengers and remove any micro-organisms
which might otherwise utilize the tissue of the sponge as
a source of food, This is the first indication in the animal
kingdom of a mechanism to deal with invasion of the tissues
by micro-organisms,

Metchnikoff, who was the first to recognize that the study
of comparative physiology might throw light on the nature of
infection and immunity, called these wandering cells phago-
cytes, and this name can be generally applied to all such cells
in whatever anumal they are found.

As we go up the scale, we find a progressive increase in

plexity of organization, and in specialization of cell
function. In very rough outline, we have first a differentiation
into an outer protective layer of cells and an inner tubular
structure which is responsible for nutrition. This ground plan
remains recognizable 1n all animals from the coelenterates
(sea anemones, corals, etc.) upwards. In any actual organism,
of course, the basic plan is complicated by all the accessories
necessary for the ammal to feed, move and muluply. A se3
is a highly sp lized animal, and in the stinging

organs on 1ts tentacles it boasts one of the most extraordinarily
elaborate offensive weapons in the whole realm of biology, but
essentially it has not advanced beyond the two-layered stage
Theinternal cavity of the anemone is lined by cells spcciahzcd
for feeding. Some of them seem to liberate ferments into the
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cavity toinith ion of thi ps orather small animals
that arc captured, but the great bulk of digestion is done
within the cells which gorge themselves with fragments of
food. Ifthe food particle is too karge to be taken in completely,
the feeding cells erowd around it and digest it 1n a2 way which
is half-way between true intracellular digestion and extra~
cellular digestion, as seen in higher ammals, The feeding
cells of the primitive digestive cavity break down the proteins
aud other components of the food into suitable ‘bulding
stones* which can be passed on as required to those other cells
of the orgamsm not capable of taking up food duectly. Part
of this transfer of food material is carried out by wandering
cells Bke those i the sponges which, for the most par, are
found between the two masn layers. Agasm, we find the more
or less independent mobile phagocytc cells in between the
two primary layers,

With the progress of evolution anmals became more
complex stitl, and new sorts of cells began to take 2 more and
more donunant role. I we wse the conveatwnat names of
ectoderm and ¢ntoderm for the two primary layers of cells
these new cells which develop in between them are called

Itis s i for the vnd ding of
<mbryology to denve the vanous ussues of the adult ammal
from one or other of these three layers, although recem
research sndicates that the three are not so distnct as the
older bio) thought. The ited dermal cells are
of special mterest to us, for all the defence reactions are those
of cells wltimately derived from these. Since most of the
bagher invertebrates and all the vertebrates have a basically
sunifar stsucture 1t may be advisable to give a bnef summary
of the vanious parts which arise from the three layers.

The ecloderm, as 1ts name mplses, 15 the outer sk of the
embryo and gives rise to those parts of the ammal which are
du:cﬂy concerned with its environment. It1s thelayer which
2 it were sep the from the and
at the same tme 1s infiuenced by any changes from outnide
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that impinge upon it. The skin epidermis is the most obvious
derivative of the ectoderm, but the capacity of some primitive
ectodermal cells to detect changes in the environment has
been developed so that not only the sense organs but also the
whole nervous system take origin from this layer,

The second layer is the entoderm—*inner skin. This gives
rise to the lining of the digestive tract and the various glands
and appendages thereof, including the liver, p and
lungs of vertebrates. .

Fig. 1. The primary cell layers 1n two sumple types of ammal organisr.
(1) A two-layered orgamsm of the sca-anemone type. (2) An un-
ialised

P such a1 the . The external layer
B Bt e b e T AT aLa 3 oCpea 4w e, e

. . . wth

o . - oml

The third, mesodermal layer, which was at first represented
only by a few wandenng phagocytes, eventually gives rise to
most of the specialized tissues that are needed to convert the
primitive two-layered orgamism into more efficient forms.
From it arise particularly the muscles, the cells involved in
holding together the vanous parts of the body, including in
vertebrates the bones and ligaments, the heart, blood vessels
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and blood, the excretary and the reproductive systems—avery
considerable list.

Before we reach the vertebrates, however, we must go a
little further into the general way these mesodesmal cells are
arranged in some of the simpler invertebrates, an earthworm,

alarvalinsector a small Inthese,asm t
also, the mesodermal cells split into two mamn groups, one
set ds the d 1 cells of the digestive tract and

supplies the muscular wall and supporting tissues for various
parts of the digestive tube, the other supplies all the supporting
and accessory tissues for the body proper. Between the two
there 13 2 space containing fluid in variable amount—the body
cavity. In the invertebrates which we have mentioned, heart
and blood vessels are represented by no more than a rather
crude arrangement to heep the fwd in the body cavity
moving from one part to another. A really efficient system of
blood supply only comes wm with the appearance of the
verichrates. In the fimd of the body cavity we find once more,
as perhaps we mught expect, phagocytic wandenng cells,
perhaps showing one or two different types, but recognuzably
similar to the phagocytes of the simpler forms.

The classical mstance of the defence processes 1 simple
nvertebrates 1 sull the ane described by Metchmkoffl m the
183a's. Metchmkoff was a zoologsst by traming, and even
when hus mterests were concentrated on the problems of
anfection and smmumaty he was able to embark on researches
with outlandish ammals that no conventionally trained
Medical research worker would dream of using. Flat worms,
cockchafer grubs, sea aperaones and goldfish, all had
eventually to contribute their mute to the development of the
phagocytc theary But the theory took 1ts ongin apparently
from observatiats on an even more aut of the way cseature,
th fiea (Daphrra). Thisss a small wansp
hving in fresh water and about the aze uts name would
indicate. 1t 18 ransparent cnough and small enongh to be
observed directly wn the living state undes the macroscope,
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Metchnikoff observed the interaction between the water-
flea and the spores of a primitive type of fungus which were
numerous in the water of his aquarium. These spores were
small, narrow and sharply pointed bedies which, when they
were swallowed by the crustacean, were liable to penetrate
the wall of the digestive canal and pass into the body cavity.
When this occurred, the wandering cells of the body flnid
were called into activity. They swarmed around the invading
particle, covering it with their living substance and partly
engulfing it. Soon it was evident that digestion of the living
spicule was taking place. Its smooth shiny surface became
pitted, its ends rounded, and in time it disintegrated into
a walled-in mass of brownish debris.

Sometimes, when several of the sharp spores had entered
the body simultaneously, or for some other reason, the activity
of the phagocytic cells was ineffectual. The spores germinated,
the fungus flourished at the expense of 1ts host, and the water-
flea died. Here, 1t seemed to Metchnikoff, was the prototype
of all infectious disease, and of defence against it. The con-
ception of the phagocytes as the defenders of the body was
a dramatic and immensely fertile one. Metchniloff spent
most of the rest of his Iife elaborating it. For him the whole
protective mechamsm in all animal forms could be regarded
as designed only to facilitate and make more efficient the
phagocytic attack on the invading micro-organisms of
disease. Such enthusiasm provoked antagonistic theories,
particularly from those who discovered and worked with
the antibodies to be found in the serum of immune animals.
Two schools of thought flourished, the followers of Metch-
nikoff, who saw mmmunity in terms of cells, particularly
phagocytic cells, and the German school of immunologists
who supported the ‘humoral theory’ that immunity was
a function of the blood and body fluids, not of the cells.
As 15 the way of such controversies, the experiments and
theories of both stdes have turned out to be not so incompatible

as their sponsors believed, and as we shall see later, a satisfying
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fusion of the theores has now been accomphished. But if
there has been any victory for either side, it must he with
Metchuihoff. The phagocytic cells of the blood and of the
fixed tissues are the final defenders of the body. The whele
complex protess of immumty involving the co-operation of
blood wessels, tissue cells and both the fluid and cellular
elements of the blood is directed towards bringing the various
phagocytic cells to bear on the invaders at the most effective
time and place,

“This sketch of the evolution of the defence reactions of the
animal body against invasion by rucro-organisms can supply
only the reughest outline. In essence, it 1 hitle more than
 reiteration adapted to 2 p lar range of
of the theme “eat or be eaten”. Infectious disease is no moze
and no less than part of that eternal struggle in whach every
vng orgamsta strives to convert all the avalable foodstuff
1n 13 uruverse wnto hving organisms of its own species.

Lasfe is everywhere, and every nook and corner that can be
explonted for a hvelthood 1 filled. Every hving organsm 1s
potential food for some other orgamsm, and even if we confine
ourselves to the ammal kingdom we find an mfinste variety
of parasiic and sems-paranpe organismy which fwe at the
expense of larger organisms. Every such parasite, be 1t virus,
bacterium, worm or insect, ts as much the product of adaptve
evolution as its host. The maze fact of s present exstence 1
posiuve evidence of success in the struggle to survive, and

ly longand detaled adap tothe particular
conditions of yts parasismn ‘The host species of every one of
these parasites has also succeeded 1n surviving. In general
terms, where two organisms have developed a host-parasite
selatonshup, the survival of the parastte species 1s best served,
not by destruction of the host, but by the development of
2 balanced cond, in which sufficient of the of
the host is consumed to allow the parasie’s growth and
multiphestion, but nat sufficient to kil the hast. For sach
abalance to develop, Jong periods ofinteracuon and selection
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MetchnikofT observed the interaction between the water-
flea and the spores of a primitive type of fungus which were
numerous in the water of his aquarium, These spores were
small, narrow and sharply pointed bodies which, when they
were swallowed by the crustacean, were liable to penctrate
the wall of the digestive canal and pass into the body cavity.
When this occurred, the wandering cclls of the body fluid
were called into activity. They swarmed around the invading
particle, covering it with their living substance and partly
engulfing it. Soon 1t was evident that digestion of the living
spicule was taking place. Its smooth shiny surface became
pitted, its ends rounded, and in time it disintegrated into
a walled-in mass of brownish debris.

Sometimes, when several of the sharp spores had entered
the body simultaneously, or for some other reason, the activity
ofthe phagocytic cells was ineffe 1, The spores germinated,
the fungus flourished at the expense of its host, and the water-
flea died. Here, it scemed to Metchnikoff, was the prototype
of all infectious disease, and of defence against it. The con-
ception of the phagocytes as the defenders of the body was
a dramatic and immensely fertile one. MetchnikofT spent
most of the rest of his life elaborating it. For him the whole
protective mechanism 1n all amimal forms could be regarded
as designed only to facilitate and make more efficient the
phagocytic attack on the mvading micro-organisms of
disease. Such enthusiasm provoked antagonistic theories,
particularly from those who discovered and worked with
the antibodies to be found n the serum of immune animals.
Two schools of thought flourished, the followers of Metch-
nikoff, who saw mmmunity in terms of cells, particularly
phagocytic cells, and the German school of immunclogists
who supported the ‘humoral theory’ that immumty was
a function of the blood and body fluids, not of the cells.
As is the way of such controversies, the experiments and
theories of both sides have turned out to be not so incompatible
as their sponsors behieved, and as we shall sec later, a satisfying
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Part IT
THE AGGRESSORS

CHAPTER 111
BACTERIA

While there are parasitic and semi itic forms

all classes of hvmg organisms, those responsxble for snfectious
disease are practically hmited to three great groups, the
bacteria, protozoa and viruses. There are other parasttes
which may cause discase in man of much the same general
quality as these, but they are very much rarer. We may
mention worm i such as those produced by F/s

the common cause of tropical clephantians—hydatid disease,
duz to the *bladder® stage of a small tapeworm, and the hook-
warm infestation of many tropical and subtropical countries.
Then there are a few infectrons wath fungt and yeasts—
ringworm of the hait 15 the best known—which on the whole
resemble those of the less actvely invauive bactena Alt told,
however, these vanous left-overs probably do not produce
morethan atenthof @ percent of thellness anddeath praduced
by the three main groups of micro-organisms,

The general conception of a bacterium is famibar to anyone
with a smatiening of biological knowledge They are very
simple organtsms in appearance (but not quite sa imple when
we study them in deta), small rods or spheres whase s1ze
s to be measured 1 small numbers of 4 {g=xdsg mm,,
w5lys in). Some of them are surrounded by a fringe of
mobile haws {fagelta) by whuck they can move actively.
Others have flagella only at one end. A majority have
no such appendages, and can move only passively. Inside
the body of the bactenum, granules of different sorts can
sometimes be seen, but there are no definite organs and no
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between the two species must have elapsed, and any protective
adaptations on the part of the host must have been stimulated
by, and in turn would be likely to provoke aggressive adapta-
tions on the side of the parasite. A stable balance is only
rarely developed; more usually there are rather violent
fluctuations, some of which appear as epidemics, but despite
these, both species persist.

It would be impossible to attempt any more detailed
account of the slow evolution of this balance between host
and parasite. If we went beyond the general principles we
have been discussing, it would be necessary to deal with
every different type of parasite and almost every host species.
In most instances we should have to draw much more on
imagination and analogy than on fact in describing possible
ways in which the relationship had evolved. In the next
chapter we shall discuss some of the more important parasites,
those responsible for infectious discase in the ordinary sense
of the term. We shall naturally be concerned only with the
present state of affairs, but from this we can learn something
of probable trends m evolution, particularly the
disease-producing bacteria.

On the side of the host, the specifically immunological
reactions have been studied so exclusively m man and other
mammals that there is very little comparative knowledge to
allow any speculation on the evolution of the antibody
mechanism. Inany case, this mechanism, which is something
unlike any other biological phenomenon, must first be
described before such speculation could be intelligible.
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But whereas alt higher plants and animals obtan their
reeds ins the matter of food and energy m what ate chemicatly
very stereotyped fashions, an immense vanety of processes is
found amongst bacteria. There are some which obiain their
enesgy by the oxidation of sulphur or of free hydrogen, some
can detive their supply of nutrogen from the atmosphese. Our
interest is confined, however, to those which regufarly or
oceasionally produce disease, and to the forms from which
these have o may have been derived, and we shall say nothing
of the ways m which the unuswal forms procure thes
newrishment.

In the last ten or Hfieen years there have been quite
revolutionary advances in the understanding of bacteral
nutrition that are not vasy to compress inte any Swaple

The ding impressian one recerves from
thus recent work is the extraordinary synthetic abihty of
bacteria. Suppose we grow a large quanuty of any common
bacterium, wash the mass in a centrifuge and then dry the
organism down to a white powder Nowadays hacteriological
chemusts think nothing of obtaming several pounds of dried
bacteria and analysing that amount for its content of whatever
substance they may be mierested . It 15 only a shght dis-
tortion of the facts to say that the dried bactena contain atmast
the same components as would be found m a sumtar wesght of
dried human tssue, hver or kudney, for example. There s an

dinary basic sizmal in the position of lvineg
matter over the whole range of organisms. The proteins are
built up of the same twenty ar thurty amino-acids; the nuclese
aads whuch are combined with protern to play essennal parts
both 1n nutrtan and reproducton belong to the same two
patterns, true fats, phosphobynds and sterols are all found 1n
the fatty fraction, and, budt into the internal enzyme
mechanisms, there are most of the vitamins that are needed
by human bengs.
Somehow or other alt these, and many mote complex
cherical structures, must be built up out of materal taken




42 THE AGCRESSORS

nuclens in any ordinary sensc. There are, however, new
staining methods which show accumulations of material
which closely resemble chromatin and may be more or less

ivalent to the chr of a typical nucleus, Only
wnhm the last few years has anything been observed that
could be interpreted as a result of a sexual process in bacteria
and up to the present time (1951) only from a very few types
of bacteria. For practical purposes, it is still correct to say
that reproduction is a simple matter of growth and division,
the bacterium elongates, a central iction forms, and
what was one is now two. This is the only method of repro-
duction followed by most of the bacteria which produce
disease. A few have an alternative method adapted to allow
survival over a period in environments unfavourable for
growth. A round hard-shelled spore appears in the middle of
the organism, and inside this the germ can survive in dry
conditions for years,

Bacteria are everywhere, in soil, air, water, and particularly
inany type of dead orgamic material. They fill many important
roles in the processes by which the various chemical elements
pass into and out of living matter, but their pre-eminent
function in Nature 15 to d. pose dead organic sub to
a form in which it can once again be utilized by plants and
indirectly by animals. As living organisms, bacteria require
food, both for growth and for the production of encrgy. This
energy may be required in some species for actual movement,
but the more important requirement is to maintain its own
living structure. All actively living matter requires 2 constant
expenditure of energy to mai 11s own physico-chemical
structure. In the very simplest of orgamisms we will encounter
some apparent exceptions to this rule, but 1t undoubtedly
holds for all bacternia. The substance of bacteria 15 bult up
of the same clements as any other organism, and the proteins,
fats and carbohydrates they contain, although they have
their own individual charactenstcs, are basically similar to
those in our own bodies.
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dexive their encrgy from the chemicals they absorb, often, but
by no means invariably, by oxidation of sugars and the Ike.
A great deal has been learnt of the various chemical processes
which are imvolved in this liberation of energy, but the subject
is far too technical to be duscussed here, There is one aspect,
however, which may be of importance in determining the
influence of bacteria on the living tissues which they invade,
and which must be briefly mentioned. The surface of a
Bacterium is much more than a simple protective layer or
boundary between the orgamism and ita environment,
Through jt passes everything that the bactenum takes in or
excretes. The cell surface is of complex structure rot yet
fully und Complex pal hasides are nearly always
present, and in some bacteria these substances form a
relatwvely thick sticky layer through which substances must
hiffuse to enter the body of tae bacterium, Erzymes are
probably present withon the surface layers just as they are an
the bacterial substance, but the older picture of the bactersal
sueface as a virtual mosaie of enzymes is now regarded as
mearTect,

One of the thumphs of biecheustry in the last decade has
been to decipher the processes by which glucose, the common
saurce of energy for hiving matter, is broken down by bacteria
o aceuc-acid, CO, and water. Ttis vastly more complex than
the averal] equation,

CyH1,0 + 20, = 2CH, COOH +20Q, +2H,0,

would suggest There are twelve steps each directed by
a speaal enzyme 1n which the sugar 13 combened wath
phosphate sphit mto two parts, 1ts energy concentrazed into
the form most available for wuse, the ‘energy-nch phosphase
bond” of the biochermsts, and the resdual acene acid and
G0, discarded nto the surroundings.

‘There are other almost equally complex chams of reaction
wn regard to the turnover of any othes of the cell components,
but despite all the detailed knowledge that has becn gained
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up from the envi The less specialized bacteria can
do all this when supplied with little more than all the neces-
sary elements in some water-soluble form, plus a source of
energy. These bacteria will grow in a solution of glucose
ining nitrate, phospk, iphate and chioride, sodium,
potassium and magnesium with traces of jron and copper.
The bacteria that cause disease nearly always have more
complex requirements: they may for example require several
amino-acids ready made and some of the vitamins. The belief
is growing that most pathogenic (disease-producing) bacteria
are derived from more robust free-living forms which in the
course of taking on a parasitic mode of life have lost their
ability to synthesize some essential components. These must
be supplied ready-made. When we talk about these food
requirements for different bacteria we are referring to results
obtained in biochemical laboratories where highly purified
salts and organic compounds are available. In nature
bacteria live 1n highly complex environments like soil or
any collection of dead organic material. Chemically there
will almost always be available in such environments all the
elements needed for bacterial growth. Often, however, some
component may be locked away in a particular protein and
only become accessible if bacteria, secreting ferments which
can break down the protein, are present. In practice all sorts
of bacteria accumulate in decaying matter, and in one way
or another the origmal substance 1s converted into the
bacterial bodies which in their turn die and are used as food
by other bacteria. In the process there is a steady loss of
carbon dtoxide and nitrogen to the air and of soluble salts to
the soil. The end result when say a piece of meat is buried is
the presence of a little more phosphate and other salts in the
neighbouring soil, a small amount of indigestible bacterial
po]ysaccharide and some increase 1 the complex brown
substances that make up a characteristic part of humus,
Bacteria contain no chlorophyll, so that they cannot, like
the green plants, utilize the energy of sunlight. They must
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for nutrinon in the mouth, nose and throat, ard certain
bacteria have become adapted 1o 2 bfe hers, They lve
tainly on the dead or nearly dead cells lining these mucous
membranes, and normally cause no disturbance.

“Then we have to consider the scavengers of the skin, Here
100 the outermost cells are dead, and a continuous renewal
from beneath is going on. A food supply is available, and
automatically groups of bactera have developed to uiihze it
‘This applies particularly o the more sheltered parts of the
skin, where the surface celfs are not so readily rubbed off, and
where they are liable to rerain moist with sweat for consider-
able times, for example, in folds of skin or between the toss,

In these three groups of siustions we have bacteria
censtantly present, not sctually growing in bving tissues, but
in immediate contact with then. It would be curous if at
some time or other these normally barmless organisms did not
overstep their bounds and try to gamn thew hving at the
expense of the adjacent hiving cells. That seems to be the way
in which many of the common disease-producing bactera
have in fact evolved, Amongst the common human diseases
<aused by bacteria, a great many are due to organisms
identical with, or at feast obviously velated to, those found
Tormally in one or other of these sstuations, And it s part-
cularly smpressive that when such bactena produce duscase,
the region primarily wmvolved is almost always that which
zormally harbours those harmless bacteria which the patho-
gense type resembles.

In discussing human diseasey, it will be necessary 20 be
a httle more expliaat about the bacteria responstble than we
kave been up 10 the present, and a few names will bave to be
Biven. The technical names which have been appled to
bactena have usually been based on the shape of the arganism,
or on the way 1t grows 1 aruficial eultures  Actually, from
1he point of view of the medcal buctetialogist, these qualities
¢ not of much smportance What bacterra do 15 of very
wuch move moment than what they look hke,
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nio one has the least inkling as to where the enzymes are or
howthe metaphorical ‘ prod lines"thatwe must
are organized. We can guess with some likelikood of being
correct that some of them start at the surface but thatisall.
1t is quite impossible to understand anything of what gaes
on within any living cell without some knowledge of enzyme
actien, but in the present connexion all that need be stressed
33 that the living bacterium is a nest of enzymes with a turn-
aver of energy that may be more than too times as great as for
the same weight of living human tissue. The bacterial susface
is the site of almost violent chemical activity as a result. Itis
casy to see that the introduction of such a surface into the
living substance of an animal cell will be very liable to dis-
organize the delicate co-ordination of functions therein, It
will be irritant or dangerous, and actively resented by the
invaded cell.

Since bacteria swarm in alt dead organic material, it is
only to be expected that some species will exploit the organic
debris in or on the bodies of living animals. The residues of
digested food in the lower parts of the digestive tract provide
a particularly suitable source of food for many species, and it
13 calculated that about half the bulk of facces consists of the
bodies of bacteria. Animmensely active struggle for existence
amongst probably hundreds of species of bacteria goes on
daly in our bowels, usually without interfering in the stightest
with our existence. There are other less obvious localities also
available in the body, the linings of the mouth, nose and
throat, for example. Bacteria from outside are naturally
always lodging here, and there are vanous mechanisms
designed to clear them away. Mucus and saliva are secreted,
and in part wash the surfaces clear of bacteria. The surface
cells of these linings, and particularly those of the mouth, are

constantly being renewed, the outermost which may be
Qamaged by bacieria are bung cast off continuously, and
their places taken by others formed beneath them. Thus there
39 always a certain amount of non-living matenal available
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there are many varieties, some harmless, some responsible for
serious infections. Another type of coccus which 1s found
most human throats is the Preumococeus, so called because 1t is
the usual germ responsible for pneumonia. Yet another
common group of natural inhabitants of the throat has no
simple name, unless we call it the meningococcal group, after
the one member of the group which is of medical importance.
The M itself is not infrequently found 1n normal
throats, but only causes trouble when 1t spreads into the
coverings of the bramn and produces meningitis. There are
many rather similar, but as far as we know, harmless cocci of
this group in the nose and throat.

Agamn we find the same principle emerging, that normal
inhabitants of the throat are closely similar to pathogenic
(disease-producing) bacteria which produce infections of the
throat or adjacent tissues. The commonest of all bacteral
infections is probably tonsillins, which 15 very commonly
streptococcal in origin. Scarlet fever, another disease due to
the Streptococous, 13 2lso mainly located in the throat. The
i and the Af have already been
mentioned, Their names giwve the clue to the particular
types of infection with which they are associated. The
Dames remind us too that our present point of view neatly
Teverses that by which the knowledge of these bacteria was
gained. Medical bactenologists bave naturally never been
Particularly nterested 1n bactena as such. Their interest
has been human discase—what caused it, and what could be
done about it when the responsible bacterium was 1solated.
When a particular germ could be isolated from the sputum
of 9o per cent of cases of pneumonia, it was natural to calt it
the Preumococeus. It was only later that bacteriologists began
10 recognize that the same germ was present in the throats of
thousands of people without pneumonia.

The spherical or oval form characteristic of the various
types of cocei is by no means the only shape to be found

amongst bactena. Probably the commonest of all the forms
B

4
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We may introduce most of the necessary names by con-
sidering the various groups of harmless bacteria that lurk
about the body, and the related more dangerous forms, in
a little more detail. Taking the skin first, we find one pre-
dominant type of bacterium, the Staphploceccus. Coccus 13
ageneral term for any bacteria of spherical or nearly spherical
form, while the prefix refers to the habit this particular type
has of growing in grape-like clusters. Cultures from any
portion of the skin will always grow staphylococci, and it is
natural that the common local infections of the skin, pimples
and boils, should nearly always be due to the same type of
germ, We must not be too precise about this relationship.
The staphylococci we isolate from a boil are not quite the
same as those we get from healthy skin, nor arc the more
dangerous staphylococei limited to producing skin infections.
Blood-poisoning by these germs is rare, but when it occurred
in the days before penicillin it was one of the most uniformly
fatal of all blood infections. The acute infections of bones
which often occur in childhood (osteomyelitis) are alse
usually due to infections with the Staphylococcus. Still, we can
be reasonably certain that the staphylocoeci which produce
infections both mild and severe have evolved from the natural
inhabitants of the skin, and stll show a predilection for living
in and infecting the skin, The lining of the nose is essentially
an enfolded area of skin and this is another site where staphy-
lococar are nearly always present. Very often the discase-
pmducmg type will be found there withour causing any
inc In the not des when serious
skin infection spreads through a nurscry of newborn babies,
it is often found that the infection sters from staphyl ]
carried in the nose of one of the nurses,

In the mucous membranes of the mouth, throat, tonsils, etc.,
we find a large number of bacterial species. Most of them are
of the Tound coccus type A group in whch the cocci are
strung together like beads on a necklace is particularly
common in the mouth. These are the streptococci, of which
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which almost always predommated on their culture plates

‘This was called Bacillus cols communis—the common bacillus of
the colon or large intestine. Nowadays we know that this
supposed species contains dozens of varieties of bactena, and
that even so, members of this group represent only a very
small proportion of the bacterial species in the intestine. Their
apparent preponderance was due mainly to the methods used
for culturing the material. Nevertheless, these colon bacillt
are very important, for they must be regarded as the parent
group from which most of the bacteria which cause intestinal
mfections are derived. Sometimes we find mfections occurring

in various parts of the abdomen caused by bacilli which, as
far a3 we can tell, are exactly the same as some found m the
normal intestine. Recent work is making 1t possible to sort
out different types amongst the colon bacill, and 1t seems

certain that one particular form has been responsible for many

cases of infant diarrhoea in England during the post-war years.

More often the bacteria r ble for the vartous inal

infections are distnct spectes, and although they have doubt-

less evolved from the B. colz stock, they have specialized as

disease producers for centures, The bacilli which cause

typhoid fever and dysentery are the most important examples

n human disease, Similar types have evolved to attack other

animals, and not infrequently we hear of human infections

which are caused by bacterja which normally nfest rats and

mice  Several outbreaks of food poisoning have been found

due to food contamnated with bactenia present in the facces

of these rodents.

These examples should be sufficient to show how bac-
tenia which are normally mere scavengers may develop a
€apacity to attack the living tissues adjacent to their normal
habitat. Once they have developed such powers, they may,
of course, extend ther harmful actmties to other parts
of the body, but m every one of the examples we have

.mc;moned, the predilection for one particular site of attack
18 clear,

42
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is the rod-shaped bacillus. In fact, there are 50 many of these
that they have to be divided into at least a dozen different
genera, The old term Bacillus, which was once the generic
name of them all, is now strictly speaking only applicable to
one small group, but we shall use it as a general name for all
the rod-shaped forms. Amongst the normal bacilli of the
mouth and throat we find again two groups, members of which
resemble, andarenamed after, two pathogenic types. These arc
the diphtheroid bacilli, meaning those which are like, but not
identical with, thediphtheriabacillus,and theinfl bacilli,
Evenattheirworst, theso-called influenza bacilli probably play
only a very minor role in influenza, but they do on occasion
produce infections of the lungs. The diphtheria bacillus has a
predilection for the throat which is known to everyone.

Finally, we can apply the same ideas to the bacterial
inhabitants of the intestine. Very httle is hknown about some
of the bacteria which multiply in the bowel contents, and we
need refer only to two groups, both of bacilli. The first
contains the anaerobic bacilli, organisms which can grow only
when oxygen is excluded from their envi They are
relatively numerous in the intestine, where oxygen is naturally
lacking, but only become dangerous when introduced directly
into a wound. Gunshot wounds are particularly liable to
infection with anacrobic bactena, especially when they are
contaminated with soil which has been manured with animal
faeces. Tetanus and gas gangrene were two very common
sequelae to serious wounds received i France during the
first World War. Both result from infection with anaerobic
bacilli, but both must be regarded as being merely accidental
results of the growth of the bacilli in tissues they could never
naturally infect. Such imnfections are not really comparable,
either to those we have already mentioned, or to those
produced by members of the other great group of mtestinal
bacilli, which we must now discuss.

When the early bacteriologists made their cultures from
the intestinal contents or faeces, there was one type of bacillus
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a free fving h but all indications of this
have been lost. Amongst the organisms causing human
disease, there are four which can be considered as highly
specialized parantes, the tubercle bacitius and related baci Hus
of Ieprosy and the organisms respanuible for the swo chief
enereal diseases, the Gomoroccus and the spirochacte of
syphilis, This Iast organism is not sirictly a bacterium at ail,
Itiz one of a group of spirally twisted organisms, the non-
pathogenic examples of which axe found 10 decaying material
and polluted waters. These four diseases have been known
since classical times, and it is probable that the responsible
mic i developed from hogenic ones many
thousands of years earlier. The tubercle bacilus and the
Gonococeus can bie made to grow on specially prepared nutritive
winture, but althongh tountiess atempts have bren made to
da s0, no one has sweceeded in growing ewher the leprosy
bacillus or the spirochaete of syphihs. Perhaps it might be
mare correct to say that no hacteriologist has ever devised
a method by which ather bactenologists could grow these
organisms successfully, There have been many clamms to have
done 50, but none have stood the test of general confitmation.
Tt is one of the great principles of all scientific work that
Rothing is aceepted into the general body of knowledge untl

it has been confirmed by other cotapetent workers in the
same field,
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Anyone with an ordinary layman’s knowledge of medicine
will recognize that the various bacterial infections we have
been discussing are not equally infectious, in the ordinary sense
of the term. Diphtheria, scarlet fever and typhoid fever are
obviously infectious; beils, wound infections and infections
of the urinary passages with the colon bacillus are, practically
speaking, quite non-infectious. Actually we shall see when we
discuss the question of the spread of disease in a later chapter
that the distinction is not quite so clear-cut as it seems. Sore
throats due tostreptococci can show every degree of infectious-
ness from a tonsillitis that interests no one but the patient to
a particularly virulent brand of scarlet fever. Still there is
areal distinction between the two groups which it is important
to understand. In general terms, the more a bacterium
becomes speciahzed for a parasitic existence, the more
infectious is the disease which results from its activity. The
staphylococei which produce boils can survive and multiply
harmlessly on the skin, only causing damage when the skin
from some cause or other becomes unduly susceptible. The
typhoid bacillus, on the other hand, if it cannot penctrate
inte the living nssucs, is quite unable to persist long in the
intense p for the ilable food-stuffs in the
intestine. When we come to study bactena in the laboratory,
we find that, as a rule, the bacteria which are responsible for
the infectious diseases are more difficult to grow on artificial
media than the less specialized ones hike the staphyl i and
the colon bacilli, There are many people who think that we
might go 2 step further and say that bacterta, when they
become completely specialized for a parasitic existence, may
Jose all power of multiplication outside of living cells, become
smaller, and take on the form of a filterable virus, but we can
feave such speculation till we come to deal with that group.

Without going as far away from the bacteria as this, we
might yet expect that certain specialized bacteria might have
so concentrated on 2 parasitic existence that they can be
found only in diseased tissues. Their ancestors must have had
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movement and feeding by taking into its substance and
digesnng smaller micro-organisms of various sorts. In the
simpler forms such as the 2moeba, movement and the taking
in of food are both functions of the general cell substance.
Portion of the semi-fluid protoplasm flows out into a sort of
temporary organ, a pseudopedium, which then serves either
to drag the amoeba along or to help engulf the micro-
organisms on which it feeds. When the amoeba becomes

inactive, the psendopodia are withd and the p
becomes a featureless spherical blob of jelly, More specialized
forms have developed qumite elab F 3

to facilitate rapid movement and the more effective capture
of food. Some free-living protozoal species can, however,
obtain their nourishment wholly from soluble matenals in
their environment

Protozoa are found in practically every situation which can
provide both water and a food supply of smaller micro-
organisms. Any collection of fresh water in contact with
decaying orgamic matter will usually contam protozoa of
various types Every amateur mucroscopust is farmbar wath
Amoeba, Paramoecium and Vortwella from such situations, but
there are nearly always many other forms not so easily
wentified. It 1s natural that protozoa should be constantly
swallowed by all types of anumals, and since the contents of
ihe mntestmal canal contam both water and an abundance of
bactena, we should expect certam forms to exploit this
situation. Actually there is probably no species of vertebrate
which 13 free from infe by p m s
tract. At least a dozen species are known to be capable of
lving in the human intestine  Insects too are very frequently
found to harbour parasitic protozoa 1n their digestive tracts.
Originally such protozoa probably lived on bacterta and
particles of semi-digested food, but hike bacteria in similar
situations, some of them have developed the capacity to live
directly on the cells and fluids of their hosts Our knowledge
of the evolution of parasitic protozoa must necessarily be
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CHAPTER IV
PROT0Z04

In temperate climates the great majority of infectious diseases
are produced by bacteria or viruses; infections by protozoa
are relatively very rare. In tropical and subtropical regions,
however, we find four human diseases of first-rate importance
which are caused by these minute unicellular animal parasites.
Malaria 15 the most widespread and important, and as well,
we have sleeping sickness, kala azar and amocbic dysentery.
There are also many economically important diseases of
domestic animals which are due to protozoal infections.
Rescarch on the protozoa has followed rather different lines
from those of orthodox bacteriological rescarch. Most
students of the subject have been trained as zoologists, and
a large proportion of their work has been concerned with the
microscopic appearance of the parasites and with their Lfe
histories in infected animals or human beings. Much less
work has been done on the nature and extent of immunity
which follows infection than in the field of bacteriology proper.

Protozoa are the smallest animal organisms. They are
unicellular, and although they are on the average considerably
larger than bacteria, none of the forms which produce disease
can be seen with the naked eye. There are vastly greater
numbers of completely harmless types of protozoa, and if we
include the whole group we find a considerable range of size.
The smallest forms of such types as the parasite of malaria
are no larger than an average bactenum, while amongst the
non-parasitic types there are a number which can be easily
seen with a small hand-lens, and are actually a good deal
larger than some of the smallest insects. A typical protozoon
is easily recogmzed as a true ammal organism, not to be
confused with unicellular plants and bacteria. It is a single
cell with a well-developed nucleus, usually capable of active
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may show wide differences in virulence. Many people may
harbour the parasite without suffering any symptoms at all.
In these individuals the amoeba probably causes only trivial
uicerations of the bowel, Whether this mildness of the infection
is due to the amoeba bemg of a less virulent type or to the
resistance of the kuman host, is not easy to determine in every
case We can be certain, however, that the dysentery amoebae
which were found durmg the second World War period in
50r 10 per cent of healthy English soldiers were of a much less
virulent strain than those responsible for severe mfections in
the East, It1s as if the amoeba has not wholly deserted the
scavenging for the actively pathogenic type of existence
It is not so sumple 2 story when we try to understand the

lution of such speciahzed p as those which cause
malaria and sleeping sickness. In the case of sleeping sickness
we have an nfection, first of the blood, then of the bramn, by
a protozoon parasite which is transmitted by the bite of the
tsetse fly. The parasites are members of a group of actively

imming p called tryp which are found
infesting the mtestine of many types of nsect  Only two species
are capable of producing sleepmg sickness in man, but several
others produce rather similar diseases of amumals. When the
tsetse fly takes i blood from an infected man or ammal, the
trypanosomes begin to multiply im its intestine, and there
change considerably mn shape. From the intestine they move
forward in the fly’s body and invade the salivary glands, there
taking on agam ther ongimal shape, It takes about two to
four weeks for this development to take place in the fly, and
during thus period 1t cannot transmut the mfection. Once the
sahvary glands arte infected, however, trypanosomes vl be
injected at each feeding. The tsetse fly remains capable of
spreading jnfection for at least three months after the
trypanosomes first reach the salivary glands.

We can see some of the stages by which this complex Lfe
Tustory of the sleeping sickness trypanosome probably came
into beng by looking at the simpler Ife histories of some
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obtained only indirectly by comparison of the habits of the
pathogenic forms with structurally similar free-hving and
semi-parasitic forms. Such studies do, however, provide a
substantial basis for deduction, and have given rise to theories
which offer an attractive interpretation of what otherwise
would be a series of d and very plicated
phenomena.

The four important protozoal diseases of man (or for that
matter practically all protozoal infections of vertebrates) can
be divided into two groups: those in which the infection is
transmitted directly from man to man, with the one human
example of amoebic dysentery, and thosein which the parasite
is transferred by an insect intermediary—malaria, sleeping
sickness and kala azar. It is generally believed that the first
group is dertved from protozoa which were originally harmless
scavengers in the vertebrate intestine, while the forms in the
second group are more or less highly specialized descendants
of protozoa playing a similar role in the intestine of insects.

Amocbic dysentery is due to a relatively unspecialized
parasite, an amoeba very similar to forms which normally
make a living amongst the bacteria and debris of the intestinal
contents, and not greatly different from the free-living amoeba
of pond water. Instead of being content with a diet of bacteria,
the disease-producing amoeba has developed a capacity to
invade the tissues of the intestinal wall and draw its nourish-
ment from red blood cells and fragments of damaged tissue.
This destructive action results in the formation of ulcers in
thewall of theintestine and the appearance of the symptoms of
dysentery. From the ulcers some amoebae may enter the
blood and be carned to the hver. Mulnphcauon of the
protozoa in the liver prod the 3 jon
of amoebic dyscntcry—a liver abscess.

From the biological pomt of view, we are dealing here with
a development very similar to the change from the harmless
skin staphylococci 1o the virulent ones which cause boils and
carbuncles, Like the staphylococci, the dysentery amoebae
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produces a more severe type of infection, develops only in the
lower part of the fly’s intestine, and could not be transmitted
by the insect’s bite. Adler thinks that here is the explanation
of the puzzling fact that kala azar is hasdly ever seen in
infants and very young children in India. Infonts are freely
bitten, but they cannot retaliate by crushing the sandfly
with their fingers. Older individuals do, and in the process
they smear the protozoa mn the fly’s body over the puncture
and become infected. This is at present only a theory, but the
diffetence in the Jocation of the two strams of protozoa, one
i the front and one in the hind part of the insect’s gut, is
expertmentally proven. When the parasite has developed the
ability to grow near the insect’s head, it is only one further
step for it to invade the salivary glands and make certain of
being injected into a new host each time the insect feeds.

This, the most efficient method of transmussion, has been
adopted by those highty ful parasites, the tryy
of sleeping sickness and the three malarial parasites,

It was in the treatment of protozoal infections that the

R NN My TR v

.and treat bacterial diseases were almost wholly based on the
mmunological principles to be duscussed m subsequent
chapters, The course of most protozoal diseases 15 much less

cleatly iated with the devel of , and at
the practical level of ‘prevention and cure interest has centred
on the possibi of drug throughout the whole
Period of modern medicine,

thhmg before the first p \ ites were di d

¢ anti-malarial properties of cinchona~Jesuit’s Bark—
were. widely known. Itsactive principle, the alkajord quinine,
was isolated many years ago, and there was never any doubt
2 10 the effectiveness of its action agamst the disease. If a

ratural product like quinine had some specifically e
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related protozoa. There is, for instance, one which infects the
blood of some species of lizards. The infection is derived from
a small biting fly by the very simple process of the lizard

llowing the fly. The parasite is liberated in the intestine
and passes through the wall into the lizard’s blood, where it
multiplies. The next stage is for a new fly to be infected while
it sucks the lizard’s blood, The protozoa now find themselves,
as jt were, in their ancestral home and multiply in the lower
end of the fly’s intestine, behaving just like any protozoal
parasites of insects which have no part of their life cycle in
vertebrates.

The next step in evolution may be exemplified by the
behaviour of a trypanosome which causes 2 human disease in
South America, This protozoon is found naturally in arm-
adillos and other native mammals. It is taken in by a species
of bug which has catholic tastes and feeds on men as well as
armadillos. The trypanosomes develop in the bug’s intestine
and pass out with the faeces. They do not get into the insect’s
saliva, and are not injected when the bug bites. Human
infections develop only if the bug is crushed while it is biting,
or if scratching of the spot works fragments of faeces into the
puncture wound.

Kala azar and a number of related protozoal infections of
sub-tropical and tropical countries can be transmitted
experi Hly by sandfl Most of the evid points to
the fact that the natural diseases are also spread by these
insects, but many authorities consider that final proof of this
has not been provided. However, if we accept the results of
one disti hed imvesti; Adler, the behaviour of these
parasites in the sandfly provides an interesting intermediate
stage of spectalization. The parasite of a strain which infects
principally infants and young children in Mediterranean
countries develops in the first portion of the sandfly's ali-
mentary canal, and can easily pass to the probosais and hence
into the blood of any infant or older human being bitten by the
fly. On the other hand, the Indian type of parasite, which
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produces a more severe type of infection, develops onlyin the
lower part of the fly’s intestine, and could not be transmitted
by the insect’s bite. Adler thinks that here is the explanation
of the puzaling fact that kala azar is hardly ever seen in
infants and very young children in India. Infants are freely
bitten, but they cannot retaliate by crushing the sandfly
with their fingers. Older individuals do, and in the process
they smear the protozaa in the fly’s body over the puncture
and become infected. This is at present only a theory, but the
difference 1n the location of the two strains of protozoa, one
in the front and one in the hind part of the insect’s gut, 1s
experimentally proven. When the parasite has developed the
ability 10 grow near the insect’s head, it 1s only one further
step for it to invade the sabvary glands and make certain of
being injected into a new host each time the insect feeds.

This, the most efficient method of transmission, has been

adopted by those highty ful parasites, the try
of sleeping sickness and the three malanal parasites.
It was in the of p that the

first great successes in modern chcmatherapy were obtamned.
In fact, untal 1935 1t could be saud that chemotherapeutic
methods i ly agamstp and
Before the discovery of the sulphonammdes, efforts to Pprevent
and treat bactcnal diseases were almost wholly based on the
logi it to be di d mn
chapters. The course of most pmtozoal diseases is much less
dearly d with the d P of and at
the practical level of prevention and cure interest has centred
on the ibil of drug through the whole
Pperiod of modern medicine.
Long before the first protozoal parzsnu were discovered,
e anti-malarial of Jesuit's Bark—
were widely known. Its active principle, the alkalod quinine,
Was isolated many years ago, and there was never any doubt
310 the effecuveness of its action against the disease. If a
natural product like quinine had some speaifically destructive
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action on the malarial parasite, it could hardly be doubted
that the organic chemists would eventually find something
even better. After all, the existence in certain plants of
a substance of this sort could be nothing but a pure accident.
Systematic research with the definite aim of finding organic
compounds capable of equally or more effective action ought
on every logical ground to be successful. Nevertheless, it was
not until the 1930’ that synthetic anti-malarial drugs more
effective than quinine were produced, but in the meantime
great advances had been made in the treatment of the other
important diseases due to protozoa. Potent synthetic
chemicals were available for the cure of sleeping sickness,
kala azar and amoebic dysentery well before the appearance
of any of the sulpha drugs.

It is probably correct to say that the development of these
synthetic drugs grew out of the researches of Ehrlich on the
staming power of dyes on living cells. In this work he had
the resources of the German dye industry available to him,
and was able to test an enormous number of substances. He
found that dyes of different chemical constitution might
show sharp differences in the power to stain living cells and
tissues. Some stained only certain cells or certain parts of
cells, and such specific staining powers suggested to Ehrlich
that to kill micro-organisms what was nceded was a dye
which stained the parasite but had no action on the cells of
the body. Later on came the conception that by combining
some poisonous element, arsenic for example, in such a dye,
the destructive effect on the parasite should be increased. It
was this principle that led to Ehrlich's greatest discovery—
salvarsan, or 606. This drug has some curative action on
infections by several species of protozoa, but it was, of course,
primarily developed as a cure for syplulis and other spiro-
chaetal diseases.

Once the general principles of this type of research had been
laid down by Ehrhich and others, the actual investigations
became mainly a matter of systematic testing of all the
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available organic compounds whose structure held any
promise of activity, The early successes were nearly all of
German origin but in the war years there was great activity
m the search for new chemotherapeutic drugs in both
Amenca and Britain. Towards the end of the war twa
extremely effecuve substances, Chloroquin and Paludrine,
were obtained but the nctual work of controlling infection in
malarial theatres of war was done by the German drug
atebrine. Qumnine 15 now of very minor importance in the
treatment of malaria,

For the treatment of steeping sickness there are a number of
arsenical compounds such as tryparsamide and atoxyl, as well
as the non-arsenical dmg ‘Bayer 205°. Kala azar is treated
with organic compounds of antimony, while against amoebic
dysentery we have Yatren and Carbarsone.
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CHAPTER V
VIRUSES

The golden age of bacteriology was in the 1880's, when
Pasteur had laid the foundation of the science and the solid
genius of Koch was providing the technical hods and the
scientific point of view. Young men from Koch’s laboratory
had all the world of infectious diseasc before them to conquer.
They investigated every disease which might be due to
infection by some micro-organism, and almost invariably
found bacteria. The more fortunate workers found the right
bacteria, and so established the eause of anthrax, diphtheria,
typhoid fever and so on, but others were less fortunate. The
bacteria which they isolated from cases of measles, influenza
or smallpox turned out to have nothing to do with the disease,
and it gradually became evident that there were some
infectious diseases which were caused by agents smaller than
bactena and protozoa.

Qute early in the history of bacteriology, a Dutchman,
Beijerinck, found that the agent responsible for the mosaic
disease of the tobacco plant could pass through the pores of
a porcelain filter candle which could keep back all bacteria.
This was the first discovery of a filterable virus. Then, just
at the turn of the century, two German workers found that
the germ of foot-and-mouth disease of cattle could also pass
through such filters, and established the of filterabl
viruses causing disease i animals. It was gradually recog-
nized that other diseases such as smallpox and measles were
due to filterable viruses, but 1t took years before adequate
methods of experimental investigations were developed. As
a result, greater advances in this field have been made m the
last twenty years than in the whole preceding fifty or sixty
years. ‘While there 1s still some controversy as to the intimate
nature of the viruses—most people nowadays omit the
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“filterable’—we are already in a position to give almost as
complete an account of their actvities as we can for the
pathogenic bacteria.

It 15 probably best to think of viruses not as a distinct class
of mic i butasakl g bl alike
only in their smallness and in their special nutritive require-
ments. Some authorities even consider that within the group
there are both hiving micro-organisms and agents which are

falk living. If 2 defini 1s required, we may say
that viruses are micro-organisms (or, 1f we wish to be non-
commttal about their nature, self-reproducing agents) which
are considerably smaller than bacteria, and which can
multiply only within the iving cells of a suitable host,

In this defimtion the actual size of viruses is regarded as of
secondary importance, their strict dependence for nutnton
on Lving cells being the more fmportant charactenstic.
Nevertheless, the extremely minute dimensions of the viruses
are probably of importance 1n determining their behaviour,
and in recent years a great deal of interesting work has been
carried out with the object of measuring the ‘particle size’ of
different viruses. Most viruses are too small to be seen with
the ordinary microscope. Some of the larger ones when
heavily stained with some appropriate dye can be seen as
well-defined pomts, and one such method s useful in
diagnosing smallpox In 1938, the first electron microscope
pictures of viruses were published and since then nearly all
the important viruses have been photographed by ths
mstrument, The principle of the electron mucroscope is
smple enough, however complicated the details that are
necessary for the production of good pictures. An electron
beam can be regarded as a beam of hight of very much shorter
wave-length than visible Light. Suitable arrangements of
electromagnetic fields can bend the beam 1n much the same
way as glass lenses direct hight rays in 2 microscope. In any
type of microscope the lower hmit of what can be seen or
photographed as a distinct object 15 determined by the wave-
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length of the ‘light” employed. Even with the most refined
workmanship the theoretical limit of resolution is about one-
fifth of the wave-length of the light being used. In practice
this means that a good light microscope will enlarge objects
isfactorily by 1000 di an electron microscope
working at the top of its form (they arc temperamental
instruments) will give fifty times that enlargement. One of
the best known viruses, vaccinia, under a good laboratory
microscope is visible as a dot about one-quarter of a milli-
metre in diameter. A good electron microscope picture will
show each particle of the virus as a rounded somewhat
brick-shaped object alittle over aninch inits longest diameter.
Its surface is granular, each granule perhaps representing a
single large molecule and in the centre there is a thickened
arca of different texture which may represent the vital centre
of the micro-organism. Most of the viruses which cause
human discase are smaller than vaccinia virus. The smallest
is that of poliomyelitis which has so far not been satisfactorily
photographed. Its size has been estimated by indirect
measurements as about 10 my in diameter. In round figures
a row of 2,500,000 such particles would occupy one inch.
Even before the advent of the electron microscope some
good estimates of the size of different viruses had been obtained
and in fact the electron pictures have not added much to that
knowledge however gratifying it may be to be able to ‘se¢’
what one is working with. Two of the indirect methods which
have been developed by physicists and chemists for measuring
the size of particles suspended in water can be applied to
viruses. In one the virus is filtered through specially prepared
memt of modified cellul These L have a
spongy structure and can be made of all degrees of porosity-
The looser textured ones have relatively large pores through
which the largest viruses can easily pass, the most compact
membranes have pores so narrow that although water and
small molecules hike thosc of salts or sugars will pass through

them, protei 1 largerpar i
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blocked. Intheintermediate range we find membranes which
will allow certain viruses to filter through, but not others. The
former must therefore be composed of smaller particles than
those which are held back. In this way it is easy to determine
the relative sizes of any viruses which can be studied 1 the
Iaboratory and with rather less certainty to give absolute
values for the diameters of their constituent particles.

The final method depends on the use of high-powered
centrifuges. If a suspension of particles in a liquid is allowed
to stand undisturbed, the rate at which the particles sediment
to the bottom 1s determined by their size and their specific
gravity. The smaller the particle, the slower the rate of
setthing. In a high-speed centrifuge the force driving the
particles to the bottom of the tube may be as much as 50,000
times the force of gravity, so that the rate of sedimentation is
enormously increased, but the relation between size of
particle and rate of settling still holds. By measunng the rate
of sedimentation of a virus in a high-speed centnfuge we can
thus obtain another estimate of 1ts size.

The measurements made by these three methods are in
general agreement, and 1t is possible to construct a table
showing the diameters of all the viruses which have been
studied in the laboratory. To express the diameters we need
a smaller unit than the £, and one-thousandth of this length,
1 ‘milli-mu’ (mg), is used as the unit An average protein
molecule is about 4 mp in diameter, the smallest viruses, those
of mfantile paralysis and foot-and-mouth disease, are some-
where between 10 and 20 my across, and from these there 1s
an almost contmuous senes of increasing sizes tll we reach
the 220 m of smallpox virus and 300 m of psittacosis.

We have now the second half of our definition to consider,
the fact that viruses can multiply only in the lving cells of
susceptible hosts This 1s, of course, why the early bacterio-
!ogxs!s failed to discover the cause of diseases like measles and
influenza, The viruses responsible were quite unable to grow

on the nutnent mixtures which were so successful for the

[N 5
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cultivation of bacteria. In recent years, much more refined
methods have been used in attempts to persuade viruses to
grow outside the living cell, but they have all been unsuccess-
ful. It seems probable, in fact, that the viruses are too small
to pack within r‘ Ives all t,hc plicated hani
y for an ind d. There is a growing
belief that their growth in the host cell is something quite
different from the way bacteria multiply in a nutrient fluid.
In some way the multiplying virus can make direct use of the
synthetic mechanisms of the invaded cell. Many virologists
believe that some viruses at least initiate the process of
multiplication by breaking down within the cell into much
smaller fragments. Some of these are the equivalent of the
genes, the bearers of inherited characters of higher organisms.
Each gene linksitselfin some way to one of the cell components
whose normal function is to supply energy and material for
growthand maintenanceofthecell. Now, however, thatenergy
and material is channelled in a new direction to allow the
continued multiplication of the genetic units of the parasitic
virus. Soon a stage is reached when the cell processes become
completely disorganized. Instead of its normal contents there
is a vast number of virus compuncm.s which now begin the
process of reorgani: 1 and producing the new
crop of virus pamcles w}uch in the final stage is set free from
the damaged cell. Thatinterpretation of virus multiplication s
still largely hypothetical, but in a few years time we should be
1n a position to describe the process much more accurately.
What we are certain of 15 that virus multiplication seriously
disturbs the normal chemical activities of the cell, The most
typical effect 1s to cause the death and almost complete dis-
integration of the cell, but 1t may stop short at any point.
Wherever serious disorgamzation is produced there is a
tendency for substances coming from the damaged cell to
provoke neighbouring cells to start growing and multiplying
in abpormal fashion. These two processes, multiplication of
adjacent cells and eventual death of infected cells, are
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characteristic in varying degrees of almost all virus infections.
This 15 why “pocks’ are so typical of virus infections which
produce changes in the skin The skin cells multiply around
the spot where the virus particle lodges, and a nodule appears.
Then the central cells die and break down into fluid, giving
the hitle blister in the centre of the pocks,

The hmitation of virus growth to Lving cells makes 1t
necessary to use methods for the experimental study of
viruses which are quite different from the methods of orthodox
bactenology. Living cells are necessary for all such work, and
we are further restricted by the fact that some viruses are
exceedingly fastidious m regard to the cells in which they
will grow. The virus of infantile paralysis produces its effect
by growth in the living nerve cells of the spmal cord and a few
ather parts of the nervous system, It was once believed that
10 other cells will serve 1t even for growth but recent studies
mdicate that, under some conditions at least, other types of
cell will serve. In general, viruses which have only very
limited disease-producing powers will multiply to some extent
1n other animals or other organs, but the range varies much
from one virus to another. The simplest method of studytng
virus diseases is to use some small laboratory animal like the
mouse and inject the virus in such a way as to bring 1t mn
contact with the most susceptible tissue. This 15 stll the
standard method of virus research, but mn recent years two
other methods of using hiving cells have been developed, One
of these 13 known as the tissue-culture method. If we place
hving cells, particularly embryomic cells, 1 a properly
balanced salt solution, and keep them at body temperature,
they will survive outside of the body for several days, If we
add to the cell suspension a drop of some virus capable of
infecting the cells and leave the mxture for three or four days,
we find that very much more of the virus 1s now present than
was added at the beginning of the experiment. The varus has
multiphed 1n the cells of the tissue culture. This method of
growing viruses i small glass bottles hasimportant advantages

52
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over animal inoculations for some purposes, and has proved
very useful,

The other method is in many respects half-way between the
tissue culiure and the animal inoculation. It uses the tissues
of the unhatched chicken as the source of susceptible cells in
which the virus can grow. There is a surprising number of
places inside the incubating egg where viruses can be caused
to multiply, Half-way through incubation we find in addition
to the embryo itself a rather complex system of membranes
and cavities. There is the yolk which is the main source of
nourishment for the chick, now almost surrounded by a living
membrane (the yolk sac), then there are two water jackets, the
amniotic and allantoic cavities containing clear fluid, and,
close against the shell, the thin chorioallantoic membrane
which spreads as the embryo develops till it completely lines
the shell. This membrane has arich blood supply, and is really
a temporary lung, since its function is to take up oxygen from
the air and hiberate carbon dioxide.

With a little practice it 1s easy to cut out a small triangle of
shell from the side of the egg without injuring the membrane.
At the same time a hole is made into the air space at the blunt
end of the egg. Then by making a litte slit with the pomt of
a needle in the fibrous \ which lies immedi;
under the shell and applying suction to the hole in the air
space, the sensitive mermbrane is drawn away from the
fibrous membrane. The contents of the egg are shifted slightly
to occupy the onginal air space and leave an artificial air
space above the sensitive living membrane, It is now possible
to place a few drops of virus-containing material on the
surface of this membrane, the cells of which allow growth of
quite a surprisingly large number of different viruses. One
special virtue of this method 1s that 1t provides a means of
counting the number of virus particles present in given
material. Suppose we have some vaccine Jymph to be used
for vacanation against smallpox, and wish to find out how

many living virus particles are present in the sample. To do
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this we dilute the lymph in some suitable fluid to give a
strength of, say, one ten-thousandth of the original lymph.
‘Then we put a measured drop on each of three or four egg
membranes. The eggs are then returned to the incubator and
opened after two days further mcubation, When we examine
the membranes we find that there are pock-like spotsscattered
over them, Each of these spots represents the point where a
vitus particle has lodged, infected a cell and set going the
process which eventually produces a wisible pock By counting
the number of pocks on each membrane, taking an average
and doing the appropriate atithmetic, we can then calculate
relatively accurately how many living vicus particles were
present in the original lymph. This was the first technique to
be developed for using the chick embryo in virus work

Around 1940 1t was found that mnfluenza virus could be
isolated by inoculating throat washings from patients 1nto
the inner amniotic cavity and that for many purposes the
outer (allantoic) water jacket was an even more suitable site
for mfluenza multiplication A little later the yolk sac was also
found to have special virtues for the growth of some viruses
and particularly for those orgamisms which as jt were lie half
way between bacteria and viruses, the Rickeitsige which cause
typhus fever and similar diseases.

With this background of knowledge about the sizes and
general character of the viruses which cause disease 1n man
and animals, we can go on to discuss the position of the
Viruses amongst hving orgamsms.

First of all we want to know how widespread are viruses in
nature, what sorts of organisms in addition to ourselves and
our domestic antmals are susceptible to virus diseases. The
answer 1o that question 1s comprehensive, Everv major type
of organtsm which has been studied closely enough has been
shown 1o be susceptible to attack by viruses of some sort. Even
thebacteria suffer from virus diseases. Their viruses are called
b:\c\cnophzges-—e:\tcrs of bactena For the most part,
baclenﬂphages are mere objects of academuc nterest, but
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occasionally they make some stir in the world. Their dis-
coverer, d’Herelle, thought at one time that it was only 2
matter of coliecting and * training” suitable bacteriophages to
climinate bacterial disease from mankind. Unfortunately,
when these ideas were applied in practice the results of
treating bacterial discases with appropriate bacteriophages
were very disappointing. In regard to Asiatic cholera,
however, there is some evidence that the activity of the
pe
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Fig. 2. A conventionalized diagram of the chick embryo about half:way

through incubaton to show the sites used for growth of different viruses
and Rukettnae.

cholera germ in causing disease, and more particularly in
initiating eprdemics, can be reduced by the admunistration of
active bacteriophages to persons in the threatened arca.
Inacompletely dific field wemay ton two instances
in which the activity of bacteriophages against useful bacteria
has been of economic importance. In New Zealand, as in
other up-to-date dairymng countries, the fermentation of milk
in the production of cheese is initiated with cultures of
streptococe specially selected for their power to produce acid
and to give a sausfactory flavour to the cheese. A great deal
of trouble has been encountered because these ‘starter’
cultures at various times seem to commit suicide and 2 whole
batch of milk farls to curdle correctly, The difficulty was
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traced to bacteriophage action, but exactly why these
specially selected strains should be so susceptible to the virus
has not yet been determined.

The other ple is the diminution in productivity of a
field of lucerne (or alfalfa) after it has been growing for a few
years, Lucerne is a legununous plant which obtains much of
its nitrogen supply by the action of special bacteria living 1
nodules on the roots. According to certain workers, the
diminished productivity of a stand of lucerne, which un-
doubtedly occurs in some regions, is due to the activity of
bacteriophages 1n destroying or reducing the numbers of root
nodule bacteria whose nitrogen-fixing activities are essential
to the plant’s well-being.

When three such different types of bacteria as the cholera
germ, the mulk streptococci and the root nodule bacteria
are all susceptible to bacteriophages, it is only natural to
expect that nearly all other bacteria will also be susceptible.
This is the fact. For a long time the tubercle bacallus was the
only important exception to the rule, but several phages were
active against related bacteria and there is a recent clam
which seems to be soundly based that the true tubercle bacillus
¢an be attacked by one type of phage.

These bactenal viruses have been very closely studied 1n
Tecent years, and their activity 1s probably better understood
than that of any other viruses. Many beautiful electron
microscope pictures have been made, and it was a great
surprise to bacteriologists when most of them were found to
?\ave a tadpole-like shape with a distinct tal’. The process of
invasion and multiplication has now been followed 1n great
detail even 1n regard to the chemical changes that occur,
Perhaps the most 1nteresting outcome of recent wark 1s the
demonstration that when two bacterial viruses mvade the
same bactenal cell 1t is often possible to find a proportion of
#bnd viruses amongst the swarm of new virus particles that
are refeased when the infected cell bursts

There are viruses which attack plants, extraordinary
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numbers of them. Just as virus discases of man and animals at
present form the centre of interest for most medical bacterio-
Togists, so the plant pathologists are concentrating on their
virus diseases with particularly interesting results. Probably
all plants are susceptible to some virus, but experimental
work has naturally been concentrated on the diseases of
economically important crops. The staple cereal crops are
relatively immune to virus disease, while the solanaceous
plants, po!ato,lobaccoand p.umun.my ible.
Plant viruses have nothing to do with disease in animals or
man, and we nced only touch on two points in regard to them
which provide some useful information in regard to the
biological position of viruses in general.

The virus of tobacco mosaic disense, as we have mentioned,
was the first virus to be proved filterable, and ever since, most
of the fundamental work on the nature of plant viruses has
been done with this example. In the tobacco plant the virus
multiplies enormously, so much so that in the squeezed-out
sap of an infected plant the actual bulk of virus is so great that
it constitutes about Bo per cent of the total protein present.
In the infected tissues of animals the actual weight of virus
present is extremely small, and it is an expensive and tedious
process to obtain any significant amount of purified virus for
chemical examination. There is no such fimitation with
tobacco mosaic virus, and for nearly twenty years since
Stanley first prepared 1t 1 near-crystalline form, it has been
studied intensively. The exaitement that greeted the discovery
that something could at the same time be a virus and a crystal-
line protein has faded with the years. More than a dozen
plant viruses have been 1solated since then, some of them in
truly crystalline form. Analysis shows that they arc all

d of nucleo-protem which, i ly, is the most
important component of the chromosomes of higher types of
organism. Electron pictures have shown how the virus
particies pack together to form crystals. But despite all the
efforts of the biochemists we seem to have got very little
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further than that. The ‘secret of hife’, if there 15 one, 15 to
understand how within living matter organic pattern is
contimually duplicated. In the dividing cell each gene
becomes two similar genes; a tobacco plant 1s moculated with
a few particles or molecules of virus and within a few weeks
there are illons of similar units throughout its substance.
Fifteen years ago it scemed that in tobacco mosaic virus we
had the simplest living thing in a form that could easily be
handled chemically and there were great hopes that the
problem of 1ts multiplication in the host plant could be solved
by physical and chemical methods. To-day we can only say
that in the many hundreds of pages that have been written
on plant viruses there is no sign of 2 solution to that problem.
For the present we must hold to the view that growth, repro-
duction and ion are the fund, ] ck 1stics of
Lfe, and whether we call 1t a protemn molecule or not, the
tobacco mosaic virus shows all these characteriscs.

The other point of interest in regard to plant viruses that
needs brief discussion 1s the exastence of quite invisible latent
infections. For mstance, there are varieties of potato which
grow perfectly normally without any of the usual signs of
virus disease, If we rub a hittle of their sap on to the leaves of
a tobacco plant, we find symptoms of a severe virus mfection
appearing m the tobacco. The potato variety consistently
carries 1n 1ts sap and tissues a Jatent virus. This phenomenon
15 very common amongst plants. Most of the ‘new” wirus
diseases which anse m crop plants from time to time are
Pprobably denved from natwve plants which are mnfected 1n
.thns latent fastuon. The virus js transferred by plant-sucking
insects, and once 1t finds the new susceptible host, spreads
widely An interesung horticultural example concerns the
‘breaking® of tulips, Until the middle of the sixteenth
century, tulips were all self-coloured, 1.e. the petals were of one
uniform colour. At that period it was found that certamn
stocks developed variegations of petal colour which persisted
as long as the stock was Lept going from bulbs. When new
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plants were grown from seed, however, the flowers were again
self-coloured and it was usually several years before ‘breaking’
occurred, giving the variegated more valuable form. Quite
recently it has been shown that all that is required to induce
‘breaking® at will is to inoculate the tulip with a drop of
juice from certain lilies. *Breaking’ is really a symptom of
a virus infection, usually derived from one of several species of
lily which th Ives show no symg 1 . When
we come to consider questions of transfer of infection from
one animal to another, we shall encounter very stmilar

phenomena.
As to the viruses which infect animals, we find again that
every group of animals jmp enough jcally to be

the subject of detailed research has been shown to suffer from
virus discase. Amongst invertebrates, the bee and the silk-
worm are the only domesticated forms. Both have their virus
diseases, *sac-brood’ of bees and jaundice or ‘grasserie’ of
silkworms. There is one known virus of fishes and one of
frogs. The domestic fowl is subject to four well-known virus
infections, and there are several others less adequately studied.
Parrots suffer from psittacosss, and at least one other type of
wirus disease. Every domestic mammal js subject to poxes
and plagues, nearly all of virus ongin. Sheep-pox, cowpox,
horsepox, swine fever, catile plague, dog distemper, South
African horse sickness, and so on, for an almost endless list
that is constantly being lengthened. Man himself js subject
to a wide vanety of virus diseases. They range from the
classical plagues of smallpox and yellow fever to trivial
infections like herpes of the lips and the common cold. Most
of the viruses responsible have been isolated in the sense of
having been transferred to some laboratory animal in which
their properties can be studied in more or less detail. At the
present time (1g51) there are still several which have not
been studied by any techmique other than the experimental
i ofhuman vol Thesemclude th cold
and the ill-defined group of respiratory infections whick
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includes primary atypical pneumonia, chickenpox and
shingles, infectious hepatitis, german measles, glandular
fever, and the local skin infections, molluscum contagiosum
and warts. Measles is:lf is almost in this category as the
study of the very muld i that 1s produced in Y

has not given much information about the virus, The lst of
human diseases known to be due to viruses has been steadily
ncreasing as more and more of the minor feverish ailments
are being studied. In the first edition of this book twenty-five
virus diseases of man were listed. To-day it is rather difficult to
give a definite number because there are some diseases which
are due not to a well-defined species of virus but to a group of
more or less closely related viruses  For mnstance there are
now eighteen named types of virus carried by insects and
giving rise to encephalins 1n muce when appropriately
injected. Probably all of them could on occasion produce
human encephalitis. Many of them are more or less closely
inter-related. I should consider that they are responsible for
seven distinct human diseases but other virologists would
probably give a different figure.

With that reservation we can hist the human virus diseases
as follows:

{1} General infectious diseases in which the virus 1s spread
through the blood and 1 not localized predominantly i any
particular organ, although skin rashes of one sort or another
are common. These P nine d
chickenpax, measles, german measles, yellow fever, dengue
and three rare diseases.

(2) Diseases 1n which a particular organ or system 1s
specially involved. In some of these the spread is through
the blood and other organs may exceptionally be nvolved.
Tt 15 likely that there are at least eight virus infections of the
respiratory tract, mnfluenza A and Band the virus some people
arecalli cold, pnmary

G,
atylgxcal pneumonta and probably two other types of fevensh
col

b4
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The digestive tract, especially the intestine, seems to be the
primary site of action of three important groups of viruses,
poliomyelitis, hepatitis (infectious jaundice) and the Cox-
sackie viruses of which there are at least two major groups
and many minor ones, With three sorts of polio virus two of
hepatitis and probably fifteen Coxsackie viruses this becomes
a considerable list.

Local infections of the skin and the conjunctiva (the inner
lining of the cyelids) comprise herpes, molluscum contagiosum,
warts, trachoma, inclusion, blennorrhoea and Newcastle
discase. Mumps affects the salivary glands and hmpho-
granuloma inguinale is a venereal disease that localizes par-
ticularly in the lymph glands.

Finally, there are twelve diseases of the nervous system
excluding poliomyelitis. These include rabies or hydrophobia,
encephalitts lethargica which flourished from 1916 to 1925
and then strangely disappeared, the seven diseases due to
insect-borne viruses previously mentioned and two rarities.

On this reckoning there are forty-eight distinct viruses
which are known to produce human disease. As far as is
known thirty-one of these viruses pass directly from one
human being to another, sixteen are derived directly or
mdirectly from animal infections and one (dengue virus)
spreads from human to human via the mosquito but may be
ultimately derived from some as yet unidentified animal
Teservoir.

It is usual to consider with the viruses another important
group of organisms the Ricketisiae which, like the viruses,
can grow only in hving cells although they are readily visible
under the microscope and look like small bacteria. There are
five main groups of diseases caused by these micro-organisms:
typhus and murine typhus fevers, the group of tick-borne
1nfections of which Rocky Mountain spotted fever is the best
known, the mite-borne scrub typhus of the Western Pacific
region, Q fever, first of Australia but now known to be of
nearly world-wide distribution, and rickettstal pox so far
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teported only from a New York suburb. They are all trans-
mitted by insect or related parasites, lice, fleas, ticks or mtes,
butin some human infection results from inhalati
of contaminated excreta rather than from the bite of the
carrier.

It will have been gathered from this rapid survey of the
activities of viruses that in many respects they must be regarded
as a ubiquitous and rather highly successful type of organism.
The problems of their evolution and of their relation to the
better known types of hfe, therefore, become of considerable
intellectual interest When we remember that apparently
genuinely ‘new’ wirus diseases have appeared during the
present century, the interest becomes more than academic.
Few things might have greater consequences to humanity
than the evolution of a ‘new’ virus with the spreading power
of influenza and the virulence of old-type smallpox.

Viruses as we know them to-day are capable of growth only
within the Lving cells of some other organism, Present types
then can have had no longer evolutionary history than that
of the orgamsms at whose expense they hive. There seem to be
three possibilities. The first would assume that viruses are
directly descended from primitive subcellular organisms which
adopted a parasitic existence on the very earhest cellular
organisms. As the evolution of amimal forms progressed,
viruses developed and adapted themselves to parasitize
each new form as it emerged, always changmg slightly, but
never developing an independent mode of life. The second
possthility 1s that viruses are descendants of pathogentc
bacteria which had undergone parasitic degeneration to
various degrees Both these views implicitly accept varuses as
autonomous micro-organisms evolving as a result of repro-

duction, variation and selective sumval like other orgﬂmSmS
o PO R
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The digestive tract, especially the intestine, scems to be the
primary site of action of three important groups of viruses,
poliomyelitls, hepatitis (infectious jaundice) and the Cox-
sackie viruses of which there are at least two major groups
and many minor ones, With three sorts of polio virus two of
hepatitis and probably fifteen Coxsackie viruses this becomes
a considerable list,

Local infections of the skin and the conjunctiva (lhc inner
lining of the eyelids) comg herpes, moll:
warts, trachoma, inclusion, blennorrhoea and Ncwc-utlc
disease. Mumps affects the salivary glands and Hmpho-
granuloma ingunale is a vencreal discase that localizes par-
ticularly in the lymph glands.

Finally, there ate twelve diseases of the nervaus system
excluding poliomyelitis. These include rabies or hydrophobia,
encephalitis lethargica which flounshed from 1916 to 1925
and then strangely dxsappczrcd the seven diseases due to
insect-borne viruses p ioned and twa rarities.

On this rcckonmg there m'c forty-cight distinct viruses
which are known to produce human discase. As far as is
known thirty-one of these viruses pass directly from one
human being to another, sixteen are denved directly or
directly from animal infections and one (dengue virus)
spreads from human to human via the mosquito but may be
ultimately derived from some as yet unidentified animal
reservoir,

It is usual to consider with the viruses another important
group of organisms the Rickettsiae which, like the viruses,
can grow only in living cells although they are readily visible
under the microscope and look like small bacteria. There are
five main groups of diseases caused by these micro-organisms:
typhus and murine typhus fevers, the group of tick-borne
nfections of which Racky Mountain spotted fever 1s the best
known, the mite-borne scrub typhus of the Western Pacific
region, Q fever, first of Australia but now known to be of
nearly world-wide distribution, and rickettsial pox so far
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of Rocky Mountain spotted fever shows a specially close
approach to these forms. It is harhoured by a tick which is
quite unaffected by its presence. So mutually adapted are
parasite and host that the Rickettsiamay betransmutted through
the egg from generation to generation. The typhus fever
Rickettsia is transmitted by the louse, but in this case the
adaptation of the insect host and parasite is much poorer.
Infection of the louse wath typhus is invanably fatal within
aformight, evidence, according to Zinsser, that the louse has
only recently taken on this role of vector. Then as a step
between the Rickettniae and the smaller viruses we have the
virus of psittacosis, This is the disease of parrots which we
have already mentioned as an example of an almost perfectly
balanced relationship between parasite and host. The virus
particles, even in their smallest form. are easily seen with the
mictoscope, and under certain circumstances the virus takes
the form of organisms quite as large as many bactena When
We come to the true viruses, we find that the larger forms such
2tvaccinia or smallpox viruses are quite obviously of complex
Structure, have a chemical composition very hke that of
bacteria and in some of thewr immunity reactions behave in
much the same fashion,

With smaller forms we can no longer see such resemblances
tobacteria, butwe can say that all viruses infecting animal cells
show such a general resemblance in their behaviour that it is
difficult 1o avoid the conclusion that in some way or other
they are of the same biological status. According to the
hypothesis we are examning, the viruses have been evolved
from bacteria which specialized in a strictly parasitic way of
Ife, Nowitis charactenstic ofmany though not ofall parasites
that, provided 1ts species survives, the orgarusm will tend to
evolve in the direction of losing all unnecessary faculties, not
infr oquently being reduced until 1t 15 little more than a simple
mtd}nn’\sm for providing sufficient nourishment to the repro-
ductive cells. There are several well-known examples that
adorn al the text-books. The most spectacular 1s perhaps the
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able, and is perhaps the simplest possible hypothesis. It is
perhaps only an intellectual prejudice to say that it is unsatis-
factory because it merely solves the problem of the nature of
viruses in terms of completely unknowable proto-organisms
arising at the very dawn of evolution. No argument about
this hypothesis is possible. It may be true, but at least either
of the others is *metal more attractive® to a speculative mind.
Let us take first the possibility of parasitic degeneration.
As we saw in dealing with bacteria, pathogenic forms which
have specialized in a parasitic existence become progressively
less capable of growth outside the tissues of its l\os(. nghly
pathogenic bactena like the Gt or the whoop
bacillus are difficult to grow on non-living mixtures, The
Genococeus, like some other bacteria, seems to grow readdy
inuide certan body cells. So daes the tubercle bacillus, and
even more so the leprosy bacillus. The latter may represent
an important step in the direction of parasitic degeneration.
In size, appearance and chemical structure, the leprosy
bacillus closely resembles the tubercle bacillus, but although
it grows frecly in the living cells of its host, it cannot be grown
onany non-hving matenal that has been so far tried. A further
advance in this direction can be read into the characteristics
of the Rickettsiae. In man the Ruckettsiae are purely intra-
cellular parasites. They look Ike small bacteria, but are
considerably smaller than the great majority of true bacteria,
and like the leprosy bacillus, cannot be grown on artificial
media. The Rukettnae are nearly all transmitted by biting
msects, mites or ticks, and seem to have evolved primarily in
these invertebrates. In many insects there are structures in
certain cells which appear to be undoubted bacteria. They
have not been grown artificially, and they are passed on to
succeeding generations through the egg. What part they play,
if any, in the animal’s economy is unknown. Some of the
smaller types closely resemble Ruckettsige, and 1t is possible
that the pathogenic forms have developed from these harmless
parasites {or symbionts) of insects and ticks, The Rackettsia
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of Rocky Mountain spotted fever shows a specially close
approach to these forms. It is harboured by a tick which is
quite unaflected by its p So lly adapted are

iteand hostthatthe Ricketisiamay betr d through
the egg from generation to generation. The typhus fever
Rukettna is transmitted by the louse, but in this case the
adaptation of the insect host and parasite 15 much poorer,
Infecuon of the louse with typhus is invariably fatal within
afortnight, evidence, according to Zinsser, that the louse has
only recently taken on this role of vector. Then as a step
between the Rickettsiae and the smaller viruses we have the
virus of psittacosis. This is the disease of parrots which we
have already mentioned as an example of an almost perfectly
balanced relationship between parasite and host. The virus
Particles, even in thejr smallest form, are easily seen with the
microscope, and under certam circumstances the virus takes
the form of organisms quite as large as many bactena When
we come to the true viruses, we find that the larger forms such
s vaccinia or smallpoy, viruses are quite obviously of complex
structure, have a chemical composition very hke that of
batteria and in some of their immunity reactions behave in
much the same fashion,

With smaller forms we can no longer see such resemblances
tobacteria, but we can say that all virusesmfecting ansmal cells
show such a general resemblance in their behaviour that 1t 1s
difficult to avord the conclusion that 1n some way or other
they are of the same biologscal status. According to the
hypothesis we are examining, the viruses have been evolved
from bacteria which specialized 1n a strictly parasiic way of
tfe. Nowitis characteristic of many thoughnot of all parasites
that, provided its species survives, the orgamsm will tend to
evolve in the direction of losing all unnecessary faculties, not
‘“ﬁi‘lllt_mly being reduced until it is Jittle more than a simple

. or providing suffici t to the repro-
ductive cells, There are several well-known examples that
adorn all the text-books, The most spectacular is perhaps the
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Malayan plant *Rafflesia’, which produces the largest flower
in the world—s ft. in diameter. As a flowering plant,
Rafflesia must have evalved from some fully functioning
green plant, but it is now so intensely specialized as a parasite
that it has no leaves, stem or roots, It is 2 mere network of
feeding tubes which infiltrate the substances of living trees,
abstracting sufficient nourishment to produce its extra-
ordinary efllorescence. In the animal kingdom, we find the
rather simjfar iple of Sacculina, a parasitic o

which in its adult stage is reduced to a sac-hike reproductive
organ nourished by slender tentacles extending into the host’s
tissues. Less extreme examples are to be found in every group
of parasites, and on asmaller scale it is what might be assumed
to have happened in the evolution of viruses from pathogenic
bacteria.

Ind ingbacteria we have said hing of the complex
chemical activities mediated by enzymes on the surface or in
the substance of the organism by which food molecules are
incorporated and used to provide substance and energy for
itsrequirements. Insideabving animal cell there are available
similar mechanisms for the cell’s own nutrition, and if a
parasitic bacterium could divert these mechanisms to its own
uses it might be enabled to dispense with some of its own
equipment of ferments and so forth, A corresponding
reduction in size would become possible, and it is concervable
that such a process mght continue until the organism is
reduced to the absolute minimum, a fragment of matter stlt
retaining the power of growth and muluplication, and capable
of surviving in its own particular biological environment, but
otherwise ‘sans teeth, sans eyes, sans taste, sans everyihing’.
The hypothesis seems to lead to a nightmare of fuality, but
how concordant it 1s with so many other hard biological and
sociological facts. The evolution of living beings and of social
organizations 15 determuned only by their survival neither
pays the shghtest heed to ‘enlightened human opinion’.

The third hypothesis about the biological position of the
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virusesisvery difficult to putinto any evolutionary perspective.
1tis characteristically a hypothesis of physicists and chemists
who are not deeply interested in evolution, adaptation,
survival and such nebul and able p
‘This view is that the smaller virnses at least are not micro-
organisms at all, but fragments of the cells which appear to
be infected. Although this theory was put forward in rather
vague fashion many years ago, it was greatly stimulated by
Stanley's discovery that one of the plant viruses is a erystal-
fine {or more strictly, para-crystalline) protein composed of
very large, but by ck 1ly defined, molecules. It

PP
posed that within th ptble cell such a virus-protein
molecule acts as a kind of protein-building enzyme with the
spectal faculty of building up from the available material 1n
the cell, protein of the same structure, and hence the same
activity as jtself. Now there is nio doubt at all that there are
structures in all cells which function something like this. These
are the genes, those tiny units which modern theories consider
to be the essential 4 of all inheritable ct -
istics. At every division of a cell in the course of growth, each
gene must give rise to two genes, each identical with the
oliiginal. ‘What would happen if from disturbance of control
within the cell, one or more genes went on multiplying
indefimtely? Almost certainly we should observe the same
sort of destructive action on the cell that follows infection by
avirus. And that in crude outline is how, according to our
thard hypothesis, the smaller viruses have ansen. In the
modern form of thus hypothesis the ennties which have been
freed from normal celtular control are usually thought to be
not the nuclear genes but the hypothetical second line through
which genetic processes control the form of an organism, the
plasmagenes It1s assumed that one of these self-duplicating
plasmagenes has got out of control and by its unlimuted
tiphication become a d parasite where 3t was
formerly a useful servant of the cell.

Perhaps there 13 some truth in both views. Some viruses
[T
[
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may be the descendants of degenerate bacteria, while others
may conceivably be derived from portions of a cell gone
berserk, There is an interesting parallel, one stage higher in
biological organization. We have ioned the parasiti
amoeba which causes dysentery and liver abscesses in man.
This is undoubtedly a parasite which has evolved from a free-
living unicellular animal. But there is another type of
dangerous invasion of living tissues by animal cells—cancer.
Here the invading cells are direct descendants of normal body
cells, yet owing to some failure of the normal co-ordination
they have taken on malignant activity which eventually
destroys the organism from which they are derived. Just as
the body may be invaded by autonomous parasitic animal
cells, it can be ked by these pseudo-parasitic cells of its
own producing.

It is naturally very difficult to decide between rival
hypotheses of this sort in the absence of any objective evidence
of earlier evolutionary phases. If it could be shown that by
any manipulation of normal cells other than infection with
living viruses a new type of virus could be produced, the
hypothesis of intnnsic origin would be proved for that case
at least, and rendered far more probably applicable to known
viruses. This has never been done.

Of all the viruses for which a theory of intrinsic cellular
ongin might be postulated, that of foot-and-mouth disease of
cattle is perhaps the most likely. In England and on the
continent of Europe, outbreaks occur in a fashion most
exasperating to those charged with the control of the disease-
No possible source of nfection is obvious, and such far-
fetched theories as spread of the virus by sea-gulls have to be
invoked. It might be simpler to understand if, under certain
unknown conditions, the virus could be produced spontane-
ously by thesusceptible cells in cattle. Butwecan beabsolutely
certain that this does not occur, for the simple reason that by
adequate quarantine, foot-and-mouth disease has been kept
out of Australiz, and no outbreak has ever occurred, The
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same holds for other important virus diseases such as rabies,
sheep-pox, and cattle plague. From the practical administra-
tive point of view, we must hold firmly to the biological axiom
that, like every other living organmism, every virus is genetically
derived from pre-existing virus of similar but not necessarily
identical type. On the available evidence, we must exclude
our hypothesis of intrinstc origin, and accept one of the two
we discussed before it. Most research workers on animal
viruses prefer the theory that viruses are the diminished
descendants of pathogenic bacteria or protozoa.
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Part 1T
THE PROCESSES OF DEFENCE

CHAPTER VI

THE NORMAL DEFENCES AGAINST
BACTERIAL INFECTIONS

Whenever the tissues of the body are invaded by micro-
organisms, one of three alternative results must ensue. The
germs may multiply without effective restraint and cause
death; they may establish themselves in the tissues and persist
there indefinitely, or finally the invasion may provoke the
tissues to react in such a way that the infection is completely
overcome—all germs in the tissues are destroyed or eliminated
and the patient recovers. The result of infection will depend
to a large extent on the nature of the micro-organism which
invades the body, but by far the commonest sequel is complete
recovery. Itis our task in the next few chapters to discuss the
processes by which bacteria and other micro-organisms which
may invade the tissues are dealt with and overcome. The most
obvious example of such processes is seen in the course of re-
covery from a frank attack of some infectious disease, but for
every such illness there are probably hundreds of occasions
on which the same defence processes overcome incipient
infections before more than tavial symptoms are produced.
It 1s common knowledge that after recovery from some
infections at least the body acquires a resistance against any
subsequent infection by the same type of micro-organism.
This phenomenon of immunity must take a central position
m any discussion of infectious disease, but before we are in
a position to describe the way an immune person or animal
avoids or overcomes mfection it is necessary to outline the
normal defences of the body. By normal defences we mean
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those which are not dependent on any previous experience
of the germ responsible for calling them into action. In
practice it may be very difficult to be certain that any reaction
against bacterial invasion is a normal defence in the strict
sense of dus definition. Every infant enters the world
quipped with the i oh(s mothcr agamst
1hc germs she has d. This tr
fades in a few months, but not before the child has met and
resisted the innumerable bacteria which colomze its skin and
digestive tract soon after birth, In all probability the infant
has acquired some immunities of its own before 1t loses those
supplied by the mother. Nevertheless, there 1s undoubtedly
2 seq of resp to infection by bacteria which
pmvldcs a standard form of defence against such invasion.
& of an acquired makes these responses
more rapid and more efficient, but their general character is
quite independent of previous exp e of simular infe
Let us take as a simple example 2 small cut in the skin which
becomes infected with a fairly virulent Staphylococcus. The
general sequence of events is familiar to most people. The gap
between the cut edges 1s soon filled with a wedge of dried
clotted blood, and there is a little redness along the edge and
shght swelling. Next day there 1s a wider area of reddened
skin, and the neighbourhood of the wound 15 pamful to
touch. Another day and the cut looks ‘angry’, a little yellow
Ppus can be seen under the scab or exuding at one end of the
cut. As a rule, the scab is soon hfted off, and a hittle dis-
charging ulcer perssts for a day or two, The redness, swelling
and tenderness diminish, and in a week or two there is only
a pink, shghtly sunken scar remaining. In this simple senes
of events we have an epitome of the normal defence of the
body agamst the less specialized mvaders. Ifwe are to under-
stand the general nature of the processes responsible for this
sequence of infection, inflammation and healing, 1t will be
necessary to hnow something about those aspects of ele-
mentary physiology which are relevant to the defence
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reactions. These reactions are based very largely on the
activities of the blood and the blood vessels, and most of our
clementary physiology will be concerned with these.

All the organs of the body are supplied with blood which
reaches them from the heart by way of the great arteries. In
the organ these break up into progressively smaller branches
till we come to the minute thin-walled tubules called the
blood capillaries. It is jn these capillaries that the various
interchanges of nutritive material, gases and waste products
between blood and tissues occur. From the capillaries the
blood is collected by small veins which unite eventually to
form the main trunk vein from the organ.

We shall be concerned very largely with the smallest blood
vessels, the capillaries, and it is worth while discussing their
nature and activity for a little. The larger vessels, both
artenes and veins, are essentially just pipe lines, very intri~
cately arranged pipe Lines with capacities for regulating their
bore in accordance with the requirements of the system, but
concerned only with the physical function of supplying blood
where and in what amounts it is required. The capillaries
serve a more delicate function. Despite their very small
average diameter, there are such enormous numbers preseat
in every tissue that the blood passes through them relatively
slowly, giving time for oxygen and nutritive substances to
diffuse through to the tissue cells, and for carbon dioxide and
ather waste products like urea and uric acid to pass from
tissues to blood. To allow such diffusion, the walls of the
capillaries are made up of only a single layer of cells. Under
the mitroscope, these cells show no indication of any special
function other than to keep the blood from leaking out of the
vessels into the tissues, bat experiment shows that they are not
mere passive umis of a pipe hining. The capiliaries can change
their bore to a surpnsmg extent. When a muscle is at rest, 2
large proporti of the capill in1ts sub: close down
completely. No blood passes through them at all. With
excrcise of the muscle, there 1s an immediate increase m the
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local demand for oxygen and food, and in response many more
of the capillaries open up and allow an increased flow of blood
through the part. This is one of the beautiful adaptations
wihich ensure that there will be an adequate interchange of
material between blood and tissues. An even finer control of
this interchange is exeraised by the cells themselves. Under
normal conditions the blood at the arterial end of the capillary
will be the ‘freshest’, i.e. 1t contans more oxygen and less
carbon dioxide than at any other point of the capillary. Ifthe
cells of the capillary wall were all of similar character, this
would mean thatthere would be much more active interchange
at the arterial end than further along. To counteract this,
there are differences in the degree to which the cells will allow
the passage of material, those at the arterial end allowing less
7apid diffusion than those at the venous end of the capillary.
In this way things doutandall theti 1ls have an
equal opportumty to obtain what they require from the blood.

It will be seen from this descraption of the capillary
mechanism that the blood normally never comes mnto direct
contact with the tissue cells. It is always separated from them
by the cells of the capillary wall There are some organs 1n
which the blood passes 1nto a network of spaces which are
wider and more irregular than the capillaries 1n other parts
of the body. These are the places where the blood is formed,
or where 1ts constituents as they wear out are removed, and
In these regions the hinung of the blood spaces is more comph-
cated. The chuef blood-forming organ 1s the bone marrow,
Which is the friable spongy tissue inside the shafts of many of
the bones, particularly the nbs and the ends of the main limb
bones. In’'adult Lfe this is the site of formation of the red
blood cells, and of a majority of the white cells or leucocytes.
Th.c mother cells from which these circulating blood cells are,
as it were, budded off, line the irregular blood spaces that he
amidst the loose trellis of bone in these situations.

The final disposal of worn-out blood cells begins 1n certain
cells which Line the capillaries and blood spaces of the hver
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and spleen, These are larger cells than those which make up
the normal lining of the capillaries, and from their activity
in picking out from the blood stream dead cells and foreign
particles, they may best be called the ‘fixed phagocytes® of
the body. Such cells are alse found in other parts of the
body, but these two organs contain a large proportion of the
total, and we may neglect the others for the present.

As it circulates in the body, the blood is a dense suspension
of cells, most of thern the oxygen-carrying red cells, in a clear
fluid, the plasma, About half its volume is occupied by the
cells, half by the fluid portion. The red cells are, of course, of
vital importance, but as far as we know they play no direct
partin the defence processes; both the white cells of the blood
and the plasma are of much more importance from our
point of view. There are several different kinds of white cells
10 be found in the blood, but we need consider only the two
most numerous types. The first of these is a cell with a very
rrregularly shaped nucleus, from which it derives its technical
name of “polymorphonucicar leucocyte’. Bernard Shaw
wrote The Doctor’s Dilermma around, if not precisely about,
these particular cells, and since then everybody has heard
about the phagocytes, the cells which eat bacteria. This is 2
more convenient name, provided we take care to differentiate
them when necessary from the fixed phagocytes. Like thered
cells, they are produced 1n the bone marrow. The second type
of cell is a smaller one with 2 relatwely large round nucleus,
the lymphocyte. The functions of these cells are rather
obscure. They are not eaters of bactena, but play an important
part in the repair of damaged tissue, There 1s much to suggest
that they are concerned m the production and transport of

ibodies. The lymphocytes are produced, not in the bone
marrow, but in spectal organs tn various parts of the body,
the lymph glands or lymph nodes.

The plasma, or fluid part of the blood, 15 a liquid of
extraordinary complexity and infimte interest. Isupposethat
1w the last fifty years, literally millions of pages have been
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written about its properties in health and disease. In every
hosputal in the world dozens of analyses for one or other of 1ts
constituents are being made daily. For our purpose we can
neglect many of these constituents, however important they
may be in other respects, In rough outline, then, the plasma
is a complex solution in water of vanous proteins and salts
with smaller amounts of an almost nfinite variety of sub-
stances which are either needed by the tissues or eliminated
from them as waste products. It 1s the protems with which
we shall be chiefly concerned.

The blood protein with the most easily recognized activity
is the one responsible for the clotting of blood. As soon as
blood leaks out from the vessels as a result of some injury,
a complex process results in this particular protemn becoming
insoluble. It erystallizes, as it were, 1nto a network of threads
which hold the rest of the blood together m the form of
aspongy clot, If blood 1s taken mnto a test-tube and allowed
toclot, after a time the clot shrinks and a clear flutd 15 squeezed
out of its pores. This fluid 15 plasma freed from the unstable
clotting protein, and 1n this state 1t 1s known 2s serum. Its
obviously more convenent for most purposes to use a stable
lquid like serum than one which 1s hable to go Into a semt-
solid state at the slightest provocauon, and most of the
expenimental work on the changes 1 the blood which result
from disease has been done on serum rather than on plasma.

The proteins which remain m the serum still form a very
complex mixture which can be sorted out by several dfferent
methods which, however, do not give the same answers The
most useful present-day method 15 to separate the proteins
by electrophoresss, that 15, by taking advantage of the fact
that when a solution of mixed proteins s exposed to an
electric current each type of protein moves at 1ts own character-
stic speed toward the positive electrode. By a smtable
nstrument the serum or other solution can be made as it
were to draw a graph of its own constituents, a tall peak
correspands 1o serum albumen and a complex threc-peaked
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elevation shows the a-, £- and y-globulins, The functions of
serum albumen are largely physical, but the globulins,
particularly y-globulin, are the bearers of important capa-
cities, Antitoxins and antibodies of all sorts represent
modified globui lecules, so that anything we can learn
about the origin and nature of this substance is of obvious
importance. Unfortunately, the question of where the serum
globulin is produced has never been solved. It is one of
those elusive problems of physiology for which no method
of experimental attack has yet been found. Perhaps it is
worth noting parenthetically here, that such problers are
far more numerous than one would judge them to be from
reading a text-book of physiology. Text-books and reviews
necessarily on the results obtained from the study
of such aspects of physiology as are amenable to experiment,
They tend to omit or minimize the enormons regions for
which no technique of expersmental study has been developed.
The source of the serum globulin is just one minor problem
bound up in the major one of the way in which the bodily
structure 1s developed and maintamed.

When blood is lost by haemorrhage, the deficiency is
rapidly made good. The bone marrow pours out red cells
into circulation, flurd passes from the tissues and the original
globut 15 soon regained. There are still only
guesses as to its ongm. Modern work with radioactive
isotopes has shown that we have to think of body chemistry
as somcthmg much more dynamic than we used to. Thereisa

h of atoms & protems in the blood
and in the organs. Somehow, a dynamic equilibrium is main-
tained in a fashion thatmakes1t unbkelythat anyspecific organ

or tissue 15 wholly responsible for the production of ¥-globulin
ar anyolher bluod pmt:m Thc h\ er1s one of !hc bedy 's great

(LA

;mub:)dy about which we shall have much to say probably
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comes from the tissues in which fixed phagocytes or macro-
phages are associated with cells of the lymphocyte type,
lymph glands, spleen, bone marrow.

“To return to our analysis of what takes place when a small
cut or abrasion is infected with staphylococci. The trouble
starts when the bacteria, introduced at or after the time the
wound was made, begin to multiply in the damaged cells
2and in the remains of blood clot and tissue juice in the depths
of the wound. As they multiply they produce poisonous
substances which damage or kill the adjacent cells. These
damaged cells provide more food for the bactenia, but at the
same time they set free a stimulus which calls the main
defences of the l\ssucs nto acuon One of the first steps,

icularly in i i is the clotting of
lhe fluid in the local lymph channels which to a large extent
prevents spread of the microbe to other parts of the body.
Damage to livang cells by almost any agent—heat, mechanical
injury, chemical Its in a hiberation of a variety
of soluble agents w}uch can mﬂucnce other cells. A good deal
of progress has been made in sorting out the active con«
sutuents from the medliey of substances that can diffuse from
a damaged cell. The first to be recognized was histamine,
a relatively simple organic substance closely related to the
amino-acid hisudine. From badly damaged cells or tissnes
more complex compounds, most of which seem to be of
polypeptide character, can be obtained which attract
phagocytes (“leukotaxine’) and damage cells

There are two simple ways of obtmmng by personal

ofh

anideaof thech
The first is to apply a nettle leaf to the soft skin on the front
of the forearm The second is to allow a mosquito to bite some
relatively unexposed patt of the skin  Some people will find
the masquito bite meffective, but in the average person bath
these types of muld srritation will give a histamme type
reaction, In the first edition of this book the effect of the
nettic was assumed to be due, 1n the fisst instance, to the
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damage by some unknown poison which stimulated the cells
to produce histamine. Now we know that the example was
better than was imagined at the time because one component
of nettle poison is actually histamine itself. The nettle reaction
because of its directness is more rapid than the mosquito bite.
In both 2 little white weal commences to form and enlarge
around the point of injury, while at the same time the region
becomes itchy. As the weal enlarges, a red flush appears
surrounding it. After an hour or thereabouts (if the place is
not scratched meanwhile!) the weal gradually disappears,
and is replaced by a pink swollen area which in its turn also
gradually disappears. This simple httle phenomenon, which
is familiar to everybody, has been analysed in great detail
by Sir Thomas Lewis, with results of great importance for
the interpretation of all the phenomena of inflammation in
the skin and elsewhere.

The sequence of events is almost wholly due to the action
of histamine liberated from the slightly damaged cells, on
the small blood vessels. In the first place, the cells of the
capillaries relax and allow more blood to flow through; at
the same time the wall becomes more porous and fluid seeps
rapidly through into the uissues, causing the pale swollen
area that forms the weal. The red flush around the weal is
also due to the small blood vessels opening up and allowing
more blood to pass through the skin, and so deepen its
colour, but here the histamine acts 1n an mdirect fashion by
stumulating the nerves m the skin which are concerned with
regulatmg the blood supply. As the effect of the histamine
wears off, the excess fluid 1n the tissues returns to the bleod,
but the capillaries remain open and the resulting pink colour
remans for some time.

TTocmshne s rahnsranen a

Now suppose we ncrease the mjury and actually kil a few
cells, say by pricking a few drops of silver nitrate mto the
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skin, Everything follows the same course, except that a small
red area persists around the point of injury, and after a day or
two a little point of dry whitish matter appears at its centre,
persists for a few more days, and then is thrown off as a tiny
scab. This process involves the death of a certain number of
cells, and the resulting reaction is naturally more complex
than the simple histamine liberation of the previous examples,
where only temporary damage to the cells was involved.
With more severe damage there is a complete breakdown of
the delicately balanced processes by which the internal
structure of the cell is mantained. Everyone knows that
when meat is hung for some days it becomes more tender,
Thus is just one manifestation of the fact that nearly all dead
and damaged cells undergo partial self-digestion. Some of
their proteins are broken down to simpler mtrogenous
substances whose molecules are small enough to diffuse easily
out of the cells. In all probability the active infl Y
changes which occur 1 the neighbourhood of killed or
severely damaged cells result manly from the diffusion of
such products of self-digestion. Theres a good deal of evidence
that one particular substance of this sort is responsible for
most of the effects. In any case 1t 1s evident that something
diffusing from the damaged cells causes a slower but more
prolonged opening up of the capillanies than histamine does
and attracts the phagocytes of the blood to the part. Under
the microscope the first thing to be seen is a tendency for the
phagocytc celis to be drawn out of the blood by sticking to
the walls of the distended capillanes, This 1s the first stage of
amigration of phagocytes to the site of damage. The next step
is for the phagocytes to penetrate through the capillary wall,
and in very purposeful-seeming fashion to move through the
tissue spaces to the cells killed by the silver nitrate, The dead
cells are surrounded by phagocytes which form a transiton
zone between the dead and the living tissue, and by the action
oftherr ferments commence theseparation processwhich even-
tually resultsin the casting off of the dead cells as a small scab.




94 PROCESSES OF DEFENCE

This example leads us on to the processes involved when,
instead of a trivial damage by some chemical substance, the
tissues are infected by a germ such as the Staphylococeus. The
damaged cells produce both histamine and those other still
unidentified substances which call forth the migration of the
phagocytes. These wandering cells seep out from the swollen
capillaries and penetrate the infected tissue, Any staphy-
locacei they encounter are engulfed, but as a rule it will be
some time before the invaders are overcome. This particular
type of bacterium produces a poison which is just as destruc-
tive to phagacytes as it is to the cells of ¢he skin, and many of
them are killed by it in the carly stages, The creamy coloured
pus which appears in an infected wound is composed almost
entirely of dead phagocytes. Soon we reach the state of
affairs in which the originally infected and damaged area of
tissue s almost replaced by dead phagocytes, while around it
the still living tissues are packed with phagocytes which
prevent the bacteria gomng any further into healthy dssue.
In ordinary circumstances the phagocytic barrier is effective.
The bacteria can invade no further, stray individuals are
engulfed and destroyed, while behind the barrier the cells
get to work on the processes of tidying up and repair.

So much for an example of defence against a simple Jocal
infection. If the bactera 1 the tissues are not rapidly dealt
with by the mobilization of the blood fluids and phagocytes,
some of them will spread beyond the local region, The first
direction of spread is through the lymph vessels to the lymph
glands which receive the lymph from the infected region.
‘The lymphatic system 15 an i pi ary the
complexity of which can be d ¢ only by specialized
methods of study. It conssts of an ntricate mesh of thin-
walled capillary and larger tubes which ramifies through alt
the tissues. The lymphatc capiliaries collect 1nto main vessels
which run to lymph glands and eventually by two large
vessels mto the large veins near the beart, The most obvious

function of thus system is 1o dramn excess flnd from the tissues
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and return it to the blood. The lymph glands act both as
filters to remove bacteria and possibly damaged cells, and as
centres for production of the lymphocytes.

Probably a few bacteria pass to the lymph glands from any
bacterial infection, no matter how mild. They are caught by
certam phagocytic cells m the lymph glands and are nor-
mally destroyed by digestion within them without any
external evidence to draw attention to the process. As has
been mentioned, blocking of the fymphatic vessels by clotted
fibrin may play a part in stopping this passage to the glands.
With more virulent orgamsms, and particularly those like
some streptococct which iberate enzymes which can dssolve
fibrin and break down any such barrier, there is more rapid
spread to the lymph glands A red lin¢ of inflammation may
be seen running up under the shin and if the phagocytic cells
in the gland cannot cffectively deal with the invaders the
result is an inflamed and tender swelling that may go on to
an abscess if the orgamsms get really out of hand.

When we com: to more severe 1nfectons, it 1s not so easy to
be sure what 1s happening. The mi isms get wto
the blood and are carried to all parts of the body, where they
or their poisonous products may give rise to bodily reactions,
for example, attacks of shivermg, which are difficult to
interpret. In addition, nearly all severe infections if they are
notrapudly fatal, provoke inafew days changes associated with.
the development of immunaty. Perhaps the simplest example
to take at present 1s not a human disease, but that very
artificial oceurrence, an injection of bacteria mto a rabbit’s
vems. Suppose we inject a rather big dose of bactena, about

1,000,000,000, into a rabbit in this way, and by suitable
expenments find out where they go to. The first fact which
comes to ight 15 that the bacteria very rapidly disappear
from the blood Though there may be millions to start with,
the numbers are down to thousands or less 1n four or five
hours’ time. If the bacteria are not virulent for the rabbit,
they are never found in the blood more than twenty-four
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hours after the injection. What becomes of the bacteria which
disappear from the blood? They are not excreied by the
kidney or by any other of the normal excretory methods, but
find a temporary lodging in the varions organs of the body.
‘Two organs take up many more bacteria than any of the
others—~the liver and the spleen. Both these organs have a
copious blaod supply, and appear to be designed to act as
filters which remove unwanted cells and particles from the
blaad. This filtering action is, of course, only one of the
functions of liver and spleen. The former, particulasly, has
dozens of other important roles to play in the bodily economy.
We have already mentioned the *fixed phagocytes® which
help to lme the capillary spaces in these two organs, as well
as in certain other smuations, notably bone marrow and
tymph glands. It is just as much part of the function of these
phagocytic cells to pick out bacteria from the blood stream
as 3t is to remove the worn out blood cells. So it happens that
an hour or two after the mjection we find that both spleen
and liver are relatively crowded with hving bacteria. In
twenty-four hours’ time, however, very few are lefi alive.
They have been taken in and digested by the phagocytic eells.
This happens to some extent irrespective of whether the
bacterta are virulent for the rabbrt or harmless. Ithe bacteria
are virulent enough to kill the animal within a few days of
such an injection, this means that the mechanism for removing
them from the blood 1s not effective enough. In general,
virulent bactera are nat so reachly taken up by the phagoeytic
cells, and a certam praportion will continue to multiply even
when they are within the substance of these cells.

Many other changes in the body result from such injectons,
the rabbit’s temperature rises, an increased number of blood
phagocytes appear, and so on, but we may justifiably dis-
regard these and laok on the whale process as depending on
the removal of bacteria from the blood by fixed phagocytes
and their slow destruction by some form of digestion within
these cells. The blood phagocytes seem to play only a secon-
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dary part in the process. They do take up some of the bacteria,
and then, for some reason not well understood, become held
up m the capillaries of the lungs. Their main function, as we
have seen, is to deal with locahized infections Like those in the
skin. For the serious emergency of bacteria loose in the blood,
the more efficient activity of the fixed phagocytes is the main
line of defence

Westill do not know what determines whether a bactenum
will be varulent for a given species of animal or not, but we
do know that a germ which cannot be readily taken up by
phagocytes and digested is more virulent than one which can.
When we come to discuss the nature of acquired immunity
we shall find how unportant is the threefold nteraction of
micro-organism, blood fluid and phagocytic cell in deter-
mining the outcome of the struggle between host and parasite,
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CHAPTER VII

THE DEVELOPMENT OF IMMUNITY
AFTER INFECTIOUS DISEASE

There are two characteristics of infectious diseases which are
known to everybody. In the first place, every non-fatal
attack follows a more or less definite course. There are initial
symptoms usnally rather vague, an onset which may be
gradual or abrupt, then a period of fever or aflness, and finally
the fever disappears and convalescence begins. The second
characteristic is that following recovery, the individual is not
susceptible to the same type of infection for a period which
may range from a few months to a lifetime. In the hght of
what we have said about the activities of parasitic micro-
organisms, we should expect these two characteristics to be
intimately related. In the early stages of an infection like

measles or influenza, the germ seems to have everything to
sut it, and is multiplying rapidly. There is no reason to think

that the viruses responsible change their character after they

have been multiplying in the body for a few days. The change
from fever to convalescence must be due ta some modification

1n the bodily reactions, not to a change n the parasite, Itis

only to be cxpcctcd that xf the body has developed a power to

overcome an byay dar germ it will

for some time be even more capabie of preventing any fresh

invasion by the same type of micro-organism.

Immunology is the science which has developed from the
study of these phi It now com a considerably
wider field, and there » a whole subscience of immuno-
chemistry which has hitle connexion with infectious disease,
but we can still say that the central problems of immunology
are the two we have mentioned. Why do people or animals
yecover from infectious disease, and why having done so are
they subsequently insusceptible 1o disease due to the same
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type of infection? The first problem 1s both simpler and more
directly connected with the matters we discussed in the last
chapter. Forour example of recovery weshall take a common
human illness, pneumoma, which in the days before the
successive advents of sulphapyridine, sulphadiazine and
penicillin, was more minutely investigated than any other
acute disease. To-day no medical student ever sees a patient
with typical lobar pneumonia The infection 1s cut short with
afew injections of pemeillin and the patient recovers at home
To descnbe the course of acute pneumoma uninfluenced by
the modern drugs, as we had to 1n 1937, is to-day little more
than an exercise in the history of medicine but 1t1s only 1n this
way that we can understand the natural processes of recovery
that not so long ago was all we had to depend on. This account
of what happens in pneumonia is therefore left almost
unchanged from when it was wntten a few years before the
introduction of penicillin 1nto medci

Pneumoma results when the Preumococcus, which we have
previously mentioned as one of the types of bacteria normally
present in the throat, spreads down and multplies widely in
the substance of the lung. What allows 1t to do sa isstill rather
a mystery. There are two particular types of Preumococcus
which are responsible for about 80 per cent of cases of pneu-
monia, while the remaining 20 per cent are due to one or other
of about thirty other types. However, although these two
types seem to be specially prone to produce pneumonia, they
cannot do so in more than a small proportion of individuals
Everyone knows that the ordinary form of acutc pneumonia
is not infectious like measles or diphtheria. Some abnormal
condition mn the lungs must be necessary to allow the germ to
develop its activity - Sutl, there is no mustalang 1ts actwaty
when 1t does develop. The patient becomes extremely il and
remains so for six or seven days, Then, if he 15 one of the
fortunate ones, there 15 a sudden dramatic change for the
better. His temperature falls rapidly to normal, delifium
disappears, and the patient feels weak but mfinitely better.

72
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In 20 or 30 per cent of patients this *crisis’ fails to occur, and
death results,

In prieumnonia, then, we have a clear indication that some-
thing very important should occur about the fifth or seventh
day of the disease if the patient is to recover, A great deal of
work has been done to find out what happens at this critical
period, and we can now provide a fairly satisfactory account
of'it.

As the pneumococci multiply in the lung they damage the

local cells, and processes, rather similar in essentials to those
which we described as occurring near an infected wound in
the skin, are set going. The capillaries distend and fluid leaks
into the little air spaces of the lung, phagocytes too are
atiracted 1o the site of damage and follow the fluid. Theresult
is that much of the lung becomes solid and airless, and s, of
course, useless for breathing, The pneumococei keep on
increasing their numbers and a few leak through into the
blood; most of them remain in the fung, but their poisonous
products diffuse into the blood and provoke such symptoms as
fever and delirium. In these first few days the phagocytes are
called out in great numbers, both into the blood and into the
lung tissues, but they are ineffecuve. The pneumococe have
a curious way of defending themselves against the phagocytes
by throwing out a sort of smoke screen of semi-poisonous
substance. The inefficiency of the phagocytes at this stage can
beshown by direct expeniment. Ifwe takesome of the patient’s
blood serum, a few thousands of hus phagocytes and some of
the pneumococci and mix them together, nothing happens.
The pneumococct remain free amongst the cells and may even
start multiplying. In the lung itself, however, the phagocytes
can do better than in the test-tube. Where they have a solid
surface to cling to they can overcome their disadvantages to
some extent and even before the cnsis many pneumococci
are taken into the phagocytes and destroyed,

But once the crisis has occurred, the phagocytes appear to

have learnt their job properly. Now they can engulf and
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digest the pneumococei, and very rapidly gain theupper hand.
Parts of the lung may remain solid and functionless for some
weeks longer, but the pneumococci are now being destroyed
and prevented from producing their poisons, If we carry out
the same test-tube experiment with blood serum, phagocytes
and pneumococet, we find now that the phagocytes Tapidly
take up the germs, and in so doing destroy them, Other
factors may also be involved, but there is no doubt that this
sudden improvement in the activity of the phagocytes is the
chief reason for the patient’s rapid change for the better after
the crisis.

In our experiments with the patient’s blood we have so far
used serum and phagocytes together, and we do not yet know
whether the improved actwity of the phagocytes was due to
a change 1n them or to some change in the serum, or perhaps
to both. There is no need to describe how such expenments
are done, but we should mention that it is very difficult to
nduce a phagocyte to eat any sort of bacteria unless there is
also serum present. That 15 why we always have the three

m the exp 1 mi It is easy to see
what sort of an experiment is necessary to decide whether
serum or phagocytes are concerned 1 making 1t possible for
the cells to engulf pneumocaccr. As soon as we start ninging
the changes, we find at once that it is the serum and not the
phagocytes which is important. In fact, the most convement
type of experiment 1s to use rabbit phagocytes instead of
human ones, and test ther power to eat pneumococci
{a) when mixed with blood serum taken before the crisis,
and (8) with serum taken afterwards. In the first mixture the
pneumococc: remain frec, mn the second they are nearly all
taken up by the cells and killed. That makes it clear that some
change 1n the serum makes the phagocytes more actve or
enders the preumococci more susceptible to beng attacked,
Agam it1s not difficult to carry out the necessary expenments
and show that the serum acts on the pneumococet, not on the
phagocytes There ss something in the serum taken when the
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patient is recovering, which sticks to the surface of pneumo-
cocei and makes jt easy for the phagocyls to deal with !hcm

This hing is quite a defini Itcanbe

from the serum by stirring into it a lot of pneumococci, After
the substance has had time to become attached to the bacteria,
the mixture is put into a centrifige. With this the bacteria can
be driven to the bottom of the tube, leaving clear serum above.
If we test this treated serum we find that it has lost its power to
makep iinto anacceptable diet for phagocytes. But
by suitable manipulation we can separate the substance from
the packed lump of bacteria at the bottom of the centrifuge
and show that it has the same sort of action as the original
serum. This substance is called ‘antibody’. This is a word we
shall have to use frequently in this and subsequent chapters.
It is by no means casy to define an antibody in any simple
language, and it will probably be better to dacnbc a few
more ples of what antibodies do before pting to
say what they are,

Perhaps an even more conclusive way of showing the
importance and effectiveness of such antihodies in the serum
is by what are called protection tests m mice. The white mouse
is very susceptible to infectton with the Preumococeus. IF we
inject with a hypodermic syringe even two or three pneumo-
cocci of sufficiently high virulence into the abdominal cavity
of a mouse, the animal will die m about three days. If,
however, we give the mouse, along with the pneumococci,
a very small amount of serum from 2 patient recovering from
pneumonia, it will survive indefinitely. By making suitably
graded mixtures of the bacteria and serum and injecting them
into mice, 1t is possible to measure quite accurately how much
antibody there is 11 any given serum.

If we are correct 1n ascribing recovery from pneumonia to
the appearance of antibodses i the blood, it should be possible
to make certain that every patient recovers by simply giving
lum ready-made antibody. Itseasy enough to make the right
sort of antibody by injecting pneumococet into horses and
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using their serum after a proper course of injections has been
completed.

Protective tests on mice show that such serum has much
more antibody than ever appears in a human being with
pneumnonia, and great hopes were once entertained that the
injection of serum would rapidly produce a ‘crisis® and
recovery in patsents infected with paeumococei of the right
type. The results of this serum treatment were rather dis-
appointing. Serum undoubtedly helped some patients and
saved a proportion of lives, As an example, in one large
American investigation, about 250 patients with prieumonia
were treated according to the best available methods, but
were not given scrum. Of these pattents 33 per cent died.
Another 250 similar patients in the same hospitals were given
serum in addition to the wsual treatment. The deatherate
amongst these was sull fairly high, 19 per cent, but was
considerably lower than amongst those who recewed no
serum.

There are scveral possible reasons why the results of serum

were so disappointi In the first
place, pmsuns produced by the poeumococdd may have
iretrievably damaged such organs as the heart before the
serum could be given, or the portion of the lungs which was
sull wr-containing and avalable for breathing may have
been too small to supply the body's need of oxygen, evensfthe
activity of the p i had been Then the
point must be considered that the anubody gnen m the
horse serum 1s something foresgn to the human body, It may
stick to the susface of the pneumococei, but 1t may not render
them 50 acceptable to human phagocytes as they would be af
they were coated with human antibody. We can be reasonably
certasn also that there are a number of other reasons for the
comparative failure of setum which have yet to be discovered,
Infectious disease, particulatly m man, 1s always a highly
complex process, and although we may pick out certain factors
such as antibodies, and rightly regard them as of the greatest
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impartance, yet they can never play the whole part in
bringing aboutrecovery, Any critical reader will undoubtedly
{ind many instances in this book where complicated biological
processes are described in terms of one or two factors (alwayx
factors susceptible to experimental study), whilea whole living
background withan which the chosen factors must be dis-
played s tacitly assumed to play no essential part in the pro-
cesses. This is probably an inevitable feature of any scientific
writing, Until the background factors not yet susceptible to
experimental study are sorted out, it is only possible to deal
with those aspects of the whole process which can be studied
experimentally. All that can be done is to add & caution here
and there that we are really mate ignorant than sometimes we
seem. Perhaps the best measure of our ignorance is given by
our failures in practical medicine to achieve what incomplete
theoretical ideas suggest should be possible. Ironically, it is
perhaps akso a of our § that an ical
t like the administration of penicillin may completely
solve the practical problem years before we hnow how the
drug actually affects the Presmococrus.

For technical reasons, the nature of the processes of
recovery s more completely known for pneumonia than for
any other human infection. Other diseases usually do not
show the dramatic crisis which is so common sn preumonia,
but there s little doubt that essenually sunilar processes lead
10 recovery. The body has to suffer a process of education
before 1t develops the power to deal adequately with the
nvading germ. In all probability this education or modifi~
cation of bodily processes involves cells and tissues as well as
the blood fluids, The actual antibodies of the blood seem to
play a predomunant rale in dealing with infection by pneumo-
cocay, but 1 other diseases their direct impartance seems to
be less. We can in nearly every case, however, regard the
specific changes in the blood as an index that the body as
a whole 18 developing an effective, 1f in some cases temporary,
resistance against the invader.
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Since pneumonia is not an easily transmisnible infectious
disease, we have no means of knowing whether one attack of
this sort protects the patient against further infection by the
same type of Pazumococcus. For clear-cut examples of wme
munity after an attack of disease, we can best take some of the
infections due to the viruses. Measles, chickenpox and smalf-
pox are all well-known diseases which hardly anyone ever has
twice, but perhaps a bettet example is yellow fever, Thisisan
txouc disease, and now rather 3 rare one, but it has the

ge over the fections that the virus is
susceptible to expenmental study. Tt is posnble, therefore,
to analyse the nature of the immunity which follaws wfection,
along fines similar to those used for studying the process of
vecovery in pneumonia,

Yellow fever is a severe infection which 1s transmitted from
man to man by mcysq\moa ‘The virus is inoculated with the

of the 's prob and spreads in the
b!ood throughout the hody The favourite site for its muluph-
catjontis the liver, and the d produced heres

for the jaundice which gives the mame yeflow fever to the
dxscasc After recovery, the paucm is completely insusceptible
toreinfection, and as fav as the evid s available, he retains
his immum(y for ife, The yellow fever virus can enter the body
only in one way, by mosquito bite, and st can travel to the
liver from the mte of the bite by only one route, the blood.
A pletely cffective p ion could be ob i1f, after
Tecavery, substances capable of rendening the virus harmless
appeared in the blood. This1s in fact what happens.

By suitable methods, the yellow-fever virus, like the
reumococcus, can be made 1o produce a fatal infection 1n mice
and just as the p can be rendered harmless by the
addion of serum from a recovered Ppatient, so can the virus
of yellow fover. This power of the serurm to ko)l the vams, or at
least to render it harmless, persists through life, We can feel
centain that when an infected mosquito injects the yellow
fever virus into & person who has recosered from a previous
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attack, the ‘antibody” in the blood very rapidly attachesitsell
to the virus, As a result, the virus particles are taken up by
the fixed phagocytes and killed. Had there been no antibody
in the blood, they would have entered perhaps the same cells,
but instead of being killed they would have multiplied and
eventually have infected the whole of the liver, as well as
ather parts of the body.

Study of the power of serum to stop infection of mice with
yelfow-fever virus has in recent years made a great difference
to our knowledge of the natural history of the disease. But
that is a stovy which is best Ieft for another chapter.

We have taken yellow fever as our first example of im-
munity following an attack of discase, primarily because of
the effectiveness of the immunity and of the theoretical
simplicity of the process by which it is achieved. There is
another important reason for giving it pride of place. Itisone
of the few human diseases for which almost complete pro-
tection can be procured by a harmless imitation of the natural
process of infection and recovery. The principle of the method
is to inoculate a small dose of virus which has been so modified
by living in the cells of mice or of chick embryos that it is
incapable of producing serious disease in man., The attenu-
ated virus multphes in the body sufficiently to set the processes
of antibody production 1n motion but produces no symptoms.
Vaccination by this method has been proved highly effective
provided care is taken that the virus used stays at the right
fevel of attenuation. Many rmuthons of servicemen were
protected in this way du'nng the second World War. There
were some unh PPy i becan: large batches
of American vaccine were madvertently contaminated with
the virus of one type of infectious jaundice, but everythung
suggests that the vaccine itself gave an immunity almost as
solid 2s that follawing recovery from the natural disease,

Sull, however exciting the scientific conquest of yellow

fever may be, it does not pcxsonaﬂy concern most divelless in
temperate climates. I Jouk y does, and we
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must say a little about the way immunity against influenza is
developed, for here the conditions under which the infection
spreads are very different from those of yellow fever. Influenza
15 a virus infection of the linings of the nose, throat, air
passages and lungs, but not of any other organs of the body.
As everyone knows, it spreads very easily with any form of
human contact, Droplets of saliva carrying the virus are
Lberated into the arr almost with every breath, and are
inhaled by some susceptible person. The virus enters and
attacks almost the first cells it comes into contact with, and
from there spreads over the vanous susceptible cells in the
Iinings of the air passages. Almost all 1ts victims recover from
ordinary influenza, and when they do, antibody against the
virus is found 1n their blood serum. But this antibody m the
blood is not in the same favourable position as the yellow-fever
antibody for mpping a new mfection m the bud. The
influenza virus can reach the cells susceptible to 1ts action
without having any contact with the blood. Nevertheless,
2 person who has recovered from influenza is quite immune
against another attack of the same sort of influenza for a year or
two at least.

The nature of this immunty 1s now reasonably clear. If
spread of the virus over the hining of the air passages is to be

cells and much virus and fragments of virus pass to the lymph
glands and perhaps elsewhere. Antibody 1s produced and 1s
casily detected 1n the blood a week after recovery  From the
blood, some of 1t 15 always seeping through on to the mucous
lining of the air passages. There 1s a faurly constant relation
between what is i the blood and what 1s 1n the situation
where it can best block the spread of influenza virus. It has
been shown, however, that anything which produces a muld
wflammation in the respiratory passages tends to swing the
distribution of antibody 10 favour of the surface fitm. 1t is
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extraordinarily rare to have two attacks of genuine influenza
in one season, and we can ascribe the immunity that follows
the first attack to the presence of antibody on the respiratory
surfaces perhaps increased in concentration by the persistence
for some time of mild infl y changes. Wheni i
persists for two or more years it is probable that reinfection is
not absolutely prevented but kept within very limited bounds
by the increase in local antibody provoked by the beginnings
of the new infection.

It would probably be too sweeping to say that recovesy
from every attack of infectious disease is a result of the
development of antibody against the responsible germ, but
there is no doubt that this particular response of the body is
important for all infections, and in the case of those diseases
which are followed by lasting i ity it domi the
whole process, We have not yet considered the nature of
antibody, our approach has been purely from the biological
aspect, regarding antibody merely as the basis of certain
observed changes in the bodily reactions to microbial
invasion. If we wish to summarize the function of antibody
from this point of view we may say that when the appropriate
antibody is present in the blood and tissues, a virulent micro-
organism behaves in the body as a non-virulent one does in
the absence of antibody. Antibody 1s the host’s rejoinder ta
the development of specially mnvasive qualities by those
micro-organisms which have adopted a highly parasitic
existence. If ordinary non-virulent bacteria enter the tissues
or the blood, they are seized and digested by phagocytes of
both types, but a fully virulent Preumacoccus is unaffected by
phagocytes unless a corresponding antibody is present in
sufficient amount. Then it 15 dealt with as swiftly as if it
were the most casually msigmficant of bacteria. The influence
of antibody 1n virus infectiops is probably more subtle and
tess capable of baing described in general terms. Phagacytosis
appears 0 be unimportant except as a means of mopping up
virus that has already been dealt with i other ways. The
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important function of antibody is that it should meet and in
some way block the activity of the virus so that it cither cannot
enter a fresh susceptible cell or cannot effectively multiply
within it.

From the point of view of patient or doctor, these deep-
seated physiological changes manifest themselves primarily
in the two phenomena with which we opened this chapter—
the process of recorery from acute infection, and the persistence
of specific immunity after recovery is complete.



CHAPTER VIII
THE CHEMICAL BASIS OF IMMIUNITY—ANTIBODIES

Since the beginnings of bacteriology as an experimental
science in the hands of Pasteur, one of the main tasks of
research workers has been to study the question of immunity
from every aspect. At every stage the immediate requirement
has been to find some practicel way of imitating natural
immunity 50 as to prevent some specific disease of man or
animal. As so often happens in technical research on matters
of di ical importance, valuable results were
obtained long b:forc there was any adequate gencral thcory
to account for such success. Vaccination with cowpox is an
example of an empirical pracedure that could have no
theoretical basis unul more than 100 years had elapsed from
the time of Jenner's discovery. Research on the more
th ical aspects of i ity has, of conrse, accompanied
and arisen out of the more practical studies, and from it all
there has grown up a new science of immunology. It is ouc
of the borderland sciences, chemistry, physiology and
bacteriology bemng the territories which adjoin it. In the
previous chapter we have given a general account of recovery
and immunity as shown i regard to one or two typical
infectious diseases. Both recovery and immunity were
;\scnbcd in part at least to ‘antibodies’, substances which
loped in to infection and appeared in the blood.

In v;rtue of thcsc substances, the blood serum from recovered
animals or men was capable of influencing the conflict
between host and parasitic micro-organism in favour of the
host. The actual nature of antibodies was left unspecified

Qur object 1n tins chapter 1s to try to describe at the physico-
chemical level what antthodies are and how they influence
mucro-organisms. Here we will be concerned, not with
medical or biological aspects of disease, but with such aspects
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of i ity as are ptible to experi 1 study by the
methods of the exact sciences. If anubodies are of the first
importance in determining recovery and immunity, it is
clearly essential to know as accurately as possible their
chemical structure and the physical or chemical basis of
theirspecificity. Such problems have provided ani ing
field of study for biochemusts, and 1n recent years ideas on
these matters have become much clearer.

‘When a chemist wishes to study some substance or reaction,
tus first thought is to work with reagents which are as simple
and as pure as possible. A hiving micro-organismisanightmare
to the chemist, and the important chemcal contnibutions to
immunology have been due to the study of agents simpler
than virus or bacterium, There are many relatively simple
soluble substances which, on injection into ammals or men,
provoke the production of antibodies. One of the most
extensively studied of these is the poison or toxan of the
dlp!'nhcria bacillus and the corresponding antibody or
antitoxin,

In this chapter we are not concerned with diphthena as
a disease, nor even with the importance of diphthena toxin
n producing the symp and plications of diphth
We shall merely accept the fact that the diphtheria bacillus
under suitable cond prod a highly poi
substance, and try to provide a summary of what has been
learnt from the vast amount of research on this toxun which
has gone on since 1ts discovery in 1887.

Diphthena towin has been prepared in pure form and
shown to be a protein which apart from its extreme actwvity
233 poison has very hittle to distinguish it from other proteins.
There is a hint that 1t 15 a by-product, as 1t were, from one of
the enzyme systems of the diphtheria bacillus, but no one so
far has given any satisfactory interpretation of why the totin
13 poisonous.

When diphtheria toxin 13 repeatedly injected in proper
doses 1nto a horse, the animal gradually becomes more and
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THE CHEMICAL BASIS OF IMMUNITY—ANTIBODIES

Since the beginnings of bacteriology as an experimental
science in the hands of Pasteur, one of the main tasks of
research workers has been to study the question of immunity
from every aspect. At every stage the immediate requirement
has been to find some practical way of imitating natural
jmmunity 50 as to prevent some specific disease of man or
animal. Asso often happens in technical research on matters
of immediate practical importance, valuable results were
obtained long before there was any adequate general theory
to account for such success. Vaccination with cowpox is an
example of an empirical procedure that could have no
theoretical basis until more than 100 years had elapsed from
the time of Jenner’s discovery. Research on the more
theoretical aspects of immunity has, of course, accompanied
and arisen out of the more practical studies, and from it all
there has grown up a new science of immunology. It is one
of the borderland sciences, chemistry, physiology and
bactertology being the territories which adjoin it. In the
previous chapter we have given a general account of recovery
and immunity as shown in regard to one or two typical
infectious discases. Both recovery and immunity were
ascribed mn part at least to ‘antibodies’, substances which
developed in response to infection and appeared in the blood.
In virtue of these substances, the blood serum from recovered
anmmals or men was capable of influencing the conflict
between host and parasitic micro-organism in favour of the
host. The actual nature of antibodies was left unspecified.
Our object in this chapter is to try to describe at the physico-
chemical level what antibodies are and how they influence
micro-organisms. Here we will be concerned, not with
medical or biological aspects of discase, but with such aspects
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Thanks to these regu)anons, a doc:or can bc surcthata phialof
serum fabelied 10, willk
tive actiont on diphtheria, no matter where it was prepared.

But this ks wandering from our subject, which is to defing as
far as we can the physical basis of immunity. Diphtheria
anutoxin then is a substance produced by the body in
response ta a series of frjections of toxins. There are many
ather pawsonous substances which can act in the same way.
Same, hkediphtheria toxin, are produced by bacsersa {tetanus
taxin, for example) whule the snake venoms and othier animal
poisons form another important group, All these can proyoke
the appearance of their own pawcuhr anmc'un. Wc must
beclear that th i
has no more action than norm:xl serum on \hc tetanus toxin
or on snake venom. Similarly, the antitoxin against rattle-
suake venom is not of the slightest value 1 protecting a man
against the bite of a cobra, however effective it may be against
rattlesnake bite.

In diphtheria antitexin we bave a well-defined and potent
substance, something which it ought to be easy to isolate and
identify chemicatly, Actuatly, st tack chemists a Jong tme to
deade what antitoxins were. It was clear that the real active
principle was present in very small amount. Chemical studies

wed same changes i the relative amounts of the different
proteins, but there seemed to be no really new substance
present. Gradually it became clear that antioxin was not so
much a new substance as a modification of existing matenal,
Qur pmcm  conception of anutevin is sull far from beng

in accurate <t T terms.  However dus-

“PPmmmg this may be to a chemist, 1t leaves vs free t0 discuss
the problem tn foaser, raote gmcml terms, whichwall pmbably
€onyey mote 10 & reader 1y 1 the biol
aspects of immuraty than would the comphicaged !)'mbcls of
the orgarie chemut,

The antitoun 1s made up of molecules of globubm, whick 1s

one of the two chiel proteins m the serum. These molecules
LLTY s
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more resistant to its poisonous action. After six months it
can be given a thousand times the dose which would originally
have killed it. Concurrently with this development of
resistance, it is found that the blood serum of the horse has
developed a new property. Ifit is mixed with even relatively
large amounts of toxin, the mixture may be injected into
animals without producing any signs of poisoning. This effect
of the serum may be compared with the action of soda in
neutralizing an acid, and the process is referred to as neutrali-
zation of the toxin by what was at first a purely hypothetical
componentof theserum, diphtheriaantitoxin, Inall probability
the resistance or immunity of the horse is entirely due to this
development of a speafic antidote in the blood. We can
measure the amount of antitoxin in the blood in various ways.
The simplest one to understand is that originally worked out
by Ehrlich, who was the first bacteriologist to apply exact
quantitative methods to the problems of immunity. A certain
quantity of the toxin, enough to kill say 100 guinea-pigs, is
put into each of a number of tubes. To each tube a graded
amount of serum is added, and after a standard time cach
mixture is inoculated into two or three guinea-pigs. At the
end of four days we find that some of the guinea-pigs, those
which received small amounts of serum, are dead, but those
which were given mixtures with larger amounts of serum are
alwe and as active as if they had never received enough toxin
to kill 100 unprotected animals. From such a series wecan
easily find the dose of serum which 1s just sufficient to protect
guinea-pigs against the standard amount of toxin, and this
gives us a value of the strength of the serum as an antitoxin.
Tests made in this fashion are always used to determine the
potency of antiserum prepared for use in the treatment of
diphtheria. It is essential that the serum should be harmless
to the patient, and that it should contain large and accurately
measured amounts of antitoxin, To ensure that both these
requirements are fulfilled there are national and international
regulations as to how the vanous tests must be carried out.
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Thanks to these regulations, adoctor can be sure that a phial of
serumlabelled 10,000 units of antitoxin willhave thesame cura-
tive action on diphthena, no matter where it was prepared.

But this 1s wandering from our subject, which is to define as
far ag we can the physical basis of immumty. Diphtheria
anutoxin then is a substance produced by the body in
response to a series of injections of toxins. There are many
other poisonous substances which can act n the same way.
Some, like diphtheria toxin, are produced by bacteria (tetanus
toxm, for example) winle the snake venoms and other animal
poisons form another important group. Al these can provoke
the appearance of their own particular antitoxin. We must
beclear that these antitoxins are specific: diphthena antitoxin
has no more action than normal serum on the tetanus toxin
or on snake venom, Sumilarly, the antitoxin against rattle-
snake venom 15 not of the slightest value 1n protecting 2 man
against the bite of a cobra, however effective 1t may be agamst
rattlesnake bite.

In diphtheria antitoxin we have a well-defined and potent
substance, something which it ought to be easy to 1solate and
identify chemically Actually, it took chemusts a long time to
decide what antitoxins were. It was clear that the real active
principle was present 1n very small amount  Chemucal studies
showed some changes in the relauve amounts of the different
protemns, but there seemed to be no really new substance
present. Gradually 1t became clear that antitoxin was not so
much a new substance as a modification of exssting matenal.
Our present conception of antitoxn 15 still far from being

pressible in accurate chemical terms. However dis-
appointing this may be to a chemust, 1t leaves us free to discuss
the problem n looser, more general terms, which will probably
convey more to a reader interested primarnly n the biological
aspects of immunity than would the complicated symbols of
the organic chemust.

The antitoxin is made up of molecules of globulin, which 1s

one of the two chief protems in the serum. These molecules
»oa s
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arc similar to those normally present, except for certain
*patches® on their surfaces. A protein molecule is relatively
gigantic compared with the molecules that are dealt with in
ordinary organic chemistry. It is quite large enough to have
a surface modified in a special way. A useful mental picture
may be obtained by thinking of a normal globulin molcculc
asaknobbly sphere of some plastic ialand thediphtt
toxin molecule as a rather smaller body with two or three
surface areas that are modified in some special pattern which
we might picture as a knob and a spike. When these two
come into contact nothing happens, but suppose that on part
of the gobulin molecule we have an area which fits exactly
on the knob and spike pattern, Then we might imagine that
when this modified globulin molecule (antitoxin) met a
molecule of toxin the two complementary patterns would fit
together and the two molecules unite firmly.

In rather crude fashion this gives a reasonably accurate
idea of the current theory of the nature of antitoxins. They
are globulin molecules, portions of which have their detailed
atomic structure so modified that they fit on to and unite with
atomic structures characteristic of the particular toxin
concerned. For mauy years text-books have used the simile
of a lock and key to describe this relationship. If the key fits
the jock, firm union takes place, 1if 1t fails to fit, little or no
union results.

Mainly because it 1 not known how the toxin preduces its
poisonous effect on hving cells, we arc unable to say in what
way union with antitexin renders the toxin non-poisonous.
It is simplest and probably correct to picture the antitoxin
as smothering all the acuvities of the toxin molecule beneath
a blanket of bland untrritating protein.

1t will probably seem a natural and appropriate reaction
that the body should react to a dangerous poison by producing
an antidote for it. We might expect that all poisons given in
small rcpcatcd doses would provoke a similar response, and

that non-p would Ity have no such
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effect. But that, curiously enough, is not what happens  Ifwe
try to immunize an animal agamst poisons ke strychnine,
arsenic or prussic acid by the same sort of inoculations, we
find that the most that can be done is to increase iss resistance
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Fig 3 A diagram to show the relation between tosn and anttoxin
The toxan molecules are shown ay hatched carcles, the antibody moleculey
2 white ovaids with one, two or three specsfic combuntag areas In
the process of neutralization {or in any other type of antigen-anubody
union) an interdocksd 'latuce” stmcture of the type shown will be built
up of the physicat conditions are suitable

shightly ! It may withstand twice the ordmary fatal dose,
but there 15 never the enormous mncrease in resistance that
can be induced sgainst diphthena toxin or the snake venoms,
It seems that enly one particular class of poisons ean provoke
these natural antidotes, and when the results are analysed st
15 found that the substances which can act in this way are all

* There are sorme posans, of whick morphua 1 the most tportant,
2gaist which a high degree of tolerance cas be produced by the use of
gradually increasing doses This increased resistance seems 1o depend on
a mechanism quite unrelated to the formanon of anttown

L2
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are similar to those normally present, except for certain
‘patches’ on their surfaces. A protein molecule is relatively
gigantic compared with the molecules that are dealt with in
ordinary organic chemistry. It is quite large enough to have
a surface modified in a special way. A useful mental picture
may be obtained by thinking of a normal globulin molecule
asaknobbly sphere of some plastic material and the diphtheria
toxin molecule as a rather smaller body with two or three
surface areas that are modified in some special pattern which
we might picture as a knob and a spike. When these two
come into contact nothing happens, but suppose that on part
of the gobulin molecule we have an area which fits exactly
on the knob and spike pattern. Then we might imagine that
when this modified globulin molecule {antitoxin) met a
molecule of toxin the two complementary patterns would fit
together and the two molecules unite firmly.,

In rather crude fashion this gives a reasonably accurate
1dea of the current theory of the nature of antitoxins., They
are globulin molecules, portions of which have their detailed
atomic structure so modified that they fit on to and unite with
atomic structures characteristic of the particular toxin
concerned. For many years text-books have used the simile
of a lock and key to describe this relationship. If the key fits
the lock, firm umon takes place, if it fails to fit, little or no
union results.

Mainly because 1t 1s not known how the toxin produces its
poisonous effect on Living cells, we are unable to say in what
way union with antitoxin renders the toxin non-poisonous.
It 1s simplest and probably correct to picture the antitoxin
as smothenng all the activities of the toxin molecule beneath
a blanket of bland umirmtating protein.

It will probably seem a natural and appropriate reaction
that the body should react to a dangerous poison by producing
an antidote for 1t. We might expect that all poisons given in
small rcp:a(cd doses would provoke a similar response, and

that P would 1ly have no such
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serum, Nearly all proteins are goad antigens, with one very
important exception. Proteins from a given animal species
are not antigenic when they are injected into another animal
of the same species. Rabbit protein is antigenic when it 1
inoculated mto a horse or man, but not when it is mjected
into a rabbit. This mabulity of an animal’s own protein to
function 1s an antigen within its bady offers us some sort of
Link between the chemical and the biological ways of fooking
at antibodies. At present we are concerned not with hving

but with 1 Iecules of protein,
and we may obtain a reasonably clear idea of the function
of antibody m relation to such matenalaf we think semewhat
along these hnes

{1} The body resents the wmtrusion of any form of protein
foreign to that of xts own blood and tissues.

(2} The most effective way of making a foreign proten
molecule tolerable s to smother 1t with a layer of the body’s
own type of proten

{3) The formation of antibody makes 1t possible to carry
out this ‘compulsory naturabzation’ of the foreign protemn
much more effectively and rapidly,

Sometirmes, when the protein 15 actively posonous, the
antibody by thissmothenng function acts as a perfect antidote,
but we must lack or this as happerung more by acadent than
by design The antibody is produced and reacts wath the
antgen wrrespective of whether the latter it powsonous ot not.

8o far we have confined oumelves to simple antigens,
molecules of toxins or of soluble proteins hke egg albumen
The same pnauiples hold for anything bwlt up of protens
ot ather complex molecules foreign to the body, and of
course for bactena or other micro-orgamusms which may
invade the tissues of the body. The whole claborate mechansm
of immunity has probably been evolved prnmanly to deal
with mvasion by the macro-organisms of disease. From the
brological point of view, the antibodies against soluble preotesns
and touns may be mete by-products of the man process,
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complex protein poisons with very large molecules. We might
begin to wonder whether the important point was not that the
toxin is a protein rather than that it is poisonous. What will
happen if we inoculate an animal with some non-poisonous
protein? Ifwe inject a rabbit with some white of egg nothing
obvious happens. The egg albumen is quite non-poisonous,
but it does produce some change in the rabbit nevertheless.
Suppose we collect serum from a rabbit before we start
injecting, and store it in the refrigerator. Then we inject
three or four weekly doses of egg albumen, and a few weeks
later get a fresh sample of serum. Now we compare the two
specimens of serum side by side by adding to cach a few drops
of a solution of white of egg. As we watch, a turbidity begins
to appear in the second sample, and in an hour or two solid
flakes begin to form and sediment to the bottom. The first
sample, taken before the injections, remains quite limpid.
This phenomenon can be analysed in the laboratory, and
it has been shown to be exactly analogous to the neutralization
of toxin by antitoxic serum. The rabbit’s serum after the
jecti ins globul lecules which have been
dified to ‘fit’ egg alb lecules, When these two types
of molecule meet, they combine and produce a compound
which is insoluble and eventually forms a visible precipitate.
This gives us a ssmple method of finding whether substances
have or have not this power of producing a specific change in
the ammal’s serum. Thousands of substances have been
tested in this way, and in general the results have shown that
only substances with very large molecules, and particularly
proteins, have this power.
We are now m a position to define the word ‘antibody’
a little more definitely, and at the same time to introdace
another convenient word, ‘antigen’. Those substances, like
toxins or egg albumen which, on injection into an ammal,
provoke the appearance of modified globultn molecules, are
called antigens or antigenic substances, while the changed
globulin molecules are said to compose the antibody in the




CHEMICAL BASIS OF IMMUNITY—ANTIBODIES uy

serum. Nearly all proteins are good antigens, with one very
important exception Proteins from a given animal species
are not antigemc when they are mjected into another antmal
of the same species. Rabbit protein ss antigenic when 1t 15
inoculated into a horse or man, but not when it 15 injected
into a rabht, This inability of an ammal’s own protein to
function as an antigen within its body offers us some sort of
Link between the chemical and the biological ways of looking
at antibodies, At present we are concerned not with living
micro- but with Ii lecules of protein,
and we may obtam a reasonably clcar 1dea of the function
of antibody in relation to such material if we think somewhat
along these lines:

{1) The body resents the intrusion of any form of protemn
foreign to that of its own blood and tissues.

(2) The most effective way of making a foreign protein
molecule tolerable 1s to smather 1t wath a layer of the body’s
own type of proten

(3) The formation of antitbody makes 1t possible to carry
out this ‘compulsory naturalization’ of the foreign protein
much more effectively and rapidly.

Sometimes, when the protemn 1s actively poisonous, the
antibody by this smothering function acts as a perfect antidote,
but we must look on this as happening more by accident than
by design. The antibody is produced and reacts with the
antigen irrespective of whether the latter is poisonous or not.

So far we have confined ourselves to simple antigens,
molecules of toxns or of soluble proteins like egg albumen.
The same principles hold for anything built up of protems
or other complex molecules foreign to the body, and of
course for bacteria or other micro-organisms which may
invadethe tissues of the body The whole elaborate mechanism
of xmmunity has probably been evolved primarily to deal
wuh mvasmn by the micro-organisms of discase. From the
mcal point of view, the antibodies against soluble proteins
and toxins may be mere by-products of the main process,
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complex protein poisons with very large molecules. We might
begin to wonder whether theimportant point was not that the
toxin is a protein rather than that it is poisonous. What will
happen if we inoculate an animal with some non-poisonous
protein? If we inject a rabbit with some white of egg nothing
obvious happ The egg alb is quite PO
but it does produce some change in the rabbit nevertheless.
Suppose we collect serum from a rabbit before we start
injecting, and store it in the relrigerator. Then we inject
three or four weckly doses of egg albumen, and a few weeks
later get a fresh sample of serum. Now we compare the two
specimens of serum side by side by adding to each a few drops
of a solution of white of egg. As we watch, a turbidity begins
to appear in the second sample, and in an hour or two solid
flakes begin to form and sediment to the bottom. The first
sample, taken before the injections, rnmains quite limpid.
This ph can be analysed in the laboratory, and
ithas bccn shown to be exactly analogous to the neutralization
of tovun by antitoxic serum. The rabbit’s serum after the

3 lobul lecules which have been
dified to ‘fit’ egg Ib lecules, When these mnty-pcs
of molecule meet, they bin¢ and produce a

which is insoluble and eventually forms a vistble prccxpxtatc
This gives us a simple method of finding whether substances
have or have not thus power of producing a specific change in
the anmmal’s serum. Thousands of substances have been
tested in this way, and in general the results have shown that
only substances with very large molecules, and particularly
proteins, have this power,

We are now 11 a position to define the word ‘antibody’
a httle more defimtely, and at the same time to introduce
another convenient word, *antigen’. Those substances, like
toxins or egg albumen which, on mJecuon into an ammnl
provoke the apy e of d are
called antigens or antigenic substances, while the changed
globulin molecules are said to compose the antibody in the
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change that occurred when egg albumin was mixed with its
antibody. The smooth turbidity becomes granular, the
granules enlarge to viable flakes, and finally these flakes
sedument rapidly to the bottom of the tube, leaving the liqmd
above limpid and free from bacteria.

This agglutination of bacteria by appropriate antibody
depends on the same principles as are involved in the precipi-
tation ofsimple molecul i Intt areantibody
molecules each with two or more modified patches on its
surface. When one of these patches comes into contact with
the particular type of antigen on the bacterial surface to
which it corresponds, it sticks, and the antibody 1s anchored
to the bactesium. Sooner or later another bactenum will
bump against the same antibody molecule, and if circum-
stances are favourable, another umon will occur. The anti-
body molecule will now be in the nature of a link, holding
two bacteria together, Actually each bacterium will probably
attach dozens of antibody molecules to 1ts surface, so that the
possibihities of cross-connexions being formed are enormous,
1In fact, a simple and quite legitimate way of looking at the
phenomenon is to think that when antibody molecules
become attached to the surface of a bactersum, they make it
intensely sticky, particularly for others Iike itself, As the
bactena become coated with antibody and collide with each
other, larger and larger clumps are formed, until they become
¢asily visible and settle to the bottom. Agglutnation then is
just a simple physical consequence of the unton of antibody
10 antigen molecules which, instead of being free in solution,
are fixed in position as part of the surface of the bacterium.

Ways have been found of breaking up the preumococei and
bringing the surface antigens into a purified soluble form. It
confirmms our interpretation of the nature of agglutination to
find that this soluble antgen, which is the gummy carbo-
hydrate sub we i previously, readily unites
with the antibody which causes agglutination of the intact
bacteria. Thus umon results in the formation of floccules
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but from our present physico-chemical point of view it is
obviously more convenient to work from simpler to more
complex examples,

The surface of a virus or bacterium, as we have seen, is
built up of a p: of lex organic molecules, partly
protein, partly gum-like substances of carbohydrate type. Itis
an active Jiving surface designed to gather up food molecules
from the environment, and as such it is intensely foreign and
irritant to the body. At any cost that surface must be
smothered with body protein and rendered non-irritant.
Both the protein and carbohydrate fractions of the surface
are antigenic, and after infection specific antibodies rapidly
appear,

In the last chapter we described some of the changes which
occur in the blood of a patient with pneumonia at about the
time he begins to recover. There our interest was directed
toward the significance of the serum antibodies for the
patient’s recovery. These antibodies can also be demon-
strated by simpler tests based on the physical results of
contact between antibody and the corresponding type of
Preumococcus.

If the serum is mixed with a thin suspension of pneumococci
in a weak saline solution, we observe a phenomenon called
agglutination. When very large numbers of bacteria are
suspended 11t saline, the suspension appears as a dense white
opaque liquid Iookmg very like milk. If we dxlute this down,
1tk pr ively more milk-and yin e
tll we come to a stage when there are only a fcw hundrcd
million organisms in each cubic centimetre. At this strength
the suspension shows only a muld turbidity, a white haze that
swirls slightly as the tube is shaken, The turbidity does not
change visibly for many hours, but if the tube is left still for
a week or two the bactertal sediment goes slowly to the
bottom. When such a suspension of pneumococcr is mixed
with normal serum, nothing happens, but with the serum
from the recovered pneumomnia patient we see the same sort of
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change that occutred when egg albumin was mixed with its
antibody. The smooth turbidity becomes granular, the
granules enlarge to visible flakes, and finally these flakes
sediment rapidly to the bottom of the tube, leaving the liguid
above limpid and free from bacteria,

This agglutination of bacteria by appropriate antibody
depends on the same principles as are involved in the precipi-
tation of simple molecular antigens. In theserumare antibody
molecules each with two or more modified patches on its
surface. When one of these patches comes into contact with
the particular type of antigen on the bacterial surface to
which 1t carresponds, it sticks, and the antibody 1s anchored
to the bacterium. Soomer or fater another bacterium will
bump aganst the same antibody molecufe, and 1f circum-
stances are favourable, another union will occur. The anti-
body molecule will now be in the nature of a link, holding
two bactena together. Actually each bactenum will probably
attach dozens of antibody molecules to its surface, so that the
possibilities of cross-connexions being formed are enormous,
In fact, a simple and quite legitimate way of looking at the
phenomenon is to think that when antibody molecules
become attached to the surface of a bacterum, they make it
intensely sticky, particularly for others like itself. As the
bacteria become coated with antibody and collide with each
other, larger and larger clumps are formed, until they become
easily visible and settle to the bottom. Agglutination then is
Jjust a simple physical consequence of the union of antbody
to antigen molecules which, 1nstead of being free 1n solution,
are fixed in position as part of the surface of the bacterjum,

Ways have been found of breakmg up the pneumococas and
bringing the surface anttgens into a punfied soluble form. It
confirms our interpretation of the nature of agglutination to
find that this soluble antigen, which 13 the gummy carbo-

hydrate sub: we d p ly, readily unites
with d:\c antibody which causes agglutination of the intact
bacteria. This union results 1n the formation of floccules
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but from our present physico-chemical point of view it is
obviously more convenient to work from simpler to more
complex examples.

The surface of 2 virus or bacterium, as we have seen, is
built up of 2 p. of lex organic molecules, partly
protein, partly gum-like substances of carbohydrate type. Itis
an active living surface designed to gather up food molecules
from the environment, and as such it is intensely foreign and
irritant to the body. At any cost that surface must be
smothered with body protein and rendered non-irritant.
Both the protein and carbohydrate fractions of the surface
are antigenic, and after infection specific antibodies rapidly
appear.,

In the last chapter we described some of the changes which
oceur in the blood of a patient with pneumonia at about the
time he begins to recover, There our interest was directed
toward the significance of the serum antihodies for the
patient’s recovery. These antibodies can also be demon-
strated by simpler tests based on the physical results of
contact b body and the corresponding type of
Preumococeus.

Ifthe serum is mixed with a thin suspension of pneumococei
in a weak saline solution, we observe a phenomenon called
agglutination. When very large numbers of bacteria are
suspended in salne, the suspension appears as a dense white
opaque hquid looking very like milk, Ifwe dilute this down,
itk P ively more milk-and. yin appearance
ull we come to a stage when there are only a few hundred
million orgamsms m each cubic centimetre, At this strength
the suspension shows only a mild turbidity, a white haze that
switls slightly as the tube 1s shaken. The turbidity does not
change visibly for many hours, but if the tube is lefi still for
a week or two the bactenal sediment goes slowly to the
bottom, When such a suspension of pueumotoce: is mixed
with normal serum, nothing happens, but with the serum
from the recovered preumonia patient we see the same sort of
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change that occurred when egg albumin was mixed with its
antibody. The smooth turbidity becomes granular, the
granules enlarge to visible flakes, and finally these flakes
sediment rapidly to the bottom of the tube, leaving the liquid
above limpid and free from bacteria.

This agglutinauion of bacteda by appropriate antibody
depends on the same principles as are involved in the precipt-
tationof simple molecul i Intk ar ibody
molecules each with two or more modified patches on its
surface. When one of these patches comes mnto contact with
the particular type of antigen on the bactenal surface to
whuch it corresponds, 1t sticks, and the antibody is anchared
to the bacterium, Sconer or later another bactertum witl
bump against the same antibody molecule, and if circum-
stances are favourable, another umon will occur. The anti-
body molecule will now be in the nature of a ink, holding
twohacteria together. Actually each bacterium will probably
attach dozens of antibody molecules to its surface, so that the
possibilities of cross-connexions being formed are enormous.
In fact, a simple and quite legitimate way of looking at the
phenomenon s to think that when antibody molecules
become attached to the surface of a bacterium, they make it
intensely sticky, particularly for others like wself. As the
bacteria become coated with antibody and collide with each
other, larger and larger clumps are formed, until they become
casily visible and settle to the bottom. Agglutination then is
Just 2 simple physical consequence of the union of antibody
to antigen molecules which, instead of being free in solution,
ate fixed 1n position as part of the surface of the bacterium.

_wa‘}! have been found of breaking up the pneumococct and
bringing the surface antigens into a purified soluble form. It
confirms our 1nterpretation of the nature of agglutinaton to
find that this soluble antigen, which is the gummy carbo-
h).'d" ate sub: we joned previously, readily umtes
with the antibody which causes agglutination of the intact
bacteria. This union results 1 the formation of floccules
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but from our present physico-chemical point of view it is
obviously more convenient to work from simpler to more
complex examples.

The surface of a virus or bacterium, as we have seen, is
built up of a p: of lex arganic molecules, partly
protein, partly gum-Jike substances of carbohydrate type. Itis
an active living surface designed to gather up food mlecules
from the environment, and as such it is intensely foreign and
irritant to the body. At any cost that surface must be
smothered with body protein and rendered non-irritant.
Both the protein and carbohydrate fractions of the surface
fe specific antibodies rapidly

are ic, and after i
appear.

In the last chapter we described some of the changes which
occur in the blood of a patient with pneumonia at about the
time he begins to recover. There our interest was direeted
toward the significance of the serum antibodies for the
patient’s recovery. These antibodres can also be demon-
strated by simpler tests based on the physical results of
contact between antibody and the corresponding type of
Preumococcus.

Ifthe serum is mixed with a thin suspension of pneumococci
in a weak saline solution, we observe a phenomenon called
agglutination. When very large numbers of bacteria are
suspended in saline, the suspension appears as a dense white
opaque liquid looking very like milk. If we dilute this down,
it becomes progressively more milk-and-watery in appearance
till we come to a stage when there are only a few hundred
million organisms in each cubic centimetre. At this strength
the suspension shows only a mild turbidity, a white haze that
swirls slightly as the tube 1s shaken. The turbidity does not
change visibly for many hours, but if the tube is left still for
a week or two the bacterial sediment goes slowly to the
bottom. When such a suspension of pneumococci 15 mixed
with normal serum, nothing happens, but with the serum
from the recovered pnenmonia patient we see the same sort of
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patients have nearly or completely recovered by this time,
but we are anxious to be certain whether they have or have
not had typhoid fever. The bacteria can no longer be isolated
from these patients, but it is easy to obtam some of their blood
serum and test it against a known culture of the typhoid bacil-
lus, Ifagglutination occurs, we can be sure that at some time
previously the patients supplying the sera have been infected
with typhoid With a Iittle elaboration of the test we can be
reasonably certain that it was their recent fever and not some
long past infection that was responsible for the agglutination,

Tests of this sort can be applied to many human and ammal
infections. As an example of its application to an important
economic problem of poultry farmers, we may mstance the
use of an agglutination test for the control of “bacillary white
diarrhoea’. This 15 a disease of newly hatched chickens which
1 transmitted through the eggs laid by fowls infected with a
particular bacillus, The chickens from such infected eggs
develop diarrhoea and infect all the other chicks of the brood
A high percentage of deaths 1s the usual result, To avoid these
mfections it 15 clear that chickens should not be hatched from
the eggs of chronically mfected fowls. Unfortunately adult
fowls usually show no symptoms; it 1s only m the very young
chickens that the bacillus 1s really dangerous. Nevertheless,
even when there are no obvious symptoms, the fowl reacts to
the presence of the bacillus in 1ts tissues by producing anti-
bodies, and by the aggluti test these bodies can be
detected in a few drops of blood In practice, this has solved
the problem of bacillary white diarrhoea. A small amount of
blood 1s taken from each laying hen, and the serum from this
is tested for its power to agglutmate the bacillus. Those hens
whose serum agglutinates are or have been infected—their
eggs are excluded from the mcubators, and except for the
mewitable occasional accident, the new batches of chicks
remam free from infection

There 15 another important method by which the presence
of antibodies can be detected 1 the serum of an mdividual
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very like those in the agglutination tests, but built up by the
linking up of molecules, not of visible particles like bacteria,

We might go into more detail about the agglutinadon of
bacteria, how sometimes one sort of surface antigen plays the
major part, sometimes another, how the appearances depend
on the amount of salt and other substances present, as well 2s
an the presence of antibody and so on, But the only thing that
really matters is this power of antibody to stick to the particular
antigen that provoked its appearance, and so to provide 2
coating, moreor less complete, of body protein over the foreign
surface,

Agglutination of bacteria as such probably plays litile part
in assisting the body to overcome their harmful activities. It
is almost wholly a test-tube phenomenon, a more or less
accidental by-product of more important immunity reactions.
Nevertheless, the agglutination test has some important
practical applications in both medical and veterinary work.
These depend upon the fact that an agglutination test is very
easy to carry out and accurs only when the right antiserum
and the corresponding bacterium are brought together. An
antiserum against the typhaid bacillus will agglutinate only
typhosd bacilh, it has no action at all on dysentery bacilh or
the ordinary bacternta which occur in the bowel. When a
patient 1s suspected of suffering from typhoid fever, cultures
are made from the blood and from the facces. 1fa bacillus is
obtamed which has the general properties of a typhoid bacatlus,
the final proof that 1t is or 13 not that organism is obtained by
the agglutinauon test. A serum which is known to contain
antibodies against the typhoid bacillus is mixed with the
suspected culture, and if agglutination occurs we know at
once that the pauent is suffering from typhoid fever. In this
example the test has been used to decide the nature of a
bacterial culture. It can also be used in the opposite sense
1o determine what type of anubodies are present in a serum.
Let us suppose that an epidemic of fever breaks out which is
not recogized as typhoid fever for some weeks. Some of the
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CHAPTER IX
THE WIDER SIGNIFICANCE OF IMMUNITY

It is almost mevitable for a biological scientist to feel that his
own particular field of study is of the greatest umportance in
exemphfying general biological principles. The entomologst
will find that the phenomena of protective coloration and
mimcry amongst insects throw more light on the process of
evolution than any other single group of facts. The economic
zoologist, whose Teal job 1s to determine why the herring
fishing is good one year and bad the next, finds himsell
concerned with all manner of problems. He must consider the
set of ocean currents, the seasonal changes i temperature and
composition of sea water, and all the resulting changes in the
mucroscopic ife of the sea before he can approach the all-
1mportant question of the herring’s food supply. He may well
be excused for thinking his own field a perfect epitome of
ecological principles. Each biologst, 1 his turn, if he has
any taste at all for generalhization, will tend to see the major
biclogical problems from that partcular angle which 1s
provided by his immediate specialized interest, As an
immunologist, I feel likewise that we have to deal wath
material which has important bearings on general biological
problems, and which the accepted biological philosophers
have largely neglected.

From one pont of view, the development of antibodies and
of the associated immunty are of such obvious survival value
to the species that no further explanation of their existence
is necessary It 1s not easy to be conteat with ths point of
view  All aspects of structure and function 1 a living
organism have necessarily to be adapted to the present
requirements of the organism, but they have also 2 continuous
evolutionary ustory behind them. The capacity to become
immune as a result of experience of previous mfecton is a
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who is suspected of having been infected with some particular
type of organism. This is the complement-fixation test, the
best known example of the method being the Wassermann
test for syphilis. In essence, the test is to mix the serum with
a known antigen in some convenient form and to determine
whether or not union of antibody to the antigen occurs. In
the case of the Wassermann test, if the evidence of antibody
is obtained, it signifies that the patient has at some time
previously been infected with the spirochaete of syphiiis. The
actual technique used in the test is complicated—most
medical students find the Wassermann test the most difficult
of all laboratory procedures to understand—and nothing
would be gained by describing it here. Such complement-
fixation methods are mainly applied to infections by organisms
Iike spirochaetes and viruses which are not casily obtained

1

in ions suitable for agglutination tests.




WIDER SIGNIFICANCE OF IMMUNITY 125

immumty which follows many infections 1s just as much a
matter of ‘learning by experience’ as 1s the acquired ability
to swim or to ride a bicycle.

1t is one of the pnnciples of ammal evolution that every
new development arises out of potentialities already present
m the ancestral orgamsm. Eycs, for instance, seem to have

d from certain p d spots in which the normal
shght sc'nsx vity of all protoplasm to hight has been grcatly
d. Witheachdevel incomplexityand

new potentialihes for further advance appear, but there 1s

nevct any revolutionary change. This prmcxplc of b)olog‘lcal
beseeneveninsuchhuman

invention. The development of the mtcmal combustion

cngmc, with 1ts progressive increase in efficzency and its

in various dafi to lized uses,

provxdes an 1mnteresting parallel to the cvoluuon on any great
i p—the Is, for le. There 15 the

same devel from a smgle fund | pattern with

progressive addition of accessory structures which themselves
are changed, as mvention or evolution proceeds, to more
complex and efficient mechanisms. The parallel cannot, of
course, be pushed too far. The process of invention demands
at mtervals fundamentally new discovenes, and technical
development of the discoveries may proceed by much more
abrupt steps than is the case with evolutionary processes.
Fundamentally, however, therc 18 still the same development
of more and more efficientl on the
basis of pre-exssting types

We havc already suggcstcd that any orgamusm which lives
by d g the of other must 1n some
way bc able to disunguish between “self* and ‘not-self’, and
that this primitive differentiation has in some way been
claborated and given rise to the mechamsm of immumnty. It
is unfortunate that we know so Lttle about the actual way
in which anubody 15 produced. The theory that is most
frequently referred to 1n the text-books 15 often called the
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most unusual type of biological reaction, and it it worth
spending some time on the more general aspects of its origin
and significance.

It is a matter both of common knowledge and of scientific
fact that any type of activity by a living organism improves
with practice, Even an amocba fed with non-nutritions
particles of dye *learns’ to discharge them from its proto-
plasm with increasing rapidity as it gains experience, This
pracess of learning by experience is, of course, most clearly
seen in the reactions of the higher animals, with elaborately
developed nervous systems.

In thesimpler types of animals we can only call such changes
modifications of reactions as a result of past experience, but
as we come to animals of more highly developed nervous
systems, we can recognize the improved efficiency as some-
thing comparable to what we know as developing skill by
practice in ourselves. Amongst the invertebrates we find that
most activities are not readily modified by experience. The
rigidity of the instinctive behaviour of insects is well known,
but even with these there is nearly always some eapacity to
modify details of behaviour as a result of experience. The
higher ammals, particularly mammals and birds, have large
complex brains whose essential function is to allow accumu-~
jated experience to play a part in determining what is the
most appropriate sesponse 10 the various circumstances whick
the animal may In i all ed

or is dependent on the same ablity of
the nervous system to profit by past experience.

Thus obvious rmportance of the changes in behaviour of
man and ammals which depend on past experience is liable
to draw attention away from the other biological phenomena
of comparable character There are several examples of such
phenomena which do not depend on changcs in the nervous

system, and these the
‘which have been occupying us for the last three chapters, are
by far the best studied and most important. The acquired
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hours after this second i 1 This sharp diff
between the responses of the pormal and the previously
treated animal 1s not explained by the theory we have men-
tioned, but it is'clearly of the essence of the problem.

Production of antibody 15 only one phase of the bodily
modifications which result from the entry of foreign particles
or soluble substances into the body. Antibedy appears in
the blood, but it 1s probably more important that the anti-
body-prod cells are so modified that they can rapidly
produce fresh supplies of antubody on renewed contact with
the antigen, There is thus a change in some cells at least, as
well as in the blood serum. In addition to this change 1n the
specialized antibody-producing cells, there is evnidence that
many other cells in all parts of the body are also modified m
their reactions as part of the bodily response to foreign anti-
genic material. This second type of cellular change has been
deduced from investigation of the phenomenon called
anaphylaxss, which we shall soon have to discuss.

In fact, there are considerable grounds for thinking that
antibody has a twofold function, The activity of anubody in
the blood has already been discussed at length, This is the
first and most obwious function. The second 1s to transfer
specific reactivity to other cells which have not had immediate
contact with the antigen. In the broadest terms the develop-
ment of immunty 15 a process by which the body learns from
experience of past infection to deal more efficiently with
subsequent ones. Part of this process, that of learning to deal
with local nfe will lly be d 1n the
Limuted regions involved by the infections, If this view is
correct, that hmited groups of cells which have once dealt
successfully with an invasion by some pathogenic micro-
orgamusm wll deal with 2 similar mvasion more successfully
on a future occasion, then it would be of obvious advantage
to the body sf cells 1n other regions than those mvolved in the
primary infection could have this improved efficiency con-
ferred upon them 1n some fashion.
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template theory, and attached to the names of Haurowitz,
Mudd and Pauling, According to this, antibedy consists of
globulin molecules, cach of whick has been fabricated in
direct contact with an antigen molecule. Itis believed thata
standard glabuli lecule is synthesized in the form of a
long straight chain of mutually linked amino-acids. This
chain must subsequently be coiled up into a compact, almost
globular, mass. There are many alternative ways of packing a
chain into small volume and, on the Haurowitz theory, this
packing when done in the presence of an antigen produces the
antibody. Where the forming antibody molecule is in contact
with the antigen, a pattern develops which is a “mirror-
image’ of the pattern of the :mugcn A crude picture of the
process may beob {if we imagine something p
to the preparation of a cast, or more correctly the matrix for
acast, with plaster of paris. The matrix derives a pattern whick
is not the same as that of the object but has a complementary
relation to it, so that when object and matrix are again
brought together there 15 a perfect ‘fit’. In the antibody-~
producing cell we have to mmagine a steady production of
such matrices. As soon as one has been formed it is detached
from the antigen and sent out mto the blood, leaving room
for another to be built up agamst the same antigenic patterst.
Although this theory provides a convenient way of
picturing the formation of antthody, 1t has no direct experi-
‘mental evidence to supportt, and to a brologst 1t has a rather
crudely mechanical flavour which raises a prejudice agamst
it. The greatest weakness of this orthodox theory is that 1t does
not explain in any way onc important fact II we give an
anmal a single iny of some for
cxample, diphthenia or Staphylococeus toxoid (toxin rendered
non-poisonous by formalm), the antibody response is small
and takes about a fortmight to appear. Now if after a month
ar two we gmive another injectson of the same toxoid, quite
a different result is obtained. There is a rapid and large
duction of which about forty-eight

P
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cells hiberates histamine, and it is mainly or entirely because
1n the dog histamine has a damaging effect on the liver and
very little action on the lungs that the araphylactic reaction
takes this form.

The paradoxical nature of these phenomena naturally
evoked the interest of many laboratory workers, and this
mterest was quickened by the realization that related pheno-
mena were sometimes to be observed in human beings.
Thousands of experiments were made, and gradually the
conditions under which anaphylaxts could appear were
worked out. Two of these experiments are important enough
to mention here. They provide the main clues to thc mter-

ofanaphylaxis. Inthe firstexp ag pig
is lnjcc!cd with egg white or some other protein. After a
suitable time, some of its blood s taken and imected into
another previously untreated guinea-pig. Two days later the
second guwinea-pig 18 moculated wath the antigen. It dies in
typical asthmatic fashion, Somethingin the blood of a gmnea-
g that has been injected with a foreign prntcm can convey
ths ibality to another
Suitable expenmems show that the same annbody wluch
causes precipitation wath the foreign protein 15 responsible.
The second experiment 1s to take a piece of visceral muscle,
intestine or uterus from a treated guinea-pig. The muscle is
washed freeof blood and serum, and thensetupn an apparatus
which gives a record of ats contractions and relaxations. If
the guinea-pig supplying the muscle had been mnjected with
egg white, then if a solution of this protein is washed over the
muscle 1t contracts strongly. Other foreign proteins, horse
serum for instance, produce no contraction of the muscle,
nor will egg-whate solutions do so with muscle from a normal
guimea-pig, or from an animal treated with horse serum. By
this second expeniment we have shown that some of the
antibody really 1s fixed in the tissues and not merely eirculating
m the blood. Research of this sort was all very interesting to
the laboratory worker, but 1t has cleatly very little drrect

9
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The evidence for this sccond fanction of antibody is
derived from a varicty of sources, but principally from the
study of a curious pt called anaphylaxis. In the
course of experiments on diphtheria in the laboratory, it
sometimes happened that a guinea-pig which had been given
one injection of antitoxin was given a second dose some weeks
Iater, It was noticed that some of these guinea-pigs died in
a pecnliar fashion a few minutes afier what should bave been
an i and | ive inoculation. To make a long
story short, these deaths from anaphylaxis had nothing to do
with diphthena toxin or with the antitoxin as such, It was
the antigenic foreign protein in the horse serum which was
really responsible, and normal horse serum would havc

served just as well as antitoxin. The first inocul

the gui 5 to produce antibody against the horsc protein.

Much of’ (l\is anulmdy passed out of the blood into the tissues,
and when a second lation of the ponding antigen

(horse-serum protein) was made, antigen and antibody united.
But most of the antibody was in the cells, and the union of the
two reagents in the cells damaged them in much the same way
that a bacterial toxin would. Histamine was liberated from
thedamaged cells, and if asuffi ty large dose was produced
the hi! killed the g pig in s own ch stic
fashion~by an acutely fatal attack of asthma. The guinea-pig
has well-developed muscular bands around the smaller air
tubcs m its lungs. Thetr natural fanction i is not thomughly
d, but they are curioust ble to t

Under its action they contract and blocL the passage of air
to the functional portion of the tung so that the guinea-pig dies
in a few minutes from asphyxia

If the same sort of expeniment is carried out with a dog, the
second injectian of the antigen into its veins is also fatal, but
for a different reason The guinea-pig dies from something
very much akin to asthma, the dog from sudden damage to
its liver. Fundamentally, however, the same principles are at
work, The action of the antigen on the antibody-containing
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to deal effectively with a local invasion of some micro-organism.
The actual antigen 15 in these circumstances soxe portion of
the micro-organism’s surface which can be hberated only
slowly. To induce anaphylaxis, on the other hand, we intro-
duce into the animal’s blood relatively very large amounts of
a soluble antigen, which is immediately carried to all partsof
the body. The antigen unites with antibody wherever it finds
1t, and the result may well be disastrous. It does not by any
means follow that what is good for a local emergency is
applicable when the emergency situation involves the whole
body. In the sensitive, treated guinea-pig or dog the antigen
injected into the blood gives nise to a complex reaction which
begins with the union of the antigen to antibody within the
cells which form the walls of the blood capillaries all over
the body. As a result, the cells react by liberating histamine
both into the blood and into the fluid between the cells
of the various organs, The first action of the hustamme is
to cause a general opening up of the capillanes, and this
may then allow antigen to leak from the blood actually into
the tissues where 1t will react with any other cells carrying the
appropnate antibody. Fmally, the important symptoms of
anaphylaxis will anse from the secondary effects of histamine
liberated 1nto the blood or tissues, on such organs as the lung
and liver.

At this stage we may revert for a moment to our first
example of the action of histamine—mosquito bite. It 18
almost certain that if we could find an adult who had never
been bitten by 2 mosquito, and watch what happened when
the first such experience occurred to hum, we should see no
reaction of the shin at all. The saliva of the mosquito and
simalar insects 1s not in itself irritating, but 1t contains protem
foreign to the body and capable of simulating antibody
production. After repeated bites, enough antibody has
developed to render the wholeskin surface of the bodysensitive
to the protein of the mosquito’s saliva. At each bite the local
umon of the antigen with antibody 1n the skin cells causes

92
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bearing on natural processes. As someone said, anaphylaxis
is decidedly a creation of the hypodermic syringe. It is a
result of very artificial procedures, and if we want a clue as to
the real nature of the processes which give rise to anaphylactic
reactions we may find it in what seems a quite unrelated field.

Most people have had some personal acquaintance with
vaccination against smallpox. Ifa person is being vaccinated
for the first time very little is visible at the site until the third
or fourth day, when a little red swelling appears. This swelling
gradually develops into a blister or vesicle which reaches its
maximum size about the twelfth day, then dries up to a scab
which falls off about the twenty-first day. This is the normal
course, and we may compare it with what occurs on a re-
vaccination in someone who is still immune as a result of
previous vaccination. With such an individual, a small red
swelling with a surrounding flush appears within twenty-four
hours, much earlier, that is, than in non-immune persons.
This swelling reaches its peak in three days and soon fades
away, leaving only a brownish stain and no scar.

In the immune individual, the response of the tissues to
the invading vaccine virus is quickly called into action and
carries out its defence reaction more efficiently. Part of this
change is due to antibody in the blood, but an acquired
immunity of the tissue cells due to fixed antibody is a more
important factor. It is quite obvious that the rapid effective
response to a local inoculation of vaceme virus in an immune
person is an adaptive response well suited to deal with the
virus invasion. The local cells with their fixed antibody react
with the vacemne antigen, and so liberate histamine or other

b of simlar ch . This brings the defence
reactions of the blood vessels and phagocytes into play much
carlier than would happen otherwise, and with the co-
operation of antibody in the blood, the invading virus is
summarnly dealt with before it can do any real damage.

QOur clue to the understanding of anaphylaxis then is that
it results from certain bodily modifications which are adapted
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requires a well-developed detective faculty in the doctor if he
is to find the substance responsible, and of course until he does
find it the patient is not likely to lose his asthma.

Although the symptoms of hay fever and asthma are
limited to their own special regons, this is only because the
antigen can reach susceptible cells in these particular situas
tions more readily than elsewhere. Probably every cell of the
patient's body has this new abnormal susceptibility to the
offending material. The skin cells are certainly susceptible,
and it is by testing the skin with various likely substances that
the specialist in these diseases discovers what material 15
Tikely to be responsible for the symy If, for ple, the
patient complains of hay fever 1n early summer, the obvious
things to test are the pollens which are liberated at that season.
So a series of superficial scratches are made on his forearm and
ou each 15 placed 2 drop of extract made from one particular
pollen, In a few minutes the pollen to which the patient is
sensitive will be shown by the appearance of an itchy raised
weal around the corresponding scratch,

Another munor ailment which can be traced to the same
automatc acuvity of the antibody mechanism is the serum
sickness which often follows about a week or ten days after
the adminsstration of serum against diphthena. The child
develops an itchy rash, particularly around the place where
the serum was injected, there is a rise 1 temperature, and
often severe aching patns in joints and muscles, To understand
this reaction we must ber that diphtheri in is
a solution of horse-serum protein, The fact that it has the
power to neutralize diphthena antitoxin does not alter the
fact that, to the human being, 1t is something totally foreign,
against which an antibody begins to appear 1n the blood. In
most cases relatively large amounts of antitoxin have been
given, and some unchanged horse-serum protein persists for
a week or two, especially near the place where 1t was inocu-
lated. Wherever the antibody now arculaung in the blood
comes into contact with antigen 1n or on tissue cells, there is
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a liberation of histamine, and that is responsible for the
‘mosquito bite’. Here is an example on a trivial scale of what
was ‘designed’ to act as 2 protective mechanism turning out
to be a positive nuisance. Mosquitoes would be much more
tolerable creatures if they did not provoke all the swelling and
itchiness which is the mark of histamine hiberation.

It is no doubt important that man should possess effective

hanisms for dealing with infections by bacteria and viruses,
but it is a pity that these arrangements are sometimes sct
moving by antigemic substances not in the least like micro-
organisms, In the spring and early summer the air is laden
with polien grains from every sort of flowering plam, but
particularly with grass pollen. Inevitably much of the pollen
is filtered out of the air as it passes through the nose, For
many people the pollen grains absorbed by the nasal lining
act as an antigen, producing antibody in the blood and
‘sensitizing” the body cells in the usual way. The result of
renewed contact with the same type of pollen is hay fever.
As cach pollen grain lodges on a cell of the nasal lining
or of the moist surfaces of the eye and eyelids, the contact
results in histamine liberation with swelling, redness and
increased secretion. Hence the stuffy nose and sneezing and
the puffy, sore and itchy eyes which can make a hot day in
the country a minor torture for the too facile producer of
antibody.

Hay fever is only one of the human ills which can be traced
to this same unfortunate inability of some people to decide
which antigens are worth reacting to and which are not.
Asthma, which like anaphylaxis in the guinea-pig, is majnly
due to a contraction of the muscular bands around the
smaller air tubes mn the lungs, 1s very frequently due to an
acquired susceptibulity—we can hardly call 1t an immunity—
to some common substance which can reach the lungs in the
form of fine dust. Quute a few cases of asthma have been
traced to the orris root m face powder, others to the dust from
the feathers used to stuff piliows or mattresses. Often it
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former occasion penetrated the defences either of the body or
of soziety. It or he must be apprehended. So the blood
antibody fastens on to the micro-organism and makes it
ready for thc phagocytm to take in and digest. The cell with
its antib ly to the invader, its
Ib 1 bi and othcr setting in action the
local response of blood vessels and phagocytes, which 1s best
fitted to eliminate the infection. Finally, just as i human

we have a poli at the gate of the police
barracks, so in the body those cells which produce antibody
are themselves provided with the ‘reminders’ they praduce.
Contact with the ‘remembered’ antigen stmulates a rapid

d

b of further antibody (police reinfc o deal
with the emergency.

Now this elat hanism will probably strike the
reader as someth'mg ious, but emi T ble, and
with easily 1 logies to defence p m the

social and polmcal field. Yet, on the physmlogxcal and
biological aspects, the process 15 an unusually difficult one to
understand. Everything ponts to more than one type of cell
being mvolved, and there are probably several steps m a
process of which we can only see the beginning and the end,
A bacterum or some other antigen 1s taken mto one cell and,
after a titne, another cell begins to liberate the corresponding
anttbody. Two facts must be hept m mind m thanking about
that process. First, the amount of antibody produced is much
more than would be needed to umite with all the antigen
molecules which are comprised m the bacterium, and secondly
antthody may persist 1 the blood for many vears after the
infection which caused 1t has been completely eliminated,
while the capacity for rapid antibody production to a
‘remembered’ antigen may last even longer. If these are
facts, then we can assume nothing less than a deep-seated
modification of cellular function, a change so firmly 1m-
pressed thatin one sense atleast it must be called an inhentable
one. Ifacellis to continue producing anubody long afier the
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aliberation of histamine and the app of corr
symptoms.

This long digression about the cellular aspects of the
immunity reactions and their importance in medicine must
not keep us from our main object, which is to elucidate the
wider significance of imumunity. The conception we have
developed is that there are certain cells of the body, probably
the fixed phagocytes, which take up fram the blood or lymph
any micro-organisms or other material foreign to the tissues.
It is in these celis that the first step in antibody production
occurs, but within the last few years the older concept that
they were wholly responsible for antibody production has been
generally discarded, Antibodies are produced in those parts
of the body where fixed phagocytes are in very close relation-
ship with centres of lymphocyte production. Both types of
cell play a part. When antibody production is occurring we
find, for exarple, in the lymph gland that drains an infected
limb that the celis which normally produce lymphocytes have
mven nse to cells that are actively synthesizing protein, Some
call them large lymphocytes, others immature plasma cells.
The name daes not matter, but there can be little doubt that
these are the cells in which the actual synthesis of antibody is
taking place. At some stage something must be passed on
from the fixed phagacytes ta this secand type of cell. We do
not understand the nature of the intermediate processes, All
we can say is that this cell complex responds to the fumgn

hemical structure of the mi g by elaborating and,
after some days, pouring out mto the blood special protein
molecules, antibodies whose function can perhaps be best
understood if we call them ‘reminders’. There are several
distinet sorts of antibody which differ in the extent to which
they remain free in the blood or are bwit mnto cclls of various

types. These antibody * Jers’ are like platn-cloth
detectives with perfect memonies for criminal faces; when
they came into contact with thclr opposite number’, this is
d idusl which has on some

™

15
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digestive enzymes in large amount and to purify the
Recently, several have been obtamed in the form of cryst
of protein. Thisis a big advance, and makes 1t possible to stu
on a large scale a simplified example of what must take pl:
in the cells. So far we have only a series of hints to guide
but something hke this is in the ar. Enzymes are protei
and as such are suscepuble to the attack of certain proteoly
(protem-splitting) enzymes. Sometimes, perhaps always,
active enzyme may be produced by the partial splitting
an inactive protein. Amongst the very active digest
enzymes such as trypsin we find a curious phenomenon wh
canbe thought of as “ designed”’ to prevent them from digest
the cells which produce them. Trypsin is not produced as st
by the cells of the pancreas, but by smtable methods a cryst
line protein called trypsinogen can be 1solated from pancr
tissue. This has no action as an enzyme, but if 2 httle tryp
is added it causes partial digestion of the trypsinogen 2
produces—trypsin. The newly produced enzyme in tt
attacks its parent substance, and the whole is converted w
increasing rapidity to trypsin. Here we have self-product:
ofa sub in a fashion distinctly biok 1, Qurnextk
is to be found m the fact that these protemn-splitting enzyr
are not entirely destructive, As a rule they do not brea’
Pprotemn down to 1ts ultimate constituents, but stop when

process has gone go or gg per cent of the way. If we ¢
the enzyme (0 a solution of the completely disntegra
s .o e . -

together under 1ts mfluence and produce a substance wh
15 a farr amitation of a protein. If too much of this were ¢
duced, 1t would be digested by the enzyme, and the react
only goes so far as 1s necessary for a balance to be develo]
between the building-up and the breaking-down actnvitie
the enzyme.

Reactions like this which can be carned out in test-tu
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antigen has disappeared, somewhere within it a living compo-
nent part must be so changed that even when it rebuilds
itself it still retains its new character, We are getting into
rather deep water here, and touching on what is perhaps the
major chemical problem of biclogy. How does the cell
produce further amounts of protein of the same quality and
functional activity as that already present in its substance?
In other words, how does growth occur? We have touched on
this problem in its simplest form in relation to the multiplica-
tion of viruses, particularly of the almost crystalline protein
of tobacco mosaic virus. The same question arises in regard to
the processes which take place in the cell nucleus by which
a single set of the genes which determine all inheritable
characteristics is converted into a double setin the preliminary
stages of cell division.

One may doubt whether chemists will ever succeed int
providing a detailed description of any unit of living structure,
in the form of structural formulae such as they can apply to
so many of the preducts of biological activity, Until some
entirely new technique 1 developed, chemical methods ran
deal only with relatively large amounts of pure, i.e. uniform,
substances. They are not directly applicable to microscopic
and non-uniform systems like functioning cells or viruses.
Nevertheless, modemn studies of proteins by experimental
methods which have only a remote resemblance to those of
organic chemistry have provided at least a limited outline of
the process by which hving substance is maintained and
increased. In chapter mr we said something about enzymes,
those chemscal substances which in living cells or in the
cavines of digestive organs, accelerate and direct chemical
reactions which otherwise would proceed very slowly or not
at all. One important group of enzymes comprises those
which break proteins down to smaller molecules, eventually
o amino-acids. Trypsin is one of the best known as playiog an
important part in the digestion of meat and other protein
food in man and all mammals. It is possible to obtain these
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of the antigen comes into effective contact with a living
protemn molecule within the cell. Under the stimulus of this
contact the molecule is modified asif a new molecular pattern
had been stamped upon 1t by the antigen, Up to this point
all theonies of antibody preduction are in accord. They differ
in assuming, on the one hand, that the antigen remains in the
cell ping as it were its pl y pattern on each
protein molecule as it is produced, and on the other that in
the process of impressing its stamp the antigen 15 destroyed
and that further production of antibody results from the
multiplication of the changed cellular constituent.

Antibody, on the second hypothesis, is the result of multiph-
cation of such modified cell umts within the cell, and the
liberation of a proporhon of them mto the blood. In the
proper environment of the cell which produced them, anti-
body molecules may be capable of self-reproduction; outside
of this type of cell they certainly cannot do 5o, and 1t may be
nearer the truth to think of liberated antibody as something
less than the modified unit which produces it. We may picture
2 living umt budding off more or less accurate rephcas of
itself, which, however, lack the faculty of reproduction.

There is a further necessary assumption to account for the
persistence of immurty for years. Antibody-producing cells
must be capable of giving rise to descendant cells with the
same faculty. Both fixed phagocytes and lymphocytes are
expendable cells. Anyone who has had a chronic sore throat
knows how ‘glands’ in the neck may swell up and disappear
agam n a week or so  Such changes mn lymph glands mean
the production and destruction of millions of cells of bath
sorts. The average life of a lymphocyte 1s about a day. If
antibody production 1s to persist as it may over almost the
whole of a person’s Lfetume, there 15 no escape from the
conclusion that the capacity to produce antibody must be
transferable from a cell to 1ts descendants. In a very special
and hmited sense this could almost be called a case of
ink of acquired ch 1stics.
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are poor imitations of what takes place in the cells, but we can
feel reasonably certain that such enzyme activities, rigidly
controlled in direction and intensity, provide what we may
call the driving power of growth within the cell, There have
been big recent advances in the study of the components of
living cells, and in all this recent work the nuclcoprotciru
occupy a central position. These are compounds of promn
with nucleic acids: 2! 1

nrgmxc 1 g
a sugar, phosphate and other units and like pmtzms very
prone to produce giant molecules by linking sets of similar
units together. One type of nucleoprotein (DNA) is an
essential part of the chromosomes in the nucleus, a slightly
different type (RNA) is found in the protoplasm. When a cell
is known to be actively building up new protein we find an
excess of RNA in its protoplasm. It is now believed that this
RNA is an essential part of almost ultramicroscopic systems
in which several types of enzyme are organized together so
that they can make available the energy and the chemical
building stenes that will allow a cell protein to rebuild itself
in its own image. It would be foolish to pretend that this is
anything more than a superficial view, or that it is fully
d by most biochemists. The p of complex units
contamning RNA and a variety of enzymes is characteristic of
all living cells, and there is much to suggest that they are
concerned with protein synthesis. But it is only when a bio-
logist intrudes into the chemist’s domain that we hear talk of
protein molecules duplicating th Ives. Nevertheless, until
the chemist can cxplam protcxn synthesis in his own terms,
this concept that the functioning protcm molecules (the
, for ple) can in a suitable environ-
ment, act as pl for the reproduction of their own
structure, is the only way we have of picturing the process of
growth at the chermcal level.
‘This picture of protein synthesis in the cell allows us to give
a little more definition to the process of anttbody production.
We must assume that, at some stage, the essential ‘pattern’
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CHAPTER X
WHAT MAKES BACTERIA DANGEROUS?

So far we have tended to take a rather opuimistic view of
infectious disease. It is a mecessary mamfestation of the
struggle for existence between species, and viewed broadly,
the interaction between host and parasite is a balanced one.
The micro-orgamsm passes from host to host. Only an
infinitesimal proportion of the individuals produced by its
multiplication 1 each host survive, but they are sufficient to
ensure the conhnuance of the species. The host species on its
side has developed during its evolution the normal defences
against infection, and as well, each mdividual during and
after first infection by any particular micro-organism develops
some degree of specific immunity agamst 1t. This double
mechanism of protection does 1ts work well so long as the
general efficiency of the body is mamtamed, and so long as the
attacking mi¢ro-orgamsm 1s not of abnormally high virulence,
but sometimes it fails, In this chapter we want to discuss
what happens when the defences fal  Since much more is
known about the details of infection by bactena than about
virus diseases or protozoal infections, we shall confine our-
selves to the problem as 1t concerns bactena. Why do the
bacteria which normally can be held so easily 1n check
sometimes findt possible to multiply almost without hundrance
and lall the paucm 1 a few days unless speedy and effective

ilable? Such phes are rather outside
the order of nature. Sudden death of the host automatically
destroys any possibility of the ding mucro-

passing to another host. There are only one or two significant
exceptions to thisrule. Anthraxisone ofthem, Inthecarcass
of asheep dead of anthrax, the bacillus takes on the spore form
in whicht can resist heat and desiccation for years. The spores
from the rotung carcass may nfest the ground, and at any
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We must be clear that there is no inheritance of immunity
in the full sense of the word.

The child of an immune father is born with no immunity.
1f its mother possesses antibody in her blood, this passes into
her infant's blood during pregnancy, and at birth both
mother’s and infant’s blood contain almost the same amounts
of all antibodies. This antibody, however, is essentially just
like antibody injected with a syringe; it has not been produced
by the infant’s own cells, and when after three to six monthsit
gradually disappears, the child’s body is, as it were, a clean
slate upon which, as the child encounters its inevitable
infections, each new antigen may make its mark. Neither
from father nor mother is there any real inheritance of
immunity.
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infection than less fortunate indwviduals. Medical experience
and statistics, as far as they are applicable to the question,
are in with sense, In paring the
well-nourished wath the under-nourished, however, it is
mportant that companson should be made only between
groups which have been exposed to much the same amount of
potential infection. It is a commonplace that the healthy
country recruit goes down to barracks’ infections much more
readily than the weedy city dweller. The important difference
in this instance is not one of nutrition, but of the two
ind; Is' previous experience of infecti
Experimental bacteriology has not been very successful in
discovering why under-nousishment should favour a fatal
outcome to infections. It is not possible to point to any
particular aspect of the defence process and say that it 1s at
thig paint that under-nounshment interferes. There is only
some gencral lowering of bodily efficency that tips the
balance in favour of the micro-organism. Curiously encugh
there are some infectons in which the opposite effect may
be observed, Experimentally, it is well known that in work
with foot-and-mouth disease virus, the experimentzd guinea-
pigsmust be well fed and in perfect healthf they are to show
the typical signs and symptoms of the mfection when they are
inoculated. Underweight guinca-pigs show hardly any
result of inoculation at all, Amongst human diseases, there
15 a general imp that infanule paralysis 1s more likely
toattack a well-nourished *healthy” child than one who1s not
thoving. As far as experimental work has gone 1t 18 1h agree-
ment with this impression, Mice can be partially protected
against the effect of a modified poliomyelius virus if they
are kept on a dict deficsent 1o vitamin By. It 1s possible that
viruses, as 1t were, demand that they have healthy cells 1o
parasiize, while most bactenia wath their less rigid nutritional
requirements can flounsh as well in an under-nourished body
a%in a healthy one. For them it may be only the efficiency of
the defence mechamsm as imBuenced by nutrition that
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time give rise to infection of fresh sheep. Here death of the
host forms part of the cycle necessary for spread of the
infection. A rather different example is found in regard to
plague. When a plague-infected rat dies, its fleas desert the
cooling body and will spread infection to any new susceptible
host, rodent or man, that they can reach. In the case of
plague, death of the normal host (the rat) is not necessary for
the maintenance of the infection in that species, but it does
play a very important part in causing human infections.

"These exceptions are important, but they do not invalidate
the general rule that death from any type of parasitic infesta-
tion or infection is to be regarded as an accidental rather than
a normal occurrence. Still, all men die, and if we include

hildhood deaths, it is probable cven to-day that more than

half of all human deaths are due essentially to micro-
organismal invasion. It seems that our general picture of
infection as a balanced conflict between parasite and host
in which both species survive, is one of those theoretical
conceptions which need continuous qualification if they are
to describe what actually occurs in an extremely complicated
world.

1t will be obvious that the fatal result of any infection will
depend both on the micro-organism and the host, and we can
also feel certain that, except for ccrtain abnormally fatal
epidemics, the state of the host is of far greater importance
in determining the outcome than is the virulence of the micro-
organism. Itis a truism to say that a tremendous amount of
death directly due to infection 1s really determined by
malputrition or unhealthy environmental circumstances, in
other words, by poverty. The excessive height of the infantile
and childhood death-rates in slum areas makes this perfectly
clear, and it 1s unnecessary to do more than mention the
inevitable concurrence of pestilence with famine in all
primitive or semi-civilized peoples throughout history. Itis
only common sense to believe that well-nourished, clean and
properly exercised human beings will be better fitted to resist
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amongst the persons in contact with 2 woman with puerperal
fever there is a nurse who has a mild sore throat due to
streptococcal infection, Cultures are prepared from the
infected puerperal uterus and from the nurse's throat. Ifit
is found that the two cultures are identical at all points, and
that no other persons 1n contact with the patient carry this
type of Streptococcus 1n their throats, we can be reasonably
certain that the patient was infected with streptococci from
thus nurse’s throat. As far as is known, probably 8o or go per
cent of puerperal infections are denved from mild or trivial
throat infections, sometimes in the patient herself, more often
in those around her. In the usual place for streptococci, the
throat, these germs do very httle damage, but when the
same type of germ enters the uterus, there 15 a 20 per cent
chance that the infection will be fatal unless treated. It must
not be supposed that only mild throat infections can cause
puerperal fever. A virulent quinsy or scarlet fever, or indeed
any severe streptococcal infection would be even more
dangerous, but naturally any such sufferers are kept as far
away as possible from 2 matermty hospital. The mild throat
infections are important mainly because they are unnoticed
or idered of suffici p ¢ tojustify disturbance
of the routine of midwifery practce.

Another interesting example of the way a relatively harm-
less b ium can be responsible for fatal infections if 1t
happens to reach the wrong place, 1s given by the Bundaberg
tragedy of 1928, Bundaberg is a town 1n Queensland where,
in the summer of 1928, an immunization campaign against
diphthena was i progress. Children were bemg given three
moculations under the skin of a musture of diphthena toxin
and antitoxin, 1 order to provoke the production of anti-
toun and concomitant immunity to diphtheria. This parti-
cular type of it has long been sup. d by more
effectin e and safer methods, but at the ime it was a thoroughly
orthodox and wsually effective procedure. By a chain of

unfortunate crrcumstances, a bottle of the inoculation mixture
nos

10
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counts. It has proved equally difficult to define the influence
of such factors as race, occupation and climate on the
prevalence or severity of infectious disease. In certain
circumstances each of these factors may be demonstrably
of great importance, but in almost every case detailed study
will show that the conditions are too complicated to allow
any general statement,

To pass from these rather intangible factors to others more
readily grasped, we must consider one important reason why
infections with normally harmless bacteria may be fatal, If
by some accidental circumstance a germ reaches one of the
“sheltered’ regions of the body where normally there is no
contact with the environment, it is likely to produce a much
more serious result than in its natural (or at least usual)
habitat,

‘The best-known ple of such ptibility of shel
regions of the body is puerperal fever, which results from
streptococeal infectton of the uterus immediately after
childbirth, The infection is severe, and in the days before the
sulpha drugs and penicillin, about a quarter of the cases
ended fatally. The uterus after childbirth is in rather a
disorganized state, its stage of active function is over, and it
has not yet commenced the process of shrinking and re-
organization which will return it to the normal non-pregnant
form. There is always at this stage a certain amount of blood
clot and dead tissue cells to provide food for any bactena
which may enter the uterus, and the blood supply of the
organ is i a makeshift, intermediate stage, poorly adapted
to deal with the emergency of an infection. If a sufficiently
virulent Streptococius does reach the uterus, a very serious
1nfection results.

There are now effective bacteriological techniques for
tracing the ongin of such streptococcal infections as puerperal
fever. [Essentially these methods simply provide more
delicate ways of telling whether two streptococcal cultures
are or are not identical. It may be found, for example, that

4
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uninfected tissue. But at Bundaberg something totally un-
natural occurred. Itas biologically unprecedented for several
hundred million staphylococci to appear suddenly in healthy
normal tissue underneath the skin. In seventeen of the
children this 1 invasion overwhelmed the local
defences, and the bacteria multiplied and spread th
the body killing twelve and making the other five dangerously
ill. Four children, however, were hardly aﬂ'ccted at all they
had nosymp until two or three days after tk

Then they noticed a tender lump where the injection had been
made and within the next few days saw a small abscess develop
here. These children had a local defence adequate to deal
even with this invasion, It is probably significant that most
of them were older children who mught be expected to have
had more ‘training” 1 dealing with staphylococct. Almost
certainly they had 1n previous years developed enough anti-
body and 1mmunity agamst staphylococar to render ther
phagocytic response to the inv asion vastly more effective than
it was 1n the unfortunate non-immune children,
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example, bacteria must on no account be left in the joint
cavity. If they are, an acute septic infection of the joint wall
probably result. In the mouth, on the other hand, a dentist
thinks nothing of extracting a dozen teeth and leaving gaping
holes connecting the inside of the jawbones to a cavity full of
bactena. Yet 1o minety-mune cases out of a hundred the jaw
heals quite uneventfully - As always, the body 1s fitted to deal
with the commonly occurning emergencies, but has no special
competence for dealing with emergencies so rare as to be of
no significance to the survival of the species, Teeth are always
Lable to minor damage, and bactena are always present to
shp into any cracks between gum and tooth An efficient
local p : agatnst b infectton in this
rchon is a necessity for the survival of any toothed animal
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became infected with a S , the
of the skin, which causes boils and such like. The bottle was
left in 2 cupboard in warm subtropical climate for a week and
then used for inoculating twenty-one young children. Un-
known to the doctor, the material now contained millions
of staphylococci which were injected under the skin of the
children, The result was disastrous; twelve of the children,
particularly the youngest ones, died within forty-cight hours,
some of the others were severely ill but recovered, while four
showed practically no symptoms beyond the formation of a
small abscess at the point of inoculation,

The tragedy of course crcatcd mtcnsc public interest, and
a Royal G ission was i di ppointed to investi-
gate the circumstances. It was at oncc discovered that the
bottle of toxin-antitoxin mixtures was heavily infected with
staphylococci, and that similar bacteria were present in the
local abscesses which formed at the site of inoculation in those
children who survived. The obvious inference was that the
staphylococci had caused the deaths, but the extraordinary
rapidity and severity of the symptoms was quite unlike the
effect ordinarily produced by staphyl 1 infecti The
Commisston was reluctant to accept this conclusion until
every conceivable alternative had been investigated, but in
the end decided that 1t provided the only explanation of the
tragedy.

Almost everyone has at some time or other suffered from
staphylococcal infections, but these are infections which take
place by some natural route and in which the germs reach
the unprotected inner tissues in very small numbers, if at all.
A fully developed boit ins millions of staphyl i, and
extends mnto the deeper layers of the skin, but the staphylo-
cocci are surrounded on every side by a thick defensive army
of phagocytes. Elsewhere, too, any normal type of infection
by these bacteria will be associated with an adequate or
nearly adequate phagocytic response, sufficient at least to
slow down the spread of the staphylococci into surrounding
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of the throat, but it has a distinctly greater aptitude for
reaching and infecting the brain surface than any other of the
germs living in the throat, The other fairly common cause of
meningitis in infancy is a form of the so-called influenza
baaillus, another mhabitant of the throat and air passages,
and hke the M p Hly never producing any
senous results there,

The other tissue which differs sharply from the rest of the
body in 1ts response to infection is the special type of bloodless
fibrous tissue which forms the valves of the heart. These thin
strong cusps of rather parchment-lke appearance are
continually surrounded by blood, and there is no need for
blood vessels within them to supply nourishment. Sometimes,
especially following an attack of rheumatic fever, some types
of streptococer become implanted on 2 valve. They remain
there, growmng slowly but persistently, and gradually
destroying the valve. The common cause of this disease,
subacute bactenal endocarditis, 1s 2 type of Streptococcus very
common 1 the mouth, and often associated with minor dental
disease such as apical abscess, The commonest reason for its
entry into the blood 1s the extraction of an infected tooth. In
a normal person this little flush of streptococci into the blood
do:s no harm but in a person w1th a heart damaged by

feveritis p y very d Itis general
Ppractice to Temove tchh from such a person only under the
protection of a short course of penicillin injections. In any
other tissue than the heart valve, the presence of the Strepto-
coreus would provoke all the usual defence responses of blood
vessels and phagocytes. But on the valve, although its blood
supply n one sense 13 unlimited 1 amount, yet it 1s not
suited to deal with unwnmcd bactcna Rcd cells and wlutc

EYSL IR
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walls and pass into the tissues where they are needed. So
we have the cunous anomaly of a relatively harmless
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species. Infection of a large joint like the knee will occur in
nature only as a result of severe injury, usually associated with
compound fracture of bones. Such an injury to any wild
animal is invariably fatal; the most effective antibacterial
mechanism in the lining of the joint would make no difference
to the result, So it s that because the dentist’s manipulations
aresimilarin character to minor natural accidents, heisalmost
free from worries about bacterial infections, while the surgeon,
whose knife invades regions which in nature would be exposed
to the environment only in the course of fatal injury, has to
develop a rigid technique for the exclusion of bacteria.
While wearedi ing the differences gst body tissues
in their jons to infection, we should fon twoe special
regions. The first is the central nervous system, the brain
and the spinal cord, As the most delicate and important part
of the body, this is very carcfully shielded and insulated from
the Lp and physiologically. Thereis even
a special physi | ar whnch soluble
substances in the blood from. entering the actua! substance
of the nervous tissue. Itis very rare for infection to lodge in the
brain, even if the germs are passing through it in the blood.
As a natural corollary of the existence of this elaborate
shielding of the nervous system, if bacteria do enter it by any
means, they are very liable to muluply and cause rapidly
fatal iilness. Meningitis, which is an infection of the surface
coverings of the brain and spinal cord, 15 rarely caused by the
common streptococes, staphylococci and pneumococci, but
if such mfection should occur, it demands strenuons treat-
ment with peaicillin, often panied by surgical
if the patient 1s to survive. Excluding for the present the
tubercle bacillus, the germs which cause memngitis in child-
hood are chiefly two relatively harmless denizens of the
human throat. The Aenmgococeus is the more important of the
two, Thus t 13 rather d. A very minute
propcmon of the indwviduals infected with the germ develop
any signs of meningitis. Normally it 1s a harmless inhabrtant
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this passage of the germ from mouse to mouse is kept up for
tuenty or thirty generations, it will nearly always result in an
increased virulence of the Preumococeus, Some strains have
been developed to such a degree of virulence by this method
that a single living Presmococces will cause a fatal infection
whenitisintroduced into amouse. Insuchinstances weknow
the ancestry of the germ, and can compare its characteristics
in the relatively non-virulent form before passage through
mice and in ats later virulent form,

It is by no means certain that rapd passage of a germ from
one patient to the next will produce a steady increase in
virulence in any way comparable to the change in the
Preumococcus on mouse to mouse passage. Inoculation by
needle prick is an unusual method for the transfer of infecton
in man. Probably the only clear ewidence of increased
virulence for man resulting from active multiplication of a
bacterium in human tissuesis provided by a type of accidental
infecuon closely akin to oculation. This is post-mortem
room sepsis. Twenty years ago if a pathologist performing a
post-mortem on the body of a patient dead of some form of
streptococcal mfcction, were to prick hus finger on the edge of
a sharp piece of bone he was in almost as great a dangeras a
man who had been bitten by a cobra. Unless the scratch was
1mmediately dealt with by strong local anuseptics he was
very liable to die as a result of mlection with particularly
virulent streptococci  During the fatal illness and for a short
time after the death of the patient the streptococa had been
muluplying rapidly 10 human ussues, They had leamnt how
to flourish 1n that environment, and when they were trans-
ferred almost immediately to other iving human tissues they
would usually continue to flounsh, this time at the expense of
the pathologst The advent of penicillin has completely
changed the situation, and we no longer hear of post-mortem
sepsis,

S

, dering an epids , there is a ion that
the germ cauning st increases in virulence as the epidemic
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bacterium producing steady and ultimately fatal damage in
a situation where it is exposed to the full force of the blood
stream, but remains unharmed by the agents in the blood
which anywhere else would soon destroy it.

An infection results fatally for one or both of two reasons.
Either there is an inadequate resistance on the part of the
host, or the infecting micro-organism is of excessive virulence.
We have discussed some of the factors which may prejudice
the host's chances in the struggle—the part played by the
changing virulence of the micro-organism remains to be
considered.

It is often casy to feel certain that the illness of some
particular individual is duc to infection with an 1}
virulent type of bacterium. It 1s much more difficult to find
an objective standard of virulence by which different strains
of micro-organism can be experimentally compared. Most
experiments on the virulence of bacteria have to be rather
artificial in character. Natural contact infection is always a
chancy irregular process, and it can be used in laboratories
ounly for some very special types of experiment. The only
practicable way to measure the virulence of a bacterium is
to find out how many of the germs have to be inoculated into
an animal with a hypodermic syringe to be certain of killing
it. For technical reasons, the usual experiment is to find the
dose of bacteria which causes the death of half the animals
injected.

1f we obtain a culture of Preumococeus from a patient with
pneumonia and test its virulence for mice, we may find that
the injection of 100,000 bacteria wall kill four out of six mice,
whle 10,000 kill only one out of six. The number required to
give a 5o per cent mortality would then be something a little
under 100,000. Now 1f we moculate a second mouse with
a little of the blood from the heart of a mouse which has died
from experimental infection with pneumococci, it will also
die in a day or two. By successive inoculation of heart blood
to fresh mice we can maintain a kind of artificial epidemic. If
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this passage of the germ from mouse to mouse 18 kept up for
twenty or thirty generations, it will nearly always result in an
mereased virnlence of the Prewnocoreus, Some strains have
heen developed to such a degree of virulence by this macthed.
that 2 single living Preumocoreus will cause a fatal infection
when itisintroduced into 2 mouse, Insuchinstances weknow
the ancestry of the germ, and can compare its characteristics
m the relatively non-virulent form before passage through
myce and in its taser virulent form.

1t is by no means certain that rapid passage of a germ from
one patient to the next will preduce a steady increase 1n
virulence m any way comparable to the change in the
Preumococcus on mouse to mouse passage  Inoculation by
needle prick 1 an unusual method for the transfer of infection
m man. Probably the anly clear ewvidence of rncreased
virulence for man resulting from active muduplicagon of a
bactersum m human tissues 1s provided by a type of accidental
mfection closely akin to inoculation. This 13 post-mortem
room sepms, Twenty years ago if a pathologst performng a
post-mortem on the body of a patient dead of some form of
streptococcal infection, were to prick hus finger on the edge of
a sharp prece of bone he was in almost as great a danger asa
man who had been bitten by a cobra, Unless the scratch was
smmediately dealt with by strong local anuseptics he was
very hable to die as 2 result of snfection with parycularly
virulent streptococes During the fatal siiness ang for a short
time after the death of the patient the streptecocet had been
multplying rapdly 1n human nssues They had learnt how
to flaurssh 1o that environment, and when they were trans-
fersed almost immedsately to other brving human tissues they
wauld usually continue to flowrish, this time at the expense of
the pathologust. The advent of peruarlhn has completely
changed the situation, and we no longer hear of post-mortem
sepsis
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bacterium producing steady and ultimately fatal damage in
a situation where it is exposed to the fulf force of the blood
stream, but remains unharmed by the agents in the blood
which anywhere else would soon destroy it.

An infection results fatally for one or both of two reasons.
Either there is an inadequate resistance on the part of the
host, or the infecting micro-organism is of excessive virulence.
‘We have discussed some of the factors which may prejudice
the host's chances in the struggle—the part played by the
changing virulence of the micro-organism remains to be
considered.

It is often casy to feel certain that the iliness of some
particular i 1 is due to 1mfe with an i
virulent type of bacterium. It is much more difficult to find
an objective standard of virulence by which different strains
of micro-organism can be experimentally compared. Most
experiments on the virulence of bacteria have to be rather
aruficial in character. Natural contact infection is always 2
chancy irregular process, and it can be used in Jaboratosies
only for some very special types of expesiment. The ounly
practicable way 1o measure the virulence of a bacterium is
to find out how many of the germs have to be inoculated into
an amimal with a hypodermic syringe to be certain of killing
it. Far technical reasens, the usual expenment is to find the
dose of bacteria which causes the death of half the animals
Enjected.

If we obtain a culture of Prewmococcus from a patent with
poeumoma and test its virulence for mice, we may find that
the injection of 100,000 bacteria will kifl four out of six mice,
while 10,000 kill only one out of ix The number required to
give a 50 per cent mortaly would then be something a litte
undcr 100,000, NOW if we moculate a second mouse with
2 little of the blood from the heart of 2 mouse which has died
from experimental miection with pneumococes, 1t will also
die m a day or two, By successive moculation of heart blood

ta fresh mice we can maintam a kand of artificial epidemic, I
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of the middle ear were very numerous. The bactenological
history of the great pandemic of mfluenza in 1918-19 wll
never be known in its entirety, because at the pme the
influenza virus was unknown, and only the associated bacteria
could be studied. Such reports as were made, however, show
that sometimes bactena were of great importance in causing
or the fatal p ia which was so

The types of bactena found in the lungs vaned from one
country to another, and even in different stages of the eprdemic
in the same country. It seems as if a very active virus swept
over the whole world, finding almost all indinduals sus-
ceptible to 1t, and m 1ts passage made all sorts of temporary
alliances with pathogenic bacteria spread by the same
Tespiratory route.

The important question now anses as to whether we know
anything about what makes one of two strains of the same
bacterium more virulent than the other. It s obwious that
we can never have a complete answer to thuis question until
we know everything about both host and parasite, but it may
be possible to provide an incomplete but nevertheless useful
answer. There are certamn aspects of bactenal structure
and behaviour which are correlated with virulence to the
susceptible host.

With such as the P the S
and the anthrax bacillus, we can 1solate virulent strains from
fatal cases of the corresponding disease, and we can also
obtain harmless or avirulent strans, Avirulent strains may
be developed by various methods, most of which 1nvolve
growing the origmally virulent stramn under rather abnormal
condittons As 1t habituates itself to growth in the new
environment, 1t will usually lose some or all of 1ts power to
multiply m living tissues. Some strains lose their virulence
more readily than others, but with sustably chosen metheds it
1snearly always posstble to reduce a virulent strain to complete
harmlessness. When the virulent and non-virulent types are
compared it will be found that, for each of the three species we
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progresses, but most of this apparent increase in virulence is
really due to the increasing liability of infection as the disease
becomes more widespread. In general, it is probably nearer
the truth to say that any chance variation or mutation of the
germ in the direction of greater virulence, however it may be
produced, increases its discase-producing power, than to
assume that frequent transfer from host to host itself causes
changes in the germ, giving it greater virulence. Un-
doubtedly common germs seem to take on greater virulence
when they have unusually free opportunities to spread from
person to person. The Meningococeus, which we have already
mentioned several times, very rarely produces meningitis in
adults, except gst soldiers in ded camps. Infe
disease always flourishes in such camps, but it is difficult to
say that rapid passage of the bacteria from person to person
actually raises the virulence. What probably happens is that
spontaneous variations occur in bacteria, just as they do in all
living organisms. With such a rapid rate of multiplication
there are increased opportunities of variation, and if the
variation is 1n the right direction, it may rapidly replace the
original form, If the micro-organism causing an epidemic is
susceptible to variations in the direction of higher virulence,
then opportumties for rapid spread amongst susceptible
persons will cause an apparent increase in virulence by the
selection of the fistest, i.c. most virulent, bacteria.

There s another rather similar phenomenon which is likely
to show 1tself in military camps. It may happen that two
different micro-organisms spread more readily 1n company
than apart. Insome American army camps during 1917 there
were some serious outbreaks of measles. Measles 1s due to 2
virus, and is not in uself particularly serious, but in these
camp outbreaksit had gone into partnership with a dangerous
type of Streptococcus. The measles virus produced a mild
inflammation of the respiratory passages, opeming the way for
the more dangerous activity of the Streptococcus. Many died

of strep p and Js ions like infecti
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with any readiness, the foreign particle or bacterium must first
be coated with alayer of body protein. Itisoneofthe quahties
of these bacterial polysaccharides that body protein does not
readily combne with them. Only a very small proportion of
normal protein molecules can combine, and before these can
reach the bactenum, '.hey are almost certain to meet some of
the free dissol haride and bine with that
instead. So the bacter)a remam uncoated with protein and
uneaten by phagocytes. This state of affairs can be altered
only by the appearance of antibodies, as we described n an
earher chapter. Agamnstbacteria of this type the only antibody
of importance 1s that directed against the polysaccharide. As
antibody accumulates m the blood, it provides more and more
protein molecules which can combine with the polysaccharide
and the protective screen of soluble molecules 1s soon mopped
up. Then the antibody 1s free to attach itself to the bacterial
capsule and surround the germs with 2 film of antibody
protein which, 1 the test-tube, wall cause agglutination of
the bactenia, and in the body will allow them to be taken up by
phagocytes We are here repeating from a shightly different
point of view the same story that a virulent bactenum in an
immune animal behaves hike an avirulent one m a normal
animal,

As m every other chapter of this book, we can discuss only
those examples which have been sufficzently studied in the
laboratories The explanation which has been given for the
difference between virulent and avirulent bacteria is certamnly
vahd for the well-studied bacteria which were mentioned
earlier. For the pneumococcs it seems to be almost the whole
story. Undoubtedly other factors play an important part in
determimng the virulence of some bactenia. One of the best
known 1s the prod by bactena of p toxins. The
power of the diphtheria bacillus to produce disease depends
very largely, but not wholly, on 1ts power to produce the

ictoxi. All theimport fdiphtherra
result from the action of toxin on the cells of the body.
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have ioned, there is a i difference between
them. Under the microscope the virulent forms, but not the
avirulent ones, are seen to be surrounded by a relatively thick
mantle of transparent rather gummy material. This coating,
which is generally referred to as the bacterial capsule, is
transparent and not readily stained by dyes, so that special
methods for demonstrating its existence under the micro-
scope are necessary, The bacteria are mixed with indian ink,
and a thin smooth film of the mixture is made on clean glass.
The bactena will then appear as transiucent holes in the
opaque background of the ink. If thus smear is now stained
with one of the ordinary dyes used for making bacteria easily
visible under the microscope, we can sce quite easily whether
there 15 an ‘invisible’ capsule or not. With a non-capsulated,
avirulent bacterium, we find that the holes in the ink film are
almost completely filled with the stained body of the germ.
With a virulent capsulated type, the hole in the ink is wider,
and between its margin and the pink- or blue-stained
bacterium there is a wide transparent zone—the capsule.
Tests made with phagocytes in the way described in
chapter vin will show that the capsulated virulent strains are
insusceptible to phagocytosis—i.e, they are not taken into the
substance of phagocytes and digested—f serum from a normal
non-immune animal is present in the mixture, The avirulent
non-capsulated forms are readily taken up by phagocytes.
There is only circumstantal evidence so far that the presence
of a capsule interferes with phagocytosis, and therefore makes
the bacterium more virulent, but it 1s enough to call for 2
close study of the capsule. Chemical studies have shown that
in most cases the capsule is composed of gummy material
which is chemically a complex carbohydrate rather closely
related to gum arabic, dextrin and suchhke substances. This
gummy material is partly soluble, molecules are always being
set free, and in the body or in the culture tube free soluble
carbohydrate will always be present in the immediate
neighbourhood of the germs. Now for phagocytosis to occur
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Part IV

THE NATURAL HISTORY OF
INFECTIOUS DISEASE

CHAPTER XI
HOW INFECTIONS SPREAD

Ifwe are to make any attempt to prevent or check eprdemies of
infectious disease, 1t is obvious that the most helpful thing we
can know 1s how the mnfection spreads from person to person.
Just to know that an infection 1s spread by contamunated
water or milk or, to take another example, by mosquito bite,
will often be sufficient alone to allow adequate public health
measures to be taken. Typhoud fever, for example, was being
rapidly elminated from England by attention to sewerage
and water supply well before the typhord bacillus was
discovered. Even more strking 15 the story of yellow fever.
In 1900 the Amencan Yellow Fever Commission proved that
the disease was mosquito borne, and on that basis yellow fever
was almost wholly stamped out from Central Amenca. But
the virus responsible for the disease was not 1solated until 1930.
In discussing the spread of infection, we ought logicatly to
consder first the way in which the infective agent is hberated
from the onigmally infected person or animal, secondly, how it
passes from the nfector to the new susceptible host, and
thurdly, how 1t enters the tissues of the latter and provokes
infecuon. In particular diseases, any of these aspects may be
of great :importance, but 1 practice we can divide infections
into four main groups on the bass of the way infection 15
transferred. We shall eliminate for the present the various
infections which may complicate wounds of any sort, whether
external or internal There are many important problems
concerned with these so-called “surgical” infections, and they
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Without its toxin the diphtheria bacilius would be a mere
harmless inhabitant of the throat, which might at most
produce a mild tonsillitis. If the body can become immune
against the tovin by the development of antitoxin in the
blood, this is all that is required to reduce the diphtheria
bacillus to the status of a non-virulent form. Antibodies
which promote phagocytosis of the bacilli may also be
developed, but their part is relatively unimportant. Scarlet
fever and tetanus (lockjaw) are two other diseases which are
due almost entirely to the action not of bacteria as such, but of
the toxins they produce. Research on these three discases
has centred very largely on the toxins and corresponding
antitoxins, and methods which have been developed for the
artificial production of antitoxins have now given us ways by
which all three diseases could be almost entirely eliminated.

‘Though we have stressed this difference between bacteria
like the Preumococcus and the toxin producers, as exemplified
by the diphthena bacillus, we must recognize that the dif-
ference concerns only the dominant characteristics. "In
addition, each has a little of the quality of the other, Thereis
one type of diphtheria baciilus which, although it produces
toxin, scems to owe its greater virulence to qualities of its
bodily surface, and to counter this virulence, antibodies of the
phagocytosis-promoting kind may be necessary as well as
antitoxin. Swmilarly, the Preumococcus has poisonous effects
not so easily demonstrated as for the diphtheria bacillus, but
probably of some sigmificance in infections, Most bacteria
which cause disease lie somewhere in between these two
types, showing varying degrees of invasiveness (which depends
on their surface structure) and toxin production.
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civihzed bfe is the development of the technical methods and
mental attitude required to eliminate them. That has been
well done, and can be justly claimed as the best contribution
the English-speaking peoples have made to humanity.
Decent sewerage disposal, pure water supply, pure food laws,
control of milk supply and pasteurization, plus the cult of
personal cleantiness have rendered most of these diseases rare
in any cvilized community. An outbreak of typhoid feves
or a high infantile mortality from diarrhoeal disease is
rightly regarded as a civic duisgrace,

It Is mteresting to look back on the development of such
a civic conscience and to realize that its all-important
beginnings were based on a completely wrong idea of how
infections like typhoid fever arose. In the early nineteenth
century it was recognized that typhoid fever and filthy drains
‘went together, but the stress was laid more on the smell than
an possible infective pnm:\ple.s (hactcna were, of course,

k ) in the obj By some trans-
ference of 1deas, bad-smelling drains were also blamed for
the inad of diphtheria, and the to remove these
two diseases was largely responsible for the development of
modern sanitary engineering. The process was well under way
by the time the infectious nature of typhaid fever was clearly
recognized, and it was a good deal later that the typhoid
bacillus was found, Both these discoveries, of course, ac-
centuated the necessity for keeping drnking water and
sewage (to put it bluntly) out of each other’s way.

There 15 another way of preventing typhoid fever, not so
effiently, but still to a very significant extent. This 13 not to
worry particularly about water supply, cleanliness and so on,
but to moculate the people exposed to infection wath typhoid
vacane This worked extraordinanly well dunng both wars,
and cymes have suggested that perhaps 1t was just as well that
vaceination of thus sort was unknown i the rud-nineteenth
century. Othérwise the cheaper method of inoculation
would undoubtedly have been byg and
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show more deep-seated similarities to the typically infectious
diseases than one might expect. In the old days there were
veritable epidemics of septic complications in military
hospitals, and in such conditions as puerperal fever and
impetigo (skin sores in children) we have j d
conditions which are, as it were, highly infectious diseases of
trivial wounds.

Leaving aside wound infections then, our first group
comprises those infectious diseases which infect primarily
the digestive tract, usually concentrating on the lower part
of the bowel. These are spread by the dissemination of faccal

ial ining the responsibie micro-organisms. Water,
milk, food or eating utensils may be contaminated in varions
direct or indirect fashions. Fingers and flies are probably the
two most potent agents for indirect trausfer, but however
devious the route from the source of infection, the micro-

organi are My llowed, and passing through
the stomach infect the bowel. Apart from amoebic dysentery,
ductop the best-k fections of this group are of

bacterial ongin. They mclude typhoid and paratyphoid
fever, cholera, dysentery due to a wide variety of bacteria,
summer diarrhoea of mfants and bacterial food poisoning.
For raany years it was thought that there were no virus diseases
of the intestine, and with one doubtiul exception there arc
none which d the (yplcal ymp of intesth
inflammation, dxan—hoca It is now known that two very
important virus diseases, poliomyelitis and infectious hepa-
1itis (jaundice), have therr primary site in the bowel, although
they produce symptoms only as a result of invasion of nervous
system or liver respectively. In addition, there is a large
newly recognized group of viruses, the Coxsackie viruses,
which are commonly present in the bowel, and on occasion
may produce a variety of symptoms of which the best known
is a painful cramp of the muscles of respiration.

The method of prevenung such diseases 18 obvious to
everyone. Indeed, the one ndubitable blessing of modemn
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aresidue 2 tiny light flake of dried protein in which are held
any viruses or bacteria which were present in the droplet.
Such flakes take a long time to settle in still air, and are easily
carried about on air currents. Probably with every breath we
take in a room where there are more than one or two people,
some of these flakes from other people’s saliva pass into our
noses. There is an efficient method for filtering most of them
out of the air before it reaches the lungs, but whenever a virus
of high contagiousness is spread by this method, there are
such concentrated opportunities open to it in 2 city com-
munity that its spread is extremely rapid, Influenza is the
best example. When a real epidemic of influenza starts in
London 1t takes only s1x or eight weeks to infect almost every
susceptible individual, and so terminate the epidemic.

‘There are several different situations which may be infected
by germs taken into the nose and mouth in this way. Colds
seem to start sometimes 1n the lining of the nose, sometimes
in the larynx and then spread up or down, influenza probably
results from virus particles lodging in the smaller tubes of the
bronchial passages, Diphtheria and the vanous forms of
streptococcal sore throat have a predilection for the tonsils,
while the virus of psittacosis seems to be harmless unless it
can be carried right down into the lungs. These differences
may be reflected in regard to the alternative ways by which
mfections of this group can spread. They all require some
degree of interchange of saliva, but anyone who has observed
young children will know that saliva can be transferred from
one to another by many other ways than droplet infection.
I have heard of one small epidemuc of diphthena which
ceased 10 2 school as 500n a3 pencls were treated as stretly
private property and not in communistic fashion. Strepto-
coccal sore throats, including scarlet fever, are rather
frequently a result of milk infection, sometimes resulung from
contamination of the milk by dairy employees with the
infection, sometimes actually from a streptococcal infection of
the cows. Since all food and drink passes the tonails on its

s .
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municipalities instead of the expensive, but more effective,
drainage and water-supply schemes.

There are still some riddles to be answered about intestinal
infections. The results of sanitary progress are better than we
should expect. The serious diseases typhoid, cholera and
dysentery have been almost eliminated, but minor gastro-
intestinal infections often seem to spread easily, and the
evidence indicates that the poliomyelitis virus has infected
most urban American children by the time they are eleven
years old. Thread worms too seem to have an unholy capacity
to spread by transfer of eggs from one child to another.
Epidemiologists are finding, as so often happens, that because
some practical procedure works this does not necessarily mean
that the theory on which it is based is wholly sound.

The next method by which infection can spread is by far
the commonest and most important in civilized countries,
but has no really popular name. ‘Droplet infection’ it is
wsually called in technical or imes infecti
by the respiratory route. Suppose we have a cold, an early
cold at thestage when there s asteady call on the handkerchief
and a similar dnp to the back of the throat, If the fluid
leaking from the nose contains the virus of the common cold,
as we believe it does, then there is not the slightest doubt that
the virus 15 also present in the saliva and on the hips. When we
sneeze, cough, shout or speak loudly, all these commotions in
our mouths scatter droplets of saliva to be carsied out with
the breath. Visible droplets settle rapidly to the ground and
rarely convey mfection. It is the very tiny droplets which are
important, Unless the air is saturated with moisture, these
droplets almost i ly evap They are not much
larger than the droplets which makes one’s breath visible on
a frosty morning and evaporate almost as rapidly. The frosty
morning’s breath is due to condensation of water vapour to
tiny spheres of pure water which can again be dissipated
cumplctely into vapour, but the droplets of saliva contain
other things than water, When they evaporate they leave as
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Even if properly made and womn, the protection afforded is
only partial, tmy inflated flakes of dried saliva can pass
through quite readily. When put to the test of practice, such
masks have always failed to show any significant effect in
stopping o slowing an epidermic. It1s just possible that wath
a more effective protection such as could be afforded by 2
slight modification of the civilian anti-gas masks now avail-
able in most countries, a very constderable reduction in the
mcidence of some infections might be effected. Whether such
an attempt would be worth making s a question not easily
answered, which will have to wait till we discuss some of the
general problems of epidemics,

In addition to these specific mfectious diseases, there is also
ageneral i h of germs like strep and p
cocci which, on the whole, give very little mdlcauon of theirr
presence 1n the throat. Repeated bactertological tests, such
as have been carmed out on groups of nurses or medical
students, often show that at certain times there are invisible
epidenucs. There may be a sudden appearance of one sort of
Streptocaccus not previously found in the great majonty of the
group with perhaps, no more than an odd individual with a
red and shghtly sore throat. Such occurrences n themselves
are trivial, but mdirectly they may be of great importance,
We described in the previous chapter how puerperal fever
usually results from infection of the uterus with streptococct
derived from the throats of those looking after the patient. In
obstetric hospatals, a technique for dealing with this danger
has been gradually developed. Any doctor or nurse with a
defirute sore throat must not be present at a confinement.
Unfortunately, even a perfectly healthy-lookng throat may
carry dangerous streptococci, and the only safe policy 13 to
assume that such streptococc are present and to take the
necessary precautions. A gauze mask over the mouthand nose,
although 1t 15 no great protectton to the wearer, 1s relatively
efficzent 1 preventing the dissemination of droplets by the
wearer, and 15 now worn as a routine by doctors and nurses at

w2
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downward journey, it is only to be expected that those germs
which tend to infect that region may be spread as readily in
milk as by the droplet method. Psittacosis, on the other hand,
has to reach the depths of the lungs, and to do so the virus
must be in very finely distributed form and probably in rather
large amount. Dust from infected parrots is the only common
source of infection which fulfils these requirements. Asarule,
there is insufficient virus in droplets from infected patients to
transmit the disease to other persons, and there is nowhere any
suggestion that the infection can be transferred by food or
drink,

When we add to those infections which have already been
mentioned such common ones as tuberculosis, meningitis,
measles, chickenpox, mumps and smallpox, it is clear that, in
civiized countries, droplet infection is much the most impor-
tant route by which infectious diseases spread. Whenever any
exceptionally serious outbreak of one of these diseases occurs,
efforts are always made to check its spread. Quarantine and
isolation restrictions are enforced, and sometimes the wearing
of gauze masks over the mouth and nose is required. It is
doubtful whether such measures are of the slightest real value
unless the occasion is serious enough to justify complete dis-
location of community life. When a few cases of pneumonic
plague appear, public opinion willallow and demand complete
segregation of the infected persons and their contacts, and
enforce it with machine guns if necessary, Those who have to
treat the patients will adopt rigid precautions which could
only be applied n a well-equipped hospital. They will wear
gowns and rubber gloves which can be sterilized after each
visit to the patients, and protect eyes, nose and mouth with
goggles and gauze masks. The spread of ‘droplet’ infections
can be stopped in ths fashion 1f stopping it is the full-time job
of all concerned, but not if persons 1n the infected community
have to go on with their daily business.

Any form of obstruction to breathing such as a gauze mask
will never be popular with adults, and still less with children.
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treatment can render a patient non-infectious for others.
On the whole, there is a generally hopeful outlook that wider
knowledge and freer approach to sex matters, plus the use of
simpler and more effective methods of treatment, may
gradually eliminate most venereal disease from the more
advanced countries of the world.

In the three methods so far discussed by which infection is
transferred, the germ enters the body by one of the natural
routes The last important method involves the ‘unnatural’
introduction of infection into the blood or tissues by the bites
of animals, usually, but not always, insects or ticks. In this
group we have the lication that the t ission of
infection is frequently not from man to man, but from some
infected animal to man. There are now no common human
diseases spread by this method in temperate climates amongst
civilized communities, but malana, plague and typhus were
once widespread m England and Europe generally, and
would probably retwn with any breakdown of cuwvilization,
All these mfections have their own peculiar characteristics,
which are largely determined by the habits of the animal
which transmits them, It is not easy to discuss them m
general terms, and the best introduction 1s perhaps to give a
table showing the more important diseases of the group, the
animal responwible for transmutting the disease to man
{technically the ‘vector’) and the species from which the
vector derives the infection, This species is referred to as the
‘seservoir’ of infection,

Within the human diseases of this group we find an
interesting range from diseases which, biologically speaking,
have nothing to do with man to those for which he is the only
susceptible species, At the former end of the scale we have
such conditions as Rocky Mountain spotted fever or the
scrub typhus of the Eastern tropics These diseases are due to
rickettsial micro-organisms which are in nature relatsvely
harmless parasites of wild rodents transmtted from one ta the
other by ticks or mites. 1013 a pure accident that man happens
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most confinements, The usc of rubber gloves and of antiseptics
which are particularly active against streptococei provide pre-
cautions against the second stage of transfer by hands which
have becn unknowingly contaminated by droplets of saliva.

The venereal diseases exemplify a third method of spread.
There are five human diseases of this group: syphilis, duetoa
corkscrew-shaped organism called a spirochaete, which is
somethingbetween a protozoon and a bacterium, twobacterial
discases, gonorrhoea and soft chancre, & virus infection
(lymphogranuloma inguinale) and a tropical disease, duc to
an unusual type of bacterium, All these micro-organisms are
very readily killed outside of the body, and very direct
contact is necessary for their transmission. From a purely
bacteriological point of view there are no infectious discases
which would be easier to eradicate. In practice, of course,
the problem of their prevention is about as readily soluble as
the psychologically rather similar one of the prevention of
war. Any intelligent armchair critic with a little technical
knowledge can show how to eliminate both, provided only
that the rest of mankind would allow intelligent self-interest
to control its instincti A pts at a more
realistic approach to the elxmmatwn of venereal disease have
had only a limited success.

During the war venereal disease was an important military
problem, and most of the measures which have been suggested
were tried in various combinations. These included direct
disciplinary measures, the provision of opportunities for sport
and other leisure time employment, moral and religious
exhortation on the one hand, the issue of prophylactic
packages to men on leave and the establishment of depots for
disinfection after exposure on the other. These measures
probably had a considerable effect, but they did not prevent
the general rise 1n the inaidence of venereal disease that has
characterized every war in recent history. On the civilianside

hilis in most countries seems to be decreasing fairly
rapidly, probably because of the rapidity with which modern
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Thelarvae always develop in water, but different species may
prefer very different environments. One may live only in
swampy pools overgrown with vegetation, another requires
water freely exposed to sunlight, some develop in brackish
water, others prefer small casual collections of rain water, Any
of these predilections for one particular kind of water may,
according to local circumstances, make it easy or difficult to
deal with malaria by attacking the farval mosquitoes. In the
adult phase the feeding habits of the female mosquito become
all important, its season and time of activity, its preference for
human or animal blood, its tendency to remain in the neigh-
bourhood of its last meal or to wander freely, and so on.
Finally, these habits have to be correlated with the human
situation in the region. If the mosquitoes are infected they
must derive the parasites from 2 human source. In most
malarial regions the reservoirs of infection are the children of
the native populations in whom the transmissible stage of
the malarial parasite is likely to be present in much larger
numbers than in the adults who have developed a substantial
resistance to the infection.

Yellow fever, another important human disease spread by
mosquitoes, provides an interesting contrast to malaria,
There are two phases n the natural history of yellow fever.
In the Aftican and South American jungles the virus is
Ppresent as a parasite of monkeys, being transferred from one
monkey to another by mosquitoes of the forest canopy. The
classical yellow fever that once plagued the ports of West
Africa and Central America probably derived from the
ungle disease but an ammal reservoir was no longer con~
cerned. The virus passed from man to man and only one
species of mosquito was involved 1n the spread of the disease.
This mosquito (Aedes egypti) 15 predommantly found 1n
houses, and only rarely flies any distance from a house in
which it has once taken a meal of blood. The mosquito can
only become infected with the yellow fever virus if it feeds on
a patient in the first three or four days of hus fever, and before
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to be highly susceptible to the infections. Then we have those
parasites which are partially adapted to the human host, such
as the germs of typhus fever and African sleeping sickness, and
finally the diseases which are specifically human, such as
malaria, dengue fever and yellow fever.

The chief human diseases transmitted by animals

Type of micro-

Dusease organism Vectar Reservoic
Plague Bactennum Flea Rat and other rodents
Malaria Protozoon Mosquito Man
African sleep.  Protozoon Tsetse fly (a) Man, () ante-

ing sickness lopes and other wild
mammals
Kala azar Protozoon Sand fly Man
Relapsing fever Spirochacte  Louse Man
Yellow fever Virus Mosquito Man, monkeys
Dengue fever  Virus Mosquito Man
Virus enceph-  Virus Masquite Wild birds
alius
Rabies Virus Dog, jackal,  Same species
ete,
Paralytie Virus Vampire bat  Same species
rabies
Typhus (1) Ruckettssa Louse Man
Typhus (1) Ruckettsna Flea Rat
Scrub typhus  Ruckettna Mite Field mice and small
rodents
Rocky Moun-
tain spotted  Rickettsia Tick ‘Wild rodents
fever

The necessity for the ecological outlook on disease is
probably more clearly evident in relation to these insect-borne
diseases than elsewhere. The most detailed study of the habits
of mosquitoes has been necessary to provide an understanding
of the epidemiology of malaria and to indicate methods of
control. Dozens ofspecies of Anopheles mosquitoes can transmit
malaria, but in any one district there is usually one species of
predominant importance. If malaria is to be controlled, this
species of ‘mosquito must be studied from every point of view.
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characters from those of the classical yellow fever. Whenever
2 human disease is contracted only in uninhabited or sparsely
populated regions, one can be reasonably certain that it is
derived from some animal reservoir of infection. In the
Amazon region the yellow-fever virus has infected the wild
monkeys, and 15 transferred from one monkey to another and
occasionally from monkey to man by the bite of jungle-
haunting mosquitoes quite distinct from the true yellow-fever
mosquito. The existence of such an animal reservoir wall
probably make the extinction of the disease impossible It
may be that South American monkeys have been infected
with yellow fever since time immemorial, but there is much
tosuggest that the disease may have crossed the Atlantic from
Africa three or four hundred years ago. The development of
a new animal reservoir of human disease m the historical
period is probably not umique. It is sull generally beheved
that plague was onginally a purely Asiatic disease involving
burrowing rodents in Turkestan and Siberia. At varying
times after the ship-borne epidermic of plague that went round
the world in 1gao, it was discovered in Cahfornia and South
Affica that plague was present in wild rodents in the moun-
tams of western United States and on the veldt in Afnica.
In both regions this was ascribed to spread of infected rats
from the ports. In America, however, there is a strong trend
to the belief that plague has been present in the ground
squirrels since before the European settlement. Another
interesting example concerns the recent appearance m South
America of rabies nfections due to the bite of vampire bats.

Since 1921, there had been recognized epidemics of
paralysis amongst South Amerncan cattle. These became
gradually more frequent, and 1 1928 there was a very
extensive outbreak which caused the loss of something hke
30 per cent of the total cattle in Paraguay. The disease was
found to be a form of rabies or hydrophobia, in which the
violent ‘mad dog’ type of symptoms were replaced by
paralyuc ones. There s little rabies in dogs in South America,
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it can transfer the infection to another human being a period
of about ten days must elapse. This strict limitation of the
period during which the patient’s blood contains virus is in
sharp contrast to the conditions with malaria, where chroni-
cally infected individuals may remain capable of infecting
mosquitoes for years, Mainly for this reason malaria tends to
be constantly present with only moderate seasonal variations,
while yellow fever used to occur in epidemics with long
periods of absence between them. Once these characteristics
of the mosquito and of the disease which it transmits had been
discovered by the American Army Commission in 1902, the
elimination of yellow fever became a practicable proposition.
The essentials were: first, to diminish the number of yellow-
fever mosquitoes by destroying the larvae or reducing the
number of their breeding places; secondly, to shield all
recognized yellow-fever patients from being bitten by
mosquitoes during the period over which their blood was
infective; and thirdly, to destroy all mosquitoes in any dwelling
where a case had occurred before they had time to develop
infectiousness for other human beings. By such methods
yellow fever has been eliminated from all the regions in
which the classical disease once flourished. About 1925, it
seemed likely that a few more years’ work would see the end
of yellow fever everywhere, but that was just before the
recognition of jungle yellow fever, first in South America,
tater in Africa. As soon as it was clear that infected monkeys
were probably distributed over nearly a million square miles
of the Amazon basin the possibility of eliminating the discase
became infinitely remote. We shall leave discussion of yellow
fever 1n Africa to a later chapter, but a little more should be
said here about the jungle situation in South America. In
the forests of the Amazon occasional deaths from yellow fever
occur amongst wood-cutters, porters and others working in
the jungle. The cases do not occur in the form of epidemics,
and there are no Aedes mosquitoes in these inland jungle areas.
The disease has therefore totally different epidemiological
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When the necessary facts about the habits and life history
of vector and reservoir species have been obtained, the
application of the knowledge to the prevention of the disease
willdepend mainly on icfactors. Inheavily populated
wealthy communities,control cannearly alwaysbeestablished,
but in the tropacs, where most of the problems lie, the relatively
small and impoverished populations, plus the intense fecun-
dity of animal and especially insect life, make most of the
problems of prevention insoluble. The difficulties in regard to
malaria will be discussed in a later chapter,

The four methods of spread which we have described,
gastro-intestinal, droplet infection, venereal and by animal
vectors, cover practically all the mfections diseases which
have been adequately studied. There are a number of
infections by worm parasites in which entry is by way of the
skin, but except for one group of diseases, this type of infection
is of no significance in the micro-orgamsmal infections with
which we are dealing.

The exception is leptospirosis, the classical form of which
is also called Weil’s disease. Leptospirae are small corkscrew-
type organisms which in man may produce fevers ranging
from one with severe jaundice and often fatal, to 2 mild three-
day fever that can only be diagnosed by appropriate labora-
tory tests The organisms are natural parasites of rats, pigs,
dogs and some wild rodents, and are excreted in the urine of
infected animals. They can survive for relatvely long periods
in polluted water, These leptosp are ch isticall
occupational diseases, The sewer worker or the man cleaning
upafish market is hable to contract the severe form that comes
from infected rats. Some years ago there were extensive out-
breaks amongst Queensland sugar cutters working 1n wet
fields that had been contamunated by a native speces of rat
with a special type of Leptospira. Another milder human
disease common 1n Australia and Central Europe where it is
called maladie des porchers (swincherds’ disease) is duc to yet
another Leptosprra, named after a little orchard town, Pomona,
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certainly not nearly sufficient to account for such widespread
destruction amongst cattle. Gradually suspicion lighted on
the vampire bat, though it was known that these bats had
taken blood from cattle for centuries without causing any
serious harm. In 1930 a further development was observed
in the island of Trinidad, thousands of miles north of
Paraguay. Here a similar disease broke out amongst cattle,
but in addition about a dozen human beings contracted the
same fatal paralytic disease, Again vampire bats werc
incriminated, and the crime was sheeted home by the
discovery of several bats which actually harboured the virus.

Obviously it i3 a serfous position if as seems likely the
vampire bats all along the eastern half of South America are
heavily infected with this virus. As far as one can gather, the
disease spreads from bat to bat from bites given during
quarrels in their roosting places, not by way of infected cattle
or other victims. Some of the infected bats develop symptoms
and die, some remain healthy carriers of the virus for months.
Tt is not difficuit to protect human beings, who are bitten only
during sleep, by suitable wire screening of houses, but protec-
tion of cattle will be a more difficult problem. Here again
then, we have a new development in the way a disease Is
spread, and an altogether new set of problems for the
sanitaran.

The vampire bat will need to be studied in the same detail as
the rat, the flea, the louse and the mosquito. In every one of
the diseases spread by biting vectors or derived from animal
reservoirs, very detailed ecological studies of the animals con-
cerned are always necessary. Any sort of fact may be
important. The seasonal incidence of plague in some parts
depends on the fact that fleas die more quickly when the
air is warm and dry, Two races of a mosquito species have
developed different winter habuts, one hibernates in cold
places, the other frequents warmed houses—only the second
racespreads malariain Holland. Dozens of similarapparently
trivial facts may turn out to be of value in controlling disease.
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proportion, perhaps one per cent, of apparently healthy people
have the virus in their blood. If a small amount of blood
from such a carrier is injected into a number of people one-
third to one-half of these can be expected to develop a mild
illness usually panied by definite jaundice sixty to one
hundred days after the injection, For a considerable period
before and after the period of jaundice the virus is present in
the blood and can be transferred to another individual by

injection. Blood transfusion Is probably not the
method of transfer. There have b:en many accounts published
of long-lasting ‘epd * of dice in venereal discase

clinics where paucms were being injected into a vein with
arsenicaldrugs, Although it was routine practice to use a new
needle for each patient, enough blood might enter the syringe
for some to be transferred to the next patient and transmit the
disease Much work is bemg done at the present time to
tighten up the precautions for stenlity in treatment of this
sort, and to find ways either of recognizing the exstence of the
virus or destroying it without damage to the life-saving
properties of the blood or serum that may contam it.

It is almost fantastic that a disease of thus sort should exist,
and I think the greatest intellectual prize that a virologist can
hope for is that some day he should be the first to explain what
s the real natural history of serum hepatitis It 15 the old
question which is fund 1 to the und ing of any
infectious disease, how does the virus survive as a species 1
Nature? Ifone had to guess the answer it might be that the
virus 1s a variant, 2 mutant of infectious hepatitis virus which
has developed the capacity to pass to the unborn child i the
uterus without causing damage to its tissues or provoking
antibody production that will destroy the virus. There is in
the literature on viruses an account of a disease of mice,
lymphocytic choriomeningitis, which in a stabilized mouse
popul;nion shows no obvious evidence of its presence. The
mice are, however, almost hiterally saturated with the varus,
If an organ, say the liver, 15 ground up and a very small
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in southern Queenstand where it was first observed, Figsand
cattle provide the reservoir and again the organism is
liberated in their urine. Al these infections resule from skin
contact with contaminated water or mud, the organism
penetrating not through intact skin but through cracks and
minor wounds.

Probably we should include along with Weil's discase 2
number of local infections of the eyes and of the nose and
throat, which may be all too casily transferred in such places
as swimming pools. There is, in fact, a virus infection of the
eyes which in America is usually referred to as swimming-pool
conjunctivitis, The other important virus distase of the
eyelids, trachoma, may be transmitted in various ways—flies,
fingers, or towels used 1 common may be responsible for
direcyly transfersing infective material ta the eyes.

There is one important discase which, so far as is known at
present, is spread wholly by the doctor's syringe or its equiva-
Jent. This is the virus disease, serum hepatitis or homologous
serum jaundice. It had been noted ever since blood trans-
fusions became commonly used that occasional recipients
developed jaundice two or three months later, but this was
generally thought to be a result of some chemical damage to
the liver. The first widespread recognition of the condition
camcm the early monmsofxgu when abouk8o 000 American
ser dice for na i
Teason. Invcsngauon show:d that the factor cummon to all
units 1n which cases of jaundice developed was that they had
been inaculated with certain batches of yellow fever vaccine.
Eventually it became clear that these batches contained 2
small amount of human serum which had been added to
improve the keeping quality of the vaccine and that this was

the dangerous component. Once this capacity of human
blood, or prep ing some p of human
blood, to produce jaundice had been recognized it became
clear that similar jaundice could be transmitted in other ways.
The situation as we now understand it is thar a small

350 pal.
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CHAPTER X

THE TRANSFER OF INFECTION FROM
ONE SPECIES 70O ANOTHER—
ANIMAL RESERVOIRS

In the last chapter we discussed the various ways in which
infectious disease may spread, and in dealing with thecamage
ofinfections by msects, wehad tosay a good deal abont animal
reservoirs of infection, Several of the most important wsect-
borne diseases, such as malaria and typhus, ave normally
coufined to the human species, but there ave others, including
such an important one as plague, which are almost eatirely
derived from animals. Transfer by inseets and the Iike is not
the only way 1 which a pathogenic micro-organism can pass
from some animal host to man. We have already mentioned
haw psittacosis vieus s taken 1nta the lungs in the form of fine
dust ra):cd by the ﬂunmng of mfccrcd parrots, Then there

fwald ord ic animals which
ave hab}e to fufect persons such as hunters, butchers av
vetenhary surgeons who have to handle ammal carcasses or
other infective material. In most cases the nfection probably
enters through cracks or scratches on the hands. Anthrax,
glanders and tularaernia {a discase of hares and rabbits) can
all produce severe and fatal mfections 1 this way, but the
attual numbers of cases are very small. Mill, asiswell known,
may be infected by bacterta derved from the cow’s udder,
and twberculons, undulant fever and some streptocoecal
thiroat infections miay result.

In this chapter we are concerned, not with the mede of
spread of such diseases, but with the general questions
assaciated with the transfesence of infection from one animal
SPECiEs 1o another, Our cluef coneern wall sull be with those
animal infections which gne rise fo human disease, but the
same principles are evident when two dustatlar species of
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amount injected into a mouse from an uninfected stock, that
mouse will die of the disease. In the infected group mice are
infected long before they are born. Some of these embryos are
stillborn, but most survive and carry large amounts of virus
in their bodies till death, It has been suggested that if before
birth the body tissues become used to the presence of a foreign
material like 2 virus, they lose the capacity to treat it as foreign
afler birth and do not produce antibody. The analogy with
serum hepatitis may be only a distant one, and some quite
different explanation of the latter may eventually be found.
Until we have some means of recognizing and growing the
hepatitis viruses, we are not likely to make much progress.
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virus in the same species, the natural infection is an extremely
mild one. Long experience has made it certain that this virus
is never responsible for the outbreaks of disease which occur
when vodent populations nerease ab Hy. It s just
possible that the rodents play no essential part in the disease,
sinee a proportion of larval ticks hatched from the eggs of
infected ticks are also infected. I thiz occurred regularly
we might regard the whole condition as a tick disease only,
the infections of rodents and man being both unnecessary
accidents. Howeves, most workers are convinced that the
tick-rodent-tick ¢ycle is much more important than the

fonal tr fon of the infection fror infected female
ticks to thetr offspring.

So far we have been speaking of the extremely virulent
spoteed fever of the Bitter Root Valley. A curious feature of
the disease s that in most other parts of the United States
the mortality is very much smaller and may be as low as
5 per cent  Amongst the sheepmen of Southern Idaho, not
very far from Butter Root Valley, 1t 15 common enough, butis
regarded as hardly worth worrying about. The Rickettna i
the same in both parts, as far as can be judged by eross-
immumy tests; the only difference between the strams is m
their virulence, The reason for the difference 15 unhnown, but
one interesting suggesuon has been made. In the Bitter Root
Valley there 15 an abundance of species of small mamumals, so
thatin the course of transfer by uck bite, the virus is constantly
having 10 adapt uself to sightly different ussue condittons m
the different suscepuble species  In the districts where the
disease is less v rulent, there are usually only one or two redent
species avastable as reservours. The suggestion 1s that constant
passage from one species to another in the Bitter Root area
has kept the adaptabality of the stram hugher than i distacts
}vhcrn the same radent species serves for each transfer. The
idea Is 3 reasonable one, but will require a good deal of
experimental substantiatton before it can be accepted. At
the present vime, 1t 1 probably safer to conuider that the

Y
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immunization of all workers has been a routine, fiftcen more
cases have occurred in the laboratory, with one death.

Ticks have rather a complicated life history with three main
stages, larva, nymph and adult. The tiny larvae are hatched
on the ground, and when opportunity offers, attach them-
selves to some small rodent. For a day or two they slowly
engorge themselves with blood and then drop off on to the
grass, Here they digest their meal, grow and prepare for the
moult to the nymph stage. The nymph repeats the same
process, also feeding on small rodents, but when its engorge-
ment is complete it hibernates through the winter and emerges
as an adult with the melting of the snows the following spring.
The adult needs a larger animal to feed on, bears and wild
goats being the chief native hosts, but cattle, horses and man
are equally suitable,

The virus of the disease probably alternates between the
tick and one or other of the small rodents of the region. The
larval tick feeds on an infected rodent and takes in the
Ruckettsia with its meal of blood. The Rickettsice multiply in
the tick tissue and establish a harmless infection which
persists throughout the life of the tick. With each subsequent
feeding the host is liable to be infected by the bite. In the
nymph stage the disease may be passed on to 2 new susceptible
rodent; in the adult stage the normal hosts of the tick are
insusceptible to the virus, and it is only by an unfortunate
accident that man happens to be so susceptible to the
Rickettsia. The important bustess of passing on the infection
from one natural host to the other is done in the Jarval and
nymphal stages of the tick. The fact that the adult tick bite s
also infective for man is a mere accident of no significance to
the survival of the Rickettsia.

The natural disease among wild rodents has never been
observed. The only evidence that it extsts is that a proportion
of the wild rodents show immunity to the disease, of the type
one would expect to follow natural infection, It is certain
that, like the discase resulting from artificial inoculation of the
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cases with 284 deaths were reported in the American forces
‘The cartier 15 one of two very similar mites which, in their
larval stage, may obtain the single blood meal needed for their
development from some small animal or from man. The
Ruckettsia is never passed drectly from man to man or from
anumal to animal. After its blood feed the larva becomes
successively nymph and adult which live in the soil, and when
eggs are laid by an infected female they contain Rickeitsiae
which, in turn, develop 1n the new generation of larvac. The
human jnfections play no part in allowing the survival of the
virus, and 1ts human virulence must again be regarded as 2
mere accident,

Typhus fever in the classical form, which has been the
great attendant of war and fammne in Europe for centuries,
1sapurely human disease. Itisaseverefever with a character~
stic rash, highly fatal in susceptible adults, particularly under
fatmne conditions, but as a rule affecung children less
severely. The body louse 15 the vector from patient to patient,
It takes up Rickettsiae from the blood and is itself fatally
infected in the process. However, 1t has about a week in
which to transfer the infection to another subject before it dies
In view of this method of transmussion, typhus can floursh
only in of poverty, overcrowding and filth,
In the English history of disease, typhus figures manly in
connexion with the Civil War and as a disease of pnsons,
though 1t was not uncomrmon in the slum quarters of cities
until the middle of the nineteenth century.

There is one feature of typhus which suggests that it is not
an old-established human disease, 11s fatality for the louse
This is one of the few mstances 1n which the insect vector of
2 human disease is senously discommoded by the germ it
transmits. The lIikely inference is that typhus of the louse is
a relatively recent development, and that the disease has
evolved in other hosts than man and the louse. The first
indication that there were other methods of contracting
typhus than by louse bite came from observations made 1
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differences in virulence for man are just accidental differences
of local races and are of no significance for the survival of the
virus. When an animal or plant community is isolated for a
long period from the rest of ts species, a local race usually
develops showing some slight but constant differences from
the type of the species. Sometimes these differences have
functional significance, more often they seem to be merely
fortuitous. There is no reason to suppose that the differences
between the Bitter Root and the Idaho strains of virus ase any
more than similar fortuitous results of isolation.

To sum up, we have in Rocky Mountain spotted fever a
highly fatal human disease due to a micro-organism which
in its normal hosts, the native rodents and the tick, produces
hardly any signs of illness whatever, This virulence for man is
a wholly accidental property of the virus, and is only shown
in superlative degree by one local strain; other straind
apparently similar in their natural cycle are much less
virulent.

On the opposite side of the Pacific there is another rickettsial
disease which is present from Japan southward through
Formosa, the Philippines and New Guinea to North Queens-
land. In the west it is common in the Maldive Islands and
Ceylon, patchy in India, and from Burma it is found con-
tinuously through Malaya and Indonesia to the Solomon
Islands in the east, Its Japanese name was fsutsugamushi fever,
but elsewhere it is usually cailed scrub typhus. It is a severe
disease with a mortalty that varies like that of Rocky
Mountam spotted fever from one infected region to another
and may be as high as 50 per cent or as low as 1 per cent, Like
the American disease, scrub typhus is contracted away from
human communities not in mountain valleys but on tropical
sslands, in grassy clearings at the jungle edge or in any other
situation where the mite that carries the infection can
flourish. During the war mn the south-west Pacific, scrub
typbus ranked next to malaria as the most important cause of
disability and death from infectious disease. Nearly 7000
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that the European 1 borne disease origi: d during the
long drawn-out wars of the sixteenth century in Hungary
when Christians and Most 1 1 quered and

reconquered the country. No clear evidence of typhus fever
is found prior to this period, but every war in Europe since
has seen grave outbreaks of the disease. The greatest in all
history was probably the epidemic which swept Russia
duting and after the Revolution of 1917, when cases were
numbered in millions and deaths by hundreds of thousands.

The war epidemics of typhus have always been associated
with famine, hardship and dislocation of socsal life. Under
happier, if still crowded and filthy circumstances, typhus can
take on a milder character. Following the general rule
amongst infections, typhus 1s far milder in children than
amongst adults, and in endemic regions such as the native
quarters of North African cities a high degree of immunity
may be developed by such mild childhood infections. Here
we have reached the end of the process of transfer from rat to
man. The mild disease of the rat passes accidentally to man,
it finds a new vector in the louse, and under circumstances
of war and famine spreads widely and fatally, but where
t.irmmstancu allow 1ts easy spread 1n a stationary popula-
tion, it eventually develops the character of a typical relatvely
mild endemic infection.

The second example of ionary changes in infe
dlS:_ase associated with transfer to new host species is an
African one, and concerns the infections produced by
try , P 1 parasites of the blood which are
transferred by the tsetse fly. The most important diseases

Y produce are nagana, a highly fatal disease of domestic
animals which has played a bigJpart in limuting the area of
European occupation in Africa, and sleeping sickness of
human beings, The form of tryp ponsibl
for these diseases is Trypanosoma brucei, which 15 a very common
harmiess parasite of many types of antelope and other wild
Bame in the tsetse-fly country. A lasge proportion of the
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Australia soon after the first World War. Hone in Adelaide
saw a number of patients with mild but quite definite typhus
fever in 1919 and subsequent years. He was struck by the
number of these patients who were employed in grain stores
or in transporting wheat, occupations likely to bring them
into contact with rats and mice. Since none of the patients
was louse-infested, he advanced the view that the disease
was carried from rats or mice by some insect parasite, A few
years later, in Queensland, there was an interesting relation-
ship between a “mouse plague’, that is, a sudden enormous

increase in the mouse population, and the app ol
numerous cases of typhus fever amongst farmers in the
district. In both i the ion b rodents

and typhus fever appeared to be unmistakable, but un-
fortunately no experimental proof that rats or mice were
infected was obtained. The proof that typhus could be
derived from natural infections amongst rats had to wait for
American investigations in 1928, In the southern states
cases similar to the Australian ones occurred, and it was shown
conclusively that they were infected by rat fleas from rats
chronically mfected with the typhus Rickettsia. Since then
similar conditions have been found to exist in many other
parts of the world. In all probability typhus is an ancient
disease of rats and mice, perhaps an even more ancient disease
of the fleas that live on the rodents. The typical lousc-spread
typhus 1s 2 modern development.

In Mexico, it is possible to see the change from rat typhus
to human typhus in progress. Rat typhus is common, and
when conditions for case-to-case transfer by lice are present,
a patient infected with typhus of rat origin by flea bite may
set up a small epidermc of the elassical type. There are some
slight differences between the Rickettsiae which produce the
‘rat type’ typhus and those of ‘louse type' infections, but
they are no more than the differences between local races of
the same species. Znsser, in his fascinating “biography’ of
typhus fever, Rats, Lice and History, suggests the probability
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trypanosome, but lacking their inherited tolerance, allowed
free multiplication of the germ with fatal results. Human
beings were much more Tesistant, but amongst the minor
variations which are always occurring in living organisms
oue strain of T. brucei developed power to multiply in a
proportion of the human beings into which it was inoculated.
Most of these infections by unadapted strains are fatal to the
new host, and as such are not likely to be widely disseminated
from man to man. Thus is the present position of the Rhodesian
trypanosome. The germ of true sleeping sickness has gone
a stage further; it has developed a slower type of human
infection which provides greater opportunity for transfer of
infection to other human beings, and so for survival of the
strain. Here we have an example of the general principle
that, given sufficient time, and providing both species survive,
host and parasite will eventually develop a mutual tolerance.
Highly fatal diseases in nature nearly always represent the
effect of first contact with 2 micro-orgausm which has
developed 1ts parasitic habit in some different host.

The only instance yet recorded in which a micro-organism
has been successfully used to provoke widespread epidemics
in a wild animal pest 15 the very recent use of myxomatosis
virus agamst the rabbit ;n Australia Thas virus was isolated
in Brazil from fatal cases of infecuion that appeared to anse
spontanecusly in European type laboratory rabbits. Its real
orgin was a mystery untl a few years ago, when it was
recognized that the wild rabbits around Sao Paulo were the
reservoir of the disease and that it was transmitted to other
rabbits, wild or European, by qui The as
of the Brazilian rabbit with has all the marks of
an ancient and stabilized equibbrium. Instead of a fatal
infection, the bite of an infected mosquito provohes only asmall
swelling of the shin and a transient nvasion of the blood by
the virus, The rabbit survives and 1s subsequently immune
even 1o the minor results of primary infection. The European
rabbit is only a distant relative of the Brazilian, and for it
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flies become infected, and any domestic animals or human
beings entering the country are inevitably soon inoculated
with the trypanosome. Horses, camels and pigs dic rapidly,
cattle more slowly, but equally certainly. Man is usually
unafected, even in heavily infected country where it is
impossible to keep any domestic animals. In certain parts
of Northemn Rhodesia, however, there are rare but rapidly
fatal infections of human beings by a trypanosome which,
apart from this pathogenicity for human beings, cannot in
any way be distinguished from the 7. érucd of other regions
where human beings are apparently not infected. This seems
to be the first stage in the adaptation of the trypanosome to
its new host, man, The next state is seen in the regions fanther
north and to the west, where true slecping sickness occurs.
The trypanosome of sleeping sickness is closcly related to
T, brueei, but it is recognizably different in several respects.
In man, it produces a mild infection of the blood which
becomes serious only when the trypanosomes enter the brain
and produce the symptoms that give the diseasc jts name, It
is 2 much Jess acute discase than the Rhodesian one. The
trypanosome of sleeping sickness has only very sarely been
found in the blood of wild anisals, and it seems certain that
most infections are carried by the tsetse fly from human 10
human, net, like the Rhodesian form, from animal reservoir
to human. The parasite can be inoculated into antelopes and
produces in them the same sort of long-lasting harmless
infection as T, bruca does, but in nature it has become
predominantly 2 human parasite.

In this series we see first a parasite which probably over
thousands of years has developed a mutually tolerant relation-
ship withuts two hasts, the tsetse ly and the native mammals.
When domestic animals and man entered the regions, the

anosomes ipoculated into them by the ubiquitous tectse
flies multiplied or failed 10 multiply according to purely
accidental circumstances, Most of the hoofed domestic

i relatively closelyrelated tothe native hostsof the
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ably allowed the leap-frog passage north to Queensland. At
the end of its first season in the field, myxomatosis scemed to
have had a notable success in killing many millions of
Australian rabbits. No virus in history has ever enjoyed the
popularity that myxomatosis possesses amongst the sheep
men in New South Wales. In the summer of 1951-2 it was
liberated on a larger scale in many more places, and again
there has been widespread killing of rabbits. There was also
definite evidence of the persistence of the virus in many regions
throughout the winter. From these smouldering foci some
sharp outbreaks ag d when quitoes became active
1t is certain that over the next few years we shall see the
unfolding of an extraordinarily interesting experiment on the
evolution of a disease. Itis the first new disease to be followed
from its inception, and it offers 2 unique opportunity to follow
the process by which a virus and its host reach an equilibrium
state. There is no doubt that myxomatosis is now firmly

pl inthe A lian rabbat population. What remains
to be seen is whether the host-parame relationship wall persist
in its present form with more than gg per cent of deaths in
anfected rabbits or change by one means or another to a more
normal type, Two possibilities must be considered. Some
rabbits survive infection, and in areas where most of the
population has been destroyed about 70 per cent of the
survivors that can be shot or trapped have antibody in ther
blood. It may be that by such intensive selection for survival
a relatively resistant strain of rabbit may gradually become
the standard form. Ttis also possible, even hikely, that sooner
or later a modified virus will appear which 1n the Australian
wild rabbit will produce the same sort of muld effects that the
original myxomatosss virus did in 1ts Brazilian host. Such
a modified virus would almost cerainly protect rabbuts
agamst infection with the lethal virus and 1f 1t spread widely
and early in each season very little could be hoped for from
the ¢ use of my is virus asa ical measure
for rabbit control,
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infection with myxomatosis virus is the same kind of bio-
logical accident as scrub typus is for a human being. The
disease is almost always fatal,

Australia’s greatest pest is the rabbit, the Eurapean rabbit
introduced around 1860 from England, and for many years
the possibility of using myxomatosis virus to destroy it has
been considered. Ithastwoimportant and unusual character-
istics that favour such use—its extremely high mortality rate
and its strict limitation to rabbits, It is innocuous even when
deliberately injected into human beings, domestic mammals
or native Australian marsupials, Early attempts to initiate
infection in wild rabbits were essentially unsuccessful. All
the rabbits in a watren might die but the disease spread
no farther, In these experiments the aim was to atiow the
disease to spread by contact from rabbit to rabbit, and it so
happened that the tests were carried out in areas virtually
free from mosquitoes. In 1g50 experiments were begun in
a different part of Austrahia near the upper Murray River
and again the results loohed unpromising. Then just before
Christmas a wholly unexpected development occurred. Rab-
bits were dying, obviously from myxomatosis, on the river
flats near Albury fifteen or twenty miles from the nearest
rabbit warrens that had been experimentally infected. In
the next three months myxomatosis spread rapidly over an
area about as large as Western Europe, concentrating its
lethal action along waterways but sweeping north across
New South Wales in leaps that seemed to be as much as 3
hundred miles at a tme. The mortality amongst rabbits
within the vast area involved was very patchy, but along
the river flats these would often be wartual extermination
and in arcas of western New South Wales, where unusual
rainfall had left much water Iying, almost equally good resnits

were obtained.
The virus bad been spread by mosquitoes of two spccxcs
one, Culex 1 , Was responsible for the

killing along the mver banks; another, dedes theobaldi, prob-
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ably allowed the leap-frog passage north to Queensland. At
the end of ats first season in the field, myxomatosis seemed to
have had a notable success in Mlling many mllions of
Australian rabbits. No virus in history has ever enjoyed the
popularity that myxomatosis possesses amongst the sheep
men in New South Wales, In the summer of 19512 it was
liberated on a larger scale in many more places, and again
thcre has been widespread killing of rabbits. There was also

ite evid f the persi fthe virus in many regions
thmughcut the winter. From these smouldering foci some
sharp outbreaks appeared when mosquitoes became active.
It is certain that over the next few years we shall see the
unfolding of an extraordinanly mteresting experiment on the
evolution of a disease. It1s the first new disease to be followed
from its inception, and it offers 2 unique opportumty to follow
the process by which a virus and its host reach an equilibrium
state. There is no doubt that myxomatosis is now firmly
implanted in the Australian rabbit population, What remains
to be seen is whether the host-parasite relationshp wall persist
in its present form with more than g9 per cent of deaths in
infected rabbits or change by one means or another to a more
normal type. Two possibilities must be considered Some
Tabbits survive infection, and in areas where most of the
Population has been destroyed about 70 per cent of the
survivors that can be shot or trapp:d have antibody in their
blood. It may be that by such intensive selection for survival
2 relatively resistant strain of rabbit may gradually become
the standard form. It is also possible, even hikely, that sooner
or later a modufied virus will appear which i the Australian
wild rabbit will produce the same sort of mild effects that the
onginal myxomatosis virus did in 1ts Brazilian host. Such
2 modified virus would almost certainly protect rabbits
against infection with the lethal virus and 1f 1t spread widely
:‘r:d early in each season very little could be hopcd for from

d use of Virus asaf 1 measure
for rabbit control,
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To return to natural examples of an ecological balance
between pathogenic organisms and the hosts with which they
have evolved, we may cite some other instances from Africa.
The gdiseases in question have been recognized almost solely
from their effect on d icated animals introdnced from
abroad. There is no other part of the world in which large
native mammals occur in such numbers both of individuals
and of species. Amongst them are zebras, antelopes and wild
pigs, all close relatives of common domestic animals. Diseases
have developed amongst these, and through centuries the
various parasites and their hosts have become adapted to
cach other. A large proportion of these infections are spread
by biting flies or mosquitoes, so that when domestic animals
enter the country they can be infected without necessarily
coming into close contact with the natural hosts of the para-
sites. It is only to be expected that domestic stock will be
particularly susceptible to infections whose normal host is a
closely related wild animal. If, to take an example, a virus
producing 2 mild infection of zebras is transferred by a
mosquito bite to a horse, it finds a host whose tissues are of
almost the same guality as the zebra's but lack the resistance
which the latter species has developed to curb the virns. This
may well be the origin of African horse-sickness, although
actual proof has not yet been supplicd  Amongst the diseases
known to be derived from native animals are malignant
catarrh, with the expressive Afrikaans name of Suatsickte,
which is a natural disease of the gnu and affects sheep and
cattle severely, and a highly fatal form of swine fever derived
from a mild infection of the wart-hog. There are in Afica
several other diseases of stock due to protozoa and viruses
which must undoubtedly be derived from wild mammals. So
far, however, the natural hosts have not been determined, an
indication in itself that the natural diseases are inconspicuous,

Perhaps the most interesting of all such transfers of infection
from one species to another is the infection of cattle with the
virus of “mad stch’. This is the name given to a rather rare
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disease of cattle in the mid-western states of America. The
cattle develop an unbearable itching and almost tear their
skin off agamst posts and the like for a day or two, then they
develop signs of paralysis and invariably die. The virus was
not difficult to isolate, and was found to produce fatal
mfections when inoculated in any of the commen animals of
the laboratory. Sheep and cattle were also highly susceptible
to inoculation, but pigs were hardly affected, unless the virus
wasinoculated directly into the brain. Nevertheless, although
pigs hardly ever died from inoculation, they became infectious
for other pigs. A mild infection by the mad-itch virus passed
from pig to pig m the experrmental pens, spread apparently
by the porcine equivalent of droplet infection amongst human
beings It could be shown that the virus was present in the
nasal discharge of a pig sick wath the disease, and that such
discharge placed in a nostn of another pig resulted in infec-
tion. There was therefore a sharp disunction to be drawn
between pigs and all the other ammals tested. Monkeys,
rabbuts, guinea-pigs, sheep and cattle all died from moculation
of the virus, but they could not contract the disease naturally
from one another. Pigs suffered a relanvely mld but highly
infections disease. Although the virus had never been found
naturally in American pigs, 1t seemed to Shope, who did all
this work, that the indications pointed strongly towards the
P1g 2s the natural subject of the disease. It was known that
after imfection, swine developed antibodies 1 their blood
whichcould inactivate the virus. Asinmany simlar problems,
ﬂ}e casiest way to tell whether pigs were infected with the
virus was not to look for the virus, but to see whether the
pigs had developed antibody to it. Thirty or forty samples of
blood from pigs killed in Jowa were tested, and all were
found capable of rendenng the virus harmless. Extending
such worl, Shope found that while pig farms in the eastern
States were not infected, the majonity of pigs in the middle west
had passed through the infection apparently without any
obvious symptoms.
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Mad itchin cows only appears when catile and swine occupy
the same enclosures. Shope suggests that the common
sequernice that ieads ta infection is a cow resting on the ground;
a pig infected with the virus nuzzles around, and its slobber
infects either an existing scratch or a little abrasion made as
the pig tries to push the cow out of the way. From the pointof
inoculation the virus spreads up nerves toward the brain,
On its way it infects especially the ganglia of the nerves of
sensation, and by its action on these nerve cells produced the
intolerable itching around the point of entry of the virus.

In this example of an infection passing from its natural host
toother species we have the same difference in virulence which
char izes the earlier pl ioned, but an ad-
ditional impoctant paint appears. The virus can spread casily
ouly in the normal host species; infection occurs in other
species only hy abnormal and exceptional methods. It is
much easier for a pathogenic micro-organism to multiply in
an alien host when 1t reaches its internal tissues directly than
when it has to make its own way into the uasum A hxghly

ialized adaptation of virus to host cell
for simple contact infection to occur, using thisterm to mcludc
any form of infection of unbroken surfaces, either by droplet
infection or by physical contact. Itis particularly steiking that
of the virus diseases spread in this way hardlyany can be caused
to infect animals of another species by natural comtact. Many
are incapable of being transferred even by inoculation, Of
human diseases in ths group anly influenza is infectious in the
strict sense for any other animal, and here the susceptibility of
the ferret must be regarded as something of a lucky accident.
The same holds for amimal mfcctmns sprcad 1n this fashion,
rmderpest and foot-and th tle, sheep-pox, and
swine fever are all tughly infectious, hut strictly limited in their
infectiousness to their normal hosts, The diseases spread by
yectars which penetrate the skin wath their bite are much more
fiable to infect unusual host species, and most of our examples
of transfer between species have naturally been of this type.
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CHAPTER XIII

THE GENERAL CHARACTER OF EPIDEMICS AND
PREVALENCES OF INFECTIOUS DISEASE

When we come to study the actual occurrence of infectious
disease in the ity, there is an i diate and obvious
distinction to be made between those diseases which are
always present and those which appear in the form of isolated
epidemics. In Australia, for instance, we have always present
such diseases as diphtheria, measles and tuberculosis. Now
and again we have a small outbreak of typhoid fever, and at
long 1rregular intervals some exotic disease hke plague or
smallpox gains a temporary foothold. The ever-present
infections are referred to as endemic diseases, It is usual to
contrast endemic and cpldcmxc diseases, but since seasons of
greatly i d larly called epid are
charactenstic of almost all endemuc diseases, the distinction 15
a confusing one. It is more satisfactory to refer to diseases
whaich visit the community only on 1solated occasions simply
as non-endermuc diseases.

Wemght define an endemic disease as an infectious disease
present 1n a community in which the social circumstances do
not offer any effective barrier to its spread Typhod fever 1s
not endemic in Melbourne or London because effective
sanitation and good water supply allow no opportumty for
extensive spread, but 1t 15 endemic in most Induan cities,
which lack such facilines, In many tropical countrics matana
1 endcmxc simply because there is no check on the breeding

of 3 , and no pra ble way of ing the
population from their bucs, So, while 1n awvilized countries
the only endemic diseases are those which pass readuly from
person to person aither by droplet infection or by transfer of
ighly infective matenal by dircet or indirect skin contact,
there is no necessary lirmitation ta these. The s enereal discases
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have their own special epidemiological characters, which
cannot be usefully discussed along with the diseases spread by
other methods, but excluding these, we find that all endemic
diseases, irrespective of their mode of spread from person to
person, show certain features in common.

The most satisfactory way 1o elucidate the d:ﬂ'crcnc: in
behaviour between i and endemic infe
disease would be ta follow the history of a single disease which
had manifested both types of activity. Althaugh 2 number of
infections are known to have donc so, it is difficult to find
a satisfz y ple for d incipally because no
disease has shown bath phases in a civilized community in
recent times. Inevery availableinstance we have to becontent
with scrappy nformation about one of the phases, either
becanse the account is a century or two old, or because the
outbreak in which we are interested occurred in some remote
savage community and was only casually reported. Actual
examples will be given later, but it may make the nature of
the differences between the non-endemic and endemic phases
more readily understood if we use a purely imaginary
infection and endow it with the general characters of an
infective fever. To show the full non-endemic character, the
disease must be 3 ‘new’ one, i.c. none of the population
exposed to its attack must have had previous experience
cither of the disease or of any infection similar enough to

duce any d ity against it. Further, we
wﬂl assume that the nesw dusease is highly infectious, has an
incubation period of ten or twelve days, and is spread from
person to person by droplet infection, [n the modern world
a new disease of this character is unhkely to appear, but we
may imagine that there are still a few isolated tribes of
primitive peoples harbouring infections which have not
reached the civilized world.

To give a pseudo-realistic account of our tmaginary new
disease, we can endow some tribe in the unexplored centre of
New Gunea with the infection. Some trader or official who
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has penetrated the region contracts the disease and returns
to Australia, still rather unwell, 2 carrier of the new virus.
Since the incubation period of the disease is ten or twelve
days, nobody on his ship would show signs of infection before
he reached Sydney. A few days later, several people from
the ship go down with the new fever, a number of others feet
ill, but go about their work, spreading infection widely as
they do. A little more than a fortnight after the ship reached
Sydney there is a sudden prevalence of iliness in many parts
of the city. Some hundreds of people are 1ll, and the public
health authorities commence to take an interest. Nothing
much can be done, however, and the disease spreads rapidly,
The other states impose quarantine restrictions on New South
Wales, but of course there are some Victorian business men
who must return to Melbourne, and with very little delay the
infection breaks out in Melbourne and throughout the eastern
states, By the end of six months it has visited every large town
in Australia and most of the smaller ones. The new disease is
not a particularly fatal one, and when the figures for the
outbreak become available 1t is found that out of the million
population of Melbourne there were, say, 5000 deaths, very
largely amongst young adults, although wfants and old
people were also fairly severely Int. Something like 100,000
cases were reported, and amongst these there was a stnhing
preponderance of young aduits from fifteen to thirty-five years
Children got off very lightly, most of them either escaping
apparent infection or having a mild attack
This account of the first six months of an imaginary new
infectious discase is built up from what we know of past
eptdemics which struck commusmties whose members had
not previously been exposed to the infection, The important
general attnbutes of such diseases are first that even in the
most serous outbreak some people escape with exther a trivial
illness or no apparent sichness at all, second that while infants
may be highly suscepuble children are always less severely
affected than adults, ofien very strilangly 5o, and third, that

s 1
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have their own special epidemiological characters, which
cannot be usefully discussed along with the diseases spread by
other methods, but excluding these, we find that all endemic
diseases, irrespective of their mode of spread from person to
person, show certain features in common.
Thc most satisfactory way to elumdatc the dlchrencc in
i between d and end

disease would be to follow the hxstory of a single disease which
had manifested both types of activity. Although a number of
infections are known to have done so, it is difficult to find
a satisf: Y ple for di ion, principally because no
disease has shown both phases in a civilized community in
recenttimes. Ineveryavailablei wehavetob tent
with scrappy information about one of the phases, ¢ither
because the account is a century or two old, or because the
outbreak in which we are interested occurred in some remote
savage community and was only casually reported. Actual
examples will be given later, but it may make the nature of
the differences between the non-endemic and endemic phases
more readily understood if we use a purely imaginary
infection and endow it with the general characters of an
fective fever. To show the full non-endemic character, the
disease must be a ‘new’ one, i.e. none of the population
exposed to its attack must have had previous experience
either of the disease or of any infection similar enough to
produce any detectable immumty against it. Further, we
will assume that the new disease is highly infectious, has an
incubation period of ten or twelve days, and is spread from
person to person by droplet infection, In the modern world
a new disease of this character is unlikely to appear, but we
may imagine that there are still a few olated tribes of
primitive peoples harbouring infections which have not
reached the civilized world.

To give a pseudo-realistic account of our imaginary new
disease, we can endow some tribe in the unexplored centre of
New Guinea with the infection. Some trader or official who




GENERAL CHARACTER OF EPIDEMICS 195

place amongst the endemic diseases of the community, pro-
ducing a crop of infections amongst young child: Ty year
or two, and at these times reinforcing the immunity of many
adults, and producing definite illness in an occasional
susceptible adult. In other words, it will be precisely the
same position as our present common endemic diseases—
the diseases of childhood, diphtheria, measles, searlet fever
and sa forth

This imaginary examptle of dusease first striking the com.
munity as a new invader in eprdemic form, and then settling
down as an endemic infection, can be looked upon as pro-
viding a standard epidemiological pattern. Al actual
infectious diseases show a recognizable approach to this
behaviour, but alt have therr own peculianties, and some,
for cxample, tuberculosis and infantile paralysis, appear to
hehave, superficially at least, wn very different fashions. We
may next then discuss what are the factors wluch caase
modifications from our type.

Perhaps the most important single factor is one which it is
not easy to describe in 2 single woed or short phrase. Iwe
have a group ofsusceptible persons all of the same age exposed
1o infection by a micro-orgarmsm, some, for one reason oz
another, may escape infectton entirely, Thase who are
smfected will not all thow the same symptoms. If we take
100 chaldren infected with the diphthena bacllus, it might
easlly happen that ten of them will have typteat diphthena
with membrane over the tonsds and the general symptoms
of fever and so forth. Unless properly treated, some of these
children will die. Another dozen or twenty will have a skight
sore throat, which 1 only likety to be dizgnosed as diphthena
fartention 1y drawn to it by someone elie in the family having
typical diphthersa, The rest of the 100 will have no symptoms,
but if swabs are taken from their throats at the nght tme, the
diphtheria bacitli will be found to be present  In epdemio-
logical discussions, we diside such a group nto “clinical
cases’, those i which a dragnosts can be made by a doctor’s

frz
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young adults from fifteen to thirty-five years provide the
greatest number of cases and usually the highest fatality rate.
There are only two diseases on record which in an unexposed
population fail to show a concentration of fatality at thesc
ages. These two, psittacosis and the encephalitis that caused
an epidemic in St Louis in 1933, become progressively more
fatal the older the patient, Children and young adults are
much less susceptible.

Any epidemic as widespread as our hypothetical one will
result in almest all individuals being infected with the virus,
either with a typical attack or in invisible fashion. Either type
of infection will result in immunity for the time being, How
long the immunity lasts will depend on many circumstances.
A frank ntt:\ck of the disease will prub;\bly give ten or more
years’ i Y, 2 smglc isible infe may give only
a few months, but if it is reinforced, as it may well be, by
repeated fresh contacts with the virus, a substantial long-
lasting immunity may be bult up without any illness what-
ever. When the epidemic has died down in the city, therefore,
well over go per cent of people will be immune, There will
always be a few people who have failed to become infected,
and are therefore non-immune, and the disease may spread
slowly amongst these. It will smoulder, too, in the country
districts, flaring up as it meets a new susceptible community.
This quiescent smouldering phase will last perhaps three or
four years. All the time the community is being constantly
recruited by birth. Each infant arrives with the antibodies
and lmmumty ofits mmhcr, but in six months, or thereabouts,
this i y has disappeared, 5o a new ptible popula-
tion of young children gradually accumulates. Amongst these,
the next outbreak of our new disease will occur as they
represent the only susceptible individuals. Just when and
where the prevalence amongst children begins will depend
on many essentially fortuitous chances of contact, but unless
the virus has completely died out of the community, it will
inevitably occur. As years go on, the new virus will take its
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place amongst the endemic diseases of the community, pra-
ducing 2 crop of infections amongst young children every year
or two, and at these times reinforcing the immunity of many
adults, and producing definite illness in an occasional
susceptible adult. In other words, it will be precisely the
same position as our present common endemic diseases—
the diseases of cluldhood, diphtheria, meastes, scarlet fever
and so forth.

This imaginary example of disease first striking the com-
munity as a new invader in eprdemic form, and then settting
down as an endemic infection, can be looked npon as pra-
viding a standard cpidemiological pattern ANl actual
infections diseases show a recognizable approach to this
Behaviour, but alt have their own peculiasities, and some,
for example, tub Josis and infantile paral appear to
‘behave, superficially at least, 10 very different fashions, ‘We
may next then discuss what are the factors which cause
modifications from aur type

Perhaps the most important single factor is one which 1t 15
not easy to describe 11t & single word or short phrase. If we
havea group of susceptible persons all of the same 2ge exposed
to infection by a micro-organism, some, for one reason or
anather, may escape infection entirely. Thase who are
infected will not all show the same symptoms, If we take
100 children infected with the diphtheria baciflus, it might
<asily happen that ten of them will have typical diphthena
with membrane over the tonsils and the general symptoms
of fever and so forth, Unless properly freated, some of these
children will die. Another dozen or twenty will have a stight
sore throat, whach is onty hikely to be diagnosed as diphtheria
ifattention is drawn to 11 by someone else in the family having
typical diphtheria, The rest of the 100 will have no symptorns,
but ifswabs ate taken from their throats at the nght time, the

diphtheria bacilli walt be found to be present  In epidemio-
togical discussions, we dwide such a group into “clinical
cases’, thase in which a dragnosts can be made by a doctor’s

ue
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ordinary clinical examination of the patient, and ‘subclinical
cases’ where the {act that the micro-organism can be proved
present by bacteriological methods is the only evidence of
infection. Our first factor, which is responsible for the
differences between epidemics, can now be expressed more
concisely as the proportion of elinical to subclinical cases.
This may range from g5 to gg per cent of clinical cases in a
measles outbreak to something as low as 1: 5000 for infections
by the virus of infantile paralysis in certain countries.

We do not know why some people have subclinical in-
fections and others clinical ones. Probably inborn individual
differences, genetically determined, play a major part but,
in addition, we have to ider what is technically calfed the
question of dosage. In all experimental infections, and pre-
sumably in all human ones, the dose of virus or bacteria which
enters the body plays 2 large part in determining the outcome
of the infection. We know, for instance, that a child whose
brother has diphtheria in the same house 15 very much mare
likely to develop climical diphtheria than if he were exposed
only to the casual contacts of the school and playground. All
that any statement as to the proportion of clinical to sub-
clinical infections can mean is that under the particular
conditions of the community referred to this is the average
result observed. In some other community the same type of
infection might show quite a different proportion.

The next factor to be considered is the readiness with which
transfer of infection 1s effected, and this in its turn depends on
various subsidiary factors, Keeping to the endemic droplet
infections, we must consider first the liberation of infective
material from the patient or subchnically infected carrier. In
measles the virus appears to be liberated into the secretions of
mouth and nose for only a few days during the stage just before
and just after the appearance of the rash, so that infection can
be spread only during that period. In diphtheria the bacilh
remain much longer in the throat, often for several weeks,
while in tuberculosis a patient may be actively infectious
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for months or years For every patient with an infectious
disease we could, theoretically at least, prepare a graph to
show how infectious he was for others at different periods of
his illness. Most of these graphs would show a rather sudden
tise from zero to a peak of maximum infectiousness usually
a day or two after the beginning of actual symptoms, with
2 more gradually sloping hne tk frer, The slope i
the disappearance of infectiousness 15 on the whole much
steeper for virus diseases like measles or influenza than for
bacterial infections like diphtheria. The virus diseases
probably make up for this by liberating more infectious
material during the brief period of their infectiousness Other
things being equal, if one micro-organism is hberated 1n
greater amount than another, there will be a corresponding
difference in the ease with which infection spreads.

Then there may be alf sorts of variations in the intermediate
stage of transfer when the virus or bacterium 1s actually in
transit from one person to another. We often find that ‘close
contact’ is necessary for the easy spread of infecnion, i.e. that
people must be intimately associated and not Just come near
one another in public conveyances and the like, It does not
necessarily mean that we can say in any given instance just
what close contact signifies from the point of view of the
actual mechanics by which theinfection passes. Inboth World
Wars, cravided camps and barracks showed hugh incidences
of some of the typical ‘droplet’ diseases, especially meningitis
and the streptococcal throat infections associated with
theamatic fever. In the first World War it was shown that
the intensity of meningitss was directly related to the degree
of crowding in army huts used as sleeping quarters, and 1t was
thought that the reason was simply that the infectious droplets
had to pass a shorter distance from carrier to new susceptible
host. In the second World War the most popular mnterpreta-
tion of the spread of infectious disease in sleeping quarters
was quite different. The floating droplet was regarded as of
mmnor importance in comparnson with contarunated bed-
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clothes and floor dust. Byonemeansoranothersaliva and nasat
secretion can easily contaminate blankets or ather textiles, and
when these are shaken clouds of bacteria arc liberated into the
air and eventually settle as dust, The inhalation of dust raised
during bed-making and sweeping was the important factor
and special techniques for oiling floors and treating bed-
clothes were being rapidly extended at the end of the war

At the present time there is 2 somewhat similar difference
of opinion as to the means by which the paliomyelitis virug
spreads by close contact between children, According to one
school it is by draplet infection, according to the other, faccal
infection is transferred via fingers and playthings.

Finally we come to factors involving the recipient of the
infection. By far the most important are the interrelated
conditions of age and past immunity which will be discussed
w a later chapter. But even if we take a group of individuals
all of the same age and all without previous experience of the
disease concerned, we will still find differences in what results
from similar exposure to infection. Some of the differences
are constitutional, determined by inheritance. A few years
ago there was published from New York an account of an
investigation of tuberculosis in twins. As most people know
twins are of two sorts, identical and non-identical. A pair of
identical twins arise from the same fertilized ¢gg and have an
wdentical inheritance, non-identical twins come from two
separate eggs and need be no more ahke than other brothers
and sisters. In the New Yor), investigation, the records of
tuberculosis in the State were cambed for the names of
patients with tuberculosis who had a twin brather ar sister.
Whenever possible both twins were located and carefully
examined from two points of view, first to discover whether
they were identical or dentical twins, and dly, as to
whether the ‘other” twin also suffered from tuberculosis,
The results were very stnkmg  Of the thirty-nine pairs of
jdentical twins no less than thirty-four showed both twins
jnfected with tuberculosis, and 1n most cases the disease was
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of similar severity in each, In contrast to this 87 per cent

pond in identical twins, the incid in non-
identical twins was 25 per cent, almost exactly the same as in
non-twin brothers and sisters in the same families. The latter
will of course have many genetic characters in common with
the “index’ case of tuberculosis, and be exposed to much the
same chance of infection so that a igh incidence might be
expected. Finally, when husbands or wives of tub 1
“index® twins were examined, the incidence of tuberculosis
was 7 per cent. Here there were no genetic factors necessanly
concerned, but a high exposure to mfection. The only
conclusion possible was that inheritance plays by far the
major part in determining the chnical result of infection with
the tubercle baciltus.

There are hints that the result of infection with the virus
of poliomyelitis are also mfluenced by the genetic make-up of
the child concerned, and here and there we come across
stories of twins showing remarkable resemblances in their
Tesponse to some infection In the experimental field, too,
there are strains of laboratory mice which differ sharply m
their response to the same infection. One strama is much more
susceptible to tuberculoss than any others. There is another
which is quite insusceptible to several viruses which in
ordinary mice produce regularly fatal bram infections.

1t 15 almost humiliating to have to confess that we have as
yet no clues as to how genetic factors can influence the
resistance of the body to disease. The fact is unassatlable, but
there is hardly even a hypothesis to account for its mechanism.

‘Then there are minor physiological factors, some of them
with a genetic background which may mfluence the result of
infection, The strength of the acid in the stomach varies with
the phase of digestion, and 1t 13 reasonable to believe that
when cholera or dysentery bacilli are swallowed they are
unlikely to reach the intestine if the stomach contains food
\m.d:rgomg active digestion in what is normally 2 highly acid
fluid. On the other hand, dangerous bacteria swallowed with
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a drink of water on an empty stomach are almost certain to
pass rapidly into the intestine without coming under the
antiseptic action of the gastnc acid. The variability of the
typlc:xl Tespiratory infe , infl and the cald
is notorious, and it has been suggested that the amount of
mucus secretion on the respiratory surfaces may have much
to do with this. Influenza viruses have what might be called
an ambivalent attitude to mucus, They enter the cell through
mucus-like substances in its surface layer, but they are
blocked temporarily at least by mucus outside the cell. There
are possibilities here of some finely balanced situations which
may be tilted toward infection or failure to infect by small
general or local changes in mucus secretion.

In thelast five years a big effort has been made to bring the
commaon cold into the laboratory, with only limited success.
It is still impossible to grow the virus anywhere except in the
human nose, so that the laboratory must be furnished witha
steady supply of volunteer *human guinea-pigs’ if effective
work is to be done. Ordinary experience embedded in the
very name suggests that we catch a cold as a result of infection
with a virus at a time when the nasal mucus membranes are
in an abnormal condition as a reflex response to chilling in
some part of the body. There may be some truth in this, but
what experiments have been done in recent years have failed
to prove that cold has anything to do with colds.

It can be taken as broadly true that under-nourishment of
any sort, undue fatigue, and bad environments prejudice the
chances of the body overcoming the infection. Poverty and
war arc the two most potent helpers of infectious disease.
Both, of course, act in many different ways, almost all toward
the same unfortunate result. In the slums, overcrowding and
personal uncleanhiness favour the spread of infection, under-
nounshment increases the severity and the chance of death.
All that can be said for a slum environment s that, if children
survive to ten or twelve, they will usually have acquired a very
substantial immunity to all the current diseases.
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With so many complex and variable conditons to be
considered, it is no wonder that the only practicable method
of treating the available data about the preval of disease
Is statistical, Detailed ¥ igation of particular §
of infection may often provide mformauon of much value,
butch playssogreataparting i hether, when,
and how severely any individual s attacked that any general
conclusions must be based on large numbers of experiences,
treated according to proper statistical methods. In mest
civilized countries, statistics are available as to the numbers of
deaths from o}l the infectious diseases, and for the numbers of
cases notified of certain scheduled diseases, nsually the more
serious infections. As a rule, the age and sex distributions of
cases or deaths ave alsa available. For particular outbreaks
which have aroused pubhc mterest, it is generally pussible
to obtain weekly totals of cases or dcnths, and to ascertamn in
what icipalities or other ad dustricts they
occurred. In general, this wformation is the row material
from which the epidemsologust must draw s generalizations
and hypotheses,

For those who are 1in the historical and statistical
aspects of epidemiology, there is avarlable an unrivalied semi
popular account wn Greenwood”s Efidemict and Crowd Drseaser,
Our object here 13 quite distinct from his. It 15 to touch on

only as hify the general biok 1

pmccsscs of interaction between hving spccxcs, and

to d ate the sig of the
lmmumty which we described m earlier ch

on the large-scale phenomena of infectious disease



CHAPTER XIV
EPIDEMICS OF ENDEMIC DISEASE

The first general characteristic of endemic disease which we
will touch upon is the distribution of cases according to time.
Everyone knows that the childhood infections oceur in
epidemics or prevalences with intervening periods in which
the disease is either absent or at least significantly rarer.
When the data arc arranged in the form of a graph with time

NOTIFICATIONS DF HEASLES AND DIPHTHERWA, SOUTH AUSTRALIA, 194-1920.
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Fig. 4. Waves of prevalence in two endemic discases, measles and
diph The monthly ions of measles (heavy continuaus hinc)
and diphthena (broken line) in South Austraha over a period of five
years.

along the horizontal direction and the number of cases or
deaths shown vertically, we have for nearly every endemic
disease a more or less regular wave form, the crests of the
waves representing the times of epidemic. The graph (Fig. 4)
shows examples of such wave-like curves for measles and
diphthena in an Australian community.

In these oscillations we have an example of the general
biological principle that really stable equilibria between
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species are never attained. There are always short-period
variations in favour of one or the other, and only by using
relatively long periods as our units of time is it possible to
say that a real equilibrium between the species exists. Except
for such very slowly acting infections as tuberculosis, an
infection can never keep spreading at just the rate necessary
to infect as many susceptible individuals each month as are
entering the ity by birth or i ion, When we
have an epidemic at its height there are large numbers of
indwviduals who can serve as sources of infection, and there is
a high probability that any susceptible will contract the
infection. With ext of ptibles, the epidemic dies
down rapidly, and what cases occur will have little chance of
passing on their infection. The rate of spread of an epidemic
at any moment 15 not only a function of the number or density
of susceptible persons available, but of the number of sources
of infection as well. An epidemic will affect some of even 2
small proportion of susceptibles 1f the number of infecting
indwiduals is large, but if there are very few sources of
infection, the chances of the same small number of susceptibles
escaping infection are more than proportionately mcreased.
Perhaps a diagram will make this clearer. InFig. 5are shown
the Iines of infection from one case to another at various stages
of an hypothetical epsdemic, starting m a wholly susceptible
population. The incubation period is taken as a week, and
three four-weekly periods are shown It is assumed that once
an individual has been infected he becomes immune, and
undemneath are shown the proportions of susceptibles and
immunes at each period In the first month, one case at the
beginning gives rise to ten at the end of the period, at the
peak of the epidemic many cases have no opportunity of
fecting others, but there are still the same number of cases
at the end of the period. As we approach the end of the
epidemic, very few lines of infection can be contmued, for all
the contacts of most cases are already immune. Ifthe epidemic
1s one like measles or influenza in which the mfective period
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of any infected individual is limited to a few days, the disease
will die out completely in a community when the proportion
of susceptibles reaches a certain Jow level.
Itis qultc possible for a largc city like Melbourne to be
pletely free from epidemic infl or measles for two
or three ycars Of course, epidemics of such diseases do not
all occur simultaneously in different places, and what happens
is that there is a kind of irregular peregrination of the infection

B :m@%\é

Fig 5. A diagram to ndicate the courte of a typical epidemic. Each
aicle represents an infection, and the connccung lines indicate transfer
from one case to the next. Black circles represent mfected individuals
who l'znl to infect others, Thr:: periods are shown, the first when

the whole popuk the second at the hesght
of the epidemic, and the third at lhe close, when most individuals are
smmune The proportions of susceptible (white} and immune (hatched)
indviduals are indicated 1n the rectangles beneath the main diagram.

around the various communities of a country, or, now that all
countries are hnked by rapid transit, of the world. By the time
1t returns to our original community, a fresh population of
susceptibles has arisen, and the process is repeated.

When there is not the same limited period of infectivity, 2
different state of affairs develops, and carriers play an
important role. In diphtheria, for instance, the bacilli may
pessist for months after mfection, pamcularly if the nasal
cavity bccomcs infected. Ifa fcw such carriers persist during
the period following an ep preval even if the
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proportion of susceptibles is Jow, a few cases will keep on
occurring; there will therefore be no such striking ups and
downs a3 there are with measles and influenza, and no periods
in which a large community is free from infection. Carrers
are nearly always found in bactetial or protozoal infections,
much less commonly in those due to viruses.

3o far we have ascribed the waves in intensity of endemic
diseases only to the variations sn the number of susceptible
individuals in the community, There is only one disease whose
epidemic behaviour may be determined almost wholly by
such variations in the number of susceptible mdividuals, Thas
is measles, when it oceurs in such a large, densely poputated
avea as London. There 13 an almost regular two~yearly cycle
of measles in London with the highest incidence in the spring
of oue year. This is followed by a virtual disappearance of the
disease 1ill next spring when there 1% @ smaller r1se in the
number of cases. Then there is a short-lasting fall in autumn
with a steady build up of cases during the winter to the next
spring peak of measles, There ave, of course, vanauons from
year to year but the generat pictuse 5 consistent. In smaller
commumaties, however, the regulanty disappears and all one
can say is that measles outbreaks occur at intervals of a few
¥ears. In country villages in Yorkshire the mrervals tended
tobeabout une years, and in 21l Austrakan states the eprdenuc
prevalences have been at very wregular intervals. Ttis self-
evident that an emdemic cannot nceur usless there are
sufficient prible sndrvidual ilable, but the mere
aceumulation of suseeptible persons is not sufficient 1o ensure
that an epidemic will at once amse. For such diseases as
measles and infl which will frequently disapp
completely from even large communities, the virus may need
10 be reintroduced from outside for an epidemic to accur.
Other wnfections ke diphthetsa, scarlet fever and whooping
cough areatways present t stent, and thewr preval
are determined both by the accumulation of suscepubie
children and by seasonal factars, Some partscular types of
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weather seem to favour the spread of one or other infection.
We might expect that all droplet infections would respond
similarly to weather changes, and we should be inclined to
think that winter would be the season of greatest incidence
for all of them. Actually there are considerable variations
from one type of infection to another. In Australia we find
diphtheria has a fairly regular prevalence in late autumn and
carly winter (April 10 June): scarlet fever shows some
tendency also to be more frequent in winter, but there is
no regular prevalence at this time, Measles epidemics occur
at very irregular intervals, but when the disease persists for
a year or two its highest incidence is in spring. Whooping
cough has a well-marked spring and early summer prevalence
in all the states of the Commonwealth. Infantile paralysis
used to be equally regular in its concentration on the months
of late summer and autumn just as it does in the northern
hemispt Since 1937, h , this seasonal distribution
of poliomyelitis has ct 4 iderably in A lia and
long-lasting epidemics running through the winter have
been the rule.

The reasons for these seasonal prevalences are still largely
matters for conjecture. In all probability, scason may affect
both the ease with which infection is transferred and the
susceptibility of the recipient. Colds, feverish colds and
influenza are largely concentrated on the winter months.
Though it is perhaps no more than an intelligent guess to do
50, we may ascribe this to the combined action of a heightened
susceptibility of the hining of the nose and air passages to
infection in cold and changeable weather, and to the greater
crowding indoors with increased opportunity for the transfer
of infection. On the whole, changes in the susceptibility of
the individual are probably more important than changes in
the degree to which he is exposed to infection. In most
instances consumption is a result of the flaring up into activity
of a tuberculous infection of the lung which has been initiated
years before. Itisnota result of a new infection by the tubercle
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bacillus, It necessarily follows that the well-known tendency
of tuberculosiz to show increased activity in spring is wholly
due to changes within the patient. Similar seasonal changes
in the functioning of the body may possibly be responsible for
the seasonal variation of other infectious diseases, the real
variation being not in the case with which infection is spread
but in the changing ratio of clinical to subchnical infections.
The influence of weather and climate oa the human body is
probably far more important than is genevally reabized,
and there is a big field available here for future research,
1f'we go beyond the diseases spread by droplet nfection, we
will usually have to go to the tropics to find them endemic in
the sense that diphtheria and mnft are in the temp
zones. Plague 1n Indsa has a sharp seasonal incidence, most
of the cases occurring in the north-west 1 March, Aprit and
May. Since human plague is, as it were, an overflow via the
fea from endemic plague 1 rats, the periodicity of human
outbreaks depends on the influence of climate on the comph.
cated interaction of rat, flea and plague baclfus. In the
Punjab the bacillus gets the upper hand duzing the hotseason,
When plague was endemic in England from the fourteenth
o the the outbreaks were also always
during the summer. Any disease which, like plague, depends
o2 the transference of snfection by some insect or tick will
obviously have its seasonal incidence largely or wholly
determined by the ife history of the insect responsible.

In our temperate chimates and civitized communities the
only intestinal disease which mught he called endemue is
iqfanmc dysentery, which, as its more usual name of summer
diarthoea, 1ndicates, 15 almost entirely a disease of the hot

months. Asusual, th d prevalence 13 probably a vesult
of severat factors, dirmrushed resistance of the mfant, greater
bability to bactertal of milk by h fhies and

freer multiplication of bacteria i the mulk once it has heen
wfected Fhies may be one of the most impertant factors, It
has been suggested that summer disswhoea in Loadon has
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been almost eliminated by the motor vehicle, The motor has
driven the harse from the roads, and so removed that favourite
breeding-ground for house-flies, horse manure. Post hoe or
propler koc, summer diarrhaea and horse traffic have diminished
at almost equal rates.

Waves afany sort need more than just the interval between
their crests to describe them fully. We must also know the
height of successive waves above the troughs and something
about the shape of the wave, This applies just as much 1o the
canventional waves which appear in a graph of the prevalence
of an endemic disease as to the waves of the sea. We have
d why i d preval oceur periodically, and
what factors influence the times at which they occur, Wehave
yet ta deal with what determines haw hig the epidemic will be
when it does occur.

One of the important factors will obviously be the number
of susceptible individuals present at the beginning of the
prevalence. If instead of coming every second year meastes
remains absent for four or six years, when it does recur the
number of susceptible children available and hence the
number of cases, will be proportionately greater, During the
earlier history of Melbourne, measies recurred at rather long
and nregular intervals, and the number of deaths in each
epidemic showed a rough proportionality to the length of
the interval during which the virus had been inactive.

Table I Messles epidemics in Melbourne
Epdemic ... .. 1866-7 t874~5 18%0 1884 1837 1893 1898 1900
Prevtous free mterval
(years) 6 7 4 3 2 3 4 3
Number of deaths 433 733 1p4 176 64 386 403 95

As we have frequently had to remark, other infectious
diseases are not so easy to understand as meastes. We can by
o means ascribe all the vanations from epidemic to epidemic
of diphtheria or scarlet fever to mere differences in the
aumbers of susceptible children available, YWhen a particu-
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larly lasge or severe epidemic of dipbtherin accus, it is
usually found to be due ta the activity of  strain of the bacallus
different from those previously in the communisy. Diphtheria
and scarlet fever are both what may be called composite
diseases. Each is caused by a number of recognizably
different bacteria, all producing the same tovin, and there-
fore the same general symptoms, and all stimulatng the
Productionofth typeofantitoxin, T ity develop
againast one stepin is therefore effective against any other
strain,

‘When a new, wore virulent stram appears in a community,
theincrease m the number of cases i chuefly due to an increase
i the ratro of elsnical to subclinical cases  Similar numbers of
susceptible chuldren are infected, but a greater proportion
of them show recognizable symptoms of disease. In all such
outbreaks due to a more virulest type of micro-organusm
already endemic, the age mcidence of disease remams moch
the same ay previously. Even the sudden widespread ap-
pearance of diphthena m many parts of the world around
1838 affected almost entrely young chuldren. So did the
severe epidemics of scarlet fever which occurred ten or twenty
‘years fater.

The story of scarlet fever 1 mare complicated than that of
diphtheria The vanous types of diphthena bacitls have more
in comunon than the streptococa: responsible for searlet fever,
The exact quality which allows some streptococei and not
others 10 produce scarlet fover has not yet been sdentsfied.
A diminsheng number of b A sl beleve that
a Strepiocorcus alone cannot cause scarlet fever, According to
them, a virus aad a Streptocecus together are necessary. The
Virus attacks the cells of the throat, damaging them sa that the
streptococes can flownish there and produce toxin in large
amount. Unfortanately for the theory, no one has yet
suceeeded m demonstratyg the presence of a virus in scarler-
fever throats. The streptococar are always present, and in at

least one experiment such streptococcs proved capable of
('

1
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causing typical scarlet fever in two non-immune volunteers
whose throats were sprayed with a pure culture of the germs.
There is no doubt that there are very many sore throats, mifd
and severe, which are caused by streptococei, but which are
not accompanied by a scarlet rash and are only very slightly
infectious for others. To produce scarlet fever, a Streptococcus
must have both a high infectiousness and ability ta producc
toxininlarge Thesetwo qualitiesmaynot:

go together, There is a third quality of great importance in
determining the result of streptococeal infections which is in
its turn independent of these two, This is the invasiveness of
the germ, its power to multiply in the tissues and to spread to
other parts of the body.

All sorts of combinations of these qualities may be found
in streptococei, and the results which follow infection of the
throat are correspondingly varied. A realization of this
variability makes it much easier to understand, in general out-
line at least, the very complicated and obscure history of the
epidemics of scvere throat infections before the period of
bacteriology. Scarlet fever in its uncomplicated form is
nothing more than a fairly severe form of poisoning by toxin
produced by streptococci in the throat. There need be only 2
mild degree of local invasion and no serious spread to other
pants of the body. The scasles rash which aliows the dagnesis
to be made is wholly a reaction of the skin to toxin in the
blood. Itis clear that those who have developed antitoxin in
their blood as a result of previous contact with toxin-pro-
ducing streptococcr will not have scatlet fever. The presence
of antitoxin will not, however, protect against invasion by
virulent forms of streptococci, so that a strain which produces
scarlet fever in a susceptible child may produce 2 severe sore
throat without a rash mn a person who is immune to scarlet
fever by virtue of his antitoxin. To become immune to the
invasive power of such a Strep requires the assi: of
anttbodies against the surface antigens of the micro-organism
as well as antitoxin. Unfortunately, while there is only one
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scardet-fey er toxin, there are at kease twenty different sorts of
antigen which may compose the surface of scarlet fever
streptocoeci, each needing a differemt type of antibody to
check invasiveness.

With all these complications one cansios be surprised that,
more than any other infectious disease, scarlet fever hasshown
wide differences in severity at different perods. In the
aighteenth century there were stnous epidemies which were
probably due w swep of gh infecti and
invasiveness, bus with bittle power to produce toxin. Ordinasy
mld searlet fever was also prevalent,

There were fi in the extdy h century,
thenasteady increase in severity which culminated in a period
of thirty years from 1820 to 1880 when scarlet-fever epidemics
were frequent and severe both in England and Awstrabia,
The streptacocct active then combined Iugh degrees of
infectiousness, toxin production and nvasiveness, and the
death-rate amongst childven rose tragically, After 1880, the
severity of scarlet fever diminsshed, and at the present ime it is
on the average probably malder than at any tme in its history

The common virus diseases, which in addition to measles
include gesman measles, chickenpox and mumps, all behave
s if the only important factors were the ease with which the
virus passes from person to person and the proportion of
susceptible people in the community at the ume of its activity.
There 1s no evidence of any significant vartation in the viru-
Lence or other charactenstics of the virus from one eprdemic
ta another, With inft and pe yelitis the cond,
are more complex, and these two important diseases are best
Teft for individual discussion later,

The Australian expesence of rubella (german measies)
dunng this century offers some interesting evidence of the
fonstancy of the virus concerned, Until 1940 german measles
was universally considered 1o be the mildest of all infeetions
discases. Comphcations were unknown and no treatment

was necessary. Then in 1940 2n Australian ophthalmologist
"z




2tz NATURAL HISTORY OF INFEGTIOUS DISEASE

{Gregg) reported that he had scen a large number of cases
of congenital eataracy (opacity of the Jens of the eye) in babies
whose mothers had suffered from german measles during their
prcgnnncy. It mpxdly became clear thar, in addition to these
L K 1= hahies gvere bcmg bora mr or with
. . . ro T -Finfaction
in the wterns gunng wr v . ther’s
pregnancy, In Australia duting the years 193g-42 Lus.owere
probably 406 to 500 infants born with cangenital damage of
one sort or another resulting from german measles infection.
Elsewhere in the world sufficient simitar cases were discovered
to make it clear that the Australian experience wasnot unigue,
but nowhere clse was there evidence of a virtual epidemic of
congenital infection such as occurred in Awtralia, The
question was raised as to whether thi capacity to produce
ante-nataf infection was a few property of the rubella virus
first manifested in the Anstralian wartime epigemic. Why
otherwise had 50 common a disease as german measles never
shown this frightening ability to invade the embryo before?
A wholly convincing answer has recently been provided by
Lancaster in Sydney by the simple procedure of tabulating
the birth dates ofall persons listed as deaf-mutes on census and
ather records. He has found thar i Australia these fiave been
several perfods where many such burth dates aze concentrated
within afew months  In 1900, for mstancc, thegraph of bmhs
of people subseq ly regi § f-mutes p
typical epidemic curve whose pcak was Six Of seven momhs
after that of the rubella epidemuc responsible. The answer
then is umply that congenital damage by german meastes in
pregnancy had been occurnng for at east forty years befors
Gregg recogmized ¢ in 1940 There had been no change in
the virus. It was simply that nobody in Australia had been
jnteresced enough to wonder why so many deaf-mutes seemed
10 have beert bom about the same time.

It may well be that Austratia has differed somewhat from
mare populous parts of the world in having longer inrervals
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between successive rubella epidemics. There had been very
e rubella in Answralia between 1925 and the wartime
epidemic, so that an unusually large number of young women
had had no opportunity of developing immunity during their
childhord. In wartime of course thers was far greater
eppottunity for the rapid spread of any disease of this type
amongst young non-mymane adults than in peace time. Both
measles and german measles were rife in the camps and in the
civihan population. This time the toll of damage on the
unbom children could not escape notice.
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(Gregg) reported that he had seen 2 large number of caves
of congenital cataract {apacity of the lens of the eye) in babies
whose mothers had suffered from german measles during theis
pregnancy. It rapidly became clear that, in addition ta these
eye changes, other babies were being born deaf or with
congenital malformations of the heart as o result of infection
in the uterus during the early months of their mother's
pregnancy, In Australia during the years 193g-42 there were
probably 400 to 500 infants born with congenital damage of
one sort or another resulting from german measles infection.
Elsewhere in the world sufficient similar cases were discovered
to maheit clear that the Australian experience was not unique,
but nowhere else was there evidence of a virtual epidemic of
congenital infection such as occurred in Australia, The
question was raised as to whether this capacity to produce
ante-natal infection was a new propesty of the rubella virus
first manifested in the Australian wartime epidemic. Why
atherwise had so common 2 disease as german meastes never
shown this frightening ability to invade the embryo before?
A wholly convincing answer has recently been provided by
Lancaster in Sydney by the simple procedure of tabulating
the birth dates of all persons histed as deaftmutes on census and
other records. He has found that in Australia there have been
several periods where many such birth dates are concentrated
within a few months. In 1900, for instance, the graph of births
of people subsequent! i i as deafmut ided 2
typical epidemc curve whose peak was six or seven months
after that of the rubella epridemic responsible. The answer
then 18 simply that congenital damage by german measles in
pregnancy had been occurnng for at Jeast forty years before
Gregg recognized tt in 1940. There had been no change in
the virws. It was simply that nobody in Australia had been
interested enovgh 1o wonder why so many deafemutes seemed
to have been born about the same time.

Tt may well be that Australia has differed somewhat from
more populous parts of the world in having longer intervals
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smallpox prevalence in London increased irregularly but
istently, and th hout the eigh h century an
average of about 1500 deaths per annum were ascribed to
smallpox. By the middle of the century, practically every
chitd bor in London or m one of the larger pravincial cities
sst have been exposed $o infection casly 1n childhood.

Smallpox now was almost entirely a discase of early
childhood, over go per cent of deaths occurring under the
age of five. In the figure are shown the distribution of small-
pox deaths in Manchester £769-74, according to age. This
concentration on childhood was not, however, an intrinsic
characteristic of eighteenth-century smallpox, In small
country towns, there were frequent cases amongst adults, and
records are avatiable of an outbreak 1 a small Northampton-
shize town in 1725-4 where the mortality was about 30 per
cent in those aged twenty to forty, about 23 per cent in
wiants under five, and ouly 8 per cent for the ages five to
tventy.

During the nineteenth century, smaffpox became steadily
Tess prevalent in England. Widespread vaccination probably
played a large part in its disappearance, but 1t was rot the
only factor at work, As she disease dummshed m frequency,
the curves of age-mcidence of deaths from smallpox showed
a characteristic change, with a progressive dimnution of the
peak 1n infaney and an assoeiated rise i intidence in young
aduls life, This change was by no weans wholly due to
vaccination in mfancy protecting the younger children, In
the same figure (Fig, 6) is shown the curve of age-ncidence
amongst i d i who d Hp
in the mild Sydney epidemic of 1913-v4. In this epidenuc,
39 per cent of cases fell 1n the age group twenty to tharty.

In smallpox, then, we ste a complete cycle Startmg as 2
sparadic dissase with tts most senous inaidence on yourg
adults, it ncreases i prevalence and becomes more and more
a disease of chuldhood—at its most intense, of wfancy-—then
a3 it dwindles, the proportion of cases in childhood dminish
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CHAPTER XV

THE AGE-INCIDENCE OF
INFECTIOUS DISEASE

We have already indicated the importance of the age-
incidence of infections in relation to the degree of immunity
in the community, and given an outline of the general
situation in the description of our hypothetical “new discase’.
Although we have adopted this point of view, it is by no means
universally current. Probably the average person, if he thinks
about it at all, would consider that children are more prone
to the common infections than adults because they are weaker,
with more delicate tissues, and unable to respond so effectively
to the attack of discase germs. The thesis that children aremore
resistant to infectious discases of which they have had no
previous experience, than are adults in the same condition,
g to be established by an adeq amount of evidence.
The most convincing illustration of this contention will be to
show that a disease which at one time or place is an endemic
mfccuon with a typical incidence in childhood should, under
i where a population has not previously been
exposed to it, provide a sharper incidence on adults than on
children. Two dlscascs which exemplify such changes are
{lpox and # ile paralysis (poliomy

The history of smallpox in England is 1Ilummaung Before
the Stuart period, smallpox appears to have been rare, the
first considerable epidemics in London being in 1628 and
1634. These attracted notice largely on account of the number
of young adults attacked. This characteristic of the discase
continucd for some years. Shortly after the Restoration in
1660, a brother and a sister of Charles I died of smallpox,
and other deaths of notable persons are mentioned in memoirs
and diaries of the period. Smallpox in children was said to
be mild and rarely fatal. From the Stuart period onward,
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and those of young adults increase, until now it has almost
the same epidemiological character as at its first appearance.

The behaviour of poliomyelitis—the old name of infantile
paralysis is now passing out of use—is more difficult to
understand than that of smallpox, but it is more interesting
and of more current importance. Poliomyelitis is the one
infectious disease which has become more widespread and
severe with rising standards of living in the western world.
It exemplifies particularly well the way a disease differs in
age-incidence according to the circumstances of the popu-
lation it attacks.

Poliomyelitis was recognized as a distinct disease fairly
early in the nineteenth century, but it was always rare and
was not considered an infectious disease. The first ¢pidemic
of the disease to be deseribed occurred in Sweden in 1887.
Since then there has been an irregular but consistent extension
of epidemic poliomyelitis to other countries. In general, the
more advanced a country in its standards of hygiene and
general living, the earlier did it experience epidemics of
poliomyelitis, For thirty years epidemics were almost
confined to Scandinavia, north-castern United States and
Canada, Australia and New Zealand, In recent years
epidemics have been more widely distributed, but there is still
a general correlation between high-living standards as
evidenced, for example, by a low infantile mortality and the
frequency of poliomyelitis There 15, however, one striking set
of exceptions to this rule, the epidemics which have occurred
amongst people in remote island or Arctic communities. Such
outbreaks have been observed in Guam, Samoa, New Guinea,
St Helena and the Hudson Bay Arctic. At the present time,
1951, a typical ‘virgm soil’ epidemic of poliomyelitis is
petering out in the Gilbert Islands of the eentral Pacific. In
these epidemics the brunt of the disease 1s bome not by
infants and young children but by adolescents and young
adults. In the Arctic epidemic of 1949 the small Eskimo
community concerned was devastated over its whole age
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countries have always involved older cluldrer, especially the
five to ten age group, and with tha years there has been an
increasing proportion of young adults, » group which every-
where shows an abnormally high deatherate,
In many ways the epidemiology of pclmmy:hus is the Tmost
ing and Muminsting of any infectious disease, To
undcmand it we must first say something about the way
infection sccurs and how symptoms are produced. The polio
virus is far commoner than the paralytic disease that §3 it
mott important manifestation  In any large Ametican ity
the varus can wsually be shown to be circulating through the
community during the late summer months even when there
i no frank cpidemic. Hy appropriste tests evidence of
infection in the intestine can be ohtamed from 3 smalt
percentage of children—but the percentage is large enough to
make it Bkely that by the ume they are ten to edeven years of
age almost all children have been anfected at least once by the
virus, When one considers the difficufty of isofating the virus,
itian cxzraordinary fact that in any summer when polio-
myelids is present in New York er Chtcago, polio virus can be
Bolated fom a few cubic centimetres of oty sewage From
any of the mam ourfall chamnels. It gwes 2 very vavid
eabization of the wide extent of fnvisible infection that goes
on in the presence of relatively fow cases of paralysis
Infection is ravst commondy transferred from chald to child
at the age when they first tend to mingle 1 play or other
activities with chitdren from other familses than therr own,
Close asocration between children is necessary, but it ss seill
2 matter of some omtmvcrsy as m !hc common means of
tranefer, Somebelieve that ionof
fingers with excreta i the most wnportant factor. Others,
Probably still a majerity of those with direct expertence of the
disease, ttank that air-borne transfer of infected droplets of
saliva Iy more important, Primary infection of humean eells
may take place exther 1 the throat or m the bnng of the
intestine, In the majority of cheldeen the vieus multiphes w
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range except that there were no cases of paralysis in infants three
ears of age or under. The paralysis rate was 40 per cent, the
mortality 14 per cent of the whale population, The only large
epidemic of this type which has been accurately reported is
one which occurred in St Helena in 1947, A graph showing
the age-incid of di d cases by five-year intervals in
the St Helena epidemic may be contrasted with two similar
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Fig. 7. The ag de of is 1 , Malta
19423, St Helena 1946 and Victoria 1949, The pereentage of the total
cases falling 1n successive five-year age groups 1s shown.

graphs, one for the 1943 epidemic on Malta and the other
for a typical epidemic 1n an Australian state (Fig. 7). These
three types of age-incidence broadly cover all the epidemics
of which we have records

The first epidemics in Scandinavia, North America and
Australia all showed the typical “infantile paralysis® picture
wath the major incidence in children under five—the graphs
would be almost the same a3 that of the Malta cpidemic.
Since about 1920, however, polio epidemics in the advanced
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This graph will allow 2 simple explanation of the changes
mthe age-incidence of poliomyelitis. When th virus
w the population hay the character depicted by curve C,
and when the Tiving standards of the comuunity are such
that infecsion spreads eamly at an ealy age, most fnfctions
and immunization accur before children are more than three
or fous years old. AH that will be seen is x case or two each
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Fig 8 A graph 10 imdicate the mftuence of age on the result of wfection
wok poliomyeliss virases of dhfferent vasveness 1 ¥ memben of the
communsty zre wfected (hne A4CY) the modence of poralpas tsght
Be s D, BY €3 for strains of decreasing nvesiveness, while the ineidente

of drath 51 each age for the wowt wvasse stam mught be as kme 4%

yeas in unucky ususually susceptible mfants. When a highly
Tnvashye strain of virus htke A1 brought 1n, a hagher proportton
of paralytic mfection ovcurs in those mdsvaduals who havenot
Previously been smmunized by contact with 2 muldex strawn
of vings  In any community that has been heawily mfected
With low-grade «1rus for years, the only suseeptible persons
ase the fafants, and we seo the Malta type of eprdemic.

With every improvement in the standard of Iving,
cleantiness and todet traiming in cluldren, and 1 housing
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one or both of these situations and the body is stimulated to
produce antibody against the virus. In a week or two
multiplication and excretion of the virus ceases and the episode
is over without the child or its parents having noticed any
ill effect. In less-fortunate children the virus passes into
decper tissues of the body and if it reaches the nervous system,
infection will produce effects ranging from simple headache
and fever with some changes in the spinal fluid—non-
paralytic poliomyelitis—to paralytic disease which in its
severest manifestations may be rapidly fatal.

Once infection has occurred the resulting immunity will
ensure that if further infectious material is swallowed there is
a much smaller likelihood of its becoming implanted on the
intestinal wall, and an even smaller one of its producing
paralytic infection. This immunity resulting from subclinicel
infection is the first important key to the behaviour of polio-
myelitis as a disease. The second key is the influence of age
on the likelihood that infection with the virus will result in
paralysis, Closely related to this is the third key, the realiza-
tion that the type of virus concerned in one epidemic may
have a higher intrinsic capacity to produce paralysis than
another type of virus. (There is a fourth factor, the existence
of three immunological types of polio virus, which may become
important but which can be neglected at present.)

If we were to take a whole community of people of all ages,
none of whom had ever met the virus of poliomyelitis, and
in some way arrange that they were all infected with a single
type of virus, we should find that only some of them became
paralysed The highest proportion both of paralysis and
deaths would probably be i persons between the ages of
fifteen and twenty-five, the smallest would be 1n infants.
We can extend this experiment in imagination to do the
same thing with several different types of polio virus, types
which differ in therr capacity to invade the nerve cells. The
expected results can be depicted as a family of curves 4,
B, C, etc.,m Fig. 8.
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process of immunization by taking the age at which 50 percent
of children have become immune and show positive tests for
antibody. In a large American city like Baltimore the 50 per
cent level is reached around cleven years of age, m tropical
areas with low standards of living, e.g. Guam and Mexico,
mare than 50 per cent show antibady before they are three
years old. In better-class residential areas in American cities,
the 50 per cent level had not been reached at fourteen years,

Unfortunately the “monse polio® used in these tests 15 mot
the same as the virus responstble for most human polio-
ayelitls in the United States. It belongs to the ‘Lansing
group” which produces only about § per cent of paralytic
poliomyelutis as d with the ‘Brunhslde group’ which
Is vesponsible for more than go per cent. There is, however,
good reason to believe that virus of the more important group
moves amongst children at about the same rate.

If this interpretation of the picture presented by poho-
myeltis is correct, we can state rather cleasly what 1s required
W prevent poliomyelitis. We could prevent the disease by
ensuting that 2}l infants were infected by chosen stramns of
vitus of fow invasiveness during the first year of life. It would,
however, be completely wnrealistc to thusk that this coutd
eauly be arranged. There 1s one crucial aifficulty the choiee
of virus would have 1o be based on direct experiments with
buman infants, and 1 am sure that in no Western democracy
would such tests be tolerated if they mvolved any significant
chance of death or paralysis to the mfant,

Weshall retuen o theenh the ag
ax}d hmmunity in some of the sections on particular mfectious
diseases. Here we need only summanze the positton we have
reached, and consider how generally apphcable are our con,
clusions The first 15 that when a disease spreads m a com.
munity wh bers have not previoust d1t the
higheat proportion of meld and invisible infections 15 found
dusing childhood {two o fifteen) , mfants and older people are
More severely affected, but the greatest sevesity is cxpenenced

. o
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and sanitation, the proportion of children who escape
infection in the *safe’ period of infancy increases, They meet
their first infection predominantly just before or just after
commencing school and d): proportion of paralync cases—~
the visible part of the epidemic-—is corresp

Special focal features crop up in many, perhaps most,
epidemics, but there is no escaping the general over-all
character of the picture. Only the explanation we have
given can make it clear why, unlike every other mfccuom
disease, poliomyelitis has jed to

T o

of comfort and hygiene not by dxsappeanng but by becoming
increasingly prevalent. It must bestressed that the differences
we have been discussing concern only the first infection with

liomyelitis, Onee first infection i thereisagreatly
dummsh:d likelihood of the child ever suﬂ"cnng a paralytic
fe The develop of this i y is a complex

process and it would be inappropriate to discuss the various
technical complications here. These is, however, 2 good deal
of information available about ane type of antibody against
poliomyelitis which throws a good deal of hight on the process.

About ten years ago it was found possible to induce one
strain of polio virus (o produce fatal infection in lab Ty
mice. This discavery at once made it possible to carry out
tests for antibody in human blood on 2 much mare extensive
scale than was possible when monkeys were the only anmals
which could be infected. In principle the test is simply to mix
the scrum being tested with a known amount of virus and
see whether the mixture will still provoke the usual disease in
mice. If anuibody is present the iroculated mice survive, and
we have presumptive evidence (a) that the person providng
the serum has at some previous tume been infected wich the
polio varus, and (8) that he is now relatively or absolutely
immune from infection by the virus. Using such tests it has
been found that the proportion of children with antdbody
$ncreases with age but the speed of that increase vanes greatly
from one place to another. [t is convenient to measure the
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swallowed. Secondly, the infant’s stomach does not contain
the same strongly acid gastric juice as the adult's, and it 15 a
much less efficient food-sterilizing mechanism. Any bacteria
entering with the food are therefore mare likely to pass inta
the intestine and there give rise to symptoms of dysentery.
The influence of age on the incidence and character of
infictious disease has bieen very little studied species other
than man. In searching for information on the subject one
must be content as a rule with an occastonal remark to the
effect that calees {or foals} appear to be mare {or less)
susceptible 1o some infecyion than adult animaly. It i
usually impossible 10 find definite figures which would allow
2 real comparison between the susceptibility of young and
adult There s one group of cattle diseases, however, for which
the information is sufficrent and quivecal. Adult catile
sfected for the fiest time with any of the pathogeme protozoa
suffer much more severely than calves The best known of
these protozoal infections 15 Texas fever, the American form
of an infection by a pratozoon {Babesta) which, Like the
malariz parasite, lves in the red cells of the blood. Texasfever
received itg name, not so much because Texan cattle suffered
from i, byt because when they came north and were grazed
fora week or two, with northern cattle the mfecuan passed to
these with much more serinus effects, It was the northern
cattle that suffered from Texas fever, not those from Texas,
cobald Smuk's nvestigations of this discase 15 one of the
classical preces of bactenological work, for hus discovery that
the cattle yek wag ponsible for g the mfe
Was the first demonstration of an intermediate vector of
discase. Heshowed that in Texas the disease was endermc and
ticks numerqus, Calves were mevitably mfected withun a few
Weeks of Birth, and as a rule they recovered without serious
Symptoms, In most such diseases recovery does not mean
Shmination of yhe parasite from the blood The calves
Tecovered and remained immune to re-mfecton and without
Ymptoms, but the Proto20a were still 1 their blood and
Bas s
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by young adults (fifieen to thirty-five), The only well-estab-
lished exceptions to this rule are the two rare diseases, psitta-
cosis and one type of encephalitis (St Louis), in both of whick
the most severe illnesses are in older people (over forty).
The second general rule may be put as follows: endemic
diseases show a high preponderance of infections in early
childhood; the greater the ease with which the infection
spreads the younger will be the age of maximal incidence. It
is worth speculating whether the converse of this rule is also
valid—that any infection with a imal incid in infants
or young children is widely endemic in the ity. Does
the fact that cerebrospinal meningitis and infantile dysentery
(summer diarrhoea) are predominantly discases of infancy
indicate thatall or nearly all infants and young children meet
the micro; ible, and after a subclinical in-
fection dcvclop an 1mmuruty which lasts them for life? We can
probably give an affirmative answer in regard to meningo-
coccalinfection, although not a great deal of research hasbeen
carried out on the matter. Although the Meningococcus may
at times be present in the throats of large numbers of adults,
it very rarely causes meningitis, except under the special
cireumstances of crowding and very heavy infection which
mi\y OCC“I’ in mthry Cﬂmp!
yisani i bl In Australa
it is usually causcd by Flexner type dyscmcry bacill which
appear to be the same as those responsible for much adult
dysemery in other parts of the world. Despite the relative
1 of infantile d yin A lian cities, there is
vcry little adult dysentery of any severity. However, in this
instance, 1t seems very improbable that acquired immunity
plays any important part i determining the relative insus-
ceptibility of adults. Much more probably, infants are liable
to infection by these bacteria for two main reasons. In lhc
first place, milk may readily b d with pathog
bacteria by flies or from dirty containers, and in warm weather
the bacteria may mulaply considerably in the milk before it is
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It must not be assumed that all infections are normally
milder in young animals. What evidence there is indicates
that some show the opposite behaviour. Infections of the
intestimal tract seem to shew a predilection for the young
which is not to be explained solely by their absence of
imrmunity. Diarthoeal diseases of calves and chickens
provide exarnples similar to infantile dysentery in human
Infants, and there is a respiratory infection of pigs which is
said to produce symptoms anly in very young animals
Perhaps the nearest approach to a satisf fizati
I5 10 say that infective micro-organisms find it easier to get
into the tissues by natusal routes in the young, but that once
infection has been initiated the result s generally move serious
in the adult than in the young.

We may contlude this chapter with an atiempt to interpret
these differences in the susceptibility of children and young
adults to diseases with which they have not previcusly come
into contact. This problem, like so many others in biology,
can be considered from two aspects  One 1 to look at it from
2 physiclogical pomt of view, and ask whether there 15 any
significant difference in the actual bodily reactions to infection
of children and adults. The other 15 to thunk along broader
taey and inquire whether the differences are indicative of
some adaptation directed toward more effective sunvival
the environrment in which man has evolved.

Onthe physiologreal stde, we have as yet only a hint, but it
15 an extremely suggestive one. Here 11 the princspal experi-
mental fact that we have to work on. The amount of histamine
inthelung of the cat i dily asthe cat b Ider:
concemitantly, the reaction of the cat to porsons such as snake
‘venom, which praduce much of their effect by the hberation
of histamnine, becomes more severe a3 its age mncreases. For
obvious reasons, we cannot obtun the sarmne sort of evidence
af’om children of vanous ages as about cats, but there are
Blnts that swular resulis would be obtained  Fos wskance, the
tung of & human embryo contamns no histamune, that of an

52




226 NATURAL HISTORY OF INFECTIOUS DISEASE

capable of infecting ticks, tWhen the cattle were brought north
for final fattening and slaughter, the infection spread to
locally bred animals which had not suffered a mild infection
as cnlvcs A }ugh proportion of dcalhs was the result. In this

cir ded exact observa-
tions cn the mode of infection and the relative susceptibiliy
of different ages. There is no similarly detailed knowledge
available about most of the other protozoal infections of
cattle, but there are sufficient data to show that the same
relative insusceptibility of ealves holds for them all.

Several workers consider that the harmlessness of trypano-
some infections in wild African antelopes is due, notso much to
inherited resistance, as to this quality of youthful insuscepti-
bility. They assume that the young antelope is infected soon
after birth when its blood still contains some of its mother's
antibody. The combined effect of this antibody and of the
natural insusceptibility of the young results in any symptoms
being trivial. A partialimmunity developsand persists through
life. Attempts to imitate this natural process in domesticstock
have been partially, but only partially, suceessful. If there
is not to be a high mortality, the calves must be inoculated
with a strain of the infection carefully chosen for its low
virulence. French veterinarians working in Northern Africa
have made much use of this method with excellent results.

A critical survey of the literature seems to indicate that
although this insusceptibility of the young plays an important
part, it 13 not sufficient to account for the whole of the
resistance of native animals to the endemic infections. A
certain degree of inheritable resistance must also be present.
It is casy to see that if variations in the direction of increased
resistance to an mfection can occur in a species, their survival
will undoubtedly be favoured in nature. Smce there is
sausfactory evidence that in mice, one can obtain races with
ink ble resi or mheritable susceptibility to some of
their infectious diseases, we must assume that similar varia-
tions may occur naturally in other mammalian species.
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If the speeies was to survive, it was necessary that children
should be able to overcome these discases and develop
immunity against them. Ina constantly infected environment
itwaynot so necessary that the adults, immune from childhood
agunst the common diseases of theiv herd, should berelatively
msusceptible to diseases they had not previousty met. Probably
it was more important in the long run that they should
possess high resistance to local infections of wounds and
abrasions suffered in hunting, fighting and the like.

TFrom both the physiological and the es olutionary pomnt of
view we reach the same general picture of what may be called
the four ages of man. Furst the infant, needing pratection
bath by the antibodies transmutted from its mother and by a
diet which is wncontaminated by bacteria, Then the child,
easly infected, but dealing effectively and rapidly with most
infections, and during this penod building up a basic m-
munity to common nfections which will last through life.
'.l'hg young adult in full physiclogical vigour is less easily
fnfected and deals rapidly with local fections, but in the
absenceof a pre-exssting immunity 1shable to be overwhelmed
by his own tao vigorous reactions to general infections
Finally, when the prime of life is past, immumties persist and
X}}c unduly vigorous response to generahzed nfecuon
disappears. Acute infections are less frequent, and illness
}:“‘ ofchromic mfe dstow d
tou of bodity functron.

Thitis an unduly simplified picture, but the general trends
of tvoluuonary adaptation can only be based on what is on
thcaverag: good for the species as a whole, not on the detasled
experiences of individuals or small groups What appears a
naive simplification may, nevertheless, be a better description
of the trend of evolutionary development than any attempt
to quabfy and particularize. At least it provides a frame
vathin which can be fitted both the eprdenuologcal and, a5
far as they €0, the physiologrcal facts

8
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adult contains much, Then we have the fact that one of the
commonest human manifestations of what we may calt
‘unnecessary liberation of histamine’, hay fever, practically
never starts until adolescence, and is most marked asa rulein
young adult life. If we may attempt to combine these hints
into a rather speculative generalization, it would be to the
effect that an adult reacts too effectively against any infection
which involves the whole body. In a lesser degree, it is the

story of anaphylaxis over again. Histamine liberation, and
the whole train of reactions of which it is only one easily
d index, is very valuable as a resp to 2 localized

infection, but when the invading organism or its poisons
spread through the body, the response may be excessive and
damage rather than aid the tissues in their struggle with the
invader. The opposite condition is seen in infants. Surgeons
with experience of yelitis, a severe Staphyl in-
fection of bone, usually occurring in childhood, will tell us
that in a baby a severe osteomyelitis may cause very few local
symptoms until a large portion of bone has been destroyed.
In older children and adults there is fever, pain and all the
signs of local inflammation. In the infant, the inflammatory
response is too weak, in the adult it is too active for general
infections, in the child it is at its best. That, in essenc, is our
physiological interpretation of the problem we have sct.
Whatever may have been the significance of disease for
animal evolution in general, there is no shadow of doubt that
for the last two or three thousand years man has evolved in an
environment saturated with infection. An intense selection
of those best fitted to resist disease has been constantly in
progress. Only in the last century has it been in any way
diminished in severity. We can feel reasonably certain that
those characteristics we find in human beings now are the
best practical compromise for dealing with infection which
lay withm the species’ power to develop. Ever since man
became gregarious, he must have been the subject of endemic
disease which, as always, attacked predominantly children.
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We can hardly call measles 2 typical infectious disease, It
is almost the only one in which, with insignificant exceptions,
every susceptible person, Irrespective of age, who becomes
infected shows the typical symptoms of the dasease. The

i which follows inft with measles is
not unigue, but it is much commoner for immunity to be
tesporary zad to disappear almost entirely afier a variable
period ifitisnot Ay rei d. Isolated it
offer many examples of this state of affairs. It can be stated
slmost ieally that any y which is cut off
from the test of the world for periods of a year or more, will
on the asrival of viswors suffer an epidemic of illnesses of
the feverish cold-influenza type. A detailed study of this
phenomenon has been made at Spitzbergen 1 the years
Just before the second World War. On the istand there was
3 moderately large resident populaton engaged in coal
mining who, for approximately nine months of the year,
were completely isolated from the outside world Dunng
the height of the winter the three communities were also
solated from each other for approximately three months,
Soon after the arrival of the first shp in summer an epidemic
ol *ynit *

P i

js always colds, N
would appear and move throngh most of the population
before fading away in the late 2utumn  Duning the winter
night the populaton remaned Free from colds and other
infections, With the sprmg th lisolation of iti
on the istand was broken down and with the mangling of the
gYoupy mnor outbreaks of mild colds sometimes appeared,
but no senous prevalence unul the next ship arrived from
the outside 1 July or August

Such oceurrences were raturally commoner m days when
rapid transport was less umversal. The ‘stranger's cold® which,
affected the sslanders of St Kvlda off the west coast of Scotland
whenever a stup touched the island was commented on by
Dr Johnson, and was abserved by medical writers several
tumtes in the nineteenth century. Similar phenomena are on
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CHAPTER XVI
IMMUNITY AS AN EPIDEMIOLOGICAL FACTOR

We have seen that the characteristic age-incidence of an
endemic disease is mainly determined by the fact that, after
a child has once been infected, he remains almost completely
immune o long as he remains in the community. It does not
necessarily follow that the first infection alone is sufficient to
confer lifelong immunity. There is the important alternative

that the first infecti pplies a basic i ity which
rcquircs to be periodically reinforced by slight reinfecti 1[
it is to remain eflective. The duration of i ity foll

asingle attack undoubtedly varies very greatly from one typc
of infection to anather, The most clear-cut evidence on the
matter is obtained from the experience of isolated island com-
munities. The Faeroes in the North Atlantic have been
inhabited for some centuries by a civilized Danish community.
It was always clear to their physicians that the behaviour of
infectious disease in these islands was very different from the
usual European experience. The epidemiological happenings
tended to be much more dramatic, and it was natural that
they should be carefully described. These records, extending
over a century and a half, have provided much valuable
information for epidemiologists. They showed unmistakably,
for instance, that the immunity conferred by an attack of
measles was of lifelong duration  After a widespread epidemic
in 1781, there was a complete absence of measles from the
1slands for sixty-five years. When it returned in 1846, the whole
populauon, except for a few greybeards who had been infected
in infancy, went down with the mfccnon. The next epxdemxc
appearedin 1875, and on thi T dssh

that only persons who had not been affected by the previous
epidemic, 1.c. persons under thirty, were susceptible, and that
approximately 99 per cent of these had typical measles.
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rather than poorer fofk. On its first outbreak in London, two
suceessive Lard Mayors died of the Sweat within a month, as
well as several aldermen. In 1517, during the third epidemic,
Cardinal Wolsey suffered a severe attack with refapses, but
recavered, while in the course of the next outbreak (1528)
Anne Boleyn was mfected, but apparently had oaly 2 mild
attack, Althoughlittleorno wentionismadeine

Y
writings of the incidence of the disease on the lower classes or
on children, there are distinct implicatians that both groups
were little affected in comparison with adults of the wealthier
classes. During the epidemic of 1528, the di pread to the
Continent, and showed 2 curious tendency to avoid the
French ang spread freely amongst the German kingdoms.
Itis said that when the Sweats broke out in Calass, then an
Englssh possession, only the English were affected, the French
were untouched. Even if the effect of these differences or
race, class and 2ge on the invdence of the disease had been
eXaggerated, there can be hutle doubt that they were m the
direction indicated.

In his discussion of the nature of the English Sweats,
Creighton put forward a theory which, with slight modrfica~
tions, appears 1o provide an adequate account of the hape
penings. Henry Tudor invaded England in 1485 with traops,
nearly alf of whom were French mercenaries drawn fram; the
valley of the Seine. From this region there are records of
occasional outbreaks, particularly in the eighteenth century,
of & telatively mild infectiou disease with sympsoms re-
sembling those of the Sweats. Some of e French soldiers
\were apparently carriers of the vims responsible in France
for these mild endemic infections. Most of the others must
have been immune,

In England the visus appears to have been present, but in
less virutent form, and spreading easily only under crowded
and filthy conditions. When Henry VIs troops reached
Lendon, " careying what was for England a particulardy
Virslent strain of virus, two mare or less drsunct populations
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record about the Faeroes, Tristan da Cunha and others of
the proverbially lonely spots on the globe. Antarctic expedi-
tions have suffered similarly with the arrival of a relief ship
or on their return to civilization.

These outbreaks of mild infections occur even when the
people who bring them appear to be perfectly healthy, and it
is characteristic that the strangers are themselves always
unaffected. The only possible interpretation is that in any
large ity there is a i hange of bacteria
and viruses of low virulence. Apart from an occasional ‘cold’
they produce no abvious effect. A short-period immunity is
sufficient to make each reinfection a subclinical one, Prob-
ably many of the short febrile illnesses of children represent
first contacts with infective agents of this group.

In the history of epidemics there is a particularly interesting
series of outbreaks which created great alarm and excited
much interest in England during the Tudor period—the
English Sweats. Although the nature of the micro-organism
causing the disease is unknown, we can feel reasonably
confident that it was a virus, and probably one spread by
droplet infection. The behaviour of the disease exemplifies
a number of interesting cpidemiological points, and it is
waorth while giving a fairly full account of the five outbreaks.
The information is taken almost entirely from Creighton’s
History of Eprdemics in Britain, which is the classical and almost
the only account of the history of disease 1n Great Britain,

The disease appeared suddenly 1n London in 1485, a fort-
night after the arrival of Henry VII fresh from his victory
over Richard III at Bosworth Field. The symptoms were
highly charactenistic, a sudden onset with ‘great swetying
and stynkying with rednesse of the face and all the body and
a continual thirst with a great heat and headache’. Death
might oceur within one or two days from the onset, but many,
probably the great majority of those infected, recovered after

a briefillness. The infection attracted particular attention by
its tendency to affect members of the upper classes of society
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in outbreaks of serious and often fatal disease. On a more
dramatic scale, it is merely the story of the *stranger’s cold®
again.

Of course there is also the converse of the picture by which
the stranger coming from a non-endemic regron falls an easy
victim to diseases which seem to have no effect whatever on
the natives. The story of yellow fever in the West Tndies or on
the West Coast of Africa is the classical example, but that is
best Ieft for a chapter of its own. The history of mihtary
operations by European powers 1 the tropics contains many
other instances of the same general type right down to the
1939~45 war. InNew Guinca malanaand scrub typhus were
the two important medical diseases amongst Australian and
Ametican anmy personnel. Neither caused any evident effect
amongst the adult native population provided they had been
brought wpin the cndcmxc areas. Malara, }xowever, w.'xs Just
ay sertous for Mel from the
brought down to th ireg for thewhite A 1
in the army.

An interesting wartisne episode of simifar character took
place not m the tropics but tn Southern Europe. Q feveris a
relatively mild disease due to one of the Rukettnge. Itiy a2
subject in which I have a ¢close personal interest because after
the disease was first defined by Dernick in Queensland the
Rukettsm responuble was ssolated 1 my laboratory in 1936,
The daffers hat from typreal Ricket!
such as those responsible for classical typhus fever and scrub
typhus but hke them has the nasty habut of infecting those
who work with it m the laboratory, Our five cases {(my own
attack spoilt a New Zealand holiday!) were the first of alang
sexies of laboratory snfectsons 1 all parts of the world

In 1930, 1t was beheved that Q fever was an Australian
disease not occurnng elsewhere sn human bengs, though it
was known that the same Ricketisis had been Golated from
ucks i western United States. Then when the Germans
ganed contro] of the Batkaris m 1941, their tyoops experienced
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were exposed to its attack, On the one hand were the poorer
classes, amongst whom there was a high incidence of all
infectious discase and an cnormous infantile mortality. On
this section of the community the Sweats made little impres-
sion, No doubt there were fairly numerous cases, but there
was a sufficient degree of immunity to prevent the discase
being severely felt. The immunity may have resulted from
past infection with weakly active strains of the same virus,
or possibly with other viruses, having some antigenic simi-
larity to that of the Sweats.

Infectious disease was prevalent enough amongst the upper
classes, but there was not the same constant exposure to all
sorts of infections as amongst the less fortunate. No immunity
was apparently present against the virus, and for this part of
the population the Sweats rep 1 a new disease. As far
as can be ascertained, the incidence of the Sweats fell chiefly
on adults, children being very little affected. Probably
adults of all ages were more or less equally liable to the disease,
but the chief mortality was amongst those past middle life.
In this it resembled such recent “new” diseases as psittacosis
and St Louis encephalitis rather than our standard type of
non-endemic disease. The apparent insusceptibility of the
French to infection is obviously to be explained by the sup-
position that the virus, apparently in a relatively non-virulent
form, was widely endemic through the country, but had not
previously found conditions suitable for spread outside of
France. Whether or not the so-called ‘Picardy sweats® of
the cigh h and early h centurics were the lineal
descendants of this endemic French virus will probably never
be known. At the present time there are no known infections
which can be regarded as of the same type.

If this interpretation of the Englsh Sweats is correct, we
have a striking example of how in one country a disease may
be endemic and produce a widespread immunity with a
minimum of visible disease, while 1n another country, where
such immunization has not occurred, its introduction results
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i outbreaks of serious and often fatal discase. On a more
dramatic scale, it is merely the story of the “stranger’s cold’
again,

Of course there is also the converse of the picture by which
the stranger coming from a non-endemic region falls an easy
victim to diseases which seem to have no effect whatever on
the natwves. The story of yellow fever in the West Indies or on
the West Coast of Africa is the classical example, but that is
best left for a chapter of its own. The history of military
operatlons by European powers in the tropics contains many
other instances of the same general type right down to the
193G-45 war. In New Guinea malaria and scrub typhus were
the two important medrcal diseases amongst Australian and
American army personnel, Neither caused any evident effect
amongst the adult native population provided they had been
brought up in the endemic areas. Malaria, however, was just
as serious for Melanesians from the larious high
brought down to the coastal regions as for the white Australians
in the army.

An mteresting wartime episode of stmlar character took
place not in the tropics but in Southern Europe. Q feverisa
relatively mild disease due to one of the Rickeitsiae. It is a
subject 1 which I have a close personal interest because after
the disease was first defined by Dermick in Queensland the
Rickettsia responsible was 1solated in my laboratory in 1936
The mi; differs hat from typical Rick
such as those responsible for classical typhus fever and scrub
typhus but like them has the nasty habit of infecting those
who work with 1t in the laboratory. Qur five cases (my own
attack spoilt a New Zealand holidayl) were the first of 2 long
series of laboratory infections in all parts of the world.

In 1939, it was believed that Q fever was an Australian
disease not occurring elsewhere 1 human beings, though it
was known that the same Rickeitsia had been isolated from
ticks i western Umited States, Then when the Germans
gained control of the Balkans in 1g41, their troops experienced
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numerous cases of a fever which they called *Balkan grigpe’,
During the conquest of Ttaly by British and American forces
they too were afflicted with many cases of a mild fever re-
sembling atypical pneumonia in often showing patches of
partial consolidation in the lungs. Eventually it was estab-
lished that both Balkan and Italian cases were due to Q
fever, and since 1944 there has been a steadily increasing list
of countries in which the disease is endemic.

The main interest of the disease in the present connexion is
that in the areas of Italy where most American cases occurred,
most of the Jocal inhabitants showed by blood testy that they
had already been infected. The clinical disease was not known
amongst the Italians, most of whom had probably had many
opportunities to become immunized from childhoog onsards.

Another wartime experience that teaches the same lesson
was the relatively high incidence of poliomyelitis in British
and American troops in the Middle East and in the American
occupation forces in Japan, Both regions were reputed to
havevirtually no poliomyelitis amongst thenative populations.
This, of course, meant merely that there was almost universal
dissemination of infection by polio virus amongst young
children with a consequent high degree of immunity. The
virus was ¢ lating, and the ional non-
immune soldier from Britain or America was likely togodown
with a severe attack when he became infected,

Any practising physician will agree that more than half the
minor febrile illnesses which occur in his own family cannot be
diagnosed. Probably nearly all of them are due to infection by
bacteria or viruses spread by droplet infection, They all clear
up in a few days, and are not sufficiently important to call for
any serious bactentological study. In recent years there has
been a good deal of work on such minor infections when they
have occurred in institutions or amongst service men. There is
a large group of viruses provisionally called Coxsackie
viruses which are characteristically found in the intestine
without producing symptoms, but which at the momens ase
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strongly suspected to be ible in some individuals for
4 variety of minor illnesses from sore throat to the acutely
painful far affection called Bormholm disease. In the

field of shart-lasting intestina} upsets occurnng often in small
id a definite b iok is can often be
made, the Sonne dysentery bacillus being one of the com-
monest canses, Most of these outbreaks are not important
enough to Justify extensive investigation, but from the studies
that have been reported one judges that there are still many
that are of unknown origin. One group may be due to a virus.
The ‘“feverish colds® have been more difficult to identify.
Alinuted amount of work with human volunteers carried out
during the war indicated that ar least three types of viruses
wese concerned, but there is no laboratory method by which
they can be 1olated, In ordinary medical practice there is
1o particular need why a definite name should be given to
these minar ilinesses, They cure themselves in a few days,
and if any signs of more severe infection appear ane of the
sulpha dmgs or pcmczl)m wm yrobably deal with the
of y b jon which is the only

d:mgcr to be feared. An old fash\uncd physician will prob~
ably continue to lump these nondescript respiratary nfections
with influenza, a more up-todate one wxl} b: aware tha(

which are masly due to one of the true mfinenza viruses, we
can feel certain that the trivial fevers are the occasional,
clinical manifestations of viruses which normally pass
iniwbly from person to person, producing a temporary
munity as they do. It is these viruses which provoke the
*nfluenzas’ on 1solated 1slands when ships arrive, and prob-
ably the virus of the English Sweats behaved m the same
fashion in central France for several centunes, The limitation
of this last virss to a single country could probably find
madern paratlels, Any Australian who arrives in London in
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winter is very fikely to go down with ‘influenza’ soon after his
arrival, even when there is no particular prevalence of
influenza in England. Despite increasing speed and fre-
quency of travel, it is probable that each country still has its
own pattern of endemic infections, most of them common to
other countries, but some with sufficient local individuality
to make them mildly dangerous for the foreigner. In regions
where the possibilities of intestinal infection exceed the
civilized standard, we find mild gastro-intestinal upsets
playing the same roles as the catarrhal fevers. The local
inhabitants arc immune: the stranger suffers.
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CHAPTER XVII

THE GENERAL PRINCIPLES OF CONTROL FOR
INFECTIOUS DISEASE

It is natural that every community should endeavour to
diminish the incidence of infectious disease within its
boundaries. Enthusiasts have claimed that it needs only
genuine international co-operation and concentrated work
to climinate all infections disease from the globe. Although
anything so sweeping as that is quite impossible of ac-
complishment, there is an almost unlimited possibility of
diminishing the present mncidence of many important
infections,

Broudly speaking, the endeavour is to protect the com-
mumnity against sporadically occurring diseases by measures
designed to prevent their transmussion, and to protect
indiniduals against endemic diseases The two aims may
overlap, especially if a long-term effort 15 bemng made to
eradicate an endemuc disease, but the difference needs to be
kept more clearly in mind that it often s

As ples of the p jon of sporadic infe
disease, we may take one or two examples from Australian
experience. There is no plague, cholera, rabies or smallpox
1 Australia, and the one necessary measure to prevent their

15 an efficient ine service. On one or two
occasions plague has got past the quarantine restrictions, and
infected the rats of Sydney or Brisbane. The remedy has been
to institute actwe mt-calchmg and poisoning measures, with
regularb and toed the public
abaut the danger of rats and the necessity for graim and food
stotes to be made adequately rat-proof. So far, such action
has been sufficient, although in the case of the New South
Wales outbreak, 1t took ten years to eliminate all plague.
infected rats.
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Typhoid fever still occurs in all states, though it is much
less prevalent than in former years. In Australia, the ‘gold
rushes’ have always resulted in serious prevalences of typhoid
as a natural consequence of the extremely primitive sanitary
ar which are inevitable in the early ‘ canvas town’
days of a new goldfield. Nowadays, in addition to organized
removal of excreta either by water carriage or, in smaller
towns, by the most satisfactory method which is within the
economic ability of the ity, control is ised over
the sanitation of temporary or [ camps involving
more than asmall number ofhabitations. A cleanwatersupply *
and the prevention of known carriers of the typhoid bacillus
being employed in any trade involving the handling of food,

lete the defe of the ity against typhoid.

As one other example which has not yet been dealt with by
the Health Authorities, we may mention psittacosis. In
Australia the most important source of infection, young wild
parrots, could easily be d by a simple prohibition of
the sale of such birds. In California it was found possible
to climinate psittacosis from the budgcrigar-brceding estab-
lishments by making b jological tests pulsory, and
prohibiting breeding from any but healthy birds.

Every discase will present its own problems, but if it is not
endemic, then an adequate knowledge of its method of trans-
mission should always allow its vlnual or complete elimi-
nation from the i PE that an
energetic public health scmcc with adcquatc ﬁn;mcc and
a sympathetic educated public opimion 15 available.

From both the theoretical and the practical points of view,
the control of an endemic disease is much more difficult. The
fact that it is endemic means that the social and economic
structure of the communuty is such that no serious barrier to
its spread is present. It may be possible when circumstances
demand it and finance is available, to producc such a barrier.

A classical example was the way in which a serious typhus out-
break was cut short when Naples was occupied by allied troops
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in December 1943, It was the first great demonstration of the
large scale use of D.D.T, as a *delousing’ measure. Naples
had been heavily bombed and a large proportion of the
population had been tiving under crowded and insanitaty
conditions in caves and other types of air-raid shelter. Condi-
tions for the spread of lice (and the typhus Rckettsia) were
ideal. The problem was to free half 2 miltion people of lice
within the shortest possible time, The old methods of pro-
viding a bath and local treatment for each individual while
his clotha were being heat sterilized would have been

hysicall le in the time available. Fortunately new
te:hmqum for handimg D.D T. to the best advantage had
just been developed. With proper equipment a mixture of
D.D.T. powder and an mert dust could be blown into the
clothes in a matter of scconds and, 1 the great majority of
instances, all body lice would be killed in an hour or two,
‘The American army p ) applymng the method were
immunized agamst typhus Sumc tons nf D.D.T. dusting
powder and the necessary blowers were avaitable and for the
first ime in history a menacing typhus epidemic was abruptly
terminated.

Another example of this type of approach was the cleaning
up of the Panama Canal zone. Malana and yellow fever,
both mosquite-borne diseases, were the chief hundrance to
the construction of the canal. By intense attack on the
breeding-places of mosquitoes, by 1 of
houses and by the lsuhuon and treatment of alt mataria and

fe fhospitals, both diseases
wcre pracucally ehmu\:ned In the last ten years new and
potent weapons have been developed against malaria in the
Torm of D.D.T. to kill mosquitoes, and new drugsiike paludrine
and chloroquin to protect people exposed to mfection, Since
the war mdigenous malana has been eliminated from the
conumental United States and from the whole of the once
notoriously malarious istand of Sardmia, In fact, 1t can be
said that nowadays only intelligently directed human effort

%
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with adequate financial support is needed to rid any area of
malaria, It Is even possible to imagine the elimination of
malariz from the world once backward areas were brought
up to a Western standard of living.

In the meantime, wherever an area from which malaria
has been elimi i adjoins an Hed area, constant
vigilance will be needed ta maintain a satisfactory control,
1f, for instance, all sanjtary control were withdrawn from the
Panama Canal zone, we should probably see malaria rampant
again within a few years, In the population who had grown
up in the region without experience of infection and with no
immunity the intensity and mortality of malaria would
almost certainly exceed that of a district which had never beea
controlled.

This is the great limiting factor in such attacks on endemic
disease. Unless a disease can be exterminated from the whole
globe, the precautions necessary to prevent its spread must be
permanently maintained and incorporated into the social
life of the community. If a population has been freed from
any disease still prevalent in a country with which it communis
cates, it is in a peculiarly dangerous position should control
ever break down, In the absence of tonstan imnundzation by
chnical or subclinical infections, a highly ptible popula-
tion will arise, and if the mmfection re-enters at a time when the
measures that ehminated it have become ineffective, the
resulting epidemic will be abnormally severe,

Under the ordinary circumstances of endemic disease,
usnally the most that can be done is to provide some measures
of mdlvxdu;xl protection to those wha caa afford them. When

from itoes is ble, prophylactic doses
nf an appropriate drug will prcvcnt any symptoms of malaria.
Venereal disease can be prevented by those who will take
the necessary disinfe i after exp E]
infection. If only cooked faod and boiled water are taken, it
will usually be possible to avaid cholera in the most heavily
infected region. Other tes will suggest th tves, all
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on ane of twa principles, either to take some extra precaution
to prevent infection reaching its usual poiat of eatry mto the
bady, or to apply some medicinal remedy which is capable of
dealing with the infection before it develops far enough to
give symptoms.

Since potent anti-bacterial drugs became available the
method of chemoprophylaxis has been widely tested. The use
of quinine to prevent malaria had been common practice
for many years. During the war quinine was replaced by
atebrin with vassly better results and, just as the war ended,
two new drugs of extraordinary efectiveness, paludnne and
chloroguin, were introduced. A weekly dose of one-tenth of
a gramme will protect against infection, Thas is the only type
of chemopraphylaxis that is in wide general use, 1t might be
thought that penicillin or one of the sulpha drugs could be
used to prevent all the common bactenal infecuons, and in
one sense this is true. Al atterapts to do so have, however,
encountered important difficulties, and it will be best to leave
thexe discussion for a separate chaytcr. In general, we may say
that the use of. prophylaxis is only appli 1o protec-
tion of mdividuals who are known to have been exposed to
danger of infection by some specific episode. The pathologist
‘who pricks his finger while doing a post-mortem examination,
the patient who is baving a severe operation on his lung, the
dactor who has examined 2 patient with pneumomc plague
or the sailor who has exposed himse)f 1o the danger of venereal
disease-—~any of these can be protected by appropriate treat-
ment with one or other of the modern anhbamerml drugs
Wi against the possipili
over \cmg pcnods is not a practical proposition.

If we cannot eliminate a disease or prevent it by sutable
drug prophylaxis, a3 is the case with most of the endemic
diseases of civilized countries, the most logical approach is to
attempt o develop immunity against the micro-organism
without the necesuty of illness. In a great many diseases,
tuberculosls, diphtheria, scadet fever and infanule paralysis

162
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with adequate financial support is needed to rid any area of
malaria. It is even possible to imagine the elimination of
malaria from the world once backward areas were brought
up to a Western standard of living.

In the meantime, wherever an area from which malaria
has been eliminated adjoins an uncontrolled area, constant
vigilance will be needed to maintain a satisfactory control.
If, for instance, all sanitary controf were withdrawn from the
Panama Canal zone, we should probably see malaria rampant
again within a few years. In the population who had grown
up in the region without experience of infection and with no
immunity the intensity and mortality of malaria would
almost certainly exceed that of a district which had neverbeen
controlled,

This 1 the great limiting factor in such attacks on endemic
disease. Unless a discase can be exterminated from the whole
globe, the precautions necessary to prevent its spread must be
permanently maintained and incorporated into the social
life of the community. If a population has been freed from
any disease still prevalent in a country with which it communi-
cates, it is in a peculiarly dangerous position should control
ever break down. In the absence of constant immunization by
clinical or subclinical infections, a highly susceptible popula-
tion will arise, and if the infection re-enters at a time when the
measures that eliminated it have become ineffective, the
resulting epidemic will be abnormaily severe.

Under the ordinary circumstances of endemic disease,
usually the most that can be done is to provide some measures
of individual protection to those who can afford them. When
protection from mosquitoes is impossible, prophylactic doses

of an appropriate drug will prevent any symptoms of malaria.
Venereal disease can be prevented by those who will take
the necessary disinfecting precautions after exposure to
infection. If only cooked food and boiled water are taken, it
will usually be possible to avoid cholera in the most heavily
infected region Other examples will suggest themselves, all
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If we have been correct in ascribing recovery from disease
and tmmunity to the presence of antibodies, it should be
possible to prevent any infection if we can provoke the body
by some harmless method to produce the proper type and
amount of anﬁbody In the most general terms the way m
which this is at!cmptcd 1s to prepare anugemc material from
the corresponding micro- in some infectiou:
and non-poisonous form and inject this under the skin, There
are two difficulties: on the one hand we must avoid using
anything so like the causative micro-organism as to be
dangerous to the person inoculated, and on the other, we
must be sure that i preparing the artificral antigen we retain
all the qualies which are needed to produce effective
antibodies. It1snot infrequent to find that when a bacterium
or virus is killed by heat or antiseptacs it Joses just those anti-
genic qualities which are required to produce real immunity,

The most effecttve but also the most dangerous way to
produce ymmumnty is to inoculate with hving germs whose
virulence has been reduced to below the danger level by some
suitable miethod. The very first method used to protect
children agamnst smallpox was by the moculation of virus of
undmimnished virulence in the form of matter from a natural
smallpox pustule on anotherchild. Actually this was probably
not quite so dangerous as 1t sounds, and the results obtained
were good enough to make the method relatively popular for
fifty years The moculation was made into the skin, and an
mfection starting here was much less likely to be severe than
one contracted naturally by inhalation of the virus into the
nose or throat. This ‘variolation’, as it was called, was
eventually replaced by Jenner’s method of moculation with
cowpox—vaccination. Thc history of vaccination is full of

and mi ding; neither Jenner and his
supporters nor his opponents showed much of the scientific
attitude 1 therr endeavours to prove on the one hand thar
vaccination was an absolutely certain protection against
smallpox, or on the other that it was harmful and dangerous,
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being the most important, the majority of individuals manage
normally to acquire immunity by natural infection without
symptoms. The logical aim of public health measures should
be to ensure that such immunity is obtained by all. It is the
most important task of childhood to do so, because, as we have
seen, childhood from the ages of two to fifteen is the period at
which infections first met are likely to be least dangerous.
Unfortunately, we cannot as yet say what determines whether
or not an infection takes a clinical or a subclinical form.
Commonsense, plus alittle, butonlya little, relevant evidence,
suggests that subclinical infections are most liable to occur in
children who are well nourished and healthy at the time of
infection, and who receive only a small dosc of the infecting
agent. Such a point of view provides us with certain practical
rules for the upbringing of children. From the age of six or
even carlier, all children should mix freely with others, but in
the open air or in well-ventilated school rooms, The aim to
be kept in mind is that in the period from six to twelve years
children should be infected with and overcome without
damage each of the common endemic infections, mecting
them in small amount and as far as possible at times when the
infective agents are not of abnormally high virulence. Unless
this is done in childhood, the individual will reach adult life
without immunity, and will be more liable to be severely
infected when he eventually meets the disease.

Since we cannot ensure that any given child will develop
only mild or subclinical infections, attempts have been made
to develop an ity by artificial methods. Such method
are even more urgently called for when adults from one
country have to live 1 another where a disease which they
have not previously met is end Actually the greatest
stimulus to develop methods of immunization has been
milstary necessity. When European troops were needed to
convey the benefits of western civilization to countries wherc
infections like typhoid fever and cholera are endemic, it was
necessary to find some means of protecting them.
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inoculate is harmless, but there 1s always a possibility of some
unwanted and harmful micro-organism finding its way into
the material. Cultures or tissue extracts containing living
micro-organisms to be used for inoculation cannot be
sterilized, so there is no automatic method by which their
safety can be assured. In any reputable laboratory every
safeguard will be taken to eliminate any possibility of danger
from contamination, but all these precautions depend ulti-
mately on human vigilance, which is never infallible, Most
authorities have therefore preferred to use wherever possible
immunizing preparations which can be completely sterilized
by some reliable method. Most of these are in the form of
bacterial vacaines, suspensions of killed bacteria in some
suitable antiseptic fluid, The T.A B, vaccine against typhoid
paratyphoid fever, with which all soldiers were inoculated
during both World Wars, is probably the best known of
these  Similar types of vaccine are used in India against
plague and cholera. There 1s no doubt that the use of these
vaccines decreases the incidence and fatality of the corres-
ponding diseases, but the protection conferred 15 by no means
complete,

A notable development durmng the 1939~45 war was the
use of a typhus vaccine prepared with klled Rickefisiae that
had been grown in chuck embryos. This vaccine plus the use
of the new msecticides kept the Allied troops in North Afrnica
almost wholly free from the typhus which at the time was
widespread among the civilian populations. Another vaccine
grown in chick embryos was used on a wide scale against
fluenza during the last two years of the war but, for reasons
to be discussed in a later chapter, it has not come into general
use.

In el life the only bacterial disease which calls for
prevention by vaccsnes of this type is whooping cough. Active
Tesearch is now 1n progress to determine whether whooping
cough vaccines can offer protection against this disease, The
present trend of opinion 1s that if very large doses of a proper
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There is even considerable doubt as to what sort of virus was
actually used for vaccination in the years immediately fol-
lowing Jenner’s discovery. Recent comparative studies of
the viruses of smallpox and cowpox with the standard vaccine
virus now used for vaccination show that vaccine virus more
closely resembles smallpox than cowpox. We can feel reason-
ably certain that vaccine virus Is 2 lineal descendant of true
smallpox virns which has lost most of its virulence and all its
contagiousness, but is still able to provoke the appearance of
the same type of antibody.

Vaccination against smallpox can be taken as type of
those methods by which living but only slighdy virulent
germs are inoculated into the body. Methods based on this
principle are in rather general use by veterinarians to protect
domestic animals against their infectious diseases, bug they
have not yet been widely applied to the prevention of human
infections. In recent years, however, there has been an
increasing tendency to make use of such methods. Im-
munization against yellow fever with living virus is now a
widely used and successful procedure,

In the years preceding the Jap invasion of the Dutch
East Indies ive studies of I ization agafnst plague
with living bacilli of an attenuated strain had given very
promising results. Amongst 37,000 persons immunized in
this way, there were thirty-eight cases of plague, as tompared
with 213 cases amongst 45,000 untreated persons in the same
district.

In a later chapter we shall mention the living B.C.G.
vaccine against tuberculosis, the use of which is now being
rapidly extended. Other diseases for which analogous methods
have been used or suggested are typhus fever, measles,
influenza and mumps. None of them has, however, been
used on any extensive scale.

The use of hving organisms for immunization on a large
scale is always Hable to occasional disasters. It may be
passible to be quite certain that the germ we intend to
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lttle sigmficance when first contact with smallpox occurs
thirty or forty years later. Under modern conditions,
ination 1s best ded as an g measure to be
used whenever danger from smallpox threatens, not as a
semi-religious ritual to be performed on every infant.
Immunization against diphthena is an equally effective,
and at the present tine, much more needed measure. It will
be more convenient, however, to leave its discussion to a later
chapter. Scarlet-fever toxin has also been used for immuniza-
tion and the results obtained in protecting nurses in isolation
hospitals against this infection have been satisfactory. While
scarlet fever is such a relatively mild disease, as at present,
there 1 little to be gamed by applying the method to children
in general
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vaccine are given, children can be protected for a year or
two, but that this immunity will not persist nearly so long
as that which follows a natural attack.

The ﬁnal typc of immunization to be mentioned is that
i d against ions which prod by the
liberation of bacterial toxins. Dlphthcna and scarlet fever
are the important examples, but infection of wounds by
tetanus bacnlh must also be added in wartime. As we have
already d d, i ity to these infections is almost
entirely a matter of antitoxic immunity. In the absence of
their toxins the bacteria would be harmless. Artificial
immunization is therefore logically directed toward pro-
voking the appearance of antitoxin; antibodies against the
bacteria themselves are not required. Methods of preparing
the toxins of these bacteria have been known for many years,
but the toxins themselves are too poisonous to be injected as
such. Fortunately there is a simple method by which any
bacterial toxin can be rendered non-poisonous, but still
capable of provoking the formation of antitoxin. Treatment
with formalin will convert the toxins of diphtheria or tetanus
bacilli into ‘toxoids’® with these desirable qualities, The use
of tetanus toxoid is now standard military practice, and in one
form or another diphtheria toxoid immunization is in almost
universal use in all advanced countries.

A gst these methods of artificial i ization two are
of outstanding importance for civilized communities. Vacci-
nation was probably the most important reason for the

i of smallpox as an end disease from Europe
dunng the mneteenth ccmury Now that smallpox occurs
only on rare ination 1s hardly called

for. When smallpox was endemic, a child vaccinated in
infancy would probably come into contact with smallpox on
several occasions during childhood and reinforce the basic
jmmunity acquired by vaccination In the absence of such
reinforcement either by contact with the disease or by re-
ity fades and ination in infancy is of

vaccination,
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little signficance when first contact with smallpox occurs
thirty or forty years later. Under modern conditious,
vaccination is best regarded as an cma’gcncy measure to be
used wh danger from 11 , not as a
semr-religious ritual to be pcrformed on every infant.

Immunization against diphtheria is an equally effective,
and at the present time, much more needed measure. It will
be more convenient, however, to leave its discussion to 2 later
chapter. Scarlet-fever toxin has also been used for immuniza-
tion and the results obtained in protecting nurses n isolation
hospitals against this infection have been satisfactory, While
scarlet fever is such a relatively mild disease, as at present,
there is Iittle to be gained by applying the method to children
in general
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GHAFPTER XVIII
THE ANTIBACTERIAL DRUGS

When the first edition of this book was being written the first
news of the sulpha drugs had just appeared in the medical
literature. At the time it appeared that this discovery, how-
everimportant from the point of view of treatment, would have
no significant bearing on the natural history of infectious
disease and no mention was made of the sulphonamide drugs.
During the last twelve years, however, the whole approach
to infectious disease has been dominated by successive chemo-
therapeutic triumphs. It is not too much to say that at the
present time no acute infection occurring in a previously
healthy individual will result in his death if he reaches a well-
equipped hospital before irreparable damage has been done
to his tissues. The only exceptions are the two virus discases,
smallpox and yellow fever, and a rare bacterial discase,
melioidosis, The future of infectious disease will be in an
where sulphadiazine and penicillin are impor-
tant factors influencing the survival of the micro-organisms—
a new ecology opens up, and it is from this point of view that
this discussion of the new drugs will be undertaken.
Domagk discovered prontosil, the first sulpha drug, by
following an idea that was 2 guiding principle for Ehrlich,
that dyes stain living cells by much the same process as certain
drugs kill them. Prontosil was a red dye that killed strepto-
cocci but it was soon found that the effective part of the
compound had nothing to do thh its colour. The modern
sulpha drugs, sulphadi hine and the rest
are all derivatives of sulphamlamxde, swhich to a ncar ap-
is the 1 1 half of the p. il
Pcmcxllm came into practical use in mcdxcmc by a rather
roundabout route. In 1922, Fleming saw a mould colony on
a bacteriolagical plate that appeared to be dissolving adjacent
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colonies of staphylococei, Following up this chance obser-
vation he showed that this particular mould, a species of
Penicillium, produced something which diffused into sur-
rounding fluids and had a very strong action in preventing
the growth of certain bacteria. Only half-hearted attempts
were, however, made to use this substance for the treatment
of human infections, For several years it found a technical
use in bacteciological laboratories as an aid to the isolation
of bactena like the whooping-cough bacillus which are
snsensitive to s action, Most bacteria in the maouth are
meapable of growing in the prmcncc of p&mcs!!m, and the
standord method for di: of
cough depends on the use of a plate of nutrient medinm
contaming an approprate amount of pencitin, If a child
with suspected whooping cough 1s allowed to cough on to
the surface of such a plate, thousands of bacteria of various
sorts will be showered on the plate. The whooping-cough
bacitlus is, however, almost the only type capable of growing
into vistble colonies, and even if only a few are present they
will be readtly recognized

An important sumulus to the further study of peaicillin
was prabably provided by Dubos’s work m Amenca. Hewss
4 French bacteriologut who concewved the wdea of usmg
bacteria from the soil to destroy diseare-producmg bactena.
His easly traming had been 2 an agnevltural chemst and
he has an intimate kvowledge of the enormous vantty of
bactena in ordinary soil. By a speciat techmique he isolated
a bactmum from soil dug from a cranberty bog which

h that “Then ke

went o to uolate the responsible chemxcah, gramuexdin and
tyrothnein, These were extremely active in killing pneumo-
coces and other bacsetia m the test¢ube, but they were too
touc 10 be of much use in treating human disease. Dubos’s
expeniments created great interest amongst bacteriologists,
and suggested that other products from mucro-organisms
mizht be even more effective. At the beginmng of the 5939




250

CHAPTER XVIII
THE ANTIBAGTERIAL DRUGS

‘When the first edition of this book was being written the first
news of the sulpha drugs had just appeared in the medical
literature. At the time it appeared that this discovery, how-
everimportant from the point of view of treatment, would have
no significant bearing on the natural history of infectious
disease and no mention was made of the sulphonamide drugs.
During the last twelve years, however, the whole approach
to infectious disease has been dominated by successive chemo-
therapeutic triumphs. It is not too much to say that at the
present time no acute infection occurring in a previously
healthy individual will result in his death if he reaches a well-
equipped hospital before irreparable damage has been donc
to his tissues. The only exceptions are the two virus diseases,
smallpox and yellow fever, and a rare bacterial disease,
melioidosis. The future of infectious disease will be in an
environment where sulphadiazine and penicillin are impor-
tant factors influencing the survival of the micro-organisms—
a new ecology opens up, and it is from this point of view that
this discussion of the new drugs will be undertaken.

Domagk discovered prontosil, the first sulpha drug, by
following an idea that was a guiding principle for Ehrlich,
that dyes stain living cells by much the same process as certain
drugs kill them. Prontosil was a red dye that killed strepto-
cocci but it was soon found that the effective part of the
compound had nothing o do thh its colour. The modern
sulpha drugs, sulphadiazi hine and the rest
are all dcnvauvcs of sulphamlamxdc, which to a near ap-
proximation is the uncoloured half of the prontosil molecule.

Penicillin came into practical use in medicine by a rather
roundabout route. In 1922, Fleming saw a mould cclony on

a bacteriological plate that af dtobed g adj
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This specialized effect is, however, alsoa potential weakness
ofth biotics. Bacteriaarelabil isms capable of wide
mutation and, since antibiotics are not directed agamst any
of the basic Iiving processes but against specialized aspects
thereof, there is always the possibility of a variant ansing in
which the vulnerable activity 1s discarded in favour of some
alternative means of fulfilling the same chemical requirement.
Some bacteria, when they are grown in the presence of small
amounts of penxcillin or streptomycin, give rise to variant
forms which are much less sensiive to the drug. These are
bacteria which in one way or other have made a chemical
switch to a less vulnerable mode of living, Ifit should happen
that these ‘drug-resistant’ bacteria are still capable of causing
disease, one naturally cannot expect the corresponding drug
to cure that disease. To-day one finds in almost every large
hospital in the world that the common staphylococci, those
for stance which can be iolated from nasal swabs of
50 per cent of nurses, are almost all penicillin-resistant,
Fortunately, staphylococe: are more a nuisance than a danger
1 most cases, and the sitnation 1s not really as perilous as it
sounds.

Around 1944 some very large groups of men in American
Navy establishments were given a daily dose of sulphadrazine
with the object of preventing meningitis and streptococcal
infections duning the winter. In the 19434 season the results
were most encouraging~—there was a marked reduction in the
rates for both types of infection. Next winter the use of sulpha-
dizzine was extended to cover many more groups of men,
Soanitbecame evident that something was going wrong, there
were many more severe streptococcal infections than there
ought to have been, and had it not been for the availability
of penicillin there would have been a considerable number
of deaths These streptococcal quinsies and the ke were due
to streg ci resistant 1o sulphadi; In fact there was
evidence that they produced more harm in people taking the
supposed prophylactic course than in those who had not.
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war, Florey at Oxford was looking for a project that might
offer a significant contribution to the war cffort. He knew
that in addition to Dubos’s sub: ti-b: ial agents
had been observed in cultures of Fleming’s mould and of the
bacterium Pseudomonas pyocyaneus. He almost literally tossed
up to decide on which to study, and chose penicillin with the
result that is known to everyone. A method of producing and
pum’ymg pcmcnllm was worked out and its effectiveness in

d. The technical probl of large-
scalc production were sent across the Atlantic for solution, and
penicillin in quantity was ready to play its part in the libera-
tion of Europe.

Once penicillin had proved its quality, a furious search for
similar drugs—antibiotics they came to be called—with wider
range of action began, Many thousands of bacteria and
moulds have bcen tcstcd, and four substances have come to the
state of 1p jon and use in medicine: strepto-
mycin, chl yeetin, ycin and terramyci

It is a commentary on how little we really know about
micro-organisms that all these discoveries have been essenti-
ally empirical. It is still impossible to say just how any of the
antibiotics influence bacteria but some uscful general ideas
have been developed which at least allow us to assess their
place in the new natural hlstory of infectious disease,

Bacteria are hving whosesut and chemical
activities are very similar to those of animal cells, Neverthcless,
on top of this background of similarity every type of cell has
individual qualities and processes of its own. An antibiotic is
essentially a substance which wall interfere seriously with some
vital function of the bacterial cell which is either not present in
or of much less importance for human cells. It must not attack
any of the processes common to all living cells but only some-
thmg that1s spcclal to one or other group of dxscasc-producmg

g Onlywithsuch arewegoing tobe
ab]c to grve doses sufficient to kill or ‘paralyse’ bactcna inthe
body without preducing serious damage to the patient’s cells.
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induce throat i jons it will become the domi; idemi
type. So far no such appearance of pcmcxlhn—rcsxstam
{ in epidemic form bas heen described, but some~

thmg of the sort has occurred in regard to staphylococu in
hospitals whicre many or most surgical patients yeceive
penicillin either for curative or prophylactic reasons.

1t is a good general rule that chemoprophylaxis should
never be used on a universal scale unless we are quite certain—
and in fact we never are certain—that the micro-orgamisms
concerned cannot develop rewstance to the drug, Pro-
phylactic use of antibacterial drugs is wholly legitimate when
itisdesigned 10 protect an individual for 2 shart period against
2 speatfic hazard. One of the great advances made possible
by the advent of anubiotics has been in the surgery of lung
tuberculosts, Itis now common practice to remove 2 diseased
lobe of the lung under protective cover of streptamyemn and
pemcillin injections. Tesns years ago the operation was techni-
cally possible, but would certamnly have been followed by
fatal tuberculous and septic mfection of the region involved
in the operation, Now any bacteria hberated from the
infected ussues during handling by the sutgeon are dealt with
by the antibiotics circulating 1 the blood and do no harm

Another important practical appheation of the same
principle is seen m the pesaillin myections whach are, or
should be, always given when a person with rhenmatic heart
disease 1s having teeth extracted, A heart valve damaged by
theumatism i hable to be mfected by an otherwise harmiess
Streptococeur that tends to lurk around the apex of an unsats-
faciory tooth. Extracuon will nearly always resule i a Litle
flush of streptocacer o the blood, harmiess 1 a healthy
person, but if some of them lodge on 2 chronically inyured
heart valve o fatol duease, subacute bacterial endtocardstis,
may bemmtiated The visk can be obviated by an ioection or
wwo of penteithin on the day of the dental operation.

There are circumstances whcn u is practical and necessary

3

to use larg < prophyl If a few
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Findings of this sort indi h cofthedangersofmass
chemoprophylaxis referred to in the last chapter. Obviously
we must avoid converting a micro-organism that we can
readily handic with available drugs into one which is still a
discase-producer but insusceptible to control by standard
measures. The conditions under which this change i3 likely
to occur are worth thinking about. In the first place we can
feel certain that the drug does not in any strict sense cause
the appearance of resistant vardants. Micro-organisms are
constantly undergoing mutation. If we take an ordinary
culture of bacteria, the turbid fiuid that results from the
growth of a single parent individual, we can show that it
contains in each cubic centimetre about a thousand million
bacteria, By suitable methods we can find that say twenty
only of those thousand million bacteria are resistant to an
amount of penicillin which will prevent the growth of all the
others. If we now grow some of these few resistant bacteria
in the presence of that amount of penicillin and again analyse
the thousand million descendant bacteria, we find amongst
these perhaps a hundred or so which can withstand 2 much
larger amount of the drug. By this method of growing bacteria
with progressively increasing amounts of penicillin, we favour
the multiplication of those variants which, essentially by
chance, happen to be resistant to penicillin, Resistant variants
are always appearing but they can only replace the ordinary
type of the species when there 13 some special surcizal calue in
that resistance,

If in the course of treating a patient with penicillin the
original infecting organism 1s replaced by a resistant variant,
this 15 no more likely to spread to another person than the
original form On the other hand, suppose that everybody n
the community is sucking penicillin lozenges and a highly

i p initiates a throat infe i i
will obviously be at an immense advantage over an ordinary
Streptococcus as far as spread through tlus particular com-
munity is concerned. Ifit has any capacity at all tospread and
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atefy for use in any area m which a poliomyelitis epidemic was
active and alter the epidemsc was over to compare the pro~
portion of cases in children who had taken the drug in com-
parison with the overalf incidence of polio in children of the
city or district concerned, It mught be found that while the
general incidence was seventy cases per 100,000 chifdren
under fifteen, while there were only forty-five per 100,000 in
those who had been given the prophylactie, This might scem
clear evidence of its value until one starts to think of the
possibslities of error, Do we know, for instance, that those
who took the drug were not hiving in one distriet where there
was much Jess pohomyelitis than elsewhere, were they on the
average older than untreated children, did they come from
raore prosperous homes? There are many other conditions
quite unrelated to the drug which might have influenced the
result,

Hsuch doubis are to be eliminated the trial must be planned
very earefully, and it may be desirable to discuss what would
be done by a group of vesponsible savestigators and public-
bealth officers 1fa potentral prophylactic agent aganst pahio-
myelitty were developed. To take a speafic example we may
assume that someone has discovered that a certam substance
is very potent at Jalling polio virus in the test-tube, and that
when it s given by mouth to chimpanzees wfected with
poliomyelits there is no further lberation of virus in the
excreea. Such a drug would not cure the dasease once it had
developed, but 1t nught well protect a chuld agamnst wfecean
from others and, pcrh:xps more important sull, prevent
wfection from um passing to othes children, To test out the
efficacy of our substance would be a lung, complex and

The first req; is ro show that
thc drug can be ghen to chiddren in the necessary dose
without downg thera any harm, and that 1t will actaally pre-
ent excretion of the virus. The normal first step would be for
the dlsco'- erery cf the drug to try 1t on themselves, taking

g doses, ing how much has passed

o

ara
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cases of meningocaccal mcmngms appear in a military
or a residential school, investigation will almost
certainly show that many other members of the community
are carrying the organism in their throats. If every person is
given 2 daily dose of sulphadiazine for a period of two or
three weeks, actual experience in the past would indicate
that the carrier rate will fall and cases cease to appear. The
Meningococeus is one of those organisms which always produces
many harmless throat infections for every instance in which it
invades the body and produces illness. If the proportion of
carriers can be reduced below 5 per cent of the population
concerned then we can be reasonably certain that no frank
cases of disease will arise. Ideally it would be desirabie to
keep 2 constant watch on the carrier rate and provide short
prophylactic courses whenever a significant rise became
evident. So far there has been no record of any variant of
the Memngococous vesistant to sulpha drugs appearing in
the course of an epidemic. If we were concerned only with
the AMeningococcus, sulphadiazine tablets could be given in-
definitely, but other isms like the strep ¢i we have
already mentioned have to be considered, andlike allmeasures
of this sort it should be continued only long enough to pmcm-e
the desired result. It1s an excellent ruleinp
logy, as in chnical practice, to adopt thc motto: ‘\thn in
doubt, don’t do it.” In other words, the conditions are so
complex that any action to affect one aspect of the situation
may have unexpected results on other aspects. If some pro-
cedure has been thoroughly tested in the past, it must be used
as circumstances require, but any new procedure must for
some time at least be applied only in the form of the controlled
tral.

1f some investigator should find a drug which will protect
mice and monkeys against experimental poliomyelitss it
would obviously be of first-rate 1mportance that its cfficacy
should be tested against human polio. The very worst way
to go about such a test would be to make it available immed-

[P
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an equal amount of same harraless substance Hke chatk ot
sugar must also be made up in similar form. The two batches
are labelied 4 and B—~and only those actually designing the
experiment should know whether 4 or Bis the active drug, As
the children file up for their doses they are given siternately
Aand B. A most efficient machinery of card indexing and
admigistrative control will be necessary, for in all probability
the test would involve at least one dose 2 week for a perdod of
four o five months and we must ensure that any given child
receives the proper dose {4 or B) on each occasion. At the
end of the polio season the results are assessed. If a heavy
polio epidemic has occurred and we find that in the group
given 4 there were fifty-five cases of polio and 1n that given
B there were only three—of about 5000 individuals in each
group—-we could be sure that B was a drug of real value,
On the other hand, +f the results of a mild epidemic came sut
as five in A and two in B we could draw no conclusions atall,
Provided 4 and B are given alternately, and the diagnosis of
poliomyelitis in the children who go down with 1 is made by
dactors who do not know whether they are supposed to have
been protected or not, then the answer to be drawn from the
figures 18 a simple matter of statsueal logte The answer will
always be in the form. the beneficial effect of the drug is shown
by adifference in meidence of disease in the two groups which
could occur by chance only once in ¥ such tests, where x may
be anything, 5, 106 or 1000 million. When x 15 20 mulhon or
greater 1t as usual to regard the result as a signaficant one,
Where the result is obviously a stnking one 1t may be possible
to go further and say, for instance, that the drug will reduce
the meadence below § per cent of that 1n the untreated group
1195 per cent of trials, and Lelow 10 per cent i gg g per cent.
It 1s possible, however, that 2 drug mught have no mfiu-
ence on the chance of the idividual contracting paratytic
poliomyeliss, but would yet render any mfected child meap-
able of transfernag the virus to others To demonstrate this
waould require a different type of test. Communities and ot

e
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through the bowel and how much got into the blood, watching
for symptoms, checking their blood to se¢ that no anaemia
and no damage to the white blood cells resulted and making
any other tests that the ci seemed to d d, 1f
all tests were satisfactory the substance would be tested
similarly on a number of healthy children, perhaps patients
convalescing in an orthoy hospital. At the next stage
investigations would for the first time involve poliomyelitis
patients. A number of children coming into hospital in the
carly stages of poliomyelitis would be given the drug, a similar
number would be kept as “controls’. Daily samples of
excreta would be collected and tested by approved methods
for the presence of polio virus. Normally a child with the
disease goes on excreting the virus for several weeks after the
onset. kit were found that all those receiving the drug passed
no more virus, while the ‘controls’ went on in the usual
fashion, hopes would be high and a large-scale “field study’
would undoubtedly be organized.

How best to run such a trial would require some hard
thinking, because there are two different things to be con-
sidered. We will want to know whether the individual taking
the drug is protected, and we shall also want to know whether
the spread of the disease can be stopped throughout a com-
munity if a sufficiently high proportion of susceptible children
are taking the sut Wehavetor ber, too, that it is
only a most ptionally severe epidemic of poli Ji
that will involve 1 per cent of children, and to get results that
mean anything we must have thousands of children under
test. The p d for testing individual protection is the
simpler at Jeast in principle, In a large city ike New York or
London we must obtain 10,000 children whose parents are
willing to co-operate in the test. The children should represent
a fair sample of those in the whole metropolis; 1n any one
school, for mstance, there should not be more than 5 or
10 per cent of the pupils i the trial. Large supplies of the
drug in the proper tablets or capsules must be prepared, and
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‘We are moving inte a new world in which the old natural
history of disease 1s being rapidly distorted, and we must be
ahways alert to look beyond the immediate effect of some new
procedure to see what the logical outcome of its large-scale
use wifl be. Antibacterial drugs like measures to prevent the
spread of infection or immunization procedures are potent
weapens, but to the biologist they are merely new factors
introduced into the environment within which the micro-
organisms of infection must struggle to survive, We must never
underestimate the potentialities of our enemies.
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individuals would become the units to be considered. Ten
small cities might be chosen and by the toss of a coin divided
into five which should receive 4 and five to be given B, In
eachcity not less than 75 per cent of the children must be given
the appropriate dose over the poliomyehtis season and the final
result assessed in similar fashion. Again the logic of statistics
must be applied to the figures before any conclusion is drawn.

Let us suppose that after two years’ work of this type
involving an expenditure of; say, ten million dollars, a clear
and cncouraging answer is given that the chance of individual
mfccuon is rcduccd bclow 50 per cent, and that in a fully

yelitis is virtually tent,
Thls would not in nsclfpmvxdc Jjustification for the universal
adoption of the method. As we have discussed in a previous
chapter the central feature of the epldcmxology of poliomyelitis
is the develor ofii ity by subclini fection. Ifwe
completely prevent infection we prevent the natural develop-
ment of immunity. The protected child would grow to an
adult desperately liable to severe paralysis if he ever entered
a new environment without the protection of the drug.

The practical solution would be to use drug protection only
when it was clear that polio virus of more than usual invasive
power was at large in the community. In the years when only
a minor sprinkling of poliomyelitis cases appeared its use
would be forbidden so as to allow a reasonable degree of
natural immumization to take place. By a process of public
education and with the exercise of wise judgement by those
responsible for health policies, the hypothetical discovery we
have been discussing might become a boon and not on the
long-term view a menace.

As yet there are no known drugs which can deal with virus
infections in the way that penicillm influences pneumomna, and
it may scem foolish to have written at such length about an
xmagmary example, Nevertheless, the discovery of such a
drug is one of the expressed objectives of pohomychus

research, and it may be found before this appears in print.
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form of such obstruction in the Yarynx is laryngeat diphtheria,
One can justifiably assume that diphtheria was present, but
was usuaily mild and unrecognized except when the infection
spread Into the arynx and produced fatal * croup”.

Early in the century definite epidemics of what we can
recagnize as diphtheria ocousred on the continen, especially
in Frauce, Norway and Denmark. The discase was recognized
as ant infections one and given its present name by Bretonneau
in 1826, but 5o more than a few stray cases were recognized
m Engl;md for thirty years. In 1858 there was 2 sudden

of severe diphthersa in England, and
\withun the ycar rithad spread to almost every partaf the globe.
Even Australia was infected before the end of 1858. The
first Victorian cases were m October 858, and Tammania
experienced the cpxdcmxc in Janu:xry 1B59. The small and

ssolated settd in Western A ined free from
diphtheria untl 1864, whcn  MURICIOUS €565 occurred.
Whererveritapp at diphtheri ized

as something outside the previous experience of physicians,
The spreading grey membrane on the threat, the high fatality
and the common appearance of paralysis of the muscles of
the palate some time after infection were all new. Neverthe-
tess, sf our enitesia for dearding whether 2 disease 1 enderasc
or non-endenic are correct, diphthena i 1858 was not a new
disease  From the beginning tt was a disease of chutdhood, not
of adult bife, The Austraban statistics show that diphthena
was muore exclusively a disease of young chitdren in the 1860's
than m the t920’s. Even before diphthena appearcd,
children must have been developmg wmunity agamst the
responsible germ, ax andin 1858 those wver ten years were nearly
d of

all unsty 1o avod . Sinee
1858 \w&ca) d\ph\hena has been present m al) the cwx\x:td
b Ttsincidence and severity

have shown the mema’n‘lc ups and downs. There was a second
penod of high mortality i Eurape around 1890, then a steady
fall for about thirsy years with a distnet recsudescence of
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SOME IMPORTANT
INFECTIOUS DISEASES

CHAPTER XIX
DIPHTHERIA

It is appropriate that we should take diphtheria as the first
infectious disease for a more detailed discussion. Other
diseases are more important causes of death, and some have
been just as carefully and extensively studied as diphtheria,
but no other common disease has been so successfully studied.
From research on diphtheria there have been developed a
satisfactory method of treating the disease, and an even more
effective way of preventing its occurrence. In the course of
research directed towards these ends, a third important
gain has been made, perhaps of more real significance than
these spectacular successes. We have gained a relatively
detailed knowledge of the epidemic behaviour of the disease.
Studies on diphtheria have in fact done more than anything
else to provide a scientific basis for epidemiology. For other
diseases we have to work largely on indirect evidence if we
are to provide a connected account of their behaviour, For
diphthena direct evidence is available.

The history of diphthena 1s of great interest. Until we
reach the beginning of the mineteenth century it is practically
impossible to diagnose the nature of the various throat
infections which are mentioned in medical writings. The great
majority of them were probably of streptococeal nature,
including typical scarlet fever and all the various forms of
tonsilitis and quinsy. Children certainly died of ‘croup’, a
general term for any form of obstruction to breathing, and
according to modern experience the only ly fatal
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form of such obstruction in the larynx is laryngeal diphtheria.
One can justifiably assume that diphtheria was present, but
was usually mild and unrecognized except when the infection
spread into the larynx and produced fatal ‘croup’.

Early in the century dcﬁrutc epidemics of what we can

ize as dipht! d on the i

in France, l\orway and Denmark. The disease was recogmzcd
as an infectious one and given its present name by Bretonneau
in 1826, but no more than a few stray cases were recogunized
in England for thirty years. In 1858 there was 2 sudden
widespread appearance of severe diphtheria iz England, and
within the year it had spread to almost every part of the globe.
Even Australia was infected before the end of 1858. The
first Victorian cases were in October 1858, and Tasmama
experienced the epidemic in Janvary 1859. The small and
isolated settlement in Western Australia remained free from
diphtheria unul 1864, when numcmus cascs oceurred.

Whereveritappeared at thist ia
as something outside the previous cxpmencc of physicians.
The spreading grey membrane on the throat, the high fatality
and the common appearance of paralysis of the muscles of
the palate some time after infection were all new. Neverthe-
less, if our criteria for deciding whether a disease is endemic
of non-endemic are correct, diphtheria in 1858 was not a new
disease. From the beginning 1t was a disease of childhood, not
of adult life. The Austrahan statistics show that diphtheria
was more exclusively a disease of young children m the 1860’
than i the 1920’s. Even before diphthema appeared,
children must have been developing immumty against the
responsible germ, and 1n 1858 those over ten years were nearly
all possessed of sufficient immunity to avord infection. Since
1858 typ:cal dlphlhenl has been present n all the civilized
Tisincd and sncmy

havachnum shp fapemiablas o2 11
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It is appropriate that we should take diphtheria as the first
infectious disease for a more detailed discussion. Other
diseases are more important causes of death, and some have
been just as carefully and ively studied as diphthers:
but no other common disease has been so succcssfully studied.
From research on diphtheria there have been developed a
satisfactory method of treating the disease, and an even more
effective way of preventing its occurrence. In the course of
research directed towards these ends, a third important
gain has been made, perhaps of more real significance than
these spectacular successes. We have gained a relatively

detailed knowledge of the epidemic behaviour of the disease.
Studies on diphtheria have in fact done more than anything
else to provide a scientific basis for epid logy. For other

diseases we have to work largely on indirect evidence if we
are to provide a connected account of their behaviour. For
diphtheria direct evidence 15 available.

The history of diphtheria 15 of great interest. Until we
reach the beginning of the nineteenth century it is practically
impossible to diagnose the nature of the various throat
infections which are mentioned in medical writings. The great
majority of them were probably of strcptococcal nature,
including typical scarlet fever and all the various forms of
tonsilitis and quinsy. Children certainly died of ‘croup’, a
general term for any form of obstruction to brcathmg, and
according to modern experi the only y fatal
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form of such obstruction in the larynx is laryngeal diphtheri2.
One can justifiably assume that diphtheria was present. be: -
was usually mild and unrecognized except when the infect:
spread into the larynx and produced fatal “croup’,

Early in the century definite epidemics of what we ez
recognize as diphtheria occurred on the continent, especiZy
in France, Norway and Denmark. The disease was Tecogized
as an infectious one and given its present name by Bretomnesy
in 1826, but no more than a few stray cases were recombal
in England for thirty years. In 1858 there was 2 dder,
widespread appearance of severe diphtheri in Englard, a1
within the year it had spread to almost every part of the gl
Even Australia was infected before the end of 1858, Tax
first Victorian cases were in October 1858, and Tasmd;
experienced the epidemic 1 January 1859 The smay o
isolated settlement m Western Austraha remamed [

g - vene v

and ke common appearance of paralysis of the Mitscles 7
the palate some time after infection were all new 1\‘ﬂ.:,~
less, if our cnteria for deciding whether 5 disease s r-;:
or non-endemic are correct, diphtheria in 1858 wag no?“
disease. From the beginning it wasa disease of childh, =
of adult Lfe. The Australian statistics show that dic;f:-y
was more exclusively a disease of Young children i l}':) =
than in the 1920%, Even before diphthena g o
children must have been developing immuyn; Pace:
responsible germ, and in 1 858 those over m\yc;,ys g
all possessed of sufficient immunity to avoid infe ‘:;m::f
1858 typical diphtheria has been present 1n allcthon. s
commumitics of temperate climates Iys incidenc g
Imv‘c shown the inevitable ups and downs, The, e
period of high mortality in Europe around 18 sy
fall for about thirty years with a distinet ri:;:;::
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1t is appropriate that we should take diphtheria as the fi
infectious disease for a more detailed discussion. Other
diseases are more important causes of death, and some have
been just as carefully and extensively studied as diphtheria,
but no other common disease has been so successfully studied.
From research on diphtheria there have been developed 2
satisfactory method of treating the disease, and an even more
effective way of preventing its occurrence, In the course of
research directed towards these ends, a third important
gain has been made, perhaps of more real significance than
these spectacular successes. We have gained a relatively
detailed knowledge of the epidemic behaviour of the disease.
Studies on diphtheria have in fact done more than anything
else to provide a scientific basis for epidemiology. For other
diseases we have to work largely on indirect evidence if we
are to provide a connected account of their behaviour. For
diphtheria direct evidence is available.

The history of diphtheria is of great interest. Until we
reach the beginming of the ninetcenth century it is practically
impossible to diagnose the nature of the various throat
infections which are mentioned in medical writings. The great
majority of them were probably of streptococeal nature,
including typical scarlet fever and all the various forms of
tonsilitis and quinsy. Children certainly died of ‘croup’, a
general term for any form of obstruction to breathing, and
ding to modern experi the only Iy fatal

a
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form of such obstruction in the larynx is laryngeal diphtheria,
One can justifiably assume that diphtheria was present, but
was usuatly mild and unrecognized except when the infection
spread into the larynx and produced fatal *croup”

Early in the century definite epidemics of what we can
‘recognize a3 diphtheria d on the cont special
inFrance, Norway and Dentaark. The disease was recognized
2san infections one and given jis present name by Bretonnean
in 1826, but no more than a fexe sray cases were recognized
in England for thirty years. In 1858 there was a sudden

idesprend app of severe diph in England, and
within the jear it had spread to almost every pars of the globe,
Even Australia was infected before the end of 1858, The
first Victorian cases were iy October 1858, and Tasmania
experienced the epidemic 1 Jaanary 1859, The smalt ang
isolated sentfement 10 Western Australia remained free from
diphtheria yntit (864, when numerous cases oceurred.

Whereveritappeared atthis time, diphthenawasrecognized
as something outside the previous expertence of physicians,
The spreading grey membrane on the throat, the hagh fatalty
and the common appearance of paralysss of the muscles of
the palate some ume after infection were all new  Neverthe~
1ess, if our critena Tor deciding whether a disease 15 endemic
or non~endemic are correct, diphthena m 1858 wasnot anew
duease. From the beguuamy it was a disease of chuldhoed, not
of adult hfe The Australian statisties show thar diphtheria
was more exclunvely a disease of young children an the 1860%
thas mn the 1920'. Even before diphtheria appeared,
children must have been deseloping fmmurnaty aganst the
responsible germ, and 1 1858 those over ten YOS were nearly
all possessed of sufficient immumsty to avod safection, Since

1858 tvpical diphthersa has boen present in all the civalized
. fremperate ol Tisincidence andseverisy
have shown the snevitable ups and downs, There wasg second
period of hugh mortaliry in Europe 2round 18go,

thenaseady
fall for about thirty years with a distingt recrudescence o,f




Part V

SOME IMPORTANT
INFECTIOUS DISEASES

CHAPTER XIX
DIPHTHERIA

It is appropriate that we should take diphtheria as the first
infectious disease for a more detailed discussion. Other
diseases are more important causes of death, and some have
been just as carefully and extensively studied as diphtheria,
but no other common disease has been so successfully studied,
From research on diphtheria there have been developed a
satisfactory method of treating the disease, and an even more
effective way of preventing its occurrence. In the course of
rescarch directed towards these ends, a third important
gain has been made, perhaps of more real significance than
these spectacular successes. We have gained a relatively
detailed hnowledge of the epidemic behaviour of the disease.
Studies on diphthena have n fact done more than anything
else to provide a scientific basis for epidemiology. For other
diseases we have to work largely on indirect evidence if we
are to provide a connected account of their behaviour. For
iphtheria direct evid 15 lable.

The history of diphtheria is of great mterest. Until we
reach the beginning of the mineteenth century it is practically
impossible to diagnose the nature of the various throat
infections which are mentioned in medical writings. The great
mayority of them were probably of streptococeal nature,
including typical scarlet fever and all the various forms of
tonsilitis and qunsy. Children certainly died of ‘croup’, a
general term for any form of obstruction to breathing, and
according to modemn experi the only ly fatal
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"The next step, the preparation of antitoxin which coutld
sepder the toxin harmless, was made by a German and a
Japanese bacteriologist working together in 18go, ‘We have
already discussed the relation between diphtheria toxin and
antitoxin in chapter vim. There we were concerned only
with the general fthe i ity respe fthebody,
and diphtheria antitoxin provided a useful example of a
wellstudied antibody. To those concemed with diphtheria as
a disease, these discoveries were of much more immediate
practical importance, Their problem was to interpret the
significance of toxin in causing the symptoms and complica-
tioms of diphtheria, and to assess the value of antitoxin 2s a
means of preventing the action of the toxin on the body. We
shall not go into the history of how these things were done.
It 15 simpler to take the fang process of investigation and
discovery for granted, and give a briefaccount of the accepted
present-day views 1 regard to the part played by toxin and

in 1 diphtheria. Itis always d o think that
knowledge about any subject 13 almost complete. There are
probably surprises in store for us even 2bout diphtheria, but
1t 15 aimost unthinkable that the main outlines of our present
teachmng about diphtheria will ever be setiously changed. Put
a3 concsely as possible, this teachung 13 that the Jocal and
general symptoms of diphtheria ave all due to the acuon of
the tovin, and can be prevented by antitoxin gnen early

enough in the dusease, and further that indvaduals become
mamene 1o diphat ordy by the devel

of
m their blood and tissue flurds. Atone pcnn;l itsecmed that we

mght regard the diphtheria bacillus as yust something which
produced diphthena todn, Any other properuesit might have
wereof no practical importance, We shall sce later that thera
are some important aspects of diphtheria uarelated to the
acuon of 1oxin o1 xatitonn, but for the present we shall keep
to the main theme of the importance of toxin and antitoxin,

When the problem of how dipfitheria could be controfied
was bewng studied from 1920 onwards, 1t was necessary to
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activity in Europe at feast, in the period 1927-31. A very
sharp increase in the incidence and severity of diphtheria
occurred in Germany and the European countries under
German occupation during y941~5, Norway and the Nether-
lands being particularly aflected, This contrasted sharply
with the steady fall in diphtheria in Britain during the same
period that was associated with, and probably resulted from,
a strenuous cffort to immunize alt children in the country.
Since the end of the 1939-45 war immunization has been
almost universal practice, and few reports of serious outbreaks
of diphtheria have appeared.

As soon as the foundations of bacteriology had been laid by
Pasteur and Koch, attempts were made to isolate bacteria
from the throats of patients with diphtheria. In 1882, it was
observed under the microscope that there were numerons
bacilli of an easily recognized shape in the grey ‘false mem-
brane’ which forms on the tonsils in diphtheria. Cultures of
these bacilli were isolated without much difficulty a year
later. It did not take very long to show that the diphtheria
bacillus was the i fiate cause of diphtheria, but there
swas still much to be done before any possibility of controlling
the disease could be thought of.

As soon as a bacterium has been shown to be responsible
for an nfectiaus discase, it is natural to ask. ‘How do the
infecting bacteria make the patient sick?’; and it is equally
natural toanswer: ‘Bysetting free some poisoninto the bloodor
tissues.” So Roux and Yersin at the Pasteur Institute set about
to Jook for such a poison from the diphtheria bacillus. They
kept cultures growing n a nutrient fluid mixture for a week or
moreinthehopeth P t ‘would pass fr
the bacteria into the fluid, Togetnid of living bacteriathey then
passed the fluid through a filter of fine unglazed porcelain,
The clear hiquid from the filter contaned no bacteria, but if

B T DU JUPt TPONE SN I EAVF DTS
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nFig. gisagraph of the resules from 3 famous investigation
made in New York befbre the widespread use of arntificial
immusization, This s what could normally be expected
from the natural spread of diphtheria bacith in a crowded
city area, Ttshows the proportion of ndividuals at different
ages who are Schick negative, that s, whose blood contains
antitoxin. Ttwill bescenthatin infants the proportion is very
Tow and steadily incresses with age. This gradual appearance

Fig. g The devel of armumsty to &
The prrcentage of infants aud children at vanous ages who are Schuck-

phthena durag chilidhood.

fegative, 1 €. imgane to diphthens The wnmuraty of infans i
e € T A fears domnf the A 3¢5t of e derned

of antitoxinas the commonest resaht of the entry of di 3

bacitle mto the throat, With each contact ‘her)b:g&p‘i:&:;a
a Titte of thetr 1o and the bedy responds by the farm:u‘cc
of antitoxin each time a httle more efficiently than the l:\s?
in all probabibty diphtheria results only when a duld
rrcen s exther a very large dose of bacilh or o paneutasly
virulent strasn before he hat had an opportunity o ¢ c!”
an adequate degree of immunity by more harmless m:tac?
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hum:m cosumunity, Witde y. e
germs without symptoms and to what extent chwuien “(
different ages had already developed immunity. That stage
has been passcd in most countties but css:nhally similar
fe ion is needed wh an break of
d\ph\hcna occurs. *Swabbing’ and ‘Schlck-tcs(mg‘, twa
terms not now so familiar to newspaper readers as they were
twenty years ago, are the two methods mainly used to obtain
such information. Swabbing merely means the taking of a
sample of muces from the back of the throat on a piece of
sterile cotton wool. The material is then suitably cultured to
se¢ whether virulent diphtheria bacilli are present. Swabbing
i3 mostly carried out when diphtheria is prevalent, and under
these conditions it i3 usual to find from 2 to 5 per cent of
apparently healthy children with bacilli in their throats, In
novmal times, the proportion may be smaller, but even so,
when we consider that these ‘carriers’ probably retain the
germs in their throats anly for a week or two, it scems likely

that practically all schoolchildren have diphtheria bacilli in
t e Auring at least one period each year.

. T e mor more than 5-10
e - ‘ al diphtheria, so
that we can feel sure yial vu .. s the presence of

diphtheria bacilli in the throat does not produce the disease.
T we are to understand the results of ¢these repeated harmless
contacts with the germ, we must consider what 1s found by
theuse of the Schick test. The Schick testis merely the simplest
method of finding out whether or not there 18 diphtheria
antitoxin m the blood, A very weak solution of toxin is
infected into the child’s skin  If there is sufficient anditoxin
in the blood, the toxin is neutralized and produces no result.
The Schick test 15 negatve, In the absence of anttoxin, the
injected toxin damages the shint cells, and a deep red patch
of superficial inflammation appears after two or three days—
3 positive Schick test
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In Fig. gisa graph of the results from a famous i I

made in New York before the widespread use of aruficial
munization. This is what could normally be expected
from the natural spread of diphtheria bacilli in a crowded
city arca. It shows the propostion of individuals at different
ages who are Schuck negative, that 15, whose blood containg
antitoxin It will be seen that in infants the proportion is very
tow and steadily mereases with age. This gradual appearance
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Fig. o The of ymmurity 10 diphthena dur
D g chul
The percentage of infants and chuldren at various ages wheare ggﬁ'

negative, 18 mmune to diphtherta The immunity of infants
feon thear mathery, kod disappears dunng the St year of m: dered

of anttovan 13 the commonest result of the ents ?

bacith mto the throat With cach contact th:r)!;::i(]i;ipl};;i:am
a huk. of theis toxin and the body responds by the formati .
of antitosin each ume a htule more efficiently than the 1 o
In all probabihity diphthena results oaly when a h?ltv
recenes aither a very large dose of bacilli :::r 2 parti C‘ Id
ramlent stzamn before he has had an opportanit iy

an adequate degree of immunity by more h.mnl;:cg:::xc?
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Very wide experience has shown that children who are Schick
negative practically never develop diphtheria. They have
already developed suflicient antitoxin to render even a large
dose of bacilli incapable of doing any serious damage. Itis
amongst the children giving a positive Schick test that
diphtheria occurs.

Tt will be easier to understand why there is this difference in
susceptibility if we look into what happens when a large dose
of virulent diphtheria bacilli lodges on the tonsils of a suscep-
tible Schick-positive child who has not previously developed
antitoxin, The germs multiply first on the surface, but very
soon they get into the lining membrane of the throat, Toxin is
produced, whose first action is to kill the adjacent cells and
any phagocytes in the vicinity. This provides dead tissuc in
which the diphtheria bacilli can grow and produce more toxin.
More and more damage is done, and soon there is a grey patch
of dead tissue over the tonsils and spreading over the palate.
There are millions of bacilli here actively producing toxin
which now leaks into the blood, causing the general symptoms
of diphtheria. To overcome the process, antitoxin is required,
either produced by the body or provided by the doctor’s
injection of ready-made antitoxin.

In a Schick-negative child the diphtheria bacilli may invade
the tissues to a certain extent, but the damage they can pro-
duce is tnivial. The antitoxin in the blood is there to protect
the tissues from toxin, so that no convenient mass of dead tissue
is produced in which the germs can multiply freely, With the
toxin rendered impotent, it is usually easy for the ordinary
tissue defenders, the phagocytes, to deal with the invasion.
Even if with particularly virulent diphtheria bacilli a local
foothold is established and the availabl in overcome,
the partially immune child can very rapidly produce more
antitoxin in response to the stimulus of infection, and only 2
mild attack results.

If this is true, it follows that to prevent diphthena all we
have to do is to make certain that each child develops anti-
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taxin before it comes mto contact with a large dose of bacilti.
We have to find a way of imitating Nature’s method of
harmles contact snd immunization, withent the liability to
serious infection which is inherent in it. The closest imitation
would be to inoculate many very tiny doses of toxin under the
skin, but this would be impractical when large numbers of
chuldren had to be treated. Fortunately, st is posible to
treat toxin in such 2 way that it foses all its poisonous pro-
pertiss but still retains its power to produce antitoxin, By
the action of formalin on toxin, a harmless but sull antigenic

b toxoid, 1s produced, Large of toxod can
be injected with complete safety and with the certainty that if’
a proper course of injections is given, any child will develop
sufficient antitoun in his blood to ensure almost complete
immunity against diphtheria.

The value of immunization against diphtheria is now fully
established, and the only aspects under discussion at the
present time are the most appropriate preparation of toxeid
and the best age for children to be immunized. In the earlier
years of the work between 1920 and 1930, many papers were
published to thow that immumzed children were far Jess
severely hit by diphtheria than ummmunized children in
the same environment. With the general adoption of im-
munization first in some of the larger Amencan cities like
New York and Toronto and then progresuvely in other
countrics, evidence of its efficacy on 2 murh larger seale could
be provided. In Fig. 101 shown the trend of mortality from
diphtheria in New York Caty and in England and Wales
since 1900 A semeloganthmite scale is used to mve a clearer
indication of how great the falt in the death-rate has been.
Bothgums show fisst the gradual fall in mortakity that resulted
from i dards and the ing effective

ng nng
n al care. Then in New York, about 192930, and
in England and Wales, about 1941~2, the line tarns sharply
downmards. The turning posnt in both cases 15 at the time
when the proportion of school children who had been

ness of medic;
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Very wide experience has shown that children who are Schick
negative practically never develop diphtheria. They have
already developed sufficient antitoxin to render even a large
dose of bacilli incapable of doing any serious damage. Itis
amongst the children giving a positive Schick test that
diphtheria occurs.

Tt will be casier to understand why there is this difference in
susceptibility if we look into what happens when a large dose
of virulent diphtheria bacilli lodges on the tonsils of a suscep-
tible Schick-positive child who has not previously developed
antitoxin. The germs multiply first on the surface, but very
soon they get into the lining membrane of the throat. Toxin is
produced, whose first action is to kill the adjacent cells and
any phagocytes in the vicinity. This provides dead tissue in
which the diphtheria bacilli can grow and produce more toxin.
More and more damage is done, and soon there is a grey patch
of dead tissue over the tonsils and spreading over the palate.
There are millions of bacilli here actively producing toxin
which now leaks into the blood, causing the general symptoms
of diphtheria. To overcome the process, antitoxin is required,
cither produced by the body or provided by the doctor’s
injection of ready-made antitoxin

In a Schick-negative child the diphtheria bacilli may invade
the tissues to a certain extent, but the damage they can pro-
duce is trivial. The antitoxin in the blood is there to protect
the tissues from toxin, 5o that no convenient mass of dead tissue
is produced in which the germs can multiply freely. With the
toxin rendered impotent, it is usually easy for the ordinary
tissue defenders, the phagocytes, to deal with the invasion.
Evcn 1f with particularly virulent dxphthcnn bacnlh a local

1 old blished and the avail
the partially immune child can very rapidly produce more
antitoxin in response to the stimulus of infection, and only a
mild attack results.

If this is true, it follows that to prevent diphtheria all we
have to do is to make certain that each child develops anti-
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cultures were grown on a special solid medium, and the

strains could cause starch to ferment, a quality lacking in

ordinary strains of diphtheria bacilli, These were easily

recognized objective differences, and all the cultures ob-

tained from patients in Leeds were classified according to
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Fig 10 The death-rate per 160,000 from diphthena 1> New York and
n England and Wales over the last fifty years Deaths are shown on a
loganthmic scale The arTows mark the year when smmunization of
50 per cent or more of children against diphthena was first attained.

these criteria, Then the results were considered in relation
to the seventy of the disease m the pauent from whom the
culture was obtamned. In Table II are shown the figures
they obtained. Since this new type of diphtheria bacillus
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immunized against d\p\\u\cna reached 50 per cent or more,

1 ization is not a comp jon against diphtheria
nor even against death from dxpl\thma, but the overall effect
shown in the figure and paralieled in many other countries
must mean that in Britain and North America alone about
20,000 children each year survive who, in the absence of
immunization, would have died from diphtheria.

Research at the present time is directed mainly towards
preparing the ideal immunizing agent. In general, the
aim is to have the toxoid 2s free as possible of other products
of the diphtheria bacillus and to mix it with an inert substance

which will enl: its capacity to prod itoxin, Prob-
ably tmost immunizations nowadays are done by giving two

injections of alum-precipitated toxoid (AP.T.) with the
interval of three weeks betwecn the i injections.

There has been a steady tendency over the years to
immunize at progressively earlier ages. Where immunization
is done by public authorities the rule is to concentrate on the
youngest available groups in primary or nursery schools.
Where the parent takes the rapomxbnluy the best current
advice is 10 give bi jon against diphtheria
and whooping cough when the baby is four to six momhs old,

We mentioned carlier that there were certain aspects of
diphthena which were important, yet which had nothing to

do with toxin or antitoxm. So far we have referred to the
diphtheria bacillus as if 1t were a single distinct species of
micro-organism. This is what was generally believed for many
years, but in 1931 it was suggested that there are at least three
important types of the bacillus. Around 1929 and 1930
diphtheria in the north of England appeared to be more
severe than it has been for the previous twenty or thirty years,
and 2 duqulctmgly high pmpomcn of chxldrcn were dying,
despite ists at Leeds, in
searching for the cause of this apparent change, observed
that cultures from the severest cases had some unusual
qualities. The colonies had 2 distinctly different shape when
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cultures were grown on a speaal sobid medium, and the
strains could cause starch to ferment, a quality lacking in
ordinary strains of diphtheria bacilli, These were castly
recognized objective diffetences, and all the cultures ob-
tained from patients in Leeds were classified according to
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Fig 10 The death-rate per ton,to0 from diphthena 1 New York and
1 England aad Wales over the lasc 6fty years Deachs are shown on
logandnug seale The arrows mark the year when smsaumizauen of
50 per oent o7 moce of chiidren agaunt diphthena was first attamed.

these enteria, Then the results were considered m relation
ta the seventy of the dyscase in the patient from whom the
culture was obtamned. In Table 11 are shown the figures
they obtained Since this new type of diphthesia bacillus
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they had found was apparently responsible for most of the
severe cases, they called it the graris type, while the other they
called mifis, After further work, it was found that a third type,
i diate, could be differentiated.

Table 1. Tke secerity of diphthera in selation fo the
tpe of bactllus responsible

Type of bacalius
Seventy of disease Grops  Intermediote Alites
Mdd 189 11 7
Moderately severe 151 o 3t
Very scvere 8¢ 3 5
Deaths 50 2 °

The figures shaw the number of pauents 1n each group
out of & wial of 555 cases

These studies on diphtheria cultures were taken up alf over
the world. In every aity there are bacteriologsts whose chief
routine worh 15 to examine diphtheria cultures, and here was
2 very welcome opportunity to add wterest and additional
value to what can become a rather bonng task. For a time
nearly all diphthena cultures were classtfied into the three
groups, and there are now sufficient data to allow us 1o see
something of their sigmficance. Fiest of all, we must sum-
marize the facts, These are first, that the three types, grazts,
intermediate and mitis, are easily recognized and are found
varying proportion all over the world, Serious outbreaks of
diphthena with Ingh mortality are always due to grans or
intermedhate Strains, BOt to mutis strams. The converse 1s not
pecessatily true—gris and mtermediate Strams may, under
certain conditions. give rise o eprdemucs of quite ordinary
mild type: Mitis strains produce usually mild diphtheria;
when they cause death it is nearly always due to blockmg of
farynx, and ra(hc'r cuciously, the great magoruy of cases
of laryngeal cdphtheria are due to thz:sc~ relatively weak mafss

e may picture condiuons fairly aceurately if we

ins, Wi
strail hthenz as made up of a steady stream of myd

shink of dip!
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mifis-type mfections, only a few seriously ill, plus irregular
epidemic waves due to the appearance of one or other of the
more active types.

Those are the facts of the matter, perhaps a little over-
simplified. Next we want to know why there is this difference
in virulence. Why do grazis strains, which produce the same
toxin as mutis strains, produce on the average much more
serious infections? Analysis of the difference by bacterio-
logical methods makes it reasonably certamn that the graus
strains are more invasive than the mutis ones. Like strepto-
cocci and preumococci, they multiply readily in the tissues,
and are only properly dealt with by phagocytes when the
appropriate antibody 1s present. In discussing recovery from
poeumonia, we described the antibodies which assisted
phagocytosis by coating the surface of the bacternum with
protein, Simlar antibodies are probably needed to deal with
invasion by grais diphthena bacilli. We must make it clear
that the antibodies needed for this purpose are not the same
as antitoxin. The phagocytosis-helping antibodies correspond
to the antigens which make up the actual surface of the
bacterium. Antitoxin corresponds to toxin, which is some~
thing set free by the diphtheria baaillus, not part of ts
substance We may put it concisely by saying that the grans
type of diphtheria bacillus has two weapons to assist its attack,
its invasiveness and its toxin, the muis strain only the toxin,
Diphthena baalli are sensitive to penicillin and, although
pemcillin has no action agamst the toxin and cannot be
substituted for antitoxn, it is a valuable adjunct to antitoxin
treatment mn serious cases. Bacteria producing toxin on the
surface of the throat and tonsils are relatively shielded from
the action of penicillin, but those that mvade the deeper
tissues and produce the swollen ‘bull-neck’ of a severe graves
infection are nearly as susceptible as streptococci m a
simlar stuanon, The toxin still remains the important
feature of diphthera, but the high invasiveness of some
strams of bacillus makes it desirable to use penicillin in ait

B8a

it
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serious cases as well as to give antitoxin at the carliest possible
moment,

However, the rule that prevention is better than cure holds
porticularly for diphtheria, and now that fully effective
methods of arnficial immunization are avaitable to replace
the risky and uncertain process of natural immunization,
they should be used for all children

‘We may finish this section by retumning to the history of
diphtheria in order to see whether our modern knowledge can
throw any light on its sudden appearance (or at least greatly
increased activity) in most parts of the world around 1858,
Any attempt 1o give a bacteriol { expl ion of epidemi
logical happenings before the 1880 is necessarily pure
conjecture, and since it cannot be experimentally proved or
disproved, is unscienufic. So all that we can justifiably say is
that if after a long peried in which only mifis strains of diph-
theria had been present m the community, one or more
virulent gravis or intermedtate strains had appeared, then the
results would have been of yust the same general character as
actually happened m 1858, With only mutis present i the

, the only rec ble result in the days before
pactenology would be the occurrence of numbers of cases of
iphtheria (croup) tuldren, but except

laryn, rouy
in rare instances, no indication that this croup was an

infectious discase  Nevertheless, nearly all chaldren would be
tightly infected and develop immunity to diphthema m
general, 50 that when the new virulent strains armve only the
younger cluldren, who had not become immune, would on the
whole be affected. .

1¢ is impossible to know whether this hypothess 1s carrect
in deta, but unless all our epidemiological reasoming 18
crong, its general principles are sound. Diphtheria and
. rktyfcvcr are two diseases which resemble one another in
s:;mg caused not by a single type of germ but by a group of
Josely related micro-Organisms with the common quality of
;mducing 2 smgle toxin. Diphthenia may be caused by any



DIPHTHERIA 275

of eight or ten different types of diphtheria bacilli (for we can
further subdivide the three mam types of gravis, wntermediate
and mehs), all producing diphtherta toxin just as scarlet fever
may be due to a considerable number of streptococcr whase
common feature is to produce the toxin responsible for the
characteristic scarlet rash In both diseases immunity is
mamly a matter ofimmunity to the toxin, not to one particular
type of the germ. Infection wath a muld type of bacterium 15
almost or quite as effective in producimg immunity as a severe
infection.

The hstory of these two diseases 1s what would be expected
from thus character. They have both varied greatly m viru-
lence (because of the large number of different types which
can cause disease) from pertod to period, but throughout their
history they have always been diseases of childhood and
fancy {(becausei ity to their toxins devel
duning childhood, irrespective of the type of disease) N eithtr,
m the period over which knowledge 1s available, has shown
the characteristics of a really ‘new’ disease.
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serious cases as well as to give antitoxin at the earliest possible
moment.

H ver, the rule that p ion is better than cure holds
particularly for diphtheria, and now thar fully eflective
methods of artificial fmmunization are available to replace
the risky and uncertain process of natural immunization,
they should be used for all children.

We may finish this section by returning to the history of
diphtheria in order to see whether our madern knowledge can
throw any hght on its sudden appearance (or at least greatly
increased activity) in most parts of the world around 1858,
Anyattempttogiveat {ological explanation of epidemnt
logical happenings before the 1880’s is necessarily pure
conjecture, and since it cannat be experimentally proved or
disproved, is unscientific. So all that we can justifiably say is
that if after a long period in which only mifs strains of diph-
theria had been present in the community, one or more
virulent gracis or inlermediate strains had appeared, then the
results would have been of just the same general character as
actually happened 1 1858 With only mitis present in the
¢ ity, the only ble result in the days before
bacteriology would be the occurrence of numbers of cases of
]aryngcal diphtheria {craup) amongst children, but except
in rare mstances, no mdication that this croup was an
infectious disease. Nevertheless, nearly all children would be
Tightly infected and develop immunity to diphthera in
o that when the new virulent strains arrive only the
hildren, who had not become immune, would on the

gencrai, st
younger¢
whote be affected.

1t is impossible to know whether this hypothesis is correct

in detail, but unless all our epidemiological reasoning is
wrong, I8 general principles are sound. Diphtheria and
scarlet fever aIe WO diseases which resemble one another in
peing caused 00t by a sngle type of germ but by a group of

4 micro~organisms with the common quality of

Yy relate
;,::;:lciﬂg a single toxin. Diphthenia may be caused by any
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of eight or ten different types of diphtheria bacilli (for we can
further subdivide the three main types of gravy, intermediate
and mites), all producing diphtheria toxin just as searlat fever
may be duz to a iderable number of strep whose
common feature 15 to produce the toxin responsible for the
characteristic scardet rash. In both diseases immunity is
mainly a matter of immunity to the toxim, not to one particular
type of the germ. Infection with 2 muld type of bacterium is
almost or quite as effective 1n producing immunity as x severe
fnfection,

The hustory of these two diseases 13 what would be expected
from this character. They have both varied greatly in viru-
Ience (because of the Large number of different types which
«an cause disease) from period to penod, but throughout thesr
lustory they have always been discases of dnldhood nnd
infancy (because i ity to their ontoxini
durmg childhood, wrespective of the type of disease). N cnhcr,
in the period over which hnowledge is avaitable, has shown
the characteristics of a really ‘new” disease,
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CHAPTER XX
INFLUENZA

Amongst the important infectious diseases, influenza holds
a rather special interest for the average man, It is the one
disease of which he is almost certain to have had personal
experience during adult life, And pine times out of ten it has
been a mild, almost pleasurable experierice, an opportunity
for an unexpected fortmaght’s holiday from work. Thirty-four
years ago, influenza was responsible for what was probably
the worst plague in tustory, yet despite that calamity, its
name stll remains something of a jest. In previous centuries,
influenza presented an even sharper contrast to the other
prevailing infections. When smallpos, typhus, typhoid fever
and the like were ever present and often fatal, the sudden
appearance of influenza which, as a rule, killed only infants
and old people, was almost 3 rekief Influenza was always
yeferred to in a flippant fastuon. and Creighton has eollected
some of the facetious names which have been applied to it in
different periods. In the sixteenth century we find it called
¢the new acquaintance” or ‘the gentle correcuon’; m the
next century *the pew dehight” or ‘the jolly rant’. In Horace
Walpole's tetters he speaks of ‘these blue plagues’, It was
rauch the same on the Contiment. In Germany, one writer
st St Y nkhent’, while the French
uts 1o have had the same
Weassieon & Iz mode. The term
influenza’, which reached England from Italy, with the
epidemic of 178a—the wfluence—had probably something
of the same significance.

Forus thechiefinterestlies in the great epidemicof 191819,
putto understand how this differed from influenza before and
after, 1t i8 DECESSATY to say something about 1hcvhismry of the
Jisease Until 1933, when the virus responsible was first
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isolated, it was just as easy to diagnose influenza from six~
teenth- or seventeenth-century descriptions as it was to say
whether 2 current epidemic was or was not wftuenza. The
disease had to he dizgnased not so much from the symptams
of the patients, but from the characteristics of the epidemic.
Other infections might produce the same syrmptoms of a few
days’ fever with catarth and 2 tendency for pneumonia to
follow in old people. But only influenza resulted in 2 sudden
appearance of many such cases with, after a few weeks'
prevalence, an almost equally sudden disappearance of the
spidemse. Such gualities are not difficult to vecaguize in old
writings, For instance, there is a contemporary descripiion
of an epidemic of infh in Edinburgh in 1562 which
inctuded Scotland’s most famous guees amongyt ks victims,
It shows clearly how httle ordsnary influenza has changed
through the centures.

Immediatelyupon the Queene’s arnivall here she fell acquainted
vath a new dusease that 1 coramon m ths towne, talled here the
mewe acquayntance, which passed also throughe her whole
courte, netther spannge lordes, ladyes nor damoysells, fnot so
much as ether Frenche or Erglsh It 15 2 plague in thewr heades
that have yt with a great cough that remayneth wath some fonger,
with othess shorter tyme as ¥t findeth apte bodies for the nagure
of the disease. The Querne kept her bed ux days There was no
appeacance of danger, nar maaie that die of the disgase except
sonae olde folkes

From such fay descriptions as thus, as well as from medicat
writings, it has been possible to compile a fairty complete list
of mfivenaa epidermics in Furope since 1500, There aze also
scattered earher accounts of the disease, the ¢arhest recog-
mizable reference 1 English records being 1o an epidemic m
1170,

The most striking feature of dus hustorieal record 15 the
srregular app of universal epidemics or d
mvotving the whole of Europe, or in more recent yeass the
whole cnvitized worsld. In between these pandernics every
country has expenenced lesser epidemics, often at two-, three-
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or four-year intervals, There were several earlier pandemics,
but the first ane to which we need refer is that of 1781-2, This
appeared in Asia in the autumn of 1781 and spread through
Siberia to Russia, which it reached in December. Finland
and Germany were attacked in February, Denmark, Sweden
and England in Apni, while France and Italy, with most of
the rest of Europe, felt its effect during the early summer. In
London there was a sharp epidemic, fimited to the month of
June, and probably responsible for 200-300 deaths, This
pandemic was not a particularly fatal one, but had one
charactenstic which is of interest in relation to the great
pandemic of 1g18~19. It spread rapidly, affecting threc-
fourths of all adulis but a much smaller pereentage of children,
only 2 per cent of the boys at Christ’s Hospital being ill.
Another comment by a medical writer of the time 1 signifi-
cant: ‘Children and old people either escaped this influenza
entirely or were affected in shght manner.”

We can pass over the farely severe eprdemucs of 1803, 1833
and 1837, and come ta the pandemic of 1847-8. This, like
that of 1782, came from the east, being acuve i Russia in
March 1847 and spreading westward reached England in
November. This winter epidemic in England caused a large
increase in deaths, particularty amongst the elderly. Dunng
the six weeks it lasted there were about 5000 deaths which
could be ascribed to nfluenza, including not only those aten-
buted directly to influenza, but also the excess of deaths
registered {or preumonia and bronchits during these weeks.
Creighton makes the mterestng remark n regard to this
epidemic that it had the usual effect of an wluenza eprdemsc
inlengthening enormously the obituary columns of The Trmes
The eiderly nch, protected from the stresses which sent the
old folk of paorer classes o thewr graves in a fairly steady
were hable to die m retatvely farge numbers when
dable as influenza appeared 1t was the
something & danger to the old against which wealth and

one hyncal d
posn?on could afford no pratection.

streams
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From 1848 to 1889 there was 2 rather extraordinary absence
of influenza from England. A small number of deaths each
year were regi d as due to infl but no epidemics are
on record. One can hardly imagine that the virus was absent
from England for forty years, and it is probable that the minor
outbreaks which must have occurred produced few deaths
and passed unrecorded simply because of lack of interest by
the doctors concerned. During this period there were four
active preval of infl on the Conti which
failed to reach England. The pandemic of 1889 showed the
usual spread across Europe from Russia, and reached England
in the first week of 1890, This first wave was relatively mild,
but was followed by three other waves of influenza at short
intervals. The four waves had their ‘peals’ in January 1890,
May 1891, January 1892 and December 1893. Thesecond and
third waves showed relatively high mortahties, each being
responsible for more than 2000 deaths in London. As in
previous epidemics, except for that of 1872, the deaths were
predonunantly amongst infants and old people.

The year 18go imtiated a period of activity of influenza in
England, which, afier four waves of the primary enslaught
remained always present with exacerbations in 1895, 1900
and 1908, untl jt culminated in the great pandemic of
1918-1g. Like the previous pandemic, this one came in
waves, The number and tbme of the waves varied in different
countnies. In England, there was a relatively mild but almost
universal sumumer epidemic, then a lull untl the main wave
rose in October, reaching its highest mortality in November
and December. Then cameadimuinution in deaths, but another
serious nse occurred in February and March rg1g. In
England there were approximately 150,000 deaths from
mfluenza in this period. The rest of the world, with the
exception of St Helena, New Guinea and a few other isolated
places, suffered at least as heavily. Most countries populated
by western Europeans had a death-rate of three to five per
1000. Non-Europeans, on the whole, showed a much higher
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or four-year intervals, There were several carlier pandemics,
but the first one to which we need refer is that of 1781-2, This
appeared in Asia in the autumn of 1781 and spread through
Sheria to Russia, which it reached in December. Finland
and Germany were attacked in February, Denmark, Sweden
and England in Apsil, while France and Italy, with most of
the rest of Europe, felt its effect during the early summer. In
London there was a sharp epidemic, limited to the month of
June, and probabt ponsible for 200-g00 deaths, This
pandemic was not & particularly fatal one, but had one
characteristic which is of interest in relation to the great
pandemic of 1918-1g9. It spread rapidly, affecting three-
fourths of all adults but a much smaller percentage of children,
only 2 per cent of the boys at Christ’s Hospital being ill.
Another comment by 2 medteal writer of the time is signifi-
cant: ‘Children and old people either escaped this influenza
entirely or were affected in shght manmer.’

We can pass over the fairly severe epidemics of 1803, 1833
and 1837, and come to the pandemic of 1847-8. This, like
that of 1782, came from the east, being active in Russia in
March 1847 and spreading westward reached England in
November. This winter epidemic in England caused a Jarge
increase in deaths, particufarly amongst the eiderly. During
the six weehs it lasted there were about 5000 deaths which
could be ascribed to influenza, including not only those attri-
buted direcdy to mBuenza, but aiso the excess of deaths
registered for pneumonia and bronchitis during these weeks.
Creighton makes the wteresting remaxk in regard to this
epidemic that it had the usual effect of an influenza epidemic
inlengthening enormously the obstuary columns of The Times.
The elderly rich, protected from the stresses which sent the
od folk of poorer classes to their graves in a faurly steady
stream, Were hable to die Arclauwly large pumbers when
omething as unavoidable as influenza appeared It was the
* 1 danger to the old against which wealth and

one physica
positicn could afford no protection.




INFLUENRZA 279

From 1848 to 1889 there was a rather extraordinary absence
of influenza from England. A small number of deaths each
year were regi: d as due to infl but no epid. are
on record. One can hardly imagine that the virus was absent
from England for forty years, and it is probable that the minor
outbreaks which must have occurred produced few deaths
and passed unrecorded simply because of lack of interest by
the doctors concerned. During this period there were four
active prevalences of influenza on the Continent which
failed to reach England. The pandemic of 1889 showed the
usualspread across Europe from Russta, and reached England
in the first week of 18g0. This first wave was relatively mild,
but was followed by three other waves of influenza at short
wtervals The four waves had thexr ‘peaks’ m January 18go,
May 1891, January 1892 and December 18g3. The second and
third waves showed relatively high mortalities, each bemng
responsible for more than 2000 deaths 1 London. As in
Pprevious epidemucs, except for that of 1872, the deaths were
predominantly amongst infants and old people.

The year 1890 imtiated a period of activty of influenza in
England, which, after four waves of the primary onslaught
remamed always present with exacerbations m 1895, 1900
and 1908, until 1t culmmated m the great pandemc of
1918-19 Like the previous pandemuc, this one came m
waves. The number and time of the waves varied in different
countries. In England, there was a relatively mild but almost
universal summer epidemic, then a lult until the main wave
rose in October, reaching 1ts highest mortabty in November
and D ber. Then came adimi; indeaths, but anather
serious mse occurred 1m February and March 1919. In
England there were approximately 150,000 deaths from
wfluenza in this period. The rest of the world, with the
exception of St Helena, New Guinea and a few other isolated
places, suffered at least as heavily. Most countres populated
by western Europeans had a death-rate of three to five per
1000. Non-Europeans, on the whole, showed a much higher
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mortality. South African natives Jost twenty-seven per 10003
in India there were over five million deaths, with rates per
1000 varying in different parts of the country from four to
sixty. The highest mortality of all was recorded in Samoa,
where a full quarter of the native inhabitants died.

Such mortalities from influenza were everywhere un-
precedented, but an even more remarkable feature was the

71 DEATHS FAOM INFLUENTA, IRELAND, (€92 &340 1318,
o

E1)

oot = +
OIiRGER Bui3  15-25 25-33 15-45 AS-55 35-65 65.75 OV
3 ¥EARS I

L e LR T - -

young adults.
change in the 386 of the people most severely affected.
Everywhere the incidence of death fell most heavily on young
adults. There sere many deaths amongst infants and old
people, but the former predomnance of thc.sc groups in the
eath-yoll had completely hed The differ can be
strikingly seen by comparing the graphs of age incidence for
emic with that of 1918-19 (Fig. 11}, Thus

e
the 1890 pa
chatactesistic agenadence was seen 1n cach of the threc
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waves and in all the countries struck by the pandemc. Tthad
not been observed on any previous occasion, unless we can
assume from the brief accounts of the 1782 epidemic that this
much less fatal outbreak had a smmilar age-distribution of
deaths. As far as they go, these accounts suggest that the 1782
prevalence was extremely similar to the 1918 summer wave,
but was not followed by any severe winter epidemic.

Since 1919, influenza has continued to recur irregularly in
much the same fashion as 1t did in the earlier years of the
century. It seems probable that for a few years the pandemic
type of virus was responsible for some further outbreaks, but
has now been replaced by the older type, which has little
power to kill except amongst the old The English outbreak in
early 1951 was the most severe that had occurred since 1919,
and in Liverpool there were actually more deaths in the worst
week of the epidemic than in the worst week of 1918-19. The

[ . h )
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The great pandemc left bactenologists and eprdemiologists
with several important problems to solve Why was it so
much more widespread and fatal than any previous epidem:c?
Why did three successive waves occur? Why did the first of
these waves not render those attacked immune to the second
and third waves? Why did the age-incidence of deaths differ
$0 remarkably from that of former epidemics? And, finally,
why did European peoples escape more lightly than most
coloured races?

No attempt could be made to answer these questions until
th.e cause of influenza had been discovered. This discovery
mmight have been made in 1918 or earlier, but only by some
lucky accident. At that time the methods for research info
virus diseases were undeveloped, and most bacteniologists
Were content to look for a bacterial cause of the disease. By

1933 great advances had been made in the technical side of
VItus research, and the time was ripe for the discovery of the
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influenza virus. Most people have heard the story of how it
was found by three English scientists that ferrets were
susceptible to influenza. They probably do not realize that
this was not a chance discovery, but one carefully planned
beforehand. If influenza was a virus disease, it could only
be investigated by finding an animal susceptible to infection.
Sowheninfluenzaappearedin Englandin the winterof 1932-3,
it was decided to take material from the throats of paticnts
with the disease, filter it through membranes which would
hold back bacteria but fet any virus pass through, and then
test the power of the filtered material to infect all the species
of animals, which could possibly be used for laboratory work.
Rabbits, guinea-pigs and muce refused to show any symptoms
at all, so more out-of-the-way animals were tested. The first
to be tried was the ferret, because it was known that this
animal was Iughly suscepiible to distemper, the virus disease
of dogs which has a ¢ b blance to inft
The ferrets were inoculated nto their noses, and two days
later they looked miserable, ran lugh temperatures, developed
running noses and sneczed. There was no doubt that they
had influenza, That day opened the new epoch in the story of
infl Now it was ble to experimental study, and
no longer a nebulous entity that could only be defined by the
fact that it occurred 1n epidemics of a particular type. Since
then there has been steady progress in the development of
technical methods for handling influenza viruses, so much so
that we can say to-day that influenza virus A is not only the
most adequately studied of alf the viruses but that we probably
understand its actvines at least as well as those of the
diphtberia bacillus.

The first technical advance was to transfer the virus to
2 much more convenient experimental :min}al than the ferrer,
The white laboratary fnouse is not rcac:my s.usccpublc to
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For several years most experimental work on influnenza was
carried on by this method, but since 1940 the mouse has been
to a very large extent replaced by the chick embryo.

1 can remember well the days when the nature of influenza
was the biggest mystery still to be solved in the field of
infectious disease and I can imagme how incredulous we
should have been if we had been told how fantastically
simple 1t is to study influenza virus to-day. To grow influenza
virus we merely moculate a minute amount of virus into a
fertile egg that is halfway through incubation. The virus
lodges in one of the cavities or water sacs of the embryo and
multiplies in the swrounding cells, After two days’ mcubation
we can withdraw the fluid from the cavity and find that it
now contains a million times as much virus as we put into
it To measure the amount of virus is equally simple. We
merely mix graded amounts with a suspension of red blood
cellsin salt solution. Ifvirusis presentinsufficient amount the
cells will be clumped or agglutinated and settle to the bottom
of the tube in a characteristic pattern.

In a laboratory like my own where for the last fifteen or
sixteen years work on mfluenza virus has been a central
actvaty, ferrets and muce are still used, but each year the bill
for fertile eggs grows bigger and more and more glass tubes
for red-cell-tests seem to be needed. By suitable experi-
mental devices—tricks if you like—eggs and red blood cells
can be made to tell almost anything one wishes about mfluenza
virus and 1ts actwities,

The virus it wolated very simply from the throat of a
patientin the early stage of *fever, headache. general muscular
aching and malaise® The patient gargles a mouthful of fluid
and returns 1t to a medicine glass. The throat washings are
mixed with a little pemsaillin and streptomycin to kil the
vanous bacteria present and a few drops of the mixture are
1mplanted wto an ianer cavity, the amniotic sac, of each of six
chick embryos. The virus multiplies there perhaps because in
this situation it can pass directly to the embryo lungs. Five
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days later we can tell whether or niot the virus has muliiplied
by mixing a little of the fluid from the amniotic cavity with
1ed blood cells from a man or a guinea-pig. I€ihe cells are
clumped the virus is there and we can go on transferring it to
further embryos. Once the virus has been induced to grow
atall, it is possible to cultivate it in the more convenient outer
{altantoic) cavity and to use the fluid from this for all types
of work, such as vaccine production, for which virus is
needed in quantity.

Influenza viruses are not all adentical, With modern
techniques at teast a dozen characteristics in which they may
differ can be defined. The most important difference is in
regard to what we refer to as immunalogical or serological
type. This vefers to therr capacity to produce immunity.
A mouse will suffer a fatal lung infection if we cause it to
inhale a sustable influenza virus but if we put large amounts
of the same virus under 11s skin it will show no symptoms and
survive Within a fortnight it will in addition have become
jmmune, in the sense that inhalation of the virus no longer
produces pneumonia. If, however, a mouse immunized in
this way with what we call mfinenza A virus 15 tested—
challenged 15 the laboratory term-—~with influenza B virus,
the mouse goes down with preumonta just as a normal mouse
would, If we reverse the test we find sunilarly thatinfluenza B
will immunize againstits own type but not against influenza A
Such immunological differences can be worked out in much
greater detail by testing the power of serum from an immune
anialtoprevent aggl 10n of red cells by diffe viruses.

By these methods it has been shown that there are two
wholly distinct viruses, mfluenza A and nfinenza B, which

roduce epidemics of generally similar character. The
difference canbe shown just as clearly in man as n the mouse.
Ag everyone knows it is most unusuat for anvone to bave two
attacks of 'fu in the same epidemic. One attack provides

jmmunity for at least two years against the same type of
influenza. A few yoass ago we investigated a small epidemic
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1m a school where three of the boys had two typical attacks
within two or three weeks. In each instance one attack was
due to A, the other to B, It was a case of two epidemics
occurring concurrently,

Infl A virus is responsible for more epidemics than B
and the outbreaks tend to be larger and more severe. In the
rorthern hemisphere the relatively severe epidemics of
1932-3, 1936~7 and early 1951 were all due to influenza A.
As a natural result the A type viruses have been more
extensively studied than the B viruses, and some very
interesting minor differences in the A viruses have emerged.
It appears that the character of the virus 1s constantly
changing, and that once a change appears anywhere 1t soon
mvolves influenza viruses elsewhere in the world, Without
gong into the technical evidence on whach it is based we can
state the present interpretation of these changes as follows

With present-day ease and speed of travel the whole
cvilized world can be ded as a single epidemiological
unit as far as influenza 1s concerned. In every major area there
are trickhing streams of infection which 1n the warmer months
produceonly fonal cases orsmall ks. Anepid
occurs only when three condions occur together: first,
switable chmatic conditions—influenza 1s a winter disease as
a rule; secondly, a low level of immunity in large numbers of
people, and thirdly, the presence in the country of a suitable
type of virus. Once an epidemuc of influenza A has passed
through a district, the level of immumity 15 hugh, and 1t wlt
be impossible for a similar type of virus to provoke another
epidemuc for about three years. If, however, the virus passing
wrregularly but persistently from one region of the world to
another should undergo mutation to a partally new 1m-
munological character 1t will spread more readily. Two years
after the last epidemic the new virus may be capable of over-
comng a residual immumty that would have blocked any
significant spread by the parent type. There 15 a constant
premuum for survival placed on the emergence of immuno-
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togical novelty. So we find a progressive change in character
ofinfluenza A virus occurring since it was first isolated in 1933

Here in Australia we are at the opposite end of the world
from England with the winter epidemics coming in July and
August instead of January and February. Since 1935 we
have been ‘comparing notes’ about influenza with workers
in England and North America, and on three ions we
have isolated ‘new’ variants of influenza virnses in our
winter which about six months later were responsible for
epidemics in the northern hemisphere. No more striking
proof of the mobility of influenza could be given; all influenza
pid days are pand

This brings us back to the question of the origin of the
great pandemic of 1918~19. No one has yet proved that this
was due 10 2 virus in any way related to those we have known
since 1933, yet I do not think any virologist reatly doubts thatit
was due to viruses of the same general type. Someone mayyet
find some way of extracting evidence on the matter from the
fung specimens taken from patients who died 1n 1918 that are
still in mustums of pathology but the hope of finding such an
answer is rather remote. There is, however, one possiblc clue,
It is possible, even probable, that although the virus of the
pandemic has ceased to produce human mfections 1t has been
producing cpldermcs amongst swine m the middle west of
United States in every year since 1919, There is no doubt that
a virus that must be included 1 the influenza A group causes
this disease of pigs, and 1t 15 also certain that the disease was
mhcr ncn-exxstent or autracted no attention bcforc 19t9.

PO DAV Wy e

A" -
right. .
“The conditions by which the American virus of swine

influenza survives fram year to year are quite different from
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those obtaining in human nfiuenza, and if the virus did reach
thepigsin 1 9191t is possible that the immunological character
of the virus is the same now as then. If so it establishes the
demic as i jon of infl virus A. At one
nm: 1 thought that the pandemic might mn fact have repre-
sented the first appearance of influenza A and that its intensity
was the mark of its impact on a completely non-immune world
population. To-day, for a variety of reasons, that seems un~
lkely, though there can be hittle doubt that over the period
of the pandemic changes in detail of immunological character
took place.
The intense virulence of the disease and the probably
related concentration of mortality on the young adult still
Temain unexplained. The suggestion that the mortality was
due to associated bacterial infection and not to the primary
virusd: onlybe arestricted sense. Undoubted!
many died as a resnlt of bacterial infection, but only because
the intensity of the virus attack laid open the lungs to the
invasion of any potentially pathogenic bacteria that happened
to be circulating in the community, All we can say is that
a series of mutations from the pre-existing form of influenza
virus A must have arsen which conferred high virulence and
great power to spread with an associated increase m short-
term survival advantage Two suggestions, neither of which
should be taken too seriously, have been made in recent years
as to the ongin of those mutational changes. One 15 that in
1918 mustard gas was bemg actively used on the western
front. This 15 one of the few chemicals known to produce
m a vartety of isms and it has been suggested
that as mfluenza passed through the fighting lines excessive
mutation occurred and some highly virulent forms emerged.
The other suggestion is based on the fact that a form of
hybndization between related influenza viruses has recently
been described from my own laboratory. No one else has yet

confirmed this ﬁndmg and it t may bethatthe phcmmcna have
some other expl d (or )

1fhyb
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can oceur then it is just possible that the arxival of milions
of American troops in France in 1918 may have brought
American vatieties of influenza virus to mingle with some-
what different European types and that some chance recom~
bination of characters gave exceptional power to spread
and kill.

There isnothing to be drawn from the history of influenzaor
from our knowledge of the present-day viruses which will allow
any reasonable forecast whether, or when, a new pandemic of
the same character will arise, If it should come we have 2
number of possible weapons with which o combat it, but only
the occasion itself can tell whethier they would be effective.
If the same sequence of events that marked the 1918-19
pandemic should begin in Europe next summer, an intensive
series of investigations would be started immediately with the
Influenza Centre of World Health Organization at Mitt Hill
in London as the probable co-ordinating anthority. The new
influenza virus would be isolated from a large number of
patients I many countries, and the various cultures comparcd
amongst themselves and with past types for therr immuno-
Jogicat behaviour, Ifasislikely 2 new subtype was discovered
to be responsible for all or most of the outhreak, the next step
would be to prepare millions of doses of virus vaccine. This
is a task that mught use up a big proportion of the available
fertde eggs, and 1t would require the rapid development of
several vaccine ‘factories’ to prepare the material, The
objective would be to have at least all people between fifteen
and forty vaccinated before thewinter  1fthevirusremained of
the same immunological ty pe throughout, vaceination would
pmbnbly be effective, but there 1s more than a fikelihood that

several new subtypes would emerge capable of breaking
I S Y B
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antibiotics had been available in the 1918-~1g winter most of
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those who died could have been saved. My own opinion is
that they would have been relatively useless, Again only
experience of another pandemic will decide which view is
right.

One final therapeutic weapon would also be tested and
might prove an important life-saver, the hormone A.G.T.H.
This has an extraordinary power of dimimshing the intensity
of an acute inflammatory response, and 1t is just possible
that its administration might carry a patient through the
entical few days of an otherwise lethal attack of pandemic
mftuenza,

It is hard to write about influenza without indulgmng in
such speculations, and it 15 perhaps wise to conclude with a
glance at some of the earlier speculations of famous and
intelligent men. There 15 no commentary more compelling
on the advisability of a scientist sticking to establshed facts
and keepmg his imagination strictly under control About
1680, Robert Boyle wrote learnedly of the origin of such
pestilences, ascribing them to subterranean effluvia arising
from minerals in the earth’s crust, especially from orpimental
and such muschievous fossils’. A century later Noah Webster,
of dictionary fame, elaborated a startling theory that earth-
quakes and volcanic eruptions on the one hand, and influenza
ontheother, f: spheric
cause most likely electrical in nature. It was not difficult to
find earthquakes or volcame eruptions which came before,
duning or after most influenza epidemics but as they also
occurred just as frequently when there was no influenza, the
theory was never very popular. Even as late as 18go there was
still support for the theory that influenza was more a result of
meteorological phenomena than of human contagion The
great objection to the theory of case-to-case transmission at
that time was the way 1n which influenza appeared to break
out simultaneously over a wide area, very often immediately
following some well-marked weather change, usually a sudden

drop in temperature. It cannot be sard that we know yet why
s

19
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this relationship of weather to influenza exists; it is one of the
many problems that remain to be cleared up, and which have
for the moment been largely shelved while the nature and
changes of the virus are being investigated.

In 1894 Creighton, who was the greatest British epidemio-
lagist of the pre-bacteriological era, in writing of influenza
stressed the essentially unchanging nature of the discase since
its catliest records. ‘It has outlived sa many changes in the
great pestilences of mankind, has seen the extinction of
plague and the rise of cholera and all other variations, most
of them for the better in the reigning types of epidemic
sickness. To have lasted unchanged through so many
mutations of things. . .and to have become mare inveterate
or protracted at the end of the nineteenth century than it had
ever been is unique in history.’ As we know, the 18g0
pandemic to which Creighton is referring, was a minor affair
in comparison with the great pandemc thirty years later,
but this merely adds further point to his remarks, Creighton
tried 1o look beyond any theory of microbic origin for this
unique character of influenza amongst the great pestilences.
He had a scholar’s contempt for the crude heginnings of
bacteriology in his time, and 1t is still a sumulating exercise for
the bacteriologist to read and answer his criticisms, Scienti-
fically we are on much firmer ground, but a certain humility
is still needed before the one discase which at any time
may shatter out pretensions of having removed the threat
of serious infectious disease from all the civilized regions of

the carth.
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CHAPTER XXI
TUBERCULOSIS

Most of our discussion of the defence processes against
mfectious diseases has been concerned with the rapidly
acting acute infections in which, as a rule, there 15 a short
severe conflict resulting either in death or complete recovery,
Tuberculosis is the great example of the chroni¢ infections,
and although the same general principles are involved, their
application is greatly modified by the slowness of most of the
Pprocesses concerned.

‘The tubercle bacillus 1s a very inactive organism compared,
for mstance, with the bacilli of typhoid fever or diphtheria.
‘When a suitable supply of food matertal is provided, ordmary
bacteria multiply rapidly; a single organism grows to double
its original size and divides into two new bactena every
30 minutes or thereabouts, The tubercle bacillus takes about
a day to go through the process whuch takes the typhod
bacillus halfan hour, and as we mught expect, the rate at which
it produces symptoms in infected ammals or men 13 cor-
respondingly slow. There is one important characterisuc of
the tubercle bacillus which 15 probably responsible for much
of its behaviour. Its surface is very largely built up of a
peculiar waxy material. This wax sheath largely replaces the
polysaccharides and proteins of the ordinary bacterial
surface, with three important effects: {1) it slows down the
entry of food molecules into the sub: of the b 3
hence the slow muluplication of the bacillus; (2) 1t protects
the bacillus to some extent from digestion when 1t 1s taken up
by phagocytes in the body; and {3) 1t 13 less wmitant to the
‘issues than the surface of rapidly multiplymg bacteria, and
produces a much more slowly acting inflammatory response,
nvolving different cells from those which deal wath acute
infections In addition to this waxy materal, there 1s another
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this relationship of weather to influenza exists; it is one of the
many problems that remain to be cleared up, and which have
for the moment been largely shelved while the nature and
changes of the virus are being investigated.

In 1894 Creighton, who was the greatest British epidemio-
logist of the pre-bacteriological era, in writing of influenza
stressed the essentially unchanging nature of the disease since
its earliest records. ‘It has sutlived so many changes in the
great pestilences of mankind, has seen the extinction of
plague and the rise of cholera and all other variations, most
of them for the better in the reigning types of epidemic
sickness. To have lasted unchanged through so many
mutations of things. ..and to have become more inveterate
or protracted at the end of the nineteenth century thaa it had
ever been is unique in history. As we know, the 18go
pandemic to which Creighton 1s referring, was a minor affair
in comparison with the great pandemic thirty years later,
but this merely adds further pownt to his remarks. Creighton
tried to look beyond any theory of microbic origin for this
unigue cf of inft the great pestil
He had a scholar’s contempt for the crude beginnings of
bacteriology in his time, and itis still a stimulating exercise for
the bacteriologist to read and answer his criticisms, Scienti-
fically we arc on much firmer ground, but a certain humility
is still needed before the one disease which at any time
may shatter our pretensions of having removed the threat
of serious infectious disease from all the cwvilized regions of

the earth.
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are actually infected. The tubercle bacillus gets into the lung,
probably on one of the tiny dried up droplets of mucus that
result from an infected person’s coughing or sneezing. In the
lung a little spot of mild inflammation develops where the
bacilh multiply, and from there some of them are carried to
the lymph glands which are situated in the centre of the
chest where the main air tubes and blood vessels enter the
lung. The lymph glands also become mflamed and enlarged,
but as a rule the child shows no symptoms and soon the little
damaged patch in the lung begins tohealand thelymph glands
toretumn to their normal size. During this process of infection
and healing, 1mportant changes are occurring in the body.
Most of the tubercle bacilh are destroyed n the process, and
from their broken-d bodies the lin protein is
liberated. This 1s an antigen with rather peculiar properties,
for it produces an antibody which is taken up by nearly all
the cells of the body but is hardly detectable m the blood.

In chapter 1x we discussed the effect of such antibody fixed
to the cells on the process of infection. The phenomena with
the tubercle baaillus are of the same type as are found with
other organisms or non-living antigens, but they are of more
practical importance than most. In the first place the
development of this ‘sensitization” of the body cells allows us
to determine easily whether or not an individual has been
infected with the tubercle bacillus. To do this we inject 2
mmute amount of tuberculin which has been extracted from
dead tubercle bacilli mto the skin. If the person has not been
infected, nothing happens. If he has, the tuberculin and the
antibody in the cells unite and set going a rapid inflammatory
change which shows itself as a bright red patch n the skin,
It is from the results of tests made in this way that we are
able to say that in most parts of the world more than go per
cent of people are infected wath the tubercle bacillus before
they are twenty.

For years there has been controversy as to whether this
fixed antibody played any part in helping to protect against
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substance of great importance in the tubercle bacillys, 2
protein which was first extracted in an impure form by Koch,
the discoverer of the bacillus, and calied by him tuberculin.
There are of course many other substances which form part of
the living material of the bacillus, but these two are the only
ones whose importance in relation to disease has been shown.
Someone said that of all the millions of species of living
organisms on the earth the two about which most had been
written were man himself and-—the tubercle bacillus. It is
therefore no simple task to condense what is important about
tuberculosis into a few pages, and for the most part we shall
deal only with those aspects which bear on the natural
oceurrence of the disease.
There are twa types of tubercle bacili which may cause
human disease. One is rcsponsiblc for almost all cases of
that is, tub losis of the Jungs, and is called
the human type. The other is primarily a parasite of catile,
and is mainly responsible for the wberculosis of lymph glands
and bones in children, This bovine type almost fnvariably
enters the body in mutk and infects by way of the intestine.
On the whole, these infections of children with the bovine
type are not highly fatal, although they usually result in
prolonged illness, and they are not infections for others, The
lung infections with the human type of baciltus are much
more |mportant pracucally, and from our point of view much
ing. We shall, therefore, say nothing further about
the bovine form, and concentrate on the endemic disease,
pulmonary tuberculosis.
Despite the superficial differences between mbcrculosxs and
the more acute diseases, there are deep bl
in their bek within the ity. Let us first take
the conditions 1 a :nudcm city .::fxywhcrf: in the temperate

o a e reay an
children comc into contact with the germ, and most of them
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infected in the first months of life and die of a generalized
tuberculosis in which the germs have passed to many parts
of the body, especially the membranes covering the brain.
In other children smaller numbers of bacilli get into the
blood from the primary seat of infection and set up a new
mfection in one of the bones or joints, usually the spinal
column or the hip.

If the child avoids the danger of these primary infections
with tuberculosis, he 15 almost certain to remain free from
trauble until adolescence. Then a new period of danger starts.
It may be that in the scarred relics of the primary spot of
infection in the lung there are still some living tubercle bacilli.
For some reason these are apt to show fresh activity in early
adult life, and the scarred area may break down, hiberating
rather large numbers of bacilli into adjacent parts of the
lung. The results of this spread will depend on many factors,
but will certainly be influenced by the fact that all the lung
cells have been rendered sensitive and reactive to the tuber-
culin protein by the primary infection. As we have noticed in
a number of other i the p: of i are
on the whole much better adapted to deal with local invastons
than with widespread ones. What is an appropnate protective
Tesponse m asmall area may become a fatal one if it takes place
throughout a whole organ, When relatively large numbers of
tubercle bacilli find their way into the lung of an individual
sensitized by previous infection, irrespective of whether they
come from an old area of infection or from outside, the reaction
of the lung 15 much more violent than 1t would be m an un-
sensitized person. The blood-vessel walls let out cells and
fluids into the tissue, which becomes swollen znd airless, the
pressure of the cells may close down many of the blood vessels,
50 leaving the area msufficiently nourished. In fact, the
response designed to deal efficiently with the invading bacilh
may so interfere with the proper functioning of the regron that
it completely defeats its own purpose, allowing the tubercle
bacilli to flourish better than they would mn its absence.
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bseq infection with the tuberele baciltus, Even now
the problem is not filly resolved, but we can at least say that
it is not in itself sufficient to protect against infection. The
usual way for producing tuberculin reactivity in experimental
guinea-pigs is to infect them with tubercle bacilli, but quite
recently it has been found possible to extract two components,
tuberculin and one fraction of the waxy material, from large
amounts of tuberele bacilli grown in cultures. A mixture of
these two sub can produce typical tuberculi it
ness in guinea-pigs in the complete absence of living tubercle
bacilli. But the animals show no increase in resistance to
infection with virulent bacilli, Despite these results, a
number of bacteriologists think that a combination of pro-
tective antibodies and fixed (sensitizing) antibedy is largely
responsible for the immunity that follows, for example, the
infection of a guinea-pig with an almost avirnlent type of
tubercle bacillus—the B.C.G. strain that we shall refer to
again in connexion with human immunization.

‘We can imagine what happens in the person once infected
whose cells are sensitized to tut lin and who p also
the capacity to produce some type of protective antibody,
when a few tubercle baailli again lodge in his fung, Once
they commence to multiply they will set free small amounts of
tuberculin. In response to this there will be a rapid mobiliza-

A IS S

W o,

protection against infection with tuberculosis is all that cauld
be desired. At least 80 per cent of those wha are infected
suffer no it effects at all; but there are unfortunates, What
goes Wrong in those people wha develop consumption or some
other form of tuberculosis?

First of all, there are those whose primary mfection fails to
heal, Infants born of tuberculous parents are very likely to be
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importance of inheritance has been known for many years,
but only in 1943 was its significance for tuberculosis given a
quantitative statement. In a now famous paper, Kallmann
and Reisner described their studies on tuberculosis in twins in
New York State, using the only really effective method thatis
available for studies of inheritance in human beings. Anyone
with a little general biological knowledge knows that there
are twosortsof twins, identical twins which arise by thedivision
of a single fertilized egg-vell and non-identical twins which
represent fertlization of two egg-cells by two distinct sperma-
tozoa. One-egg twins are identical in all genetic characters—
they are the twins that only parents can tell apart, Two-egg
twins are no more ahke than any other two children of the
same parents—they will shaw twa distinct sets of combinations
of actual and potential qualities derived from the parents.
In this study of tuberculosis 1 twins, as in all similar studies
1n medical aspects of human genetics, the method was to sort
out from the register of cases of tuberculosis all those patients
who had 2 twin. The families of these ‘index cases’ were then
studied in regard to incidence of tuberculosis, not only the
co-twin but father and mother, other children and marriage
partners. The twin pairs were closely examined to decide
whether they were one-egg or two-egg twins. There were
thirty-nine pairs of one-egg twins 1n the series and as 1s always
the case a much larger number of two-egg twins. We can
tabulate the results very simply in terms of the percentage of
relatives of the mdex cases who had chnical tuberculosis:

Percentage wath

Relauon to tndex case tuberculosis
One-tgg twin 87
Two-egg twin 256
Other brother or suster 255
Marnage partner 7

In addition to the 87 per cent correspondence in the fact
of chnical infection, 1dentical twins also showed a clase
resemblance 1n the type and progress of the disease.
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Perhaps it might make this harmful aspect of the immunity
responte clearer to present an incomplete analogy in the
form of a little fable,

The inhabitants of a town, being very afraid of fires,
installed automatic sprinkler systems in all buildings. These
were only called into action by high temperature, so that any
fire had to do considerable damage before it was extinguished
by the sprinklers, To improve the efficiency of the system it
was decided that the temperature necessary to actuate the
sprinklers should be reduced to abous 100° F, (sensitization of
the cells). This worked admirably for isolated fires, They were

inguished with the mini) of damage almost as soon as
they started.  Unfortunately one unusually hot day raised
temperatures everywhere 1o over 100° F., setting all the
sprinkiers in action and leaving only a trickle of water to deal
with real fires.

It would be outside aur field to go any further into the
complicated details of the struggle with the bacilli in the fung
of a tuberculous individual. If we realize that the tubercle
bacilius multiplies anly slowly, but on the ather hand is
difficult to kill and may semain present and alive in scarred
Jung vissue for years, and that the process of cell sensitization
may sometimes prevent and sometimes favour the spread of
infection, we can see how readily smal} factors might sway
the balance one way or the other,

Probably the most important of these factors are in some
way related to the genetic constitution, the inheritance of the
person concerned. In fact there 15 a growing belief amongst
those not directly concerned with the treatment of tubercu-
Yosis, that from the practical point of view there are only two
things which ase vitally importan ia determining, the fate of

an individual in regard to tuberculosis. These are (1) the fact
of infection with virulent bacilli, and (2} his genetic constue
o If as happens now with increasing frequency in more
favoured communities a person never becomes infected with
the bactllus ke will never suffer from tuberculosis The




TUBERCULOSIS 299

surgery to lung tuberculosis that has become possible with
the advent of potent antibiotics, and chemotherapy of various
types, may soon show a real influence on the mortality;
but up to, say, 1939 there is httle to indicate that treatment
did more than delay the fatal event in those who would have
died without treatment. The steady fall shown in nearly all
western countries must have been due to other factors There
is no reason to believe that any changes have occurred in the
tubercle bacitlus 1tself. The improvement must be sought in
social or biological factors on the human side. In all pro-
bability the drminution has resulted mainly from the steady
advance 1 the standard of hving over the period. On the
whole, the average person in a civilized community now eats
more and better food, is housed in greater comfort, has more
opportunity for fresh arr and sunlight, and is more cleanly
in his habits than was the case ninety years ago. A higher
proportion of people with active tuberculosis are being cared
for in sanatoria and those who are not have usually been
given trainmg in hygiene that dimmnshes their hikelihood
of infecting others, The net result of these factors 1s probably
that, on the whole, children when they are primarily infected
receive a smaller dose of bacilli, and deal with the primary
and any subsequent infections more effectively.

‘The most important factor of all 15 perhaps the genetic one.
We have indicated how the ability of a person to deal
effectively with tuberculous mfection 1s very largely an
inherited quality. The child of a tuberculosis parent is not
born with the disease, but he may inherit a relatve mabality
to resist mfection when he comes mn contact wath 1t It is
natural to think therefore that some of the impsovement in
mortality 1s due stmply to the fact that, particularly in the
earlier years of the nineteenth century, there was an intense
‘weeding out’ of people with an inhentable tendency toward
tuberculosis. A much larger proportion of these would die
before they could have children, and the average resistance
of the community would nise with each generation.
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One other factor requiring briel mention as perhaps
influencing the course of tuberculosis is the time of life at
which first infection occurs. There are hints that the safest
time for first infection is around the age of ten and the
worst, especially for women, between cighteen and twenty-five
years.

Theimportanceofadequate nutrition in the preventionand
cure of tuberculosis has probably been grossly overstated in
the past. There is no daubt that tuberculosis rates tend to rise
in wartime when nutrition levels are low, bus it is always
difficult to be certain which of a number of possible wartime
factors is responsible. There is virtually no evidence from
animal experiments that nutritional level plays any significant
role.

This leads us to the very interesting question of why
tuberculasis has diminished so greatly in the last eighty or
nincty years. Inmostcountries of the temperate zone tubercy-
losis was the most important single cause of death in the
iddle of the nineteenth century. At the present time it has
fallen to fifth or sixth place, and the number of deaths in
relation to population is only about quarter or one-fifth
of those of ninety years ago. We muss not be too optimistic
about this reducti In p i laosis 35
still by far the most important infectious disease, and in most
countries it remains the chief cause of death amongst adults
under forty-five, that is during the important productive
years of life. Stress and privation, too, will always increase
the deatherate from tuberculosis, During the 1939-45 war
and post-war period in Europe the position deteriorated
badly, and even m Britain there was a distinet if transient

retrogression.

Some of the reduction in deaths from tuberculosis in recent
years may have been a result of more efficient and successful
treatment of sufferers fom the disease. Epidemiologists have
on the whole tended to be very sceptical about ascribing
much of the overall reduction to this cause. The application of
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anaum. With the spread of industrialization in South Africa,
the natives may eventually be subjected to the process of
‘weeding out” those stocks which have an inheritable sus-
ceptibility to tuberculosis, A the American Indians
1his process seems to have been accomplizhed, and after three
generations of intense infection and high mortality they now
appear to be only a little more susceptible than Europeans
fiving under comparable conditions. The native population
of Mauritius has been exposed to tuberculesis for a much
longer period than esther of the races we have mentioned.
Study of therr history seems to mdicate that it takes something
aver a hundred years after tts first contact with tuberculosis
for arace to develop a resi gainst the disease equival
to that of a European popufauon The process of childhood
immunization plays a vital part, but it cannot be fully
effective unul the more ptible strams in the populati
havebeen climinated bya very direct form of naturalselectson.

Inseveral parts of the world tuberculoss 1s becoming almost
aranty. In Melbourne, for instance, at the present time only
about 25 per cent of the girls entering the nursing profession
at ages of cighteen to twenty-one gwve a positve tuberouln
test Most of the 75 per cent have probably never been
infected by the tubercle baexllus at any tune in their lives.
As nurses these girls will almost certainly be exposed to
wmfection, and they are at an age when primary infection 1
somewhat more liable to be followed by chucal disease than
ifit had occurred in childhood, Thisisa problem confronting
hospitals in most parts of the warld, and within the last five
years there has been an increasing use of B.C.G. vaccination
s 2 means of protecting people who have not already been
wnfected by the baoillus

i Thismethod ofvaccination has had a Jong and contraversial
history. It was introduced m 1922 by the French bacteno-
logist Calmette a3 a means of protecting mfants born 1nto
tuberculous famifies, The B.G.G, strain of tubercle bacllus is
2 varant which has lost all power of producing disease on
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A goad deal of light is thrown on these questions by the
facts which have been lated about tuberculosis in
peoples who have not previously been exposed to infection.
Research on this question became a matter of economic
importance with the increasing exploitation of African natives
either as soldiers or mine labourers by Europeans. During
the war of 191418 very large numbers of West African troops
and labourers were brought to France, forced to live in a
crowded and totally alien environment, and exposed, most
of them for the first time, to the tubercle bacillus. The death-
rate from tuberculosis was enormously higher than amongst
white troops, and the disease was usually far mare rapidly
fatal, In these i natives, tuberculosis closely
vesembled that of those young European children who
succumb to their primary infection. The first stage of infection
showed little in the way of symptoms, but the bacilli became
strongly established in the lung. Sensitization develaped
rapidly with the production of antibodies against the protein
of the bacillus, In chapter xv we said something about the
increased responsiveness of adult tissues to harmful agents as
compared with those of children. These natives, meeting the
wubercle bacillus for the first time in adult hife, developed an
abnormally high degree of sensitization. If they were sent
back to Africa soon after their pnmary infection, most of
them recovered In France, hard work, exposure and the
strange environment eventually resuited in a recrudescence
of activity in the lung. The original area of infection set free
numerons tubercle baatl, which were disseminated through
the rest of the lung. In theix highly sensitized state, the lung
cells responded violently, and instead of the chronic changes
seen in a European consumptive, these natives died of what
was really an acute tuberculous pneumonia.

In South Afnca cases of tuberculosis m Africans employed
in the gold mines of the Witwatersrand tend to be of the
same general type. Twenty years ago the mortality from

tuberculosis in mine workers was about five per 1000 per
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annum, With the spread of industrialization in South Afyica,
the matives may eventually be subjected to the process of
‘weeding out" those stocks which have an iheritable sus-
ceptibility to tuberculosis, Amongst the American Indians
this process seems to have been accomplished, and after three
generations of intense infection and high mortality they now
appear to be only a little more susceptible than Europeans
hving under comparabl ditions, The nanve populati

of Mauritius has been exposed to tubereulosis for a much
Ionger period than erther of the races we have mentioned.
Study of their history seems to indicate that it takes something
over 3 hundred years after its first contact wath tubereulosss
furaracetodevelopa gainst the d quivalen
to that of 2 European population. The process of childhood
immunization plays a vital part, but 1t cannot be fully
effective until the more susceptible strans in the population
havebeeneliminated by avery direct form of natural selection.

Inseveral parts of the world tuberculosis is becoming almost
aranty, In Melbourne, for instance, at the present time only
about 25 per cent of the girls entering the nursing profession
at ages of eighteen to twenty-one grne 2 positive tuberculin
test. Most of the 75 per cent have probably never been
infected by the tubercle hacitlus at any tme m their hves,
As nurses these girls will almost certanly be exposed to
infection, and they are at an age when primary miection 18
somewhat more liable to be followed by chmeal disease than
ifit had ocourred in childhood. This is a problem confronting
hospitals in mest parts of the world, and within the last five
years there has been an § ing use of B C.G, vaccination
2s 3 means of protecting people who have not already been
snfected by the bacillus,

Thismethod of vaccinaton has had a fong and controversial
history. It was mtroduced 1n 3922 by the French bacterio-
logit Calmette a3 & means of protectmg wmfants born into
tubereulous families. The B.C.G. stram of tuberele baciitus 15
@ variant which has lost all power of producing discass on
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injection into anitmals, butstifl has a considerable immunizing
power against infection with a virulent culture. Calmette
himself gave the vaccine in the form of a living B.C.G.
culture by mouth, but this method is now never used in
English-speaking countries. The French results over the
period 1922~36 appeared to show a great saving of ife amongst
inated infants, but statistici 1 ¢ were very
sceptical of the validity of the control series used. Interestin
the use of B,C.G. was only awakened in England and America
when the wartime experience of the Scandinavian countries
became known in 1946, Here very valuahle results were
claimed from injection of B.C.G. culture into the shin. At
the present time {1gs1) there is a wave of enthusiasm for
B.C.G. that seems o be sweeping most of the world. There
are still sceptics who pownt to the great difficulty of providing
a controlled test for the method and stress that only a relative
increaseini y can bed ated from the pubhshed
results. In Norway B.C.G. vaccination of childsen has been
compulsory for some years, and it has this year been intro-
duced in Victorm, but i most countries the procedure has
been bmited to groups of people like nurses and hospital
employees who are specially subject to tish of infection
In regions where tuberculosss rates are actively falling the
Dest opinion is opposed 1o general B.C G. vaccination on the
grounds that the benefit so far proved s not sufficient t©
patance the dsfficulties intraduced by the fact that vacamation
with B.C.G. provokes a positive tuberculin test. This test has
been of great value m the past mn assesung the activity of
cuberculosts in the commuty and n detecting cases, Once
any considerable proportion of people have an aruficually
induced positive reacton the test becomes valueless. This 33
an argument swhich would have little wesght if really incontro~
evidenceof the protecuve power of B.C.G vacanation

vertible C
were forthcoming .
The orthodox approach aimed at acceleraung the natural

decrease in the disease is based on efforts to find all persons
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who are excreting bacilli, If everyone with ‘open TB” were
segregated from the community till he was non-infectious,
tuberculosis would disappear within a decade or two, Mass

diography is the most effecti ilable weapon for this
purpose. The aim is to obtain a miniature X-ray picture of
the chest of every adult in the community once a year, Few
people have tubercle bacilli in their sputum without some
evidence of trouble being wisible in the radiograph of their
chests, There are many practical difficulties, but experience
in handling the method is steadily growing, and where 1t 1s
socially and economically possible to provide effective
treatment for all persons found to be excreting bacilli, the
results are bound to have an important beneficial effect.

It is an encouraging thought that, given the necessary
money and enthusiasm, modern methods could eliminate
tuberculosis from any community within a generation.
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CHAPTLR XXII
PLAGUE

For many centuries plague has been the example par excellence
of the dang, pestil The symp are characteristic
enough to make it easy to recognize the disease from classical
or medieval descriptions, and we can be sure that the two
greatest European pestilences, the plague of Justinian’s reign
(A.D. 542) and the Black Death of 1348 were both the result
of the spread of the plague bacillus. Just at the end of the
nineteenth century, another great plague epidemic arose in
Asia, and in India the deaths from plague rose to over a
million per annum in 1904. Since then there has been a
fairly steady diminution in the annual number of deaths, but
plague remains a very important public-health problem in
all tropical and in many temperate countries.

From our ecological point of view, it is one of the most
interesting of all infectious diseases. Normally, it is not a
disease of human beings at all. The great plagues of history
were biologically unimportant accid the result of human

1 with a self- ined tr lar interaction of
rodent, flea and plague bacillus.

Probably from time immemorial the burrowing rodents of
the Mongolian and Siberian steppes have been infected with
plague. Like all well-established infections, it is, on the whole,
telatively mild, hilling a proportion of the young animals each
year, and occasionally, particularly after a season of excessive
rodent multiplication, flaring up into an active epidemic. The
infection is spread from animal to animal by fleas. In an
snfected animal the bacteria are present in the blood and pass
into the flea’s stomach with 1ts meal. Here, under suitable
conditions, the plague bacills multiply, often sufficiently to
intexfere seriously with the efficiency of the flea’s blood-
sucking mechanism. If the flea has in the meantime passed
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over to an uninfected animal and starts to feed, the blood is
not swallowed cleanly, but is regurgitated, mixed with some
of the plague bacilh which are obstructing the flea’s gullet.
The bacilli can then enter the body through the skin puncture
made by the flea, and so infect the new host. During the
winter, when no detectable cases occur, the germ probably
survives in the tissues of mildly infected rodents and sometimes
in fleas,

We arc completely ignorant about the antecedents of the
plague of Justinian, but enough is known about the Black
Death of 1348 to reconstruct the probable way in which it
developed. Probably one of the most important determining
factors was the spread to Europe 1n the thirteenth century of
the black rat (Mus rattus). This was ongmally a native of
India, and appears to have reached Europe with returmng
Crusaders It raptdly replaced mdigenous rats and flourished
in and around human habitations Also, each rat supported
a colony of fleas, fleas of a species which had not the exclusive
tastes of some such parasites, but were equally ready to feed
on rat or man. So conditions were made favourable for the
spread of plague when 1t should arrive. There are several
independent sources which locate the origin of the Black
Death 1n southern Russia, and we may be reasonably certain
that it was dertved ultimately from the natural plague of
burmwmg rodents somewhere between the Volga and the Don.
Probably 1t was contracted from these rodents by rats and
passed to human beings from them. One account says that
Ltalian traders were besieged in a small port on the Crimea
for three years until plague broke out amongst their Tartar
enemes and caused the siege to be rassed, but not before it
had been introduced into the town. The Italians returned by
ship to Genoa in 1347, carrying the plague with them, Plague
broke out in virulent form in Genoa soon afier their arnval,
andsinceit is stated that none aboard the ship had shown signs
of plague, we can feel farrly confident that it was in rats and
ther fleas that the mfection travelled to Europe. As the

LI 20
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Black Death developed its activity, it is almost certain that
transmission by flea from rat to man was very largely displaced
by man to man transmission, either by way of fleas, ar directly
when the disease took on the pneumonic form. There is
distinct evidence, that in the winter 1327-8, the pneumonic
form was dominant, while in the summer following nearly all
victims contracted the bubonic form.

To understand the differences between the two forms, it
will be necessary to make a little digression on the pathology of
plague infection. When a flea introduces the bacilli beneath
the skin, most of them are transported to the nearest lymph
glands and filtered out there. They are not killed, but
multiply, causing infl ion and enl of the
gland. In a mild case the infection may go no further, but
in the severer forms the bacilli enter the blood and pass to
other parts of the body. The lymph glands first infected,
usually in armpit or groin, however, will in all but the most
rapidly fatal cases show swelling and inflammation. There is
a hot painful lump, usually discoloured red or purplish, This
is the bubo which gives the name bubonic plague to the
disease. When the plague bacillus gets into the blood, it will
naturally pass to the lungs, and may lodge there, producing
P ia. In certain ci a patient with plague
preumonia may infect others by droplet infection, the germ
being transferred directly to the lungs of these new hosts.
Here it may produce a primary pneamonia in jts turn capable
of infecting others. This is the probable way in which an

pidemic of p ic plague develops. It is the most
deadly epidemic disease to which man 1s subject, but for-
tunately it appears capable of developing only under certain
special conditj:)n:.

R T .- o

in regard to the deaths amongst the clergy and amongst the
tenants of certain manors which indicate that almost twyo-
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thirds of these classes died, but the incidence was certainly
much less heavy on women and children. In two parishes
mentioned by Creighton, deaths from plague showed sixty-
three men to fifteen women in one, fifty-four to fourteen in
the other, and there are distinct suggestions that children also
escaped lightly.

There was a lull for a few years, but England and Europe
were thoroughly contammated with plague, and fairly
frequent outbursts occurred for nearly three centuries. The
infection amongst the rats probably never completely died
out, and every few years a flare-up of the disease amongst the
rodents would be followed by a human epidemic. This went
onin England until 1665, the year of the Great Plague. Then
after the worst pestilence since the Black Death, the disease
disappeared completely from England, until a small out-
break occurred in Essex in 1909. Almost the same thing
happened in France in 1720, when Marseilles and the south
of France experienced a final disastrous epidemic of plague.
Itis by no means certain why the long visitation of plague 1n
Europe ended so abruptly, but it is highly probable that one
Important factor was the replacement of the black rat by the
brown or sewer rat. Just as the black ratinvaded Europe from
Ipdm five centunies earlier, so at the beginmng of the
cighteenth century brown rats began to stream from their
orgmal home somewhere in Central Asia toward Western
Europe, Great hordes swam the Volga in 1727, and 1n 1730
they had established themselves 1n England The black rat
Was very largely displaced from Europe by the newcomer,
but contunued to be the common ship rat. The brown rat1san
objectionable creature, but is not so dangerous a transmitter
of plague as the rodent 1t replaced. It does not frequent
d)v:llmg houses so much, and its predomnant fleas do not
bite man so readily as those of the black rat.

. Whatever the cause, plague certainly died out from Europe

in the nd cigh ies, and 1n the world

. general it was very umimportant until 1896, Then an
202
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epidemic at Hong Kong marked the beginning of another
great phase of plague activity which has not yet ccased. In
189g it spread to Bombay, and in a few years became one of
the most important causes of death in northern and western
India, Ship rats and their fleas carried it to every port of
consequence in the world, and in many countries it took root,
in other words established itselfas a parasite of the local rodent
population, usually the rats of the waterfront. From these,
human outbreaks took their origin.

During the first epidemic at Hong Kong, Kitasato, a
Japanese bacteriologist, discovered the plague bacillus. This
was the first successful step toward the scientific under-
standing and sanitary control of plague. During the first ten
years of the new pandemic very active research was carried
out, and at the end of that period the relation of the rat and its
fleas to the disease was well understood and the nccessary
measures to stamp out, or at least to prevent entry of plague
could be clearly envisaged. It was clearly necessary to attack
the rat by every possible method, and above all to prevent
the movement of rats from infected to uninfected regions.
Measures were devised to clear ships of rats by fumigation,
to prevent their movements to and from ships in harbour,
and to make grain stores and other warchouses along the
waterfronts as nearly Tat-proof as possible. Most port
authorities kept up a steady campaign of rat destruction with

eriodic bactenological surveys to determine whether plague
infection was present 1 the animals. Such measures are still
the most important practical requirements for keeping a port
or country clear of plague, but they have not always been
successful. In some countnes plague imported from Asia
during the last thirty or forty years has gone further than the

town rats, and has spread widely amongst native bush-

dwelling rodents. i i
The story of plague in South Afnca is particularly

interesting. Like the rest of the world, its ports were infected

from India during the period 1899~1905, and plague became
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prevalent amongst the rats. Other rodents with 2 range
including both town and country were also infected, and
plague spread slowly in these. About 1914 it reached sandy
country in which gerbilles {a species of larger burrowing
rodents) were numerous. Amongst these the infection spread
very rapidly, and by 1935 enormous areas of country were
potentially mfected. Even within twenty years, plague
amongst the gerbilles of Sou‘h Afnca s:ems to have mken on
the status of a relativel 1

‘When seasons are good the gcrb)lles muluply rapidly, but
as soon as thewr numbers reach a certain level the plague
bacillus spreads more easily, and an epidemic breaks out
amongst the rodents. Their numbers are then rapidly
reduced, but it is during the period of widespread disease m
the animals that human infections are liable to take place.
1In South Afiica there is a curious little zoological compli-
cation to the story at this stage. The gerbille 15 a creature of
the veldt, and avoids human habitations, so the chance of
human infections being derived from sick gerbilles is remote.
Another rodent, the multimamraate mouse, acts as an inter-
mediary. This mouse takes the place of the common domestic
mouse in South African houses, building nests m the walls
and living on household odds and ends, but on occaston it
roves further afield. In the bush it frequently enters gerbille
burrows, where it is lable to attach to nsclf fleas from an

"

animal einly ~m J223

which, ke so many other parts of the world, was infected
with plague about 1g0o. The waterside rats as usual formed
the first rrscwoir of the disease, and California has the credit

of g the first th against rats
as 2 means of checking plague. On th: whole, the anti-
Tat were but it was di ting to

find after some years that plaguc was widespread amongst
the ground squirzels. American epidemiologists are still
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uncertain whether plague reached the ground squirrels from
the imported San Francisco outbreak or whether it had been
present unnoticed in the rodents from time immemorial.
Whatever its origin there is no doubt that plague finds as
congenial 2 home amongst these American rodents as it does
amongst the marmots and tarbagans of Central Asia. There
are the usual fluctuations in activity from year to year, but
on the whole the area involved spreads progressively, The
ground squirrels live mostly remote from human habitations,
and relatively few human cases can be traced to them. Itis
rather alarming, however, to find that two small ¢pidemics
of the very dangerous pneumonic form have been traced to
infection from ground squirrels. For some reason, there scems
to be a tendency for plague contracted from burrowing wild
rodents to take the p ic form, while infection derived
from rats is almost always bubonic. In modern times the only
great epidemics of pneumonic plague have been in Mongolia
and Manchuna, where the tarbagan is the important
reservoir.,

As with other bactertal diseases the advent of potent anti-
bacterial drugs has greatly changed the outlook for the
patient stricken with plague. There have been few oppor-
tunities for careful studies of treatment, but at least one
Chinese physician with pneumonic plague has been cured
by the bined use of streptomycin and sulphadiazi
and experimental work in ammals suggests that this combi-
nation should be highly successful in practice.

With some reservations as to what might happen if
pngumanic plague siruck up an unholy alliance with some
virus like influenza, we may say with confidence that plague
is never likely to be a serious problem in any civilized country
with a reasonably high standard of Lving. For serious

cpidcmics to pceur we must have a large rat population, the
Py R ve o (AR

freven L.
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Although large epidemics in civilized countries are now most
unlikely, occasional small outbreaks are bound to appear as
long as animal reservoirs of plague persist, and until rat-
bome plague is eliminated from the East, port authorities in
all parts of the world will need to maintain a constant
vigilance to ensure that rat-control measures are properly
carried out on ships and along the waterfront.



CHAPTER XXIII
CHOLERA

Asiatic cholera is the result of infection by a bacterium
discovered by Koch in 1884 and called by him the comma
bacillus, This organism, instead of having the usual cylindrical
form of most bacilli, was distinctly curved into the shape of
acomma. Later on, bacteriologists decided that such a shape
was individual enough to demand a new name, and the
organism is now always referred to as the cholera ribrio. The
vibrios are swallowed in contaminated water or food and
multiply enormously in the intestine. They do not invade the
tissues to any extent, nor appear in the blood, but in the
intestine they multiply as rapidly as they do in a bacteriolo-
gist’s test-tube. None of the natural bacteria of the bowel
contents have 2 chance against them. Irritant substances
produced by the vibrios damage and inflame the hning of the
intestine. Everywhere along its length the blood capillaries
dilate and allow fluid to leak into the intestine, providing
further pabulum for the vibrios. An intense diarthoea is the
result, and soon the whole contents of the bowel are replaced
by thin watery fluid from the blood, in which the cholera
vibrio multiphes dly. Poions produced by the
vibrio probably play some part 1n causimg the symptoms, but
far more important is the loss of flmd from the blood. The
patient dies from simple dehydration when the blood becomes
100 thick and viscous to be airculated efficiently. Itis another
example of the way the reaction of the body to infection may
do more harm than good. Liberation of fluid into the
intestine with resulting diarrhoea 15 a reasonable and effective
way of getting nd of any irritant substances, bactenial or
chemical, which may have lodged there. But if the imitant
flourishes Jike the <holera vibrio in the ovtpoured fluid, the
tinued reaction is not only futile, but m about 75 per cent

con!
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of untreated cases, fatal to the patient. If cholera patients
can be treated 1n hospital it is possible to remedy this loss of
fluid to o large extent by administering a suitable weak salt
solution into the veins. In a bad case, gallons of such fluid
may have to be used. If the dehydration can be countered in
thisway the body has a chance to cope with the infection, and
in practice the mortality of cholera has been reduced from
79 10 80 per cent to about 20 per cent by such treatment.

The vibrio passes out of the body with the bowel dis-
charges, and under natural insanitary conditions, sells and
streams in an infected community will be inevitably polluted
with the germ and provide the method for the spread of the
disease. Water is the great vehicle for the diffusion of cholera,
but uncooked food may also be comtaminated.

The epidemiology of chojera 1s full of puzzies In the first
plate, there is only one area where the disease can be called
endemic, the lower basin of the Ganges and the adyacent low-
lying country extending round to Burma. Here cholera has
been present since time immemorial, and on every occasion
that the dsease has spread beyond India it has sarted from
this region, The first world spread of cholera started in 1817,
first involving almost the whole of India, and then spreading
slowly along the caravan routes to Russta and Western
Europe. England was invaded in 1831 with approximately
590,000 deaths resulting throughout the British Isles. There
ere four other world-wide pandemics during the nineteenth
Century showing similar general charactenstics, but 1t was
noticeable that the two most recent ones were effectively hept
out of the more highly civilized countries. Despite such
repeated diffusion over most of the world, cholera has not
become endemic anywhere outside of India and some parts
of south-eastern Asia.

In the endemic area, cho\cm shows many of the character-
nsticsofthe end f limates,
It has been frequently st:u:d th:\t the danger of cholera is far
greater for persons vinting such endemic regions as Calcutta




314 SOME IMPORTANT INFECTIOUS DISEASES
and Rangoon than for the permanent residents. As in other

ples, the relative i ptibility of residents is explicabl
only as the result of previous infection by the germ, cither as
a typical attack or in subclinical fashion. The evidence of sub-
clinical infection in the past can also be scen in the age-
incidence of attacks. Endemic areas show a high Incidence
in children under ten, while in areas distant from India
epidemics of cholera strike adults mare severely than children.
In one epidemic in Assam, 44 per cent of the patients were
aged ten years or less, while in the Glasgow epidemic of 1832
fess than 6 per cent were in this age group,

Like most endemic diseases, the incidence of cholera varies
with the season, In Caleutta cases occur all the year round,
but are concentrated in the hot months of February to May
before the rainy season begins. Itis reasonable to ascribe this
to the relatively limited supplies of water at this time, and
henee their greater Yability to heavy contaminations by the
vibrio. With the rainy season, the wells and tanks’ arc
replenished, and most of the contaminated ground water
washed away. However, in some other parts of India the
wet season and the cholera season coincide, and again we
must only confess ignorance of the reason.

There is no doubt that cholera is an anomalous disease
which in its classical form produces symptoms unlike those of
any other infection. Its epidemiology is puzzling and has never
been fully explained. When the first edition of this book was
written it seemed likely that 2 new interpretation of cholera
was in the making, based on the assumption that cholera
bacteriophages played an important part in the natural
history of the discase. The war intervened, cholera remained
jmportant, but research shifted to strictly practical matters of
control and treatment. The problem of treating cholera has
heen solved but, as far as I can ascertain, nothing significant
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that has simply vanished from the text-books, but it may stifl
be true and it provides a particularly interesting commentary
on the process of scientific discovery.

In our chapter on viruses, we said something of bacterio-
phages, the viruses which lve at the expense of bacteria,
wmvading and multiplying within them and in the process
dissolving and destroying them. Now it has been shown that
m the intestinal contents of patients who are convalescent
from cholera there are bacteriophages (cholera phages)
which tan dissolve the cholera vibrio. The discoverer of
bacteriophages, d'Herelle, put forward the revolutionary
hypothesis that it was the presence of this cholera phage and
not the pauent’s development of immunity to the vibrio,
which was responsible for his recovery. He found that all
these patients who recovered had an active phage in their
intestinal contents, and that those who had no phage died.
Here wasa clear-cut statement which one would have thought
would require only a few months’ work to prove or disprove,
Yeta quarter of a century later we still do not know what part
cholera phages play in determining the mcidence of cholera.

‘The devel of scientific knowledge 15 a slow process
carried owt by human minds which are no more pesfect
instruments of thought than are those of politicians and

sts, S we find a i medieal dis-
tavery announced almost in its final form, and immediately
accepted throughout the world. Koch’s discovery of the
tubercle bacilus s perhaps the classical example. Much more
often we find a definite sequence of events- first the announce-
ment of the discaverer that such and such is the cause of some
duease, or that this or that drug or serum cures it with
regularity, The results claimed are, in the hight of later
knowledge, nearly always exaggerated by the author’s
enthusiasm for Jus discovery Exceptions are not mentioned
or are explained away. Then if the discovery or claim is
important enough to attract wide attention, a penod of
muddie begins. Enthusiasts rush inte print confirming the




316 SOME IMPORTANT INFECTIOUS DISEASES

new discovery, particularly when it is some method of
clinical treatment. Sceptics try to repeat the discoveres’s
observations, often withont taking care to use his exact
methods, and with their eyes wide open to find exceptions
have no difficulty in showing that things are by no means so
straightforward as they were claimed to be. Other workers
in the field become interested in applying the new idea along
lines suggested by their own previous work, and a whole crop
of secondary ideas arises, often very difficalt to fit in with the
original discovery. At this stage the outsider, who knows the
subject only from reading the literature about it, becomss
completely confused and exasperated, But the work goes on.
More critical minds are brought to bear on the problem, and
further revealing discoveries are made. At last the real
significance of the discovery 1s established, and ten or ffieen
years {rom its announcement it has become the orthodox
teaching of the text-books. Sometimes, however, the work
does not go on. The problem for one reason or another losts
jts importance or its interest and the papers that have been
written on the subject remain unread with their contradic-
tions and controversies unresolved. That has been the fate of
the work on cholera bacteriophages and the account given
here is essentially that which was written in 1936.

Let us take first the facts which indicate that cholera phages
play a part n assisting the recovery of patients and in deter-
mining the incidence of cholera. We have mentioned that
phages are frequently found in the faeces of patients con-
valescent from cholera, They are also not nncommon in
contaminated water or i the faeces of normal individuals.
From all such sources at least twelve distinet varieties of phage

P SR i
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itwould be almost inconceivable that under certain conditions
the mteraction between phages and vibrio should not swing
violently against the vibrio Experiments in test-tubes have
shown that a bacteriophage flourishes best if the bacterium at
whose expense it lives is multiplying actively in some fluid
mixture Iike the nutrient broth of the bacteriological labora-
tory. 1f, on the other hand, the bacteria are multiplying more
slowly in the tissues of an infected host or 1n artificially
prepared tissue cultures, they are almost unaffected by the
same phages Cholera provides a uniquely favourable oppor-
tunity for the activity of phage from this pomnt of view. In the
bowel the vibrios are multplying rapidly in what is the
closest approach n nature to the bacterologsst’s pure culture
inbroth, They should be highly susceptible to the action of any
active bacteriophage introduced amongst them. d’Herelle’s
statement that they are so susceptible is very largely sup-
ported by the result of a large-scale experiment in Calcutta
where alternate cases of cholera were treated with and without
choleraphage  All received, in addition, the standard hospital
treatment for the disease, Analysis of the results showed that
for cases of cholera produced by typical vibrios the death-rate
was reduced by phage adminsstration from 20 to 8 per cent.
That s a definite reduction, but not so striking as would have
been expected if d*Herelle’s claims were correct. Some other
writers have found even less effect of phage on mortality
When cholera breaks out severely in outlying parts of India
there 15 no opportunity for hospital treatment, patients have
tolive or die in their own homes, and only the simplest forms
of treatment are possible. In one such outbreak the mortality
amongst those untreated was 76 per cent, amongst those
treated by cholera phage 34 per cent. If any conclusion from
these results is justifiable it is that phage can swing the balance
me een vibrio and patient in the direction of recovery, but it
Is not the only or cven the most important factor concerned.
If bactenophages play an mportant part in determining
recovery from cholera, they must inevitably influence the
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epidemiological behaviour of the disease. The Jogical con-
sequence of d’Herelle's work, as he himsclf clearly stated, is
that an epidemic of cholera can arise only by the introduction
of the vibrio into a community where cholera phages are
absent or of insufficient activity. As the epidemic develops
there are increasing opportunities for phages to live on the
vibrios and to develop a higher virulence. A subepidemic, we
might say, begins to rage amongst the vibrios. Scon any
water contaminated by vibrios is almost certain to be equally
contaminated by phages. Then, according to d'Herelle, the
cholera epidemic will die out naturally. If the argument is
correct, cholera should never break out if there are always
active bacteriophages present in the ity. One large~
scale attempt has been made to test this hypothesis in India.
In 192g it was decided to select one administrative district in
Assam in which cholera epidemics had occurred with con-
siderable regularity at two-yearly intervals, ‘This was 1o be
used as the experimental area in which bacteriophage should
be widely distributed. There were several other districts of
similarsize and physical character in the province which conld
serve as ‘controls’. If the distbution of bacteriophage
dimisushed the spread of cholera, its effect should be made
visible hy a significantly lower incidence of the disease in the
chosen area than in the other districts. In the experimental
district, Nowgong, arrangements were made that a supply of
cholera phage should be available in every village and town.
1t was the duty of the headman of the village and of minor
officials in each small section of the larger towns to sce that
everyone who had any symptoms of diarrhoen was given at
once a dose of cholera phage, not so much as treatment for the
diarrhoea as to ensure that there was abways a certain amount
of active phage present in the environment. The yesults in
the cxpenmcntal area were striking, and by all the available
} eriteria indicated that this distnih of cholera

phage had been responsible for a great dimnution i the
aumber of deaths, There was a complete absence of cholera
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epidemicsin Nowgong from 1929 up to the end of 1936. A few
small groups of infections occurred in some villages, but no
epidemics developed from these. Unfortunately, experience
elsewhere has not been so happy. In 1932, another district,

DEATH RATE FROM CHOLERA, ASSAM, 1922-1936
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Habiganj, was taken over as a second experimental area,
and cholera phage was equally widely distributed. In this
district there has been a much less significant effect on the
incid of cholera. Epidemics were of much th extent
and severity asin the ‘control” districts of Assam. So we have
still the problem tosolve, why in one district phage distribution
appears to be strikingly successful, but in another fails almost
completely.

‘While this experiment was under way, the ‘untreated’ area
experienced several relatively small epidemics of cholera, and
these provided opportunities for other studies on the re-
lationship of phage to cholera. Treatment of cases with phage
resulted in a reduction of the mortality by about 50 per cent,
but from our point of view a more interesting result was the
effect of bacteriophage in preventing spread of infection. If
the first case in a household was treated with phage within
twenty-four hours of the onset of symptoms, the chances of the
other members of the family becoming infected was about
40 per cent less than when the primary case was untreated
for forty-eight hours or longer. The deduction is that the
discharges from 2 patient receiving phage are less infective
for others than they would be without phage.

Thereisone final aspect of the cholera-phage problem which
needs to be mentioned. When a phage acts on the cholera
vibrio, most of the organisms die, but a few change their
character and survive In most cases these altered vibrios,
in addition to being 1nsusceptible to the attack of phage, have
1ost some of the other characters of the normal cholera vibrio.

Most of them are probabl pable of producing cholera,
but thcy arc oftm found in the course of routine bacterio-
ST S S SO O I

tested show these orgamusms which are very like, but not
quite 1dentscal with, the cholera vibrio, what 1s the medical
officer to do? There are still confhcting answers to that



CHOLERA 321

question, but it seerns hikely that more detasled studies on the
influence of phage on the vibrio will in time provide a
ranonal basis for action.

This leads us back to the question of immunity to cholera.
I under the influence of the various phages which it may
cucounter the cholera vibrio can give rise to variant forms of
low virulence, it may be that some of these non-virulent forms
are yet sufficiently like the dangerous vibrio to produce a
substantial immunity against cholera. This possibility has
apparently not yet been studied in India. There, attention has
been largely concentrated on the prevention of cholera by
vactnation with dead chalera vibrios injected under the skin,
As we have discussed in previous chapters, this 1s the safest
method of trying to control an endemic disease when measures
to prevent infection are impracticable. Practically all the
figures which have been published on the subject show that
such artificial 1 ization confers a relatively high degree
of immunity, but not, of course, complete protection,

Chalera as a human problem would rapidly vanish if the
cademic ateas of Asia are brought up to a Western standard
of ion and ition, A p: y healthy {ndividual
admitted early to hospital will almost certainly make a vapid
recavery under present-day treatment. It 1s perhaps foolsh
fofeet thatit is a pity that when cholera flourished no one was
moved to bring finality to the problem of the intertwined
natural history of the chalera vibrios and their parasites the
cholera phages,
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CHAFPTER XX1IV
MALARIA

If we take as our standard of importance the greatest harm
to the greatest number, then there is no question that malaria
is the most important of all infectious diseases. All over the
tropical and subtropical zones, wherever there are aggrega-
tmns of people, there makma flourishes. In India it is
lated that about a hundred million people are infected
with the parasite respounsible, and that about two mullion
deaths per annum are directly due 1o malaria. The influence
of thedisease extends far beyond its obvious activities asa cause
of death and serious illness. It is the great devitalizer of the
tropics—much of the backwardness of the Indian peasant has
been ascribed to malaria—and it is the main agent ofinfantile
mostality. If malaria could be suddenly eliminated from
the globe, the racial, ic and political
within a very few years would probably be appalling. India
and parts of Affica are populated up to and beyond the
capacity of the land to provide adequate food by prcsem

methods, and even with the d fantile and p
mortality caused by malana, the populations are mcre;\sing
steadily. The sudd:n ion to a more vig and
sapidly i population would undaubtedly produce
famine, immigration and intense internal and extemal social
)‘CPCYCDSSXOXXS

1t might well be argued that the mncidence of malaria in
space and time has played a major part in human history,
H [ o
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eliminated fmm the tropics for a hundred perhapsa thousand
ears, Man, mosquito and malaral parasites seemed to have
reached a balanced interaction involving millions of square
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miles of territory and hundreds of millions of buman beings.
To dsturb that equilibrium significantly appeared to be
impossible. To-day we can feel confident that we have the
means to eliminate malaria from any area of the globe, If
sufficient human effort can be made available to apply known
methods to all communities in the area malaria can be

dicated. Since the warindi malaria hasdisappeared
from continental United States and from theisland of Sardinia
in both cases as a result of deliberate public health activity,
The speed with which this process is applied to the rest of the
world is bound to play a part of ¢normous importance in the
history of the next fifty years.

Mot readers will have a sufficient general knowledge of the
nature of the symptoms of malana—recurring attacks of
severe fever, with intervals of two or three days during which
Symptoms are absent—to allow us to take them for granted.
We must, however, say something about the three closely
related species of mi ism which are responsible for
the disease. They are protozoa, that is, munute animal
organisms, with a rather complicated life history, part of
which is spent in human beings, part in mosquitoes of one
particular genus, Anopheles. It is natural to start with the
motquito bite by which a few tiny parasites rather smaller

an most bacteria are inoculated from the insect’s salivary
glands into the blood. Within an hour these are swept out of
the blood, finding lodgement 1n cells of the Iner. Here the
parasite finds suitable conditions for multiplication and each
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into the blood and the blood cycle that gives rise to the typical
Symptoms of malaria is initiated. The liberated parasites are
small specks of protoy that attach 1l Ives to and
enter the substance of the red blood cells. Witlan the cell
each im'admg germ feeds on the cell substance and grows
almost ay large as the cell. Then the parasite rapidly divides

a1
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into twenty or more small pieces, each with its tiny Jiving
nucleus, and when the remnants of the cell break down, these
picces are liberated into the blood fluid. Then the cycle is
repeated, each little descendant parasite enters a fresh celi and
in the space of two or three days goes through its period of
growth and division. When a large number of parasites are
simultaneously liberated along with poisonous products of
their growth, the body's response is the sharp attack of
shivering and fever which is the chief symptom of malaria.
These attacks continue for a time which varies greatly,
according to the virulence of the strain of malaria, the general
health of the patient, whether he has had previous attacks,
what treatment he recewves, and so forth. If he does not die,
asub ial degree of i ity develops, fixed phagocytes,
aided by antibodies in the blood, destroy maost of the para-
sites, but in untreated persons small numbers remain in the
blood for a considerable time. As immunity develops, a new
phase of the parasite appears in the blood. These are sexually
differentiated, and their function ss te infect any mosquito of
the right species which bites the pauent at this stage. In the
mosgquito’s intestine, the male and female forms unite, and
from their fuston a new brood of parasites develop. These
invade the wall of the intestine and grow into httle nodules
swarming with tny needle-shaped germs. When the nodules
break down, these germs pass to the salivary glands of the
mosquito, and after a period of from ten to twenty days has
elapsed since it became infected, the mosquito becomes
capable of passing on 1ts infection to another human being.

An important feature of this cycle is the necessity for each
stage to be passed through n the appropnate order. The
needle-shaped sporozoite from the mosquito cannot enter the
red cell, neither can the Hver form nor the pnimary form

.action of antimalarial drugs. Each of the three major species
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of malarial parasite, Plasmodium vivax, Pl. falaparum and PL
malanae, have their own points of difference in detail, but
there is nothing to be gained by attempting to describe these
nor is it necessary to mention ene or possibly two other species
which on very rare occasions are found to be related to
buman malaria.

Malaria was a military problem of the utmost importance in
the Pacafic War of 19415, and great advances in 1ts practical
control were made during that period. Something must be
said about the new methods of control, but for the most part
we shall be concerned with the natural history of malaria as it
existed, or still continues to exist, in regions where no serious
attempt to mterfere with its incidence is made. In the great
majority of endemic areas the two main chnucal forms of
malaria, benign tertian due to Pl zivax and malignant tertian
due to Pl falaparum, occur together. There are important
differences in symptoms and in their response to drugs, butit
is legitimate to deal with all types together when discussing
the general problem and refer to the complex of infections
sumply as malaria,

Let us first take a population of natives in some heavily
infected region, Northern Ceylon, Nyasaland or certain
parts of Central America. Conditions are suitable for the
breeding of large numbers of Anopheles mosquitoes, and
there is a fairly concentrated resident human population.
Infants are wfected at an early age, and throughout their
Ines will be subj d 10 repeated fecti Very many
will die duning infancy and childhood, some directly from
malaria, others from a combination of other infections with the
weakening influence of chronic malaria Those who survive
must have perforce acquired a considerable degree of im-
munity As we have already mentioned, immunity to
malana is largely associated with the activity of fixed phago-
cytes, and one of the results of repeated childhood infections
1 a great enlargement of the spleen. Essentially this 1s an
effort on the body's part to provide a sufficient supply of
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fixed phagocytes to carry out all the necessary destruction of
malaria parasites. In practice, the degree to which the
children’s spleens are enlarged in a native community
providcs a useful index as to how intense malarial infection
is in the region. The adults, provided lhcy are adequately
nourished, remain sut lly immune—infection by an
unusually active strain may provoke definite symptoms, but
serious results are likely only when there is some failure of food
supply. It is of interest that in heavily malarious African
regions, although thereis an appalling infantile death-rate, the
adult well-nourished natives are very healthy. In India, where
pressure of population on the means of subsistence is greater,
chronic malarial ill-health is much more frequent in the adults,

There are many parts of the tropics where malaria is by no
means as universal as in the regions we have described. The
nght mosquitoes are present, but the factors which make them

are only intermi ly present. A very good
example of the way epidemics of malaria may affect a tropical
population is provided by the story of the Ceylon epidemic of
1934-5. This is said to be the greatest malaria epidemic since
accurate records have been avalable, causing 80,000 deaths
amongst two or three million cases.

Ceylon can be divided into a dry northern area, which is
highly malarious and relatively sparsely populated, and 2
large well watered south-western area, thickly populated and
rcla!xvcly free from malaria in normal years. In 1934 the

t and 1its d rains pletely failed
to appear. Crops failed, rivers ceased to ﬂow and became mcrc
chains of waterholes—the climati
those of the northern half of the island. The malana-cnrrymg
mesquito of Ceylon breeds in pools of clear water exposed to
sunlight, not in overgrown swamps or ricefields nor in flowing
strearas. With the partial drought, conditions in the south were
ideal for its multiplication in the pools along nver courses.
There was a plague of qui and the pop was
badly undernourished from farlure of crops. Thc conditions
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made 2 serious outbreak inevitable, and in October 1934
malaria spread almost everywhere, striking whole villages at
ence. It was not abnormally fatal—only 3 per cent of patients
with symproms died—but it affected about half the total
population. In the porthern part of Ceylon there was no
abnormal incidence of malarja—conditions remained as
before.

In this example, we have a combination of three main
factors which favour malarial prevalence, First, unusually
stitable diti for the ltiplication of Aropheles
mosquitoes, secondly, 2 human population, most of whom
were not immune as 2 result of repeated previous attacks—
it had been five years since the last serious prevalence of
malaria in the region—and thirdly, a population whose

i had been weak y und ist

Although malaria is pre-eminently a tropical disease, it was
once very prevalent in England, and is stil frequent in
certain coastal districts of Holland. In the Mediterranean
regions malarial districts are stjll common, but in most parts
the activity of the disease is being steadily reduced. Itisstill
Dot clear why malaria hasso largely disappeared from Europe.
All sorts of climatic and social factors may have beea con-
cemed. Certainly conscious anti-malarial activities in the
Last forty years have not been the main factor. In Italy there
have been centuries in which the country was almost com-
Pletely free from disease and long periods when malaria was
Tampant throughout the country. It may be significant that
during the three ages of ltalian political and intellectual
mportance, the first centuries a.p., the Renassance and the
Ppresent time, were all periods of low malarial activity Such
ﬂtf{m’lﬁum probably depended on changes tn the mosquito
fpecies or races, and particularly on changes in their habits.
At the present time, what is probably the most interesting
Phase of malaria research concerns itself with the derailed
ecology of the various species of Anopheles. There are many
parts af the world where there are Anophelss mosquitees, but
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fixed phagocytes to carry out all the necessary destruction of
malaria parasites, In practice, the degree to which the
children’s spleens are enlarged in a native community
pmvida a useful index as to how intense malarial infection
is in the region. The aduhs, pm\nded th:y are adequately
nourished, remain sub jon by an
unusually active strain may provoke definite symptoms, but
serious results ave likely only when there is some failure of food
supply. It is of interest that in heavily malarious African
regions, although thercis an appalling infantile deatherate, the
adult well-nourished natives are very healthy. In India, where
pressure of population on the means of subsistence is greater,
chronic malarial ill-health is much more frequent in the adults,

There are many parts of the tropics where malaria is by no
means as universal as in the regions we have described. The
right mosquitoes are present, but the factors which make them
dangerous are only intermittently present. A very good
example of the way epidemics of malaria may affect a tropical
population is provided by the story of the Ceylon cpidemic of
1934-5. This is said to be the greatest malaria epidemic since
accurate records have been available, causing 80,000 deaths
amongst two or three million cases.

Ceylon can be divided into a dry northern area, which is
highly malarious and relatively sparsely populated, and 2
large well watered south-western area, thickly populated and
relatively free from malaria in normal years. In 1934 the
south-west and its iated rains completely failed
to appear. Crops failed, rivers ceased to ﬂow and became mere
chains of waterholes—the cli hed
those of the northern half of the island, The malana—can—ymg
mosquito of Ceylon breeds in pools of clear water exposed to

nlight, not in g swamps or ri 1ds nor in flowing
streams, With the partial drought, conditions in the south were
3deal for its multiplication in the pools along river courses.
There was a plague of and the population was

P

badly undernourished from failure of crops. The conditions
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spread into Egypt and caused a scvere epidemic of malaria
m 1g42.

At the present time there is a feeling of optimism amongst
thase concerned with malaria that, given the necessary human
effort, malaria can be eradicated from any region on the
globe and by inference from the world. There are two aspects
of the natural history of malaria that make it theoretically at
least one of the easiest infectious diseases to control, The first
15 that there is no known vertebrate reservoir of human
malaria other than man The second is that each type of
Anopheline mosquito has 1ts own type of breedmg place and
does not readily adopt a different mode of life. At the human
level we can prevent persons being bitten by malaria-carrying
mosquitoes through such means as efficient screening of doors
and windows. We can kill mosquitoes in the houses by leaving
a fine residual deposit of D.D.T. on walls and cetlings where
mosquitoes rest i the daytime. By appropriate dosage with
drugs like paludrine and chloroquin imfected persons can be
kept non-infective for any mosquitoes that bite them. Even
without any attempt to reduce the number of mosquitoes the
effective use of such measures could eliminate malaria. In
Ppractice, however, the control of mosquitoes 15 even more
effectrve and practicable. Close study of the ecology of each
important disease-carrying species will always indicate the
type of action that will be most effective m dimunishing its
numbers, The attack will usually be on the larval stage and
this can be pressed m a dozen different ways The larvae can
be suffocated by an oil film on the surface of the water,
poisoned by D.D T. or Pars green or eaten by small fish,
Brccdmg places may be dramned or altered 1 one way or
another to make them unsutable for mosqutto larvae of the
significant species,

Moalania can be elimmated and will be elimmated from
steadily widening areas of the globe. Whether an unrestricted
campaign to eradicate malaria everywhere would be wise or
not, will depend on a multitude of sorial and economic
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malaria does not spread, even when cases are introduced from
the tropics. Sometimes thisisbecause focal farming conditions
make it much easier for mosquitoes to feed on cattle than on
human beings. Sometimes more subtle factors are involved.
In Holland, it has been found that there are bvo structurally
similar races of 4. maculipenrir. Although almost indistin.
guishable in appearance, they have different habits, and
while one race transmits malaria, the other does not. The
harmful race spends its larval stage in the brackish water of
coastal lagoons, the other prefers fresh water. In winter, the
former (malaria-transmitting) race spends its time near the
ceilings of warm farmhouses and continues to feed on human
blood during the winter, incidentally transmitting malaria
during the process. The other (harmless) race spends the
winter in cold outhouses and the like, and hibernates. As
exemplifying the difficulties of research on malaria, we may
mention that in Holland, while most infections are trans-
mitted by mosquito bite received in this way during winter,
the attack of malaria does not occur until the following
summer. This very long ‘incubation period’ has also been
observed after experimental infections in man made during
research on the treatment of brain syphilis by malarial
infection. Such along delay is probably a fanction of both the
low environmental temperature and of the relatively low
sarulence of the malarial strain. Ecological work of this sort
in Europe will probably affow the ining foci of f
to be cleaned ap without great difficulty.

One of the most impressive examples of anti-malarial work
in recent years was in Brazil, where the introduction in 1931
and spread over thousands of square miles of 2 dangerous
Afican q was foll 1 by a phic outbreak
of malaria in 1938. By thus time effective methods of dealtng
with the breedinglplaces of the mosquito had been developed,
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CHAPTER XXV
YELLOW FEVER

As Greenwood has pointed out, the name of each important
disease has its own emotional colour, not necessanly very
closely equivalent to the real importance of the disease. One
has only to run over in one’s mind the names ‘plague’,
'lcpmsy’ and ‘influenza’ to realize this, Perhaps of them all
yellow fever is the most vividly coloured by associations.
There has been something grimly romantic about ts story
from its first appearance, when it seemed to rise hke a miasma
from the overcrowded stinking holds of the slave ships m
Barbados in 1647,

For two and a half centuries, yellow fever held possession
of the Spanish Main, slaying English, Spanish and Canb,
soldier, by and ); alike, but ly sparing
the negro slaves. In time there grew up a local population
In the West Indies which seemed to be immune to its attacks
but almost every newcomer had to face its peril. At times
yellow fever spread widely over all subtropical North and
§outh America, on several ions causing severe ep
i the Southern United States On the other side of the
Atlantic was the West Coast of Africa, the home alike of
yellow fever and of the slaves with whom it had travelled to
America, Here also the disease, hardly noticed by the native
habitants, played havoc amongst Europeans and, with
malaria and dysentery, was Tesponsible for the evil reputation
ofthe country as the white man’s grave. From the west coast
It spread northward at irregular intervals, reaching the
Mediterranean countries more than once. Portugal suffered
Particularly severely about 100 years ago,

The same flavour of grim romance hangs ound the story
of the unravelling of its problems by modem science The
work of the American Army Commission, which showed how




330 SOME IMPORTANT INFECTIOUS DISEASES

factors. If a major check on human population is to be
rapidly removed there will be repercussions in many direc-
tions. On the broad view over-population may give rise to
more human misery than the prevalence of uncontrolled
malaria and it may be wise for the administratar undertaking
the cradication of malaria to ask the biologist questions
about human ccology as well as about the distribution and
habits of dnopheles.
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in the work, however, and Stokes, the English member of the
group, died of the disease just after their great discovery was
made, It was soon found that the disease was due to a
filterable virus, not to a spirochaete or to a bacterium, both
of which types of micro-organism had been mcriminated by
other mvestigators. Noguchi, a famous Japanese bacterto-
logist at the Rockefeller Institute, had some years previously
announced that a spirochaete was the cause of yellow fever.
The new work scemed to undermune his conclustons com-
pletely, and Noguchi also came to West Afuca to retest his
theories It is one of the great iromes of science that both
Noguchi and his collaborator died of yellow fever soon after
they had started their investigations 1n the Gold Coast.

The West Aftican period, 1927-30, was the end of the
heroic days of yellow fever investigation Nowadays all
workers with the virus have been artificially mmmumnized,
and are as resistant to the disease as 2 West Aftican negro
Yellow fever research 1s now no more dangerous to those who
undertake it than any other branch of scientific mvestigation.
With the discovery that the disease was due to a virus capable
of infecting monkeys, the Rockefeller Foundation intttated
alarge-scale international mvestigation of yellow fever Soon
after thiswas begun a method of producing the disease m mice
was discovered, and with ths cheap and convenient ammal
available, work on an even larger scale became possible.
Since 1931, when this extension of laboratory work became
possible, all the major problems of yellow fever have been
solved in principle, and great steps taken towards 1ts control.

\Ye may first briefly recapitulate what was said in an
garlxer chapter about the processes of infection, recovery and
mmunity n yellow fever. The virus 1s injected 1mnto the blood
b)'. the bite of an infected mosquito and sets up an mfection
Phmarily in the liver. The virus multiplies enormously, and
at the height of the disease a single drop of bleod contains
many millions of virus particles. This flood of foreign material
in the blood provides a very urgent stimulus to the antibody-
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the disease could be prevented, has often been described. It
was a herojc business. At that time no animal was known to
be susceptible to the disease, and all experiments had to be
carried out on human solunteers, They tried to work with
milder strains of the discase, and most of the volunteers came
through safely, but three paid the final penalty. The Com-
mission proved three things conclusively: first, that yellow
fever was carried by one particular type of masquito (dedes
aegrpti); secondly, that the patient’s bloed could infect the
mosquito only during the first three or four days of illness;
and thirdly, that the mosquito was not capable of infecting
other human beings until ten or twelve days after its feeding
on yellow fever blood. This knowledge was sufficient to show
how to elimmate yellow fever from any city or town. The task
was made simpler by the habits of the mosquito involved. It
is a house-haunting mosquito that seldom flies away from
any dwelling where it has once fed. By eliminating the
breeding places of the mosquitoes, by shiclding yellow fever
patients from their bites, and by rigid measures to destroy at
once all mosquitoes in any dwelling where a patient had
become infected, yellow fever could be eliminated. In
practice, yellow fever is the eastest of ail diseases to deal with
by public health measures, and sts elimination from the West
Indies and the more accessible regions of Central America
was accomplished m an extraordinarily short space of time.
All this was done without any knowledge as to the nature of
the germ responsible for the disease.

This was discovered only in 1g29. Yellow fever had shown
increased activity on the West Coast of Aftica, and a group of
American and English scientists, financed by the Rocke-
feller Foundation, undertook a study of the outbreak. Their
first task was to seek an animal which was susceptible to the
disease and for the first time the Indian rhesus monkey was
tested. 1t proved mghly suscepuble, and with this discovery
it became possible to use animals instead of human volunteers
for yellow fever experiments. There was still danger enough
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wholly different from that of the classical disease of tropical
ports. The virus is maintained in a cycle involving yungle
monkeys, marmosets and howler monkeys particularly, and
mosquitoes that feed on the animals of the tree-tops A very
similar situation oceurs in the rain-forests of Central Africa.
Inboth countries there is an inexhaustible reservoir of yellow
fever unrelated to human habitations and not ble to
attempts at eradication. The jungle disease mn South America
most commonly affects timber cutters and others working
the forests, but if someone infected in the jungle falls 11l in
atown where there are dedes mosquitoes an epidemic may be
nitiated there. In Aftica the most puzzling feature of yellow
fever 15 the vast extent of country in which antibodies indi-
cating past infection are very common but the climcal disease
extremely rare or unknown. It scems that the negro races
}mv: some innate resistance to the virus, but possibly more
Important 15 the relative msusceptibility of cluldren. As in
50 many other diseases, first infection in chuldhood 15 usually
amild fever with no distingwshing features which lays down
2 lasting immunity. Through all its history yellow fever has
spared those born in the regions of its greatest prevalence. Itis
Significant that the only recent great epidemtc of yellow fever
In Afica, the 1943 epidemic in the Nubiman mountains,
occurred 1n a region just at the edge of the area m which the
disease is endemic.

The second phase of yellow fever control has been to devise
meansof protecting people from infection by jungle mosquutoes
and of ensuring that no secondary epidermics spread by Aedes
¢an develop. The first requirement is knowledge of the local
situation. Are people being infected with the virus, are some
dying of yellow fever without a definste diagnosis being made?
Tests of blood, particularly of samples taken from children,
willusually supply ¢ ded inft asto the preval
of the virus. In South America very valuable information 15
Dbt:‘uncd by the use of the viscerotome. This is a specially
designed instrument by which an unskilled orderly can take
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producing mechanism, and if the patient is to recover, anti-
body appears within three or four days from the beginning
of the fever. This is not enough at first to get rid of the virus
from the blood, but it is sufficient to prevent infection of any
yellow fever mosquito which may bite the patient. When
recovery is plete, the blood ins large of
antibody, and this persists in only very slowly diminishing
amount throughout the life of the person, Second attacks of
yellow fever are practically unheard of. If an individual has
once been infected with the yellow fever virus his blood will
contain antibody that can be recognized by a simple labora-
tory test requiring the inoculation of half a dozen mice. As
soon as this mouse test had been devised large-scale surveys
were undertaken over most of the world to determine where
people were being infected with yellow fever. It was soon
found that in addition to people who knew that they had had
yellow fever a great many others possessed antibody in their
blood who had certainly never had arecognizable attack of the
disease. All the* positive’ bloods, however, came from twowell-
defined regions: tropical Africa south of the Sahara; Central
America and the Amazon basin in South America, Largely
as a result of these surveys there emerged an understanding
of what, from our point of view, are two of the most interesting
features of yellow fever, the frequent occurrence of infection
without symptoms and the existence of jungle yellow fever.
Experience in Cuba, Panama and the coastal cities of Brazil
had shown that it was easy enough to rid such areas of classical
yellow fever by concentrating an attack on the dedes mosquito.
The growing hope that the disease could be finally eradi-
cated from the world, however, received a check when in 1932
there occurred a disconcerting epidemac in a country district
of Brazil where no Aedes mosquitoes were concerned. In the
next year or two isolated cases or small epidemics of what
came to be called ‘jungle yellow fever® were detected in
widely separated parts of tropical America. The same virus
is involved but the epidemiology of jungle yellow fever is
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difficulty has long since been eliminated, and the vaccine is
used very extensively in infected areas—something like seven
million people in South America had been immunized by
the end of 1549, By international agreement yellow fever
mmunization is now cotnpulsory for all persons travelling
through the endemic regions of Africa and America,

It seems appropriate that the last disease to be discussed
should be the one which provides the outstanding example
of the pplication of the ecol 1 approach to
infectious disease that has been the central theme running
through thus book, The story of yellow fever is an flluminating
example of the effectivencss of biological research when 1t 15
supported by adequate finance, skilled direction aad the
goodwill of peoples and governments It is signuficant that by
far the greatest share in the planning and support of the
work was taken by the International Health Division of the
Rockefedl dation. For thus ach alone the
Foundauon mght well claim to be the most effective organtza-
tion yet designed for the well-being of mankmd  Ifats growing
interest in the problems of psychology and human confhict, of
Population levels and social organzation can lead to symilarly
effective study and control m those fields we may be able to
bopealittle more confidently for the future of civilization, No-
where else can one see power, whether pohitical or monetary, so
effectively Linked to the methods of science and directed not to
the increase or maintenance of power but to human welfare
. In a wholly different direction we can pont to all the
incidental results that have emerged from the medical,
ccological and social studues that have been prunarily con-
¢erned with the prevention of yellow fever. As a by-product
to the isolation of yellow fever virus from tropical mosquitoes
Poless than sixteen other viruses have been obtained. Some
are known tg produce occastonal human disease, but the real
Importance of these new viruses may well be to offer clues to
the general nature of virus evolution and perhaps hints as to

how new virus diseases of man may appear i the future
o

21
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a specimen of liver from the body of any person dying of a
short-lasting illness. If death was from yellow fever changes
in the liver will be visible on appropriate examination under
the microscope.

In any area where the discase is endemic the essential
control measures are first to immunize the population and

Hly to eradicate Aedes mosquitoes from the district. In
the early days, it was found adequate to reduce the numberof
mosquitoes to say 5 per cent of their normal abundance, That
would soon stop any further cases of yellow fever and in the
absence of any jungle reservoir of the virus it did not seem to
matter much if the mosquitaes gradually regained their
former bers. With new rethaods of dealing with mosqui
breeding, the present-day aim is nothing less than the
elimination of dedes from the two Americas. At the end of
1949 Bolivia was free of the mosquito as well as more than
go per cent of the vast area of Brazil.

AModern metheds of immunization against yellow fever
make use of a stram of living virus called 19D which, on
injection under the skin, gives a wholly symptomless im-
munizing infection. The principle is quite similar to Jenner's
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with a mixture of vaccine lymph and attenated yellow fever
virus It was found early i the experimental study of yellow
fever that virus grown in the mouse brain and passed
repeatedly from mouse to mouse gradually lost its power to
produce the fatal liver disease in monkeys. By transfer
through tissue cultures and then growth 1n chick embryos the
virus became even less virulent and m this way the im-
munizing strain 17D was produced. The vaccine was pro-
gressively improved, and its use has been gradually extended
10 lasger and larger groups of people. The complication of
sserum javndice’ that marmred its wide-scale wse by the

American Army n 1942 has already been mentioned. That
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find it possible to infect healthy human beings in the minute
amounts that can be transferred from infected to susceptible
individuals under civilized condutions, In technical terms the
‘micro-organisms must be able to infect intact mucous surfaces
1n mmmal dose. There are two main possibilities of transfer,
by droplet infection from the mouth and nose and by the
transfer in one way or another of minute amounts of faecal
material, It has been usual in recent years to suggest that the
disappearance of cholera, typhoid fever and dysentery means
that the intesttnal route of infection is no lenger of any
mmportance. Studies on the prevalence of thread worms in
children, on poliomyelitis and the Coxsackie viruses and on
mild dysentery due to the Sonne bacillus, make it clear that
this opinion must be modified. Minor faecal contamination,
particularly on children’s fingers, 15 widespread and a very
important potential factor i eprdemic disease.

What must be recogmzed 1s that different types of patho-
genic organism differ greatly in the ease with which they can
imtiate infection. This is quite a different quahty from their
virulence which 15 essentially their capacity to produce
damage once infection has been mmtiated. Every professional
bacteriologist knows that 1f he uses normal precautions he will
be very unlucky sf he suffers a laboratory infection from
typhoid, diphthera or tubercle bacilli Yet despite the use of
exactly the same precautions 1f he works with the organisms
tesponsible for Q fever, Malta fever or tularaemia he is
almost certain to become nfected within a few months, If
we had enough mformation we could probably express the
difference 1n the form that 1f one lving organism of typhaid
feveras taken into the body the chance of its iutiating infection
15 110 1000 but 1f one Q fever Rickettsia lodges in the lung there
is 1 chance 1n 3 that 1t mitiates mnfection The numbers are of
course pure guesses, but the ratio between the two may be
nearly correct.

The diseases which we may have to face in the future will
be those that are capable of imtiating infection in minimal

222
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CHAPTER XXvI

NEW DISEASES AND THE OUTLOOK FOR
THE FUTURE

Attheend of 1951 the broad outlines of the picture of infectious
disease are fairly clear. In the first place it is evident that
many of the impaortant diseases of the past can be eliminated
with relative ease by simple applications of hygienic

The organisms of typhoid fever, cholera and dysentery, wecan
suspect, are rather crudely adapted parasites which can only
find opportunity to flourish when there is gross opportunity
for contamination of food with faecal matter. Plague and
typhus vanish when rats are hept under control and people
are taught how to rid themselves of lice. There are specialized
and effective ways of dealing with another group of diseases
not amenable to simple hygienic control. Immunization is
highly effective against smallpox, diphtheria and yellow fever.
Prophylaxisor early treatment, after exposure, with penicillin,
atebrin or other drugs has made it possible to prevent or
minimize infection with the two important venereal discases
as well as with malaria, scrub typhus and a number of rarer
conditions. Where disease ls conveyed by an insect carrier
and the process of t jon 15 clearly und od it is
virtually always possible to eliminate the disease. Since the
end of the war in 1g45 indigenous malaria has been banished
from continental United States, from Sardinia and from
Cypsus, while the threat to Egypt from the spread of the most
dangerous malaria-carrier in Africa (dnopheles gambiae) has
been removed.

One mght alimost say that a new ecological situation has
been veached for major ities in which hnical
facibties and social disctphine are not destroyed by war or
other disaster. The essence of that situation seems to be that
only those micro-organisms of disease will survive which
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certainly contracted from some bird or animal. From him
there started a chain of infection involving nurses, doctors,
patients and visitors that in allinvolved nineteen people, eight
of whom died. The virus was found to be closely related to
that of psmacusls. Ina London hospital 2 man died of an

ja; a fortnight later a nurse who had
looked after the body and two patholog:sls who performed
a post-mortem examination came down with Q fever. Both
the germs in question have a bad reputation in laboratories
2nd both can certainly infect human beings when inhaled in
very small numbers. Probably the reason that they do not
give rise to infectious disease in the ordinary sense is that the
organisms do not reach the saliva except when the patient is
extremely sick. Under such circumstances only sick-bed
attendants will run the nisk of infection. A strain of either of
these organisms only needs to change slightly so that infectious
material can pass to the saliva while the patient is not too sick
1o go about his business, and a new infectious disease would
be born.

Measles, mumps, chickenpox and german measles seem to
be very old established and stable diseases that are not likely
to change much in character either for better or for worse.
There 1 little to suggest either that much would be gained
by trying to prevent them or that any effective and practicable
method of preventing them is likely to be developed The
problem of poliomyelit's m communities with a rising
standard of living and of hygiene has already been discussed.
‘The discovery that there are at least fifteen varuses of the same
general quality as polio virus, which may be present at one
time or another in the human intestine, provides a possible
source of new diseases affecting the nervous and muscular
systems, There is already evidence that two mtnor infectious
diseases are produced by some types of these primanly
intestinal viruses. One of these has been known for a long
Slme as Bornholm disease—it was first observed on the Danish
island of that name. The symptoms are predominantly of

223
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dose. And since bacterial infections are, with unimportant
exceptions, amenable to treatment with ane or other of the
new drugs our real problems are likely to be concerned with
virus diseases, It is only within the virus diseases that Nature
is likely to engender any novelty in infectious disease. ‘New
diseases’ in the past have nearly always been virus diseases.
Almost certainty the English Sweats of the Tudor period was
due to a virus, so was the *Spanish’ influenza of 191819 and
the encephalitis lethargica that was first noted in Roumania
in 1917 and had virtwally disappeared by rgzo. And we
Tnust not forget that poliomyelitis is a new disease that never
produced epidemics before 18g0.

In the future we can fecl certain that respiratory infections
will persist, mostly trivial but playing their part as in the past
in causing deaths amongst the old in winter, In some years
influenza will be more severe than in others and it is unlikely
that methods of immunization will ever be able to keep quite
in step with its changing antigenic character. What has been,
may be again. That is the only reason we have for thinking
that sooner or later another major pandemic will arise, At
times when I look at the rapid advances in the laboratory
study of influenza viruses and talk glibly about variation and
recombination, of pure clones of virus and of their indefinite
maintenance at astandardlevelof virulence, Twonder whether
{the next pandemic may not emerge by accident from one of the
aboratones. In fact, bowever, Nature has far wider oppor-
qunities to sort out lethal vanants should they arise, and it is
most unlikely that even deliberate action could produce 2
pandemic strain of influenza to order.

There are always possibilities that a new rcspxramry dls:asc
may arise. So far no of i
due 10 Rickettnae or lhe psittacosis-like viruses has been

observed as an epid But two episodes may
e mentioned to show how narrow may be the line that keeps
some strains from becoming thesource of spreading epidemics.
In Louisiana a hunter went down with a severe fever almost
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eighty years of study of the processes of infection by patho-
genic micro-organisms. As in every other field, the advance of
knowledge merely places in the hands of men with power more
effective means of obtaining what they desire, The more we
know about the nature of virulence, the significance of
immunological reactions, the mechanisms of variation and
ination in micro- and the mode of action
of antibacterial drugs, the more effectively we can prevent
or cure infectious disease if we desire to do so But we can
also use this increasing knowledge in ways never dreamt of in
Nature to fashion sooner or later a potent weapon of mass
destruction
It is no secret that active research on the military use of
disease-producing bacteria is going on at present. Much of
the work done 1 the American laboratories in the latter years
of the war provided results of great interest to bacteriologists
generally and has been openly published m technical journals.
The published papers mdicate that the anthrax bacillus and
botubinus toxin were being closely studied in 1945-6, while
some attention was also being paid to the organisms of
tul and Any exp d b fologi
will know that there would be great technical difficulties in
producing and using dangerous bactena in war, but he would
also realize that most of the difficulties are only technical ones
How far workers 1n military establishments for micro-
buological warfare have succeeded overcoming these
technical difficulties will probably not be known to the public
until a micro-biological weapon 13 used 1 actual war, It
would be funle to attempt any guesses as to the species of
organism now being studied or the methods being developed
for therr dissemination There are many different possibalities
that can be imagined, but the essence of the matter 1s that it1s
Physically possible to produce in a room a thin must of bacteria
50 that any animal that takes a few breaths in that room wall
die unless it is treated subsequently with an appropriate drug.
To produce similar conditions over the large volume of air




312 SOME IMPORTANT INFECTIOUS DISEASLS

muscular pain and tenderness particularly in the region of the
diaphragm. The condition usually subsides in a day or two
but the early symptoms are ofien so marked that a diagnosis of
acute appendicitis may be made and the patient subjected to
an unnecessary operation. The second disease is a particular
type of sore throat with numerous small blisters around the
pharynx and some fever. Both are trivial infections but 1t
would only need the appearance of more active and invasive
types of virus to convert either of these conditions into a
much more serious disease.

Every general statement about the future of infectious
disease must carry the implicit qualification that it is made
on the assumption that no new world war occurs, With the
menace of atomic and biological war already facing us the
future may well see a renaissance of infectious disease in new
and perhaps uncontrollable forms, War is part of the human
social tradition and no realistic consideration of the future of
disease can afford to neglect jts possible influence. In a
hundred years of military history we start in the days of the
Crimea when infection was the main cause of wastage in
armies and when wounds were fatal for the most part because
of subsequent infection in hospital. The advances of preven-
tive medicine and surgery in the second halfof the nincteenth
century were incorporated into military hygiene and the care
of the wounded, and in many ways the experience of war has
helped to stimulate discovery and application in these fields.
The mosquito transmission of yellow fever was discovered by
United States Army dactors seeking the answer to the main
military problem of a campaign n Cuba. Typhoid fever in
the South African War stimulated Almroth Wright to the
sntroduction of typhoid vaccination. The war of 1914-18
showed great improvement in health services, and 1 the
second World War deaths from infectious disease and from
wound infection werereduced to a small fraction of the number
Julled by direct enemy action. In any third world war it is
hard to beheve that we shall not see the converse results of
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bombing plane. Ball and shrapne] were replaced by high
explosive and the proximity fuse, and now the atomic bomb
brings the tradition up to date.

But the use of biological warfare is an absolute novelty, a
complete break in the tradition of war as an extension of
personal combat. As Vannevar Bush has pointed out, there is
bound to be an intense resistance on the part of the statesmen
and generals to the use of such a method, not necessanly from
any moral feelings but simply because of the intrinsic human
resistance to any violent break with an existing social pattern
Yet 1f world war comes again the possession and effective use
by one side of a ‘weapon that the other lacks will be likely to
turn the balance The fact that on both sides of our divided
world responsible men must be thinking out the ymplications
of biological warfare offers a remote and slender hope. It is
simply that the men with power will be forced to think of the
human species in hiological terms.

Anyone who has spent his whole professional life in the
study of infectious disease in man can hardly avord applymg
the ecological approach that has proved so successful 1n his
own field of study to other aspects of the human situation Itis
possible and within the necessary limats scientifically legitimate
to look at man simply as a mammahan species subject to the
same conditions as other Is. E: Ily this has been
the attitude to ifectious disease that has been adopted
throughout all the preceding chapters The same ecological
approach can obviously be applied to the pressing problems
of population and food supply, and there 15 2 growing interest
in the possibility of an objective biological approach to many
of the basic occasions of human confhet.

From a biologist’s viewpoint history is an account of the
increase and decrease of human populations and of their
movements from one part of the world to another. The rest is
mere incident, If this is true the dominating factor in human
history is something that hardly ever appears in the books,
the level of infant mortality at different times and places.
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within and around an enemy eity is physically poxsible and in
view of past experience it would be foolish to count on moral,
psychological, technical, industrial and military difficulties
stapping the achievement of that possibility. The one cer-
tainty is that every year the technical difficulties will diminish.

A tonof anthrax spores would contain about 10% individual
spores, Ifthese could be uniformly distributed in a volume of
air six or seven miles across and extending goo feet upwards
from the ground each litre of air (about one deep breath)
would contain about a hundred thousand spores, There are
anumber of micro-organisms which will induce fatal infection
when less than ten individual organisms are introduced into
a susteptible experimental animal. Those calenlations in one
sense are {; it leading, Nothing approachingsuch
uniformity of distribution could be produced under the most
ideal conditions. But they do suggest that even the very
inefficient distribution over a city of the amount of bacteria
that could be carried in a single aeroplane might produce a
startlingly large toll of illness and death,

There is perhaps only one thing to be gained by writing
about the possible horrors of bacteriological warfare. Sooner
or later those who have power in world politics will have to
think in terms of human ecology. It is a platitude nowadays
1o agree that a third world war may mean the end of civiliza-
tion and the untimely death by direct and indirect means of
hundreds of millions of human beings. Atomic explosives are
the mass destruction sweapons of which the public is most
aware. Therr probable use is accepted by most people in a
sense of cynical resignation. There has always been war and
wars have always up to the present been fought according to
2 tradi ] pattern 1 Iving but never showing
any sharp discontinuity There has always been a hierarchy
of leadership and the inculeation of Joyalty and discipline.
Weapons have evolved continucusly from axe and spear to
sword and arrow, crosshow and catapult gave way to fire-
the horse and the war-canoe to battleship, tank and

arms,
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fairly extensive, on ‘peck-orders’ in fowls and corresponding
hierarchies of domimance 1 other vertebrates, will certainly
begin to look at human problems from a rather different
angle. This is no place to discuss the findings of comparative
psyehology, but perhaps one observation from the fowl-yard
should be quoted. It is simply that altruistic behaviour is
never observed except where domination is complete. That
isa pnnClplc which appropnately refined to human cr-

licable to most of the situations which keep
men awake in the small hours of the morning.

There is only one Justification for the intrusion of such ideas
on human conflict into a discussion on the natural history of
infectious disease, Not so long ago it would have been
inconceivable that anyone should even attempt to describe
disease in terms based on scientific observation and experr-
ment, Even as late as 1880 the most learned Hustonan of
dlseasc mn England, Creighton, ﬂatly refused to believe in the

ismal theory of i discase. To-day every
mdmdual who can read a newspaper has a crude but
practically useful back knowledge of b logy-
The housewife preserves fruit by heat sterilization, insists on
Ppasteunized milk and accepts a ritual of boiling the baby’s
bottle. The soldier accepts his innumerable immunizing
injections as a matter of course and is lable to be over-
confident that a timely *shot’ of penicillin wall eliminate any
tisk of venereal dusease. The essentials have filtered down from
the research laboratones through medical practitioners and
the press until they have been incorporated reasonably
effectively into the social pattern of our times.

Similarly, a working knowledge of the bases of nutntion is
available to everyone, and as a result our children are the best
nourished and probably the healthi lLization began.

Fever, l‘ammc and war are the three traditional scourges of
mankind, and the method which has banished the first twa
is the only one which conceivably could banish the third  An
objectnne scientific soctology drawing its fundamental ideas




346 SOME IMPORTANT INFECTIOUS DISEASES

Inallunsophisticated populations the birth-rate runs at about
fifty per 1000 per annum, If the expectation of fife is taken as
that of modern western democracies, sixty to sixty-five years,
such a birth-rate will double the population every twenty-five
to thirty years. In the past, infectious disease and limited food
supply saw to it that mortality, especially infantile mortality,
kept nearly in step with the birth-rate. The main political
problems of the present and the immediate future spring from
the fact that in many parts of the world the prevention of
infectious discase has allowed population growth up to or
beyond the means of subsistence. There are many other
human problems of the same general quality, ecological
problems concerned with the necessity that a species must
reach an equilibrium with its environment, One way or
another, means must be found by which the population of a
given region docs not increase beyond the level that the region
in question can support from its continuing resources, An
equally important corollary is that the irreplaceable resources
of the warld must be conserved until effective substitutes are
in sight that do not deplete capital resources. Conservation
is sound ecology.

Most of the ostensible and some of the real causes of war lie
in this field of the interaction between population levels and
natural resources whether for food production or for the
provision of raw material for indusiry. A broad ecological
approach is the only answer,

The other side to human conflict is, as we all know, ‘human
nature’, selfishness, aggression and desire for power on the
one hand, loyalty to individuals, groups or sdeas on the other.
These things may seem to lie nght outside of the province of
science, but one of the most interesting developments of
modemn biology, the comparatve study of animal behaviour,
55 making it clear that ‘human nature’ 1 by no means con-
fined to human beings. It1s not too much fo say that all the

basic clements of human conflict are wisible in animal
behaviour. Anyone who reads the scientific literature, now
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productive than ever before. Not one-thousandth part of this
actvity 15 consciously directed toward the use of micro-
organisms in war, but it is a disturbing thought that if this
flood of new knowledge 13 to have any important impact on
human affairs it will not be by the prevention and cure of
mfectious disease. Ifit is to emerge from the laboratories and
the libraries into the main current of human activities it
must be in some new direction It may be that biochemical
studies will lead to a vast increase in the use of micro-
organisms for the synthesss of substances that are outside of
the province of the organic chemist. Yeasts and bacteria can
synthesize protein from simple materials more rapidly than
the green plant or the farm animal, and an important source
of protein for an over-populated world may be found thereby

The new science of microbial genetics offers promise in that
direction, but when applied to pathogenic micro-orgarmsms it
hasatleast equal potentialities for the production of organisms
which will kill as required In Australia, at the present time,
the virus of myxomatos:s 1s beng used to reduce the intensity
of the rabbut pest. There has been considerable success in the
first two seasons of large-scale use and 1f that success continues
further develop 1 the microbiol 1 attack on pest
animals may be sought. But as long as the possibatity of the
irresponsible use of power persists, we cannot escape the
conviction that the steady advance of expermmental micro-
biology will p ly increase the likelihood that effective
biological weapons of mass destruction, sabotage and
assassination can be produced.

This 15 a srtuation that must be faced. While war is possible,
the development of microbiological weapons will go on and
if they are perfected they will be used as seems expedient when
war occurs  Apart from the fact that they represent a break
in the traditional techniques of warfare there is no reason to
consider them more inhuman than any other method of
lullxng Every leguimate argument against their use 1n war
is equally an argument 2gainst the whole nstitution of war,




38 SOML IMPORTANT INFEQTIOUS DISEASES

from the experimental study of animal behaviour and analysing
sacial phenomena in the light of these ideas is in the making.
All the techniques of modern statistics are being applied in
anattempt to extract from observations on human phenomena
conclusions as valid as could be looked for if controlled
experiment were possible. It is probable indeed that there is
already available sufficient factual material to allow a elear
picture of the problems of human conflict to be given at the
biological fevel. There must be some way in which an account
of that materal can be given which is acceptable at the
intellectual fevel to all intelligent people. Some day someane
will write a natural history of human conflict built up from a
solid experimental basis of work on comparative behaviour in
birds and anmmals and adeqg biecti political
surveys and analyses of actua} human behaviour. Bodks of
that type could be written with the same biological approach
and the same objective honesty as can be found now in a
dozen di popular or i-popular accaunts of other
aspects of the human situation. Perhaps the diffusion of such
ideas would do more than anything clse to develop an
atmosphere within which a peaceful development of civiliza~
tion might be possible.

‘The control of infectious disease marks the greatest human
success yet achieved i the control of our environment to our
own benefit. The success as we have seen s virtually complete.
Thete is sull great scope for the application of available
hnowledge in countries which have not reached 3 Western
standard of hygrene  In the process many local problems will
have to be solved before administrative action can be
successful in applying accepted principles for the eimination
of diseass, but basically new methods and materials will not
be needed. Research m microbiology at the fandamental
fevel can do little more than help in a slow asymptotic
approach to perfection in the prevention and contro} of
infoction, Nevertheless, at the present tume research i the
fundamental biology of micro-prganisms 15 mave active and
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So we come to a strange and gloomy ending of this account
ofthe natural history of infectiousdisease. Science havingfreed
alarge portion of the human race from every type of pestilence,
and being potentially capable of doing it equally effecuvely
for the rest, now stands poised to create new more lethal and
more uncontrollable plagues than ever sprang from Nature.
The one star of hope in the gloom 15 that biological science
along with its development of this sinister power is just as
definitely pointing the way by which human conflict can be
understood and, if we desire it fervently enough, controlled.
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It cannot be too urgently stated that the advance of
science s allowing the development of wholly unnatural modes
of human domination and mass destruction~—unnatural in
the sense that they reg ditions never ed in
the course of human evolution. In the physical field no
mammal before the last sixty years was ever exposed to
penetrating radiation. Nor, except in small expesiments in
recent years had any mammalian species to face the impact of
a pathogenic micro-organism that had not evolved and been
able 10 survive by natural processes. Perhaps in another ficld
something equally unnatural is emerging in the Rusian
techniques of forced public confession, Somehow the use for

human domination of nuclear reacti artificially virulent
and artificially disscminated micro-organisms and contro} of
thought and beh by 1 hods, whether
phar logical or psychological, must be prevented, Unless

this can be done the whole biological and social background to
the human species is in danger of complete disorganization
of a type s apart from any previous experience that nothing
less than a new process of evolution will be needed before 2
healthy civilization again becomes possible.
Despite every discouragement, we must look forward to
a continuation of the process of controlling the irresponsible
use of all the sources of social power that has been the greatest
contsibution of the Anglo-S. peoples to civilization.
Until that process reaches the stage where one world authority
can compel the disarmament of any group that might forcibly
challenge its ability to maintain peace, research on the
Josrical

military develop of t weap wll
inevitably go on. In the process there will be interesting
scientific develop which will be applicable to pr

medicine, particularly in regard to protection agamst the
use of such weapons by the enemy. But these benefits will
bear much the same relation to the killng power of the
eventual weapon as the present usc of radioactive isotopes
in medicine bears to the proven lethality of the atomc bomb.
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Measles, 16, 17-13, 62, 75
Vi 152
epidenucs of, 204, 205, 208, 230
Meliordons, 250
Meningitss, 49, 148+, 197, 224
sulphadiazine as prophylactic for,
253, 356
Menngocorcus, 49, 148-g, 152,224,255

evolution of, 27-33

1o cholera, 32t
to malaria, 325-6 Metchnikoff, 34, 37-9
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Leptospirosss, 171-2

Louse, vector of typhus, 1812
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