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Editorial Foreword

DisEASE, the general nature of which I attempted to describe in
one of my own books, may be inborn in a man. Indeed it can be
handed down to him as a legacy from generation to generation.
More often it is due to man succumbing to one of the many and
sometimes great dangers to which we are all exposed in varying
degrees in the environment in which we live. Of these one of the
most important is unfortunate collision with some other form of
life which shares this strange world with us. True that the larger
animals have long since ceased to be any gravs menace to man-
kind, but the smaller forms of life, which can get into or live on
man’s body, are now well recognized, common and widely dis-
tributed causes of disease. These latter, in so far as water-tight
classification is possible, include, in ascending order of magni-
tude, the pathogenic viruses, the pathogenic bacteria, and the
animals parasitic in or on man.

In this volume, Dr Geoffrey Lapage, who has devoted a life-
time *o the study of parasitic animals and the diseases which they
carry, particularly in tropical and sub-tropical countries, gives a
fascinating account of the more important parasites which may
affect man and cause different forms of disease in him. He explains
the devious devices by which they get inside different parts of the
human body; how, having got there successfully, they compete
with and live at the expense of their host; how they reproduce in
such a way as to ensure the survival of their race; and how many
have evolved multiple and complex life cycles that have widened
their distribution in organic nature. He also tells us how they
cause disease in man and finally how they can be best avoided or
eradicated and so the disease which they cause prevented.

This book should make an appeal to a wide circle of readers.
First and foremost it will be invaluable to the medical student.
For the doctor, particularly if he is likely to practise medicine in
the tropics, must possess a sound working knowledge of this im-
portant subject and in these pages the medical student will find
an attractive account of human parasites and parasitic disease in
man to which the dry verbiage of the average text book of medi-
cine just cannot hold a candle. In the second, it is bound to make
an appeal to any layman interested in natural history. For the
study of parasitology, more perhaps than that of any other branch




- Editorial Foreword

of biology, illustrates and underlines how, as the result of varia-
tion and the operation of natural selection, new forms of life have
evolved in the course of world history by adapting themselves to
new and almost unimaginable ways of living. In the third place,
it should appeal to the professional biologist who, through his
study of the lives of animals in general, has become more and
more interested in the life of man in particular as manifest in
himself and the peculiar risks to which we may be exposed during
our brief sojourn on this planet, Earth. Finally, it should prove
invaluable to professional chemists engaged in the never-ending
search for substances which will kill parasites in man without at
the time destroying him; and to all doctors, nurses, social
workers, health visitors, medical administrators, and others
whose duty it is to endeavour to maintain a reasonable standard
of human health in the parasite-ridden man inhabited tropical and
subtropical countries of the world.

In short, Dr Lapage’s book will, on the one hand, help to
widen the approach of doctors, medical students, and nurses to
their work, namely the prevention and treatment of disease which
so besets humanity. On the other, it will enable the intelligent
layman, employers of labour and all those working on the fringe
of medical practice to understand the doctor's problems and to
help them to work in with the medical profession. For, as I have
written before, and shall never hesitate to say again and yet
again, the right use of the growing power of medicine in the best
interests of suffering humanity, and it is growing very fast, de-
pends on cooperation between the four main interested parties,
namely the potential patient, his doctor, the employer of labour,
and society as embodied in the State.

A. E. CLARK-K=NNEDY
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CHAPTER ONE

What is a Parasitic Animal?

Tu1s book is not about bacteria, which are parasitic plants;
nor about viruses, which are parasites, but are neither animals
nor plants. It is about the animals that are parasitic in man,
about, that is to say, such animals as the human malarial para-
sites, the trypanosomes that cause sleeping sickness in Africa,
the mosquitoes, tsetse flies, horse flies, and other insects that
either suck human blood or otherwise annoy man, and about
the host of parasitic worms — a whole rogues’ gallery, you
- may say. But are they the rogues that they seem to be? It is
natural that we human beings, who live, or try to live, inde-
pendent, self-supporting lives, during which we give, or try to
give, an adequate return for all that we take from our world,
should dislike, or even be horrified by, the parasite which
lives, as our dictionaries tell us, at the expense of other living
things and gives nothing in return for what it takes. Quite
rightly we despise, in our human society, the person who lives
in this way, the sycophant, the hanger-on, the sponger who
does no work and contributes nothing to the pool of human
needs, but lives on the efforts of others, or even goes further
and does his fellows harm. This, in our human language, is the
meaning of the word parasite, which stands, in the minds of
normal men and women, for a way of life that we view with
disdain, disgust, or downright condemnation.

But this view of the parasite, right though it is when it is
applied to civilized man, cannot be accepted by the biologist.
Biologists study, by methods that are as scientific as they can
be made, the ways of life, not only of man, but of all kinds of
living things, whether they are plants or animals or viruses.
They neither approve nor condemn the truths that they find.
They take off, so to speak, their human spectacles and try to

13
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see life as it is. If we do this, we see the parasites, not as dis-
gustirg or despicable creatures, nor even, if we can be suffi-
cient’y dispassionate, as creatures that do man, and other
forr's of life, a great deal of harm, but s1mp1y as creatures that
use, in the fascinating maze of ways of living, a particular
method of getting that basic necessity that all living things
mast get, namely, their food.
'How do parasites get their food? By considering this we
~[hall arrive, by a process of exclusion, at a definition of a para-
,alte It will not be, it cannot be, the clear-cut definition, free
/from all qualifications, that human thinkers so often vainly
/ seek; for life is not static, nor fixed in process or form; it is
/ fluid, dynamic, always subject to continuous change. It can-
not, therefore, be neatly pigeon -2zled and classified: we can-
not put, so to speik, a ;= ‘iern of compartments over living
things and, labellmg one for parasites, put all our parasites
neatly into that. 'We shall find, indeed, that, although many
parasites can be so separated off, there will always be many
which will not;fit into our pigeon-hole; these will belong to
more than one of our human categories. They link the para-
site to the creatures that live in other ways; and, because
they do this, they often show us how the parasite has come,
in the passage of time since life on the earth began, to adopt
the mode ‘of life which is its mark and character. What is
this paracatlc mode of life ? We shall understand it best if we
compare:it with two other modes of life adopted by plants and .
animals, namely the two mcdes of life called symbiosis and |
commensalism.
Sym’blos1s, commensalism, and parasitism are three of the |
categoties into which the ecologist — the biologist who studies{
the wiys of life of living things and their relations to their en
vironinents — divides what he calls assaciations of living things]
which live together for warious reasons. These associatiors
may. be formed between animals only, plants only, or animgls
and, plants. They may be, as herds of cattle, flocks of sheip,
the' communities of ants, bees, and wasps or the colorfies
fox med by corals are, associations between individuals belgng-
mg to the same species; or they may be associations betv

14




What 1s a Parasitic Animal?

individuals belonging to different species. Commensalism,
symbiosis, and parasitism all belong tc this latter category.
The term commensalism, which means ‘ eating at the same
table’, was originally given to associations between two or
more animals belonging to different species which share each
other’s food. Some sea-anemones, for instance, settle on the
shells of crabs and feed on scraps of food not eaten by the
crabs. But nowadays some authorities extend the term com-
mensalism to include species which derive from their associa-
tion with other species, not only food, but benefits of another
kind. The oxpicker bird in Africa, for instance, perches on the -
backs of rhinoceroses, elephants, and other African mammals,
feeding upon the lice and ticks on these animals; the mammals

upon which the birds perch derive from the association warn-

ing of the approach of danger, because the oxplcker, when
danger approaches, reacts to it by flying away. Tt is said that
the not uncommon sight of starlings perched on the backs of
sheep in England where they feed on the lice, keds, and ticks
that live in the wool of the sheep, may serve the sheep/in a
similar way. Another benefit derived by some of the partners
in other commensal associations is shelter from the rigours of
the environment. There are, for example, prawns that find
shelter by living inside sea~cucumbers and shrimps that live
inside sponges. The canals inside sponges may, in fact, give
shelter, and no doubt, food also, to many different kinds of
animals. In the loggerhead sponge, for instance, as many as
17,128 other animals, belonging to ten different species, have
been found.

The parts played by the different partners in associations of
this kind are various. They vary from the ass/ciation of two
partners each of which provides some kind of benefit to the
other, to associations in which one or more of the partners
does not contribute anythmg to the association. The mark of
these commensal associations is, however, the fact that, whe-
ther or not one or more partners contributes nothing to the
association, none of the partners in the asscciation suffers any
harm. They may all benefit from t, or only one or some of them
may; but none of the partners suffers any handicap or injury.
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They are all, moreover, independent individuals, all ¢f which
are capable of leading independent lives. Physiologicglly, the
most that any partner gets is a supply of food, whicl it must
catch, eat, and digest for itself. There is no organi¢ connec-
tion of the tissues of any of the partners with those of any of
the other partners.

These two fatures of commensalism, and incid¢ntally, of
all the categories into which it is sometimes subdifyided, dis-
tinguish commensalism from both symbiosis and jparasitism.
'Svmbloms resembles commensahsm in one respect. Itis an as-

sociation are so closely assoc1ated ‘with each ot} er that their
tissues are in physiological communion. You carjf take, for ex-
ample, the sea-anemone away from the crab in jvhich it lives
in commensal association and the crab and the{anemone can
live apart from each other; but you cannot thuf separate the
two partners in a truly symbiotic association. ]
they cannot live. They may be able, for the pur}
duction of their kind, to separate for a while; bjit their young,
when they have been reproduced, must take up the symbiotic
association again. The reason for this is that|the association
depends on a physiological association betweef the actual tis-
sues of the two partners in the association. I} our ponds and
streams, for instance, there is a small fresh{water coelente-
rate, a relative of the sea anemones, called H}dra viridis. The
green colour is due to the presence, inside its pody, of a single-
celled green plant called Zoochlorella, which pjfoduces, as green
plants do, oxygen and sugar, and the Hydr uses these and
produces waste matter containing nitroger, which the Zoo-
chlorella needs. More familiar to some readerf: as an example of
symbiosis is the group of plants called the Jichens. These are
all examples of the association between twc different kinds of
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ners, and also by the loss of the power of independeit life,
remind us at once of many typical instances of parasitjsm. In

food, and in many instances it gives the parasite gther bene-
fits, such as shelter from the effects of the environnjent. So ac-

by the parasite. This injury may be done whenj/the parasite
takes its food; it may nibble off pieces of the hgst, or it may
suck the host’s blood, or it may injure it in the ofher ways de-
scribed later in this book. The host, in response t the invasion
of its body by the parasite, fights back and do¢s all it can to
minimize, or localize, or heal, the injury don¢ to it by the
parasite. Parasitism, therefore, is a one-sided|partnership, a
state of conflict that is in striking contrast to the harmony of
the symbiotic relationship. Its hallmarks are/| the resistance
made by the host and the injury done by the papasite.

The host’s resistance, and the injury done 4» y the parasite,
may be great or small. If the injury done is sudden, or great,
and the host’s resistance is slight, the host{may be quickly
killed. This is the mark of relatively recent, y
sitism, which has not yet had time to evolve, py a slow process
of adaptation of host and parasite to each other, towards those

other forms of parasitism in which the hos}, although it un-
17
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doubtedly suffers injury, is injured so little, or fights back so
successfully, that the parasite makes little or no difference to
its life or health. It may be difficult, indeed, where we find
host and parasite thus living together in a state of what we
call tolerance of each other, to decide whether these are in-
stances of parasitism, or even of symbiosis.

Parasitism, however, can always be infallibly distinguished
by one fact. Parasites always injure their hosts. The harm
done may be very slight; it may be visible only witl: the aid of
a microscope; or other methods of investigation, such as sero-
logical or biochemical reactions, may be required to show that
it is there: but it does exist; and it marks the dividing line be-
tween parasitism and all other forms of association between
living things. |

So far, however, we have considered parasitism only in re-
lation to symbiosis and commensalism. We have established
it as a particular way of getting food and can say that a para-
site is an organism, whether it be a plant, a virus, or an ani-
mal, that gets its food from the bodies of other organisms
which are called its kosts, and that, as it does this, it inflicts
a degree of injury on these hosts. Is this enough to define the
parasite? Does it, someone will say at once, distinguish the
parasite from the predator? The tiger, it can be argued, and
the microscopic carnivores that range through the green and
quiet dells in our ponds and streams, these are getting their
food from the bodies of other animals and these, too, harm
their prey; they kill them, in fact, which is more than the para-
site usually does. Extending our view beyond the animal
world, we may consider the cow that crops our fields, the rab-
bit that does our crops so much harm, the plants indeed, that
feed on insects and other prey, and decide that all these seem
to fulfil our definition of the parasite. How can they be distin-
guished from the parasite?

The distinction has been well expressed by Elton (1985)
who has said that: ‘ The difference between a carnivore and a
parasite is simply the difference between living on capital and
income . . . ." The parasite, that is to say the typical parasite,
does not destroy the animals or plants on which it feeds; it
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compromises, as Elton further points out, between getting the
food it requires and not destroying this source of food. The
death of its host means its own death, or at least so much less
of the food it cannot do without. It does not, to put it another
way, kill the goose that lays the golden eggs.

The parasite moreover, is usually smaller and weaker than
its host. It is true that some predators — the weasel for ex-
ample — are smaller than the animals they prey upon; but the
great majority of parasites are all much smaller than their
hosts. A-nong the parasites that are animals all, except very
few, are invertebrates. Vertebrate animals are, no doubt, too
bulky to be able to make a success of parasitic life and most of
them are so well-equipped for a free and independent exist-
ence that they have not been led into the exploration of para-
sitism. Only a few of them have taken to it. Examples of para-
sitic vertebrates are the blood-sucking bats considered in
chapter 10; and the hag-fishes, those relatives of the lampreys
that do so much damage to fish. Hag-fishes bury their cylin-
drical heads in the bodies of their hosts and consume their tis-
sues, often until the host-fish dies.

One other feature of parasitism needs a word or two before
we try to define the parasite as precisely as we can. This is the
distinction often drawn between parasites which live only on
the surfaces of the bodies of their hosts and those which live
inside their bodies. The former are called external parasites or
ectoparasites; examples of them are the lice and fleas and the
mites that cause human scabies. Contrasted with these are the
internal parasites or endoparasites, which live either in the
food canal of the host, which is, in effect, a portion of the ex-
terior enclosed within the host, or in the host’s blood or other
tissue-fluids, or in its muscles or other organs. In order to
reach these internal organs, these internal parasites pass,
either through the host’s mouth, which is the portal of entry
most often used; or they penetrate through the host’s skin; or
less often, they enter the host through such natural openings
on its surface as the openings that lead into the respiratory,
genital, or urinary organs. They hardly ever enter the host
through the vent (anus). In other instances, some other kind
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of parasitic animal, such as a mosquito, horse fly, sand fly, or
tick, which visits the host to suck its blood, injects the in-
ternal parsite through the skin of the host.

The distinction often drawn between the external and in-
ternal parasites is, however, mainly a topographical one. It
has its uses, but it does not help us much when we are con-
sidering the effects of parasites on their hosts; for then we
have to consider, among other things, the reactions to the
parasite of the whole host’s body when it acts as a single, inte-
grated organism. When we consider these reactions of the
host, we learn that attacks made by the parasite on the surface
of the host often cause reactions in its internal organs as well,
so that the distinction between external and internal parasites
loses the value that it at first sight seemed to have,

There are, in addition to this distinction between internal
and external parasites, other distinctions which do not affect
any definition of the way of life called parasitism. There is,
for instance, the distinction sometimes drawn between tem-
porary and permanent parasites. Temporary parasites are such
species as the mosquito and the horse fly, which visit their
hosts only at times, only, in fact, when they need the blood of
the hosc which is their food. These species are non-parasitic in
every other respect, but, because they feed on their hosts, they
are undoubtedly parasites. They may be contrasted with
species that are sometimes called permanent parasites, which
are parasitic throughout the whole, or the greater part, of
their lives. Many temporary parasites are, as we shall see,
important because, in the act of sucking blood, they convey to
their hosts the causes of serious disease of the host. Such
causes may be either other parasitic animals, such as the try-
panosomes or the malarial parasites, or bacteria or viruses.

Some parasites, on the other hand, are parasitic only when
the opportunity for parasitic life becomes available. Normally
they lead non-parasitic lives. The maggots, for example, of
the blowflies and the bluebottle and copperbottle flies nor-
mally develop in dead fesh or in decaying vegetable material;
but, if their parents, attracted to sheep, or even to man, by the
smell of pus in septic wounds or sores, or by the odours of
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excrement adhering to wool or hair or the skin, lay their eggs
in this kind of material, the maggots may become truly para-
sitic on the sheep or other host and may feed on the tissues of
that host and cause the formation of severe abscesses and other
lesions. Anyone who has seen a sheep suffering from the dis-
ease called strike of sheep, will realise the extent of the
damage that these maggots may inflict. Parasites of this kind,
which can live either a parasitic or a non-parasitic life, are
called facultative parasites. They are contrasted with obligatory
parasites, which must be parasitic and can live in no other
way.

Other categories of parasites are useful, but they need only
brief explanation here. Some species of parasites are, for in-
stance, parasitic on other parasites and these are called zyper-
parasiles; their hosts are, so to speak, victims of their own
mode of life. There are also the wandering or aberrant para-
sites, which are individuals of any parasitic species which
stray, for various reasons, from the routes inside the host’s
body that are normally followed by the species to which they
belong. Their departures from these routes lead them to un-
usual tissues or organs, in which they cannot live, so that
usually they die in these situations. We have to recognize, too,
certain spectes of parasitic animals that may be found in the
bodies of hosts in which they do not normally occur. Man, for
example, may occasionally be the host of species that are not
usually parasitic in, or on the surface of, his body. These para-
sites, when they attack an unusual host, are called occasional,
or accidental parasites of that host. The common liver fluke
of sheep and cattle, Fasciola hepatica, may, for instance, be-
come parasitic in man,

It is important to know what species are normally parasitic
in each host, and also what other species may sometimes be
parasitic in that host, because, unless we know this, we do not
know all the sources from which the infection of a particular
host, such as man, may be derived. We have to remember,
too, that the excreta of a particular host, such as a human being,
may contain the eggs or other phases of parasites that cannot
be parasitic in that host, but may have been swallowed by the
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host, so that they are passing through its digestive canal. The
faeces or urine of man, for example, mzy contain not only the
eggs and other phases of parasites that cannot be parasitic in
man, but even such non-parasitic organisms as the caterpillar
or pupae of insects, or even adult insects that are not parasitic
in any animal. There may also be seeds, imperfectly-digested
remains of food, starch-grains, and other objects that may re-
semble parasites or phases of their life histories. To all these
objects, whether they belong to parasitic or non-parasitic
species, or to the food of the host, the general name pseudo-
parasites is sometimes given.

We are now in a position to say, as precisely as we can,
what a parasite is. A parasite, we can say, is a living organism
which establishes a physiolugical association with the tissues
on the surface of, or inside, the body of another organism,
which is usually bigger and stronger than the parasite and al-
ways belongs to a different species, the purpose of this asso-
ciation being primarily to provide food for the parasite; this
other organism is called the host of the parasite and the host
always suffers, as a result of its association with the parasite,
some degree of injury and always reacts to some degree
against the parasite and the injury that it suffers.

This definition is, we must admit, not entirely satisfactory.
[t attempts, as all other definitions of living organisms do, to
confine, in a static framework, something that is slowly and
continuously undergoing change. It does, however, focus at-
tention on the parasitic animals that are the subject of this
book. It gives us, however, no hint of the variety and com-
plexity of the world of parasites, nor of the beauty of the
structural and physiological adaptations that they show; nor
even, on the other side of the picture, of the long history of
pain, suffering, and death for which parasitic animals are re-
sponsible. Man, in this book, is the host with which we are
primarily concerned; and man, like other animals, has suffered,
without a doubt, from parasitic animals since the earliest days
of his history. There is no part of his body, nor, indeed, any
part of the bodies of the hosts of parasitic animals in general,
which is not visited by some kind of parasitic animal at some
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time or other during their life histories. What kinds of ani-
mals use man as a suitable host? How do they succeed in
getting into his body or on to the surface of it? And what are
the lives of these parasitic animals like, what are their life
histories ? The next chapter will help us to begin, at any rate,
to answer these questions.
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CHAPTER TWO

“he Kinds of Parasitic Animals

‘THE phrase ‘kinds of animals’ means, so far as this chapter
is concerned, the zoological classification of the parasitic ani-
ma’ with which this book deals. They belong, as indeed most
of the parasitic animals also do, to five only of the major
groups (Phyla) into which the Animal Kingdom is divided.
These phyla are:

1. The single-celled Protozoa, (figs. 1, 6, 7, 48, 49), which are
distinguished from bacteria and viruses by the fact that their
bodies have attained what is called the cellular grade of
organization. Their bodies, thatis to say, are cells, a cell being

pseudopodium

pulsating

vacuole nucleus

Fig. 1. Amoeba proteus, a common non-parasitic |
amoeba found in ponds and streams. An example |
of the single-celled Protozoa

a unit of protoplasm governed by a structure called its |
nucleus, which contains a specialized material called chroma- |
tin. The nucleus governs the life of the cell and the cell can- |
not live without it. The bodies of all the higher animals and |
plants are made up of cells, but the body of each of the species ;
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of Protozoa usually consists of only one cell. In the bodies of
bacteria, on the other hand, the chromatin is not organized
to form a definite nucleus and the bodies of viruses are, so
far as we know them at present, even more primitive than
this. Examples of Protozoa parasitic in man are Entamoeba

histolytica (fig. 6), which causes human amoebic dysentery
and the human malarial parasites.

¢. The ringed worms or Annelida (fig. 2). This phylum in-

mouth

mouth and
anterior sucker

i Ml

RR
it

i

NI

i

}
\

i

!\
4

Y
"

i

w
i)

¥

J]

I
!

A

anus and
posterior §
sucker

)

i

]
]
€Sl

AT iR e,
cedie

i

Fig. 2. Two ringed, segmented worms
(Annelida). A, an earthworm ( Lumbricus
terrest-is); B, the medicinal leech ( Hirudo

medicinalis)
cludes the earthworms, the lugworms of our sea shores, and

the leeches, a few of which are parasitic on man. The
leeches are described in chapter 10.

8. The Nemathelminthes. This phylum includes, among other
species, the Class Nematoda or Roundworms (Plate 38a, b,
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Plate 4a) some of which are parasitic in man. Many of the
Nematoda are not parasitic; they live in the soil, in the sea,
in freshwater, in almost any situation, in fact, that provides
them with sufficient moisture; but some of them are para-
sitic and these may cause serious diseases of man and other
animals. Nematodes are cylindrical, smooth-skinned worms,
which do not show on the surfaces of their bodies the con-
centric rings that all the Annelida show. Frequently they
are pointed at both ends. Their bodies are built on the plan
of two tubes, one of which, the food canal, is inside the
other, which is made up of the muscles and the skin outside
these. A mouth at the anterior end opens into the food
canal, which frequently has, behind the mouth, a muscular
pharynx, which acts as a sucking pump with which the food
is sucked in; behind the pharynx the food canal runs as a
straight tube to the vent (anus), which is usually just in
front of the posterior end of the worm. Between the food
canal and the muscles and skin there is fluid under pressure
which gives the body form and provides a resistance against
which the muscles act. Nematodes are usually unisexual;
the sexes are, that is to say, in separate individuals, the
males being usually smaller than the females.

4. The Platyhelminthes or Flatworms. This phylum includes
the eidyworms, which are not parasitic; and the flukes
(Plate 12) and tapeworms ( Plate 1b), all of which are para-
s'tic. The dodies of flatworms are flattened so that the back
comes near to the underside and the whole body is solid, the
interior being filled with a spongy tissue called the paren-
chyma, in which the various organs are embedded. The para-
sitic species (flukes axd tapeworms) have hooks, or suckers,
or both, with which they hold on to their hosts. Most of the
flatworms are kermaphrodite, the male and female sexual
organs being in the same individual.

5. The Arthropoda. This phylum includes the Class Crustacea,
to which the lobsters, shrimps, crabs, woodlice, and their
numerous relatives belong; the Class Myriapoda, which in-
cludes the centipedes and millipedes; the Class Insecta, ex-
amples of which are the mosquitoes, tsetse flies, house flies,
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and other insects considered later in this book; the Class
Arachnida, to which belong the king-crabs, scorpions,
splders, ticks, and mites; and a Class called the Owhora,
- which-includesspecies of the genus Peripatus, which form a
link between the Arthropoda and the Annelida.

The name Arthropoda given to this phylum refers to the
fact that all the species of the phylum have jointed limbs,
similar to those of a lobster or a shrimp. Originally each
segment of the body of an arthropod had one pair of these
jointed limbs. The limbs, have however, been modified to
perform various functions. Those present on the head, for
example, have been modified to form eyes, feelers (anten-
nae), or mouthparts which deal with the food. Other limbs
further back on the body have been modified to form walk-
ing legs, swimming organs or, in the insects, wings for
flying. The bodies of arthropods are entirely enclosed in a
covering composed of chitin, in which other substances,
such as calcium carbonate, may be incorporated. This
covering forms a skeleton placed, not inside the body, as
the skeletons of vertebrate animals are, but on the outside
of the body. It is therefore called the ezoskeleton. Arthropods
become, as they grow, too big for this exoskeleton and they
cast it off at intervals during their growth and replace it
with a new and bigger one. These periodic moults of the
exoskeleton are called ecdyses and ecdyses are characteristic
of the life histories of all arthropods. The sexes of arthro-
pods are typically in separate individuals, but some of them
show important modifications of the sexual process, such
as the production of young without fertilization of the egg
(parthenogenesis) and other modifications with which this
book is not concerned. The arthropods considered in this
book include a few species of Crustacea, which help to
transmit tapeworms and roundworms to man, a number of
species of insects, which are either temporary parasites of
man or transmit other species of parasitic animals to him,
and the species of Arachnida, such as the ticks and mites
which are either parasites of man or transmit to him bac-
teria or other causes of disease. The phylum Arthropoda
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cludes certain specxes of centipedes; mﬁuons “and

Spi d s, which-may inflict on man dangerous bltes or stings.

DirReEcT AND INDIREcT 'LiFE HISTORIES

The anatomy of all these different kinds of animals cannot be
fully described in a book of this size, but succeeding chapters
will give, as the mode of life of each parasitic species is de-
scribed, the anatomical features that are necessary for a clear
understanding of the parasitic associations that these species
have established with man and their other hosts. Before we go
on to consider these species, however, an important general
feature of their life histories must be explained.

The term life history is given to the whole series of changes
of structure and adaptation experienced by any animal,
whether it is parasitic or not, between the moment when its
life begins in the fertilized egg, or, among the single-celled
Protozoa, the equivalent of the fertilized egg, and the time
when it reaches the phase of the life history which, in its turn,
produces fertilized eggs or their equivalent. This final stage is

called the adult stage, although among the single-celled Pro-

tozoa it may be given different names. The llfe history of a
butterfly, for instance, begins with the fertilized egg laid by
the female butterfly, from which a young caterpillar (larva)
hatches out. The caterpillar feeds and grows and eventually
changes into a chrysalis (pupa). Inside the pupa the adult
butterfly is formed and this lays more fertilized eggs, so that
the life history begins again.

In a similar way the life histories of parasitic animals in-
clude a series of changes of structure which end with ar adult
stage, or, among the Protozoa, its equivalent; and it 1s neces-
sary to know all these different phases of the life histories of
all the different species of parasitic animals, because they are
all closely associated with, and adapted to, the parasitic ani-
mal’s need to establish and maintain a parasitic association
with its hosts. Another reason for knowing all these phases is
the fact that knowledge of them enables us to understand
better how each parasitic animal gets from one host to another,
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how, that is to say, the host is infected; we can then devise
methods of trying to prevent infection with them. Thorough
knowledge of the details of each life history also enables us to
devise effective means of attacking the parasitic animals. It
shows us, so to speak, the weakest points in the cycle of
changes that occur during ihe life history and we can then try
to attack these points and to disrupt the cycle and make the
life of the parasitic animal impossible.

In the following chapters the life histories of the species of
parasitic animals considered will be described in some detail,
but, before these details are considered, it is helpful to point
out and emphasize a very important difference between two
main types of life history that parasitic animals show. These
two types of life history are called direct and indivect life his-
tories respectively. The difference between them can best be
explained by considering an example of each of them.

Direct Life Histortes

The life history of the human hookworm, 4ncylostoma duo-
denale (fig. 8), is an example of a direct life history. The adult
male and female worms live in the small intestine of man and
produce there fertilized eggs, which pass out of man in his
intestinal excreta. Inside each egg a single young worm de-
velops and this is called the first larva. The first larva hatches
out of the egg and feeds on bacteria in the human excreta. It
grows and moults its skin to become the second larva, which
also feeds on bacteria. The second larva, when it is fully
grown, moults its skin as the first larva did and thus becomes
the third larva. The third larva, however, does not feed. It |
lives on reserves of food contained in its intestinal cells. It
cannot develop further unless it becomes parasitic inside ari-
other host. Its function is to infect this host and, for -this
reason, it is called the infective larva. It is the only one of these
earlier larval phases that is able to infect another host. In this
particular instance the infective larva infects another host, that
is to say, another human being, by boring its way ‘through the
skin, although it can also infect this host if it is swallowed with
water or food. Once inside man, the infective larva becomes
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Fig. 8. The direct life history of a human hookworm
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parasitic in the small intestine, where“it feeds and grows and
moults its skin to become the fourtfz larva. The fourth larva
then grows up to become either, a male or a female adult
worm. I

During this life history the p; deasitic animal i is, it will be ob-
served, parasitic only during the later phases of the life his-
tory. The earlier phases are not parasitic and the whole life
history can be divided into a non-parasitic phase, consisting of
the fertilized egg, and the first, second, and third larvae, and
a parasitic phase, congisting of the third and fourth larval
phases and the adult wbrms, which produce the fertilized eggs.
The parasitic animei, moreover, passes, by means of its in-
fective larva, dzrec;‘ly from one host to another. It lives, so to
speak, its life witnout any help from any other kind of animal
except its hosts. In these it produces fertilized eggs, which
pass out of the host and enter another host when the infective
larva has becn formed. Species with life histories of this type
are thus the lone hands, so to speak, of the parasitic world.
They ﬁnd their hosts and live inside them entlrely on their

own; al that they need is a host in which they can produce
fertxlrzed eggs.

Irdirect Life Histories

" Let us now look at the life history (fig. 4) of Fasciola hepa-
tica, the common liver fluke of sheep and cattle, which may,
under circumstances explained in chapter 5, become parasitic
in man.

The adults of this species are parasitic in the bile ducts of
the livers of sheep, cattle, and other vertebrate hosts. In this
situation they produce fertilized eggs, which pass out with the
bile into the small intestine of the hosts and ultimately reach
the exterior in the droppings of the hosts. Inside each egg a
first larva called a miracidium develops and this hatches out of
the egg. It is covered with small protoplasmic hairs (cilia)
and with these it swims in water on the pastures on which the
hosts feed. It lives thus a brief non-parasitic life. It must, how-
ever, become parasitic inside a certain species of amphibious
or aquatic snail. If it does not succeed in getting into one of
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these snails, it quickly digfs. Inside the snail it develops irto a
second larval phase call#d the sporocyst and inside this a third
larval stage called the yedia develops. Each sporocyst may pro-
duce many rediae. Ezth redia may then produce inside itself a
second generation ¢i rediae; but, whether this happens or not,
each redia eventujlly produces inside itself a number of in-
dividuals each of #vhich is called a cercaria.

The cercaria /s the fourth larval phase and it is the last of the
larval phases./It cannot develop further unless it succeeds in
entering the/body of a sheep or a cow or that of any of the
other hosts/in which the fertilized eggs can be produced. Its
function j4 to infect one of these hosts. It is the only larval
phase that can do this. It is therefore comparable to the in-
fective/larva of the hookworms described above. It leaves the
snail/swims about for a while with the tail with which it is
proy/ided and eventually settles down on a water plant, or on
giss or on some other object, and there it casts off its tail and
gncloses itself inside a protective membrane. Inside this mem-

/brane or cyst it waits until it is eaten by a sheep or cow or rab-
" bit when these animals crop the herbage. Man may infect him-
self by eating watercress, windfall fruit, or some other vege-
table on which cercariae may have encysted. When it is eaten
by one of these hosts, the cercaria, which is, in fact, a young
fluke, makes its way to the bile ducts of the liver and there it
becomes, in due course, an adult hermaphrodite fluke, which
lays, when it is sexually mature, fertilized eggs.

This life history thus differs from that of the hookworms in
one important respect. Whereas the hookworms need only
the host in which they produce fertilized eggs, the liver fluke
needs, not only a host in which it can do this, but also a host
in which its larval phases can develop. Unless it succeeds in
finding a host (snail) in which its larval phases can develop
and produce cercariae, it cannot complete its life history. It
must, that is to say, be parasitic not once during a single life
history, but twice and in two very different kinds of animals.
The host in which its larval phases develop ~ in this instance
the snail — is called the larval or intermediate host and the host
in which the fertilized eggs are produced — in this instance a
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sheep or a cow or a rabbit or a human being - is called the

Jindl or definitive host. It follows that the pdrasite cannot pass
directly from one host in which it produces fertilized eggs to
another host in which it can do this; it ca'i only pass indirectly
from one to another of these hosts, namely, by way of the in-
termediate host in which its larval phases must develop For
this reason its life history is said to be indirect.

The distinction between the final and the mtermedmte host
is important both to the parasitiz animal and to man, who
wishes to prevent infection of hiznself and other anirnals with
the parasitic animal. It is important to the parasitic animal be-
cause it forces this animal to be parasitic in two different kinds
of animals, one the final host in which its fertilized eggs are
produced and another, the intermediate host, in which its
larval phases must develop. The distinction between the final
and the intermediate host is important from the point of view
of the control of parasitic infections, because infections of the
final host can only come from larval phases of| the parasitic
animal produced inside the body of the intermediate host and
infections of the intermediate host can only come¢ from the pro-
ducts of sexual reproduction, which must occur inside the
body of the final host. It follows that, when ynan is the final
host of any spe:cies of parasitic animal with an /indirect life his-
tory, he cannot infect himself with phases of fthis species pre-
sent inside his own body, as he can when tbe life hlstory is
direct; he can be infected only by larval phasues of the parasitic
animal coming from the intermediate host; and, if he can avoid
these, he can avoid the infection altogether. The same prin-
ciple applies when man is the intermediate host. He can then
be infected, not by phases of the parasitic animal present in his
oym body, but only by the products of its sexual reproduction,
which must occur inside the body of the final host. Control of

.infections with parasitic animals with indirect life histories
usually, therefore, involves the protection of man from either
the intermediate or the final hosts from which the infections
may coine.

The species described in chapters 5, 6, 7, and 8 all have in-
direct life histories. The species described in chapter 7, how-
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ever, introduce another complicaticj
not on one intermediate host only, but{on two successive inter-
mediate hosts. Their larval phases,|that is to say, develop
only to a certain stage in the first ¢f these successive inter-
mediate hosts and must complete the|r development in the se-
cond intermediate hosts. Only after successful development in
the second intermediate hosts are the¢y able to produce the in-
fective larva which is able to infect tjie final host in which the
adult phases live and produce fertiliz¢d eggs.

The distinction between the final jind the intermediate host
just described must not be confused with two other distinc-
tions which are important from the ppint of view of the control
of infections with parasitic animals| In the first place, inter-
mediate hosts must be distinguished from what are called
transport hosts. An intermediate hojt is, as has just been ex-
plained, a host irt which the larval pjases of a parasitic animal
must develop before they can passon to the final host. The
eggs or larvae of a parasitic anima] may, however, pass into
animals which merely carry them aljout and disseminate them
elsewhere. In these animals whichi give them transport the
eggs or larvae cannot develop; thty are merely passengers

n __ombs

f

and the animals that thus carry the
port hosts. Transport hosts are im

m about are called trans-
&-ortant because they may

carry about the infective eggs or lajvae of species of parasitic
animals which may have either direlt or indirect life histories.

The infective larvae of the gapewd

trachea, for instance, which has a «
carried about inside earthworms, an

rm of poultry, Syngamus
irect life history, may be
d poultry may infect them-

selves by eating the worms. Amoyg species which have in-
direct life histories which may have transport hosts, so that

they must use intermediate hosts a

nd may also use transport

hosts, is the broad tapeworm of man, Diphyllobothrium latum,

described in chapter 7, the infective
of which may, when fish eat each o

larva (plerocercoidlarva)
ther, pass from the fish in

which they develop and which arg the second intermediate
hosts, into other fish, in which they:cannot develop further, so
that these latter fish are transport hasts.

The second distinction which is i%
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more hosts with which they are normally associated. These are
called their normal, usual, or principal hosts. Each parasitic
animal is, however, usually able to live in certain other hosts in
addition to these, though these are hosts in which it is not so
successful as it is in its normal hosts. These other hosts are
called its abnormal, unusual, or occasional hests.

In any event each parasitic animal is limited to a certain
range of hosts. It is, that is to say, specific to these hosts and
cannot live in others. This host-specificity is an important fea-
ture of parasitism and it will be necessary to refer to it
throughout this book. It will be evident, for instance, that if
a particular host, such as man, is one of the usual hosts of
a certain species of parasitic animal, it is necessary, if we
wish to prevent the spread of this parasitic species, to know
what its other usual hosts are, and also what its unusual or
occasional hosts are, because all these hosts may be sources
from which the parasitic animal may spread. These other
hosts are reservoirs of the infection and they are called reservoir
hosts.

Often, but not always, we find that parasitic animals do less
harm to their usual hosts than to their unusual or occasional
ones. They have, in the course of their history, become rela-
tively well adapted to life in association with their normal
hosts. This adaptation may, in fact, go so far that the parasitic
animal does relatively little harm to its normal hosts. These
hosts, to put it the other way round, tolerate the parasitic
animal. Frequently they tolerate it because they have devel-
oped some form of resistance (immunity) to it. In some in-
stances the toleration has developed to such an extent that the
parasitic animal does so little harm that the host’s health is
hardly affected at all. It may, indeed, then be difficult to dis-
tinguish this kind of parasitism from commensalism. In other
instances commensal associations may, for reasons that we do
not understand, become parasitic ones, because one of the
partners in them begins to do harm to the other. The amoeba
( Entamoeba histolytica), for example, which causes human
amoebic dysentery, lives as a harmless commensal in the large
intestines of many human beings; but it may, for reasons that
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we do not yet know, abandon its commensal life and invade
the walls of the large intestine and do damage there that
causes amoebic dysentery Its life history and habits are fur-
ther described in chapter 8.
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The Lone Hands

IN this chapter and the next one, species which have direct
life histories will be described. All of them are parasitic in
man and two of the aims of this chapter are to show some of
the routes by which parasitic animals may enter the human
body or the bodies of other animals, and to illustrate import-
ant principles of the host-parasite relationship. It will be pos-
sible also to indicate some of the ways in which the species de-
scribed may injure man. The species to be considered first are
the human hookworms which cause so much illness in Africa,
Asia, parts of North and South America, and also in parts of
Europe. They used to attack man in England in the tin mines
of Cornwall and they were, until they were eradicated, common
also in the people working in mines in France and Germany.

THE HumMmaN HoOKWORMS
Plate 3b

‘These worms belong to the group of parasitic worms called
the Roundworms ( Nematoda), but the name roundworm is not
a good one, because the bodies of roundworms are cylindrical.
They are ‘round’ only in the sense that the cross-section of
them has an approximately circular outline. Like all round-
worms, the human hookworms have a smooth skin (cuticle),
which is not marked by rings that are visible to the unaided
eye, as the skins of earthworms, leeches, and their relatives
(Annelida) are. The cuticle of roundworms is semi-trans-
parent, so that the straight food canal and the coils of the male
or female sexual organs may be visible through the skin. Be-
cause the hooxworms suck biood, they are often coloured red-
dish by blood in their food canals. The blood is sucked in
through a bell-shaped structure round the mouth at the anterior
end. Inside the mouth there are teeth or cutting plates, with
which the worm abrades the soft lining of the small intestine of
the host. It may suck in a plug of this lining (fig. 5) and bite
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off portions of it with its teeth, or it may penetrate into the
wall of the small intestine till it reaches a small blood vessel.

bell-shaped
mouth of the
hookworm

lining of the
small intestine
sucked in

muscular NG
sucking

pharynx
of the worm

Fig. 5. A human hookworm sucking in and nibbling
the lining of the small intestine of man

It then injects into the host substances, called anticoagulins,
which delay or prevent the clotting of the blood, so that a
plentiful supply of blood is available. The blood thus sucked
from the host is passed quickly through the food canal of the
hookworm and out again at the anus, which is near the pos-
terior end of the worm’s body, but not, as it is in the earth-
worms and their relatives (4nnelida), at its posterior tip. The
amount of blood thus removed from the host is further dis-
cussed in chapter 12. It may be considerable and the loss of it
causes the anaemia which is a prominent symptom of the
disease caused by hookworms. We do not know what use the
hookworms make of the blood that they remove. Because they
usually suck blood from small arteries rather than from small
veins, it seems probable that they use the respiratory pigment
(haemoglobin) in the blood for their own respiration and that
the blood is therefore not sought as food, but to enable the
worms to breathe.

Hookworms belong to the family of roundworms called the
Ancylostomatidae. The following species of this family may
be parasitic in the small intestine of man:

Ancylostoma duodenale
This is a greyish-white species, but it is reddish when it has

been sucking blood. The males are 8 to 11 mm. (3% to 1% inch)
and the females 10 to 13 mm. (7% to } inch) long. The males
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are thus smaller than the females, as the males of roundworms
usually are. Ancylostoma duodenale is sometimes called the Old
World hookworm. It attacks man in Southern Europe from
Italy to Bulgaria, in North Africa, in northern and parts of
southern India and also in north China, Japan, Malaya, and
Indonesia. In the Americas it occurs in the southern United
States and the West Indies and, in South America, Venezuela,
Brazil, Peru, and Chile. It has been suggested that it was
brought to America by Chinese labourers and by Chinese
people who settled in America.

Ancylostoma braziliense

This species is rather smaller than Ancylostoma duodenale,
the males being 7-8 to 8-5 mm. and the females 9 to 10-5 mm.
long. Its normal hosts are dogs and cats, in which it occurs in
the small intestine. In man it is occasionally found in the south-
eastern United States, along the coasts of the Gulf of Mexico,
in north and central South America and also in India, Ceylon,
Burma, and Indonesia.

Ancylostoma ceylanicum

This species is only occasionally found in man. It occurs in
Asia and South America. Normally it is parasitic in the dog. It
is about the size of Ancylostoma duodenale.

Necator americanus

The name of this important species means ‘American Mur-
derer’ and it refers to the fact that this is the species of hook-
worm most often found in man in the United States. It is there-
fore sometimes called the American or New World hook-
worm. It occurs in tropical and sub-tropical parts of the world
and is responsible in these areas for 90 per cent of hookworm
infections. As its name implies, it is the predominant species
in the Americas, where it occurs in the southern United States
and central and northern South America, but it is also found
in Central and South Africa, central and eastern India, China,
parts of Japan, Burma, and Indonesia down to the north-east
coast of Australia. It is smaller than species of the genus
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Ancylostoma, the males being 5 to 9 mm. (4 to £ inch) and the
females 9 to 11 mm. (£ to nearly 1 inch) long. It has been
suggested that it was taken to America in the bodies of
Africans who were imported to that country as slaves and
also perhaps in the bodies of other people who immigrated to
America.

It is difficult to estimate the number of people in the world
who are infected with Necator americanus and species of the
genus Ancylostoma, because the geographical distribution of
the species of these two genera varies; but Stoll (1947) esti-
mated-that 457 million people in the world were, at the time
when he made his investigations, infected by one species or
another of these genera of hookworms.

The Life History of Hookworms

The life histories of all the species of human hookworms are
similar. They have already been outlined in chapter 2, but
they may be given in rather more detail here. The adult male
and female worms live in the small intestine of man, where
they suck blood. They produce fertilized eggs, which are
passed out in the excreta of the host. Inside the eggs a young
worm, called the first larva, develops and this hatches out of
the egg and feeds on bacteria in the human excreta, until it
has grown too big for its skin. It then moults its skin and be-
comes the second larva, which also feeds on bacteria and moults
its skin to become the third larva. The third larva is formed in
about a week, or less, after the first larva left the egg. It also
moults its skin, but this moulted skin is kept on this larva as a
loose sheath which protects the third larva inside it to some
extent from the injurious effects of its environment. Because
this third larva is thus enclosed inside the cast skin of the
second larva, it cannot feed and must rely on reserves of food
stored up in its intestinal cells.

The three larval phases just described, which live in human
excreta or in soil on to which these excreta have been deposi-
ted, are all non-parasitic and the formation of the third larva
marks the end of this non-parasitic phase of the life history.
The function of the third larva is to infect a new host, either
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by entering this host through its mouth, or by penetrating
through its skin. It is the only one of the three non-parasitic
larval phases that can do this and, if the host swallows the first
or second larvae, these are killed in the host’s food canal. For
this reason the third larva is called the infective larva. It is an
active creature, about 0-5 mm. (g5 inch) long. Although it
can infect the host through the mouth, it usually infects the
host by penetrating the skin. The larvae of some other species
of parasitic animals can also infect their hosts by penetrating
the skin and they are called skin-penetrating larvae. Another
example of them among the parasitic animals that infect man
is the larva of Bancroft’s filarial worm described in chapter 5.

Normally men, or dogs, or cats, or any of the other hosts of
hookworms, become infected by third infective larvae present
in soil over which the host walks with uncovered ankles or
feet, or in soil which is handled by the host. These larvae are
present in the soil because the soil has been contaminated with
the excreta of the hosts, which contain the eggs from which
the third larvae develop. Man can therefore be infected only
by soil contaminated by his own excreta and, if contamination
of the soil by human excreta could be avoided, man would not
be infected with hookworns.

The third infective larvae are relatively easily killed by
being dried, so that they survive best in warm, moist soil. For
this reason they, and in consequence the adult worms also, are
most prevalent in the soils of the warmer countries of the
world. If they survive elsewhere, they are found in soil in
sheltered and humid places. They can, for instance, survive in
certain places in the soils of Europe, especially in southern
Europe, especially in the warmer and more humid places. The
soils of mines and other underground places provide them with
a suitable environment and they were a scourge of the labour-
ers who made the St Gotthard Tunnel in Switzerland. Some
of these labourers, when they returned home to work in the
mines of Germany, Holland, Belgium, and England, brought
the hookworms with them, so that the infection was a scourge
of miners in these countries, until it was eradicated by the
hygienic and other preventive measures outlined in chapter
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12. It is still, however, necessary to keep a watch lest the in-
fection return again.

When the host exposes its skin to the soil containing the
third infective larvae, these larvae bore their way through the
skin. Often they enter the softer skin between the toes, or
through the skin cf the ankles, or, when the soil gets on to the
hands, through the skin of the hands or wrists. As they bore
into the skin they cause intense itching and also inflammation,
the signs of which are reddening of the skin and some swelling
under it. A rash of small papules often develops and these be-
come small vesicles. All this is the expression of the host’s
reaction against these invaders of its body and the skin-erup-
tion caused is called ground-itch. If the vesicles become infected
with bacteria, as they may do if the infected person scratches
them to allay the itching, unpleasant sores may develop.

A similar eruption in the skin of man may be caused by the
larvae of certain strains of Ancylostoma braziliense. The normal
hosts of this species are dogs and cats, but the larvae of certain
strains of it may penetrate into the skin of man. The larvae of
these strains only rarely develop in man into the adult hook-
worms, but they can penetrate into human skin and, when they
do this, they may live for a time in the skin and move about in
it, causing as they do so, a skin-eruption similar to ground-
itch, which is called creeping eruption, or cutaneous larva migrans,
because the eruption follows the migration of the larvae in the
skin. Cutaneous larva migrans may also be caused by the
larvae of several other species which are normally not para-
sitic in man. These larvae, when they get into the skin of man,
cannot grow up into adults and sooner or later they die in
human skin and their remains are absorbed. Among the
species whose larvae cause skin irritation in this way are the
hookworms of dogs and cattle and the bot-flies of horses.
Cutaneous larva migrans must be clearly distinguished from
visceral larva migrans, described on p. 62.

A similar eruption of the skin may be caused by the larvae
of another roundworm, Gnathostoma spinigerum, the adults of
which live in tunnels that they cause in the stomachs of cats
and their wild relatives and also in the stomachs of dogs. The
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eggs of this species, passed out in the excreta of these hosts,
hatch in fresh water and liberate a first larva that is swallowed
by the fresh-water crustaceans, Cyclops (figs. 19, 30), inside
which this larva becomes a second larva. When the Cyclops is
eaten by frogs, fishes, or snakes, the third larva develops in-
side these animals and the cats and dogs infect themselves by
eating the frogs, fishes, and snakes. Man may infect himself
with the third larvae by eating fish containing them and, if he
does this, the larvae may wander into the skin and cause the
eruption just mentioned. The larvae, however, never, so far
as we lknow, become fully mature gnathostomas, but imma-
ture specimens have been found in abscesses or in tunnels in
human skin and it is possible that this species is learning how
to become fully mature in man.

Returning now to the third larvae of the human hook-
worms, we find that, when they are in the human skin, they
find their way into the blood in the veins of the skin and are
carried by them to the right-hand side of the heart, from which
the blood is pumped to the lungs, where it takes up oxygen.
The hookworm larvae thus reach the lungs and here they
break out of the small blood vessels (capillaries) into the
small air-sacs of the lung itself, which are full of air. From the
air-sacs they wriggle up the breathing tubes (bronchi) to the
windpipe (?rachea), which opens into the back of the mouth.
As they go they develop into fourth larvae. From the back of
the mouth they are swallowed into the stomach and thus reach
the small intestine, inside which they become adult male and
female worms.

This life history illustrates certain basic principles of para-
sitic life. First, it is divided into two distinct phases, a para-
sitic and a non-parasitic phase. The eggs and the three larval
phases that succeed the eggs are not parasitic. The fourth
larva and the adult male and female worms are parasitic, the
two phases being linked by the third larva, which is non-
parasitic for the first part of its life and parasitic for the second
part. The third larva thus lives in both the parasitic and the
non-parasitic worlds. It has to be able to live both outside and
inside the host. The third larva is, in fact, the phase of the
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whole life history on which the survival of this parasite de-
pends. Its job is the vital one of establishing the parasite’s as-
sociation with the host. Because it infects the host, it is called
the infective phase of the life history. No other phase of the
life history can do this. If the eggs are swallowed by the
host, they will not hatch inside it and, if they did, the first lar-
vae emerging from them could not live in the host’s food
canal. Nor could the second larvae survive inside the host. And
the fourth larvae and the adult worms, which, are parasitic,
could not survive long enough outside the host to infect it
from the outside. Only the third larvae can begin the life of
the parasite inside its host’s food canal.

A second feature of this life history is the fact that it is the
older phases of the life history — in this instance the fourth
larvae and the adult worms — that are parasitic, the younger
phases being non-parasitic. We shall see, later on, that some
parasitic animals, such as the warble flies of cattle and the
relatives of these flies that may be parasitic in man, reverse
this plan; their younger phases only are parasitic, the pupae
and adult flies being non-parasitic.

A third feature of the life history just described is important
from the point of view of the spread of infection with parasitic
animals. The infective phases are active creatures. They are
therefore able to do a little towards the solution of the prob-
lem of getting into a host. They can, for instance, put them-
selves into situations in which they are likely to be swallowed
by the host, or to have opportunities to penetrate through its
skin. Further, their ability to infect the host by penetrating
through its skin gives the species to which they belong an
advantage over parasitic animals whose infective phases can-
not do this. It enables them to enter the host at virtually any
point on its external surface and it absolves them from the
dependence on the food habits of the host which governs the
lives of species which can infect the host only through its
mouth.

To make this point clear, let us now look at the life his-
tories of some species that are entirely dependent on entry into
the host through its mouth. These are species whose infective
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Fig. 6. The human dysentery amoeba ( Entamoeba histolytica) and
the harmless, commensal Entamoeba coli and their cysts
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phases differ from those of the hookworms because they are
passive, not active, so that their entry into the host’s mouth
depends either on chance or on the actions of a host which neg-
lects to make sure that these passive infective phases have not
got into its food or drink.

Entamoeba histolytica

This species (fig. 6) is in every respect quite different from
the hookworms just described. It causes in man the disease
called amoebic dysentery. It is one of the single-celled Pro-
tozoa and it belongs to the class of this phylum called the
Rhizopoda, whose bodies are not enclosed in definite envel-
opes that preserve a definite shape; they are always changing
their shape and they do this by putting out extensions of the
substance of the body called pseudopddia, into which the rest of
the body then moves, so that the organism can in this manner
move along. The pseudopodia also enclose and take into the
body, bacteria, and other small unicellular organisms on
which the Rhizopoda feed. These particles, wher. they are in
the body, are enclosed in spaces called food-vacuoles, into which
digestive ferments are secreted. Undigested remains are cast
out at any point on the surface of the body. Inside the cell-
body there is a structure called the nucleus, which contains a
specialized kind of protoplasm called chromatin. The nucleus
governs the life of the cell and the organism cannot live with-
outit.

The life history of Entamoeba histolytica is relatively simple.
The phase of it that corresponds to the adults of other parasitic
animals is called the trophozoite, a feeding-phase. It lives in the
large intestine of man; and also in the large intestine of ma-
cacque monkeys (genus Macacus). Natural infections with it
have been found in dogs and these have probably been derived
from man. If cats are infected with it by man, it will live in
them, especially in kittens; but natural infections of cats do not
occur,

Entamoeba histolytica is an amoeba of microscopic size. It
measures 10 to 40 (average 20 to 30) micra in diameter, one
micron being one thousandth of a millimetre or about zgdse
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inch. Within the variations of the size of Entamoeba histolytica
just given, however, individuals of different sizes form what
are called biological races of this amoeba, the individuals of
which maintain more or less a constant race-size throughout
their life histories. !

Entamoeba histolytica is an active amoeba, and, like many
other species of the genus Amoeba, it shows a division of its
cytoplasm into an inner more granular protoplasm, called the
endoplasm and an outer layer of clearer, non-granular proto-
plasm, called the ectoplasm. The pseudopodia formed by Enta-
moeba histolytica are quite characteristic of it. They usually
consist of clear ectoplasm only and they are formed at any
point on the surface of the amoeba quite suddenly, as if the
ectoplasm had exploded out at the point at which they are
formed. Less often the amoeba puts out a single pseudopodi-
um in one direction only and moves in his direction at a con-
siderable rate, so that its movement recalls the mode of pro-
gression of a slug.

In a great rhany of the people who become infected with it,
Entamoeba hijtolytica lives as a harmless commensal in the
large intestirie. It feeds there on bacteria and other food ma-
terial that the large intestine contains. It is only under certain
circumstance’s that it becomes parasitic and causes disease. We
do not yet understand why it thus changes its mode of life, but,
when it does so, it attaches itself to the lining of the large in-
testine and [secretes a ferment (a cyfolysin), which destroys
the cells lining the intestine, so that the amoeba is able to in-
vade the tissues of the intestinal wall. The amoebae penetrate
in this manner into the walls of the large intestine and spread
along them laterally, causing the formation of the ulcers that
are characteristic of amoebic dysentery. Entamoeba histolytica
is now danjaging its host and is therefore a parasite. Because
it can live harmlessly in its host as well, it is a facultative parasite.

The life; history of Entamoeba histolytica is a simple one.
The feeding stage (trophozoite) that feeds on the intestinal
contents or, the tissues of the host, multiplies its numbers by
the simple process of dividing into two amoebae. The nucleus
first divides and then the cytoplasm separates into two por-
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tions, each of which takes one of the products of the division of
the original nucleus. The two arnoebae thus formed then fol-
low independent lives. This process of simple division into two
is called binary fission; it is a method of multiplication of the
number of individuals of the species that many Protozoa use.
The trypanosomes, for instancs, described in chapter:9, multi-
ply in this way. Some other }rotozoa multiply by the more
productive method of divisior! of the parent cell, not into two
parts, but into several parts,, Thus the human malarial para-
sites multiply inside the red <ells of the blood by this method
of multiple division, which is called schizogony (see chapter 8).

Binary fission increases tfxe number of individuals present
in any particular host, but it does not provide for the neces-
sary transference of the amcieba from one host to another. The
only way out of the host is by way of the excreta and these go
out into the world outside the host, in which the féeding phase
of the amoeba cannot live. It must therefore provide some
means of survival in this outer world. This it doés by forming
a protected phase of itself which is called a cyst (fig. 6). Be-
fore it forms a cyst the amoeba divides to form, smaller amoe-
bae called precystic forms, and these cast out all food material
except reserve food supplies. These latter take the form of
glycogen, which is presént in a vacuole in the cytoplasm; and
refractile rods with rounded ends called chromatoid bodies. Each
precystic amoeba then ‘secretes around itself a protective cyst-
wall. The cysts thus formed are spherical and they are 5 to 20
micra in diameter, according to the size of the race of the
amoeba that formed them. Each has at first a single nucleus,
which has the structural characteristics of the nucleus of the
feeding stage that formed the cyst. Inside each cyst the single
nucleus then divides o0 form 4 nuclei. The cyst is then able to
infect another human being, the quadrinucléate cyst being the
infective phase. The formation of four nuclei in the cyst hap-
pens before the cyst passes out of man. Cysts containing only
one or two nuclei may, however, be found in human excreta,
but these usually do not develop further than this, so that they
cannot infect a new host.

No further changes occur in the quadrinucleate cyst until it
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is swa!}gwed by another human being. The cyst then passes
unchznged down the food canal as far as the small intestine,
wheére the proteolytic ferment trypsin, present in this part of
he food canal, dissolves away the wall of the cyst and thus

liberates the quadrinucleate amoeba from the cyst. It may be
/ liberated as soon‘as 4} hours after the cyst has been swallowed.

The nuclei in this quadrinucleate amoeba then divide to form
eight nuclei and the cytoplasm then divides to form eight small
amoebae each of which has only one nucleus. The original
single amoeba;that formed the cyst thus gives rise in the new
host to eight sinaller descendants.

Entamoeba histolytica is, when it is living a harmless com-
mensal life ii{ the large intestine of man, only one of many
harmless org.amsms that live in this part of the intestine. All
organisms tliat live in this manner in any animal, or in the ex-
creta of amr,lals after thcy have been passed out of the animal,
are called cprozoic species, species, that is to say, that live in,
and on, the, Itopros, or dung. The paras1tolog1st must be able to
recogmze all these coprozoic species in every host that he has
to examire and he must know which of them are parasitic and
thereforescapable of causing disease and which are harmless.
He must. know, for instance, not only Entamoeba histolytica,
which 15 capable of causing disease, but also the harmless
amoebafe and the harmless ﬂagellated Protozoa and other or-
ganlsrrss that may be found in the large intestine of man.
Amonj; the amoebae that may be confused with Entamoeba
Izzstol_y:tzca is its relative Entamoeba coli (fig. 6), which is a
very =~ommon commensal in the large intestine of man. It is
large* than Entamoeba histolytica, measuring 10 to 50 micra in
diampter, although races of it, different in size and similar to
the rices of Entamoeba histolytica, are found. Its cytoplasm is
densér than that of Entamoeba histolytica and it contains
numerous food vacuoles, in which bacteria, yeasts, and other
food materials are being digested. It shows relatively little
differentiation between ectoplasm and endoplasm and its
movements are very sluggish and amount, as a rule, to little
more than changes of shape. Its nucleus, also differs from that
of Entamoeba histolytica. The nuclei of both these species (fig.
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6) are small vesicles enclosed in a membrane called the nu-
clear membrane and each nucleus has a central grain of chroma-
tin called the karyosome, with other grains of chromatin ar-
ranged along the inner side of the nuclear membrane. In the
nucleus of Entamoeba histolytica the karyosome is always cen-
tral in the nucleus, while in the nucleus of Entamoeba coli it is
not only larger, but it is also not quite in the centre. The
grains of chromatin on the inner side of the nuclear membrane
of Entamoeba histolytica are fine grains and they look like a
row of tiny beads of equal size. In the nucleus of Entamoeba
coli the corresponding grains are coarser and they form adense
ring. :

The life history of Entamoeba coli resembles that of Enta-
moeba histolytica, but inside the cyst, the original single nu-
cleus divides to form eight, not four, nuclei and cysts of Enta-
moeba coli can always be distinguished by this fact, as well as
by the fact that these nuclei are visible in the living cyst, while
those in the cysts of Entamoeba histolytica cannot be seen with-
out the use of either stains that colour them or reagents that
kill them and so render them visible. The nuclei in the cysts of
Entamoeba coli are, moreover, structurally similar to those of
the feeding phase and may therefore be distinguished from
those which resemble those of the feeding stage of this species.
There is in the cyst of Entamoeba coli a glycogen vacuole simi-
lar te that seen in the cyst of Entamoeba histolytica, but it has
usually disappeared from the cyst of Entamoeba coli by the
time: that four nuclei have been formed; in the cysts of Enta-
mocba histolytica, on the other hand, this vacuole may persist to
this stage. Finally, chromatoid bodies are not so often seen in
the cysts of Entamoeba coli as they are in those of Entamoeba
histolytita. When they do occur they have the shape of fila-
ments or splinters with pointed ends, or of sheaves of these.

The subsequent life history of Entamoeba col: resembles that
of Entamoeba histolytica, except that the cyst already contains
the 8 nuclei which will become the nuclei of the 8 descendants.
When, therefore, the 8-nucleate amoeba escapes from the
cyst in the new host, further division of its nuclei does not
occur and it divides at once to form 8 small amoebae.
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Balantidium coli

Before the life history of Entamoeba h tolytica is compared
with that of other parasitic animals, it|is useful here to de-
scribe briefly another parasitic protozoon which may be found
in the large intestine of man and may cause a form of dysen-
tery called balantidial dysentery. This 71pecies is Balantidium
coli (fig. 7). It has the doubtful distinction of being the largest
protozoan parasite of man. It is also vé ry commonly found i in”
the large intestine of the pig and may e found in some mori-
keys and in the rat. It belongs to the Class of Protozoa cz,:,hied
the Ciliophora and to the Order of this Class called the Ciilata.
The names Ciliophora and Ciliata refer to the fact t}{at the
locomotor organs of species belonging to this Class a3id Order
are typically short protoplasmic processes called :;flza which
are not very different from flagella, but they are #horter. The
numerous cilia all over the bodies of these orgar»’lsms bend to-
gether in unison and propel the protozoon alcng in the fiuids

peristome

cytopyge ' 7 .
Fig. 7. The ciliatejprotozcon, Balantidium c3li,
the cause (‘;7/ balantidial dysentery ?

in which it lives. Cilia in a‘ction look to the human eye much as
a cornfield looks when a breeze passes over it and makes the
cornstalks bend and then return to their erect position. The
bodies of members of the Order Ciliata, to which Balantidium
belongs, are typically covered with rows of these cilia.
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Ciliophora all have, not one, hut two, nuclei. One is large
and is called the meganucleus; it gpverns the general life of the
cell. In Balantidium coli it has the shape of a sausage or kid-
ney (fig. 7). The other nucleus| is small and is called the
micronucleus (fig. 7). It becomes pctive only when the sexual
processes of the organism begin. "The body of Balantidium coli
is oval and measures 50 to 80 miira long and 40 to 60 micra
broad. At its anterior end there i a groove, called the peri-
stome, provided with longer cilia} This groove leads to the
mouth (cytostome), from which a glillet (cytopharynzx) leads to
the endoplasm of the cell."The food consists of particles of the
contents of the large intestine of the host and also bacteria;
and, when this species becomes parisitic, the red blood cells of
the host and fragments of the linins of the walls of the host’s
large intestine are also eaten. The long cilia of the peristome
waft the food into the mouth and c};topharynx and the food,
when it reaches the endoplasm, is énclosed in food vacuoles
like those of Entamoeba histolytica. F«hod that is not digested is
passed out at an opening called the q'topyge, which is situated
at the posterior end of the cell-body‘ of the organism. There
are two pulsatmg vacuoles. :

During its life inside the host Balaf tiditum coli multiplies its
numbers by dividing, as all Ciliata do, transversely into two,
this process being started by division of the two nuclei. When
conditions inside the host become unfavourable, or when other
factors not yet fully understood impel it to leave the host, the
organism encloses itself inside a protective envelope, much as
Entamoeba histolytica does, and becomes a cyst (fig. 8). The

Fig. 8. Cyst of Balantidium coli

cyst is spherical or ovoid and has a diameter of 50 to 60 micra.
The cysts are passed out of the host and may live for several
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weeks in the world outside the host, especially if they are not
dried; but drying rapidly kills them. When they are swallowed
by man, the cysts set free the indjvidual within and the life
history starts again. "

Balantidium coli is found in the
parts of the world, but, although it i$ common in pigs, it is not
often found in man. In Britain, for insgance, it is common in pigs,
but is comparatively rarely found iny man. Usually it is found
in people who have been working 1yith pigs. In pigs it does
not cause disease, and in man it may\be, as Entamoeba histoly-
tica also ‘may be, 2 harmless commensal that causes, so long as
it lives in the contents only of the arge intestine, no symp-
toms of disease. But if, as sometimejs happens, it invades the
walls of the large intestine and feedi‘s on the tissues and red
blood cells there, it becomes parasxtlciand causes the formation
of ulcers and a serious form of dyse‘ntery, called balantidial
dysentery, results. ;

These two life histories, those of Entamoeba histolytica and
Balantidium coli, have one feature in'.common that differen-
tiates them from the life histories of the hookworms de-
scribed above. The two Protozoa multiply their numbers while
they are inside the host, while the roundworms do not. The
entamoeba, in fact, also multiplies its numbers after it has left
its host and produces thus not the single infective phase de-
rived from each of the roundworm’s eggs, but eight amoe-
bulae, each of which can start a new life history in the host.
These eight descendants are, moreover, not sexually differen-
tiated. Whereas it is necessary for the parasitic roundworms,
if its species is to survive, that both rnale and female individu-
als should succeed in surviving in the host, the dysentery
amoeba has not yet acquired the handicaps, and advantages, of
sexuality. We shall see, later on, that some kind of parasitic
animals, such as the tapeworms and flukes, are neither asexual
nor unisexual, but hermaphrodite and can, like the dysentery
amoeba, multiply, during their life histories, the number of
individuals that may develop into the adult parasitic phase.

If we now look at the life histories of the dysentery amoeba
and the parasitic roundworms discussed above from the host’s
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point of view rather than from that of the parasite, we find that,
although the parasite has gained some advantage by multi-
plying both its numbers inside the host and the number of in-
dividuals that can infect the host, this advantage is, to some
extent, counterbalanced by the fact that its infective phase, the
cyst, is a passive object, which is unable to move and is there-
fore dependent on the chance that it may be picked up by the
host. It can, moreover, infect the host only through the host’s
mouth. In this respect the dysentery amoeba is in a less
favourable position than parasitic animals whose infective
phases are, as those of the hookworms are, active and can
either place themselves in situations in which they are likely
to enter the host through its mouth or can enter the host by
some other route, such as through the skin, as the infective
larvae of the hookworms do.

The use by parasitic animals of passive infective phases, how-
ever, has not, whatever its disadvantages may be, seriously
handicapped them in the struggle for life. It is used by many
species of parasitic animals and almost certainly it was one of
the earliest methods of entering a host to be evolved. It is cer-
tainly the method used by most of the animals parasitic in
man, the majority of which enter his body through the mouth.
Usually entry through the mouth involves the production of a
phase of the life history, such as an egg enclosed in a tough
shell, or a cyst with a resistant wall, which can resist the in-
jurious physical influences, such as cold, frost, drying, or the
direct rays of the sun, which would, without the protection of
a resistant envelope, kill the infective phase. In the next
chapter we shall consider the life histories of one species which
provides the contents of its egg and the infective larva that
develops inside the egg with a tough, resistant envelope of
this kind. This, however, is not the only method of protect-
ing the infective phase that is used by parasitic animals which
infect their hosts through the mouth. The human threadworm,
also considered in the next chapter, shows us another method
by which the risks of life outside the host may be reduced; and
the third species considered in the next chapter shows us how
the risks of life outside the host may be eliminated altogether.
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The Large Roundworm of Man ( Ascaris lumbricoides)

THis species (Plate 4a) is parasitic in the small intestine
of man. Like the human threadworms, it is parasitic only in
man. In the small intestine of the pig, however, there is a
species which is so like the Ascaris lumbricoides found in man
that the two can be distinguished only by means of rows of
small teeth on the lips of the species found in the pig. Usually
therefore these two worms are regarded as strains of the
species, one of which can be parasitic only in man, while the
other is parasitic only in the pig. The human species can, with
difficulty, be made to live in pigs that have been kept on diets
deficient in vitamin A, but biologists who have tried to infect
themselves with the species found in the pig have found that,
although the larvae of the pig-strain will live and develop to a
certain stage in the body of man and also in the bodies of
guinea-pigs and other animals, they cannot become adult in
man or these other animals. The human strain of Ascaris
lumbricoides is thus, like the human threadworm, a parasite re-
stricted to a single host.

Ascaris lumbricoides is one of the largest of the roundworms,
the male being 15 to 30 cm. (6 to 12 inches) long and 2 to 4
mm. (% to 2 inch) in diameter. The smaller males are more
slender and their posterior ends are curved round towards the
rest of the body. The worms of both sexes are, when they are
freshly taken from the intestine of a man or pig, white or pink
and they have a thick, smooth cuticle which glistens when it is
wet, so that it has somewhat the appearance of wet porcelain.

This species occurs in man all over the world. It is, and
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probably always has been, one of the commonest parasites of
man. As Chandler (1955) says, it has ‘clung to man success-
fully throughout the stone, copper, and ironages.” Stoll (1947)
estimated that, at the time when he made his investigations,
Ascaris lumbricoides was present in about 644 million people in
the world. It is, however, rare in Britain, although it is com-
mon enough on the Continent of Europe. Its effects on man
may be, if the worms are not numerous, comparatively slight,
but they may cause indigestion, discomfort and pains in the
abdomen, diarrhoea, and inflammation of the bowel. When the
worms are numerous, these symptoms are intensified and may
simulate those of gastric and duodenal ulcer and other ab-
dominal diseases. Ascaris lumbricoides has, moreover, a ten-
dency to wander from its home in the small intestine and the
worms may then enter other organs in which they may cause
serious trouble. They may, for instance, enter the bile duct
that brings the bile from the liver to the small intestine and
may block this up, so that jaundice and other troubles result;
or they may get into the appendix and cause appendicitis; and -
they may get into extraordinary situations, such as the ear or
the genito-urinary tract. Masses of the worms in the intestine
may get entangled to form a mass that may block up the in-
testine, so that intestinal obstruction results (Plate 4a)
The life history of Ascaris lumbricoides is shown in fig. 9. It
may be compared with the life history of the hookworms
shown in fig. 8. The adultfemale Ascaris produces, in the small
intestine of man, fertilized eggs which are passed out in the
excreta of the host. These eggs (fig. 9) are provided with
remarkably resistant shells, which enable them to survive in
the world outside the host. Inside them, when conditions in
the environment of the eggs are suitable, a firstlarva develops,
but this does not hatch out of the egg as the first larva of the
hookworm does. It remains inside the egg and grows there,
feeding on reserves of food that it contains, until it has cast its
skin and become a second larva. Development of the larval
phases inside the egg then ceases until the egg is swallowed
by a new host. The egg of Ascaris is, in other words, the in-
fective phase of its life history. It is, for this reason, called the
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infective egg. It is not, however, infective — it is not, that is to
say, able to infect a new host — until the second larva has de-
veloped inside it; and this requires time. The time required for
the development of the second larva inside the egg varies ac-
cording to the temperature and other factors that influence the
egg while it is outside the host. A temperature thatis too high,
or too low, will, for instance, slow up the development of the
second larva. When the external conditions in the environ-
ment are most favourable, the second larva has usually de-
veloped in about three weeks. For a reason, however, that
has never been discovered, eggs containing newly-developed
second larva are usually not able to infect the host, a
further period of three weeks or so being required before they
can.

During all this time the egg and its contents are exposed to
the effects of climatic and other influences that may, and pro-
bably do, kill large numbers of them. The egg of Ascaris is,
however, one of the most resistant objects that biologists
know and, although they are relatively quickly killed by tem-
peratures equivalent to, or higher than, that of the interior of
the host’s body, or by the action of sunlight or complete dry-
ing, the contents of the egg remain alive for long periods if they
are kept even slightly moist and at moderate temperatures.
They require also a little, but not much, oxygen. They can,
for these reasons, survive for long periods in such situations
as damp in soil or sand, or on green plants eaten uncooked by
man. Even the treatment applied to human excreta in the
sewage-disposal units of some town may fail to kill them all,
so that effluents from these units used to water salad and other
plants may transfer the eggs to these plants and so to people
who eat them uncooked. It is known, for instance, that they
can survive in damp earth for as long as five years. They will
even remain alive and larvae will develop in them when they
are immersed in such apparently unpromising surroundings as
weak solutions of formalin; and antiseptic substances nor-
mally used for cleansing and sterilization have little or no
effect upon them unless they are used in solutions so strong
that they damage also the surfaces and substances to which

60



The Lone Hands

they are applied. The larva of Ascaris is thus very efficiently
protected during its life outside the host.

When the egg containing the second infective larva is
swallowed by man, its shell is weakened by the digestive
juices in the small intestine and the second larva hatches out.
It at once bores into the wall of the small intestine and finds its
way into the small veins in the intestinal wall. The main func-
tion of these veins in the wall of the small intestine is to col-
lect food materials from this part of the intestine and to take it
_ to the liver. The general direction of the blood stream is there-
fore towards the liver, and the larvae of Ascaris, when they
enter the blood, are carried by it to the liver with the food.
Some of them, however, make their way directly through the
tissues to the same organ.

In the liver the larvae pause for a while and may, as they
move about in this organ, damage it. But they do not stay
long in the liver. All the blood that leaves the liver goes to the
right-hand side of the heart and it takes the larvae with it.
From the right-hand side of the heart the blood goes to the
lungs to be aerated and the larvae of Ascaris are swept on by it
to the lungs. Some of them may be carried on by the blood
through the lungs and back to the heart and thus, in the arterial
blood, to the rest of the body; but these eventually die without
growing up to the adult stage. Most of the larvae stay in the
lungs and moult their skins twice there, thus reaching the
fourth larval stage. They then break out of the blood vessels
into the air-sacs of the lung, causing, as they do this, bleeding
into the air-sacs. The result of this damage may be that the
host reacts against the larvae, the reaction taking the form of
a condition rather like pneumonia. If the larvae are numerous
in the lung, the host may then suffer shortness of breath, cough,
and other symptoms that resemble those of inflammation of
the lungs. The damage done, however, is relatively soon re-
paired and the lungs become, if they do not become infected
with bacteria, healthy again. Long before this happens, how-
ever, the larvae, which are now fourth larvae, have wriggled up
the air-passages to the windpipe and, reaching the back of the
mouth, have been swallowed down into the stomach. Passing

61




Antmals Parasitic in Man

through this they reach the small intestine from which their jour-
ney began, and there they grow and moult their skins once more
to become the immature adult male and female worms. In two
to three months they become sexually mature and begin to
produce the fertilized eggs with which the life history began.

Their adult lives last, however, only a year or less. This
exceeds the life of the adult female human threadworm, which
is numbered in days; but it is, in comparison with the longevity
of some species of roundworms, a relatively short life. The
adult of the human hookworm, Ancylostoma duodenale, for ex-
ample, may live, according to different observers, for 7 to 16
years and Necator americanus may live for 5 to 17 years. These
estimates of the longevity of roundworms parasitic in man may
be compared with those given for the longevity of the tape-
worms and blood flukes described in chapters 5 and 6.

A. lumbricoides has many relatives which are parasitic in
many kinds of animals. They all have, in general, life histories
similar to the one just described. Some of them appear to be
harmless to their hosts, but others, including those found in
some of our domesticated animals, such as cattle and poultry,
may cause diseases of these hosts which are important to man
because they may affect th~ health of the animals concerned
and thus may affect man’s fo. . “ipplies. Also important are
the species of Ascaris which aa  ommon in dogs and cats,
especially in puppies and kittens !¢:cently it has been found
that the infective eggs of th- = -scarids parasitic in puppies
and kittens,may be swallowed by man, especially by children
playing with these pets and the larvae derived from these
eggs may then migrate in the human body and cause the
disease called visceral larva migrans, which should be clearly
distinguished from cutaneous larva migrans mentioned on p. 44.

Comparison of the life history of Ascaris lumbricoides with
that of the hookworms shows differences that are important
when we are thinking of trying to prevent the infection of man
with Ascaris. In the first place the infective larva of Ascaris
cannot, as the infective larva of a hookworm can, infect man
by boring its way through human skin. It is restricted to entry
into man through his mouth. The infective larva is the second
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year by the worms inside these peaple would be 18,000 tons.
These figures give an idea of the success of this species when
conditions are favourable to its infection of the host; they also
show what a plague of man this particular parasitic worm can be.

Also prevalent in human beings, especially in children, and,
in some parts of the world, even more commonly found, is
the next species to be considered, the human threadworm,
Enterobtus vermicularis, which also infects its host through the
mouth by means of an infective egg. The egg of this species is
not, however, well protected from the effects of the world out-
side the host and this species uses interesting methods of over-
coming the disadvantage of having an infective phase that is
relatively easily killed.

The Human Threadworm ( Enterobius vermicularis)

This species (Plate 8a), which is also called the pinworm
or seatworm, is, like the hookworm, a roundworm and is
therefore unisexual. It belongs to the Order Oxyuroidea of
the Class Nematoda. The adults of the species of this Order
are small or of medium size, the males being usually much
smaller than the females. The adults of both sexes live in the
intestines of vertebrate hosts. They produce fertilized eggs
which pass out of the host in its faeces. The eggs are usually
flattened on one side.

The males of Enterobius vermicularis are 2 to 5 mm. (about

¥¥ to } inch) long, but they are rarely seen. The females,
however, may be found in human faeces, especially in those of
children. They are whitish, small, rather spindle-shaped
worms, which measure 8 to 18 mm. (% to } inch) long.
They have elongated tails and they are often, for this reason,
called pinworms. They are also called seatworms, presumably
because they may be found in human faeces or even adhering
to the anal region or on soiled linen in this region.

Usually these worms, when they are mature, live in the
blind sac of the large intestine called the caecum, or in the
colon or vermiform appendix near to which this blind sac
opens; but they may also travel up the food canal to the small
intestine or stomach or even higher than this. Normally, how-
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ever, after the male has fertilized the female, the female, full
of fertilized eggs, travels down the large intestine to the
anus and, arriving there, moves out of the host through the
anus and lays her eggs on the warm, moist skin of the peri-
anal region. The eggs are laid in clusters or streaks and the
- female may travel some distance away from the anus, so that
eggs may be found, not only on the buttocks, but also else-
where on the skin of this part of the host’s body. Usually,
when she has laid the eggs, the female dies. Her movements
around the anal region cause the itching which is so well-
known a symptom of infection with these worms.

The eggs each contain, when they are laid, the first larva
and this larva is able to infect a new host. It can do this im-
mediately after the egg is laid by the female worm, so that the
period of life in the outside world required by both Ascaris
lumbricoides and the hookworms for the development of their
infective phases has been eliminated by the threadworm and
the risks of this period of the life history have been reduced to
a corresponding degree. The eggs of the threadworm are not,
on the other hand, so well protected as those of Ascaris lum-
bricotdes are, nor are they so resistant to external influences as
the eggs of the hookworms are. Their shells are thin and are
correspondingly less resistant to cold, drying, and other physi-
cal factors that affect them outside the host. Perhaps to com-
pensate for this, they are covered with a sticky material and
their stickiness enables them to adhere to the skin of the part
of the human body on which they are laid, namely, the region
around the anus. This part of the body is, moreover, usually
warm and moist, especially at night, when the female worm
lays the eggs, and warmth and moisture further the survival
of the eggs or larvae of all kinds of parasitic animals. The
stickiness of the eggs is also correlated with the fact that the
female worm, when she comes out through the anus to lay her
eggs, irritates the skin of the perianal region and causes itch-
ing, which the host seeks to allay by scratching the skin with
the fingers. The eggs of the threadworm then readily stick to
the fingers, or get under the finger nails, especially if these are
long and badly-kept, and it is not then difficult for the host to
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convey the eggs on the fingers to the mouth, from which the
larvae inside the eggs reach the food canal in which they
develop into adult worms again.

Human beings, especially children and adults whose habits
are for various reasons not cleanly, often infect themselves in
this manner with eggs derived from themselves. This method
of infection is called auto-infection. The fingers contaminated
by the eggs may, however, transfer the eggs to pieces of fur-
niture, door-handles, the balustrades of stairs, books, paper-
money, and other objects handled both by the infected person
and by uninfected people. People who are not infected may
therefore get the eggs on to their fingers when they handle
these infected objects and may in this manner become infected
themselves. Transference of the infection in this manner from
an infected to an uninfected person is called cross-infection. It is
a common mode of infection among the individuals in families
and helps to explain why it is that, when one member of a
family becomes infected, other members of that family are
usually found to be infec: -d also. It is a common method also
by which individuals in communities, such as factories, schools,
‘military organizations, or mental institutions may infect one
another with this species of worm.

The eggs of the threadworm may also be distributed
through the air and may be inhaled with air and swallowed.
This may happen, for instance, when beds used by infected
persons are being ‘made’. When the bedclothes are being
shaken out, the eggs may get into the air and may be breathed
in by the people who are making the beds. The air and dust in
schoolrooms and other places in which people congregate, and
the air and dust in lavatories in these and other places, may
also contain numerous eggs.

A further method of infection with this species of worm is
called retrofection. It was discovered by the extensive re-
searches of the Dutch doctor, Professor Swellengrebel. He
found that, in spite of the most elaborate precautions taken to
prevent the entry of infective eggs through his mouth, infec-
tion nevertheless occurred. He was able to prove that it then
occurred by the hatching of eggs laid on the perianal skin near
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to the anal opening. and the liberation there of larvae which
then entered the body through the anus and travelled up the
bowel to the large intestine where they matured. This entry of
these larvae ‘ through the back-door’, so to speak, is one of ti.e
very few instances known of the infection of a host by a para-
sitic animal that enters the host through its anal opening to
the exterior.

Infection of a new host by the methods just described de-
pends, of course, on the survival of the larvae inside the eggs.
These larvae can survive outside the host for periods varying
according to the temperature and humidity from three days to
several weeks. Moisture and moderate warmth prolong the
lives of the larvae; drying, and especially drying combined with
cold or heat, and also the effects of direct sunlight, kill the
larvae relatively soon. On the moist, warm skin of the host, or
on its underclothes or night clothes, or in the shelter of its bed,
the larvae find the best conditions for their lives. Those that
are dispersed from the host into moist, warm situations will
also survive well. But in the air, or in the dust, where drying
will operate, the larvae will more quickly die. It has been esti-
mated, for instance, that only 10 per cent or so of the eggs
collected from dust contain larvae able to infect a host. For the
normal process of infection, however, the transference of eggs
from the favourable environment of the host’s skin to the
mouth of the same host, or to the mouth of a close associate of
this host, such as another member of the family, this parasite
is adapted so well that it is not surprising that it is one of the
commonest parasites of man. Stoll (1947) has, in fact, calcu-
lated that some 209 million human beings in the world were
infected with this species at the time (1947) when he con-
ducted his investigations of the incidence in man of various
species of parasitic worms.

After the infective egg has reached the mouth of the host, it
passes unchanged down to the small intestine and there the
digestive juices soften the egg-shell and liberate the first larva
within. This larva then feeds ai:d grows and moults its skin
twice before growing up into an adult male or female worm.
The immature worms may live for a while in the small
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intestine before they proceed to the large intestine in which
they mature. The whole life history, measured from the in-
gestion of the egg to the appearance of the adult worms, takes
from 4 to 7 weeks. In individuals who maintain their infection
by transferring eggs from their own perianal regions to their
own mouths, the female worms will therefore appear at the
anus and cause irritation there at intervals of about the same
time. This explains why individual hosts may suffer recur-
rence, about every 3 to 7 weeks, of attacks of the itching
caused by the female worms when they emerge to lay theireggs.

Reviewing this life history, we find first that man is the
only host in which this species can live. It cannot live in other
animals, so that man can be infected only by infective eggs
derived from other human beings. This seems at first sight to
simplify the problem of avoiding infection, but in practice it is
usually found that the threadworm is so well adapted to its
mode of life that it is very difficult to prevent infection with it.
It has, so to speak, countered the drawbacks of being restricted
to a single species of host by becoming so well adapted to this
host that it is one of the most successful parasitic animals that
we know.

Second, we find that this species, like Ascaris lumbricoides,
infects its host by means of a passive, not an active, infective
phase. It is therefore dependent upon chance and on its survival
outside the host; but chance is, in this instance, aided by the
stickiness of the eggs, which readily adhere to the fingers of
the host and to objects that are conveyed by the host’s hands
to the mouth; and on the air inhaled by the host in which the
larvae may survive for a while inside the eggs. Survival outside
the host is, however, relatively short. It is a matter of days or
a few weeks. Transference into the mouth of the host must
therefore occur relatively soon after the egg has been laid.
This species cannot, that is to say, risk having to wait in the
dangerous world outside the host while its infective phase de-
velops. The female worms counter this risk, first, by keeping
the eggs inside the protection of their bodies until they are
laid, secondly, by laying them in a situation in which they are
likely to be kept warm and moist, and thirdly by producing eggs
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which grow in the rat’sintestine
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more larvae and these encyst
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Fig. 10. Life history of the trichina worm, Trichinella spiralis

69




Animals Parasitic in Man

which are ready to infect the host immediately they are laid.
Let us now consider a species that has gone a step further
even than this. It has solved the problem of the risks en-
countered in the world outside the host by the simple process
of eliminating altogether the need to enter this world.

The Trichina Worm ( Trichinella spiralis)

This species is also a roundworm. It causes in man and
many other animals a serious disease called trichiniasis ( trich-
inosis). Its life history is shown in fig. 10.

‘The adult male and female worms are small, the males being
only 1-5 mm. (about g% inch) and the females 3 to 4 mm. (}
to ¢ inch) long, that is to say about twice as long as the
males. The adults are parasitic in the small intestines of the
hosts and there the union of the males and females occurs. The
females, however, then burrow into the wall of the small in-
testine. They are full of fertilized eggs, but these are not laid
by the female worm. They are retained in her uterus (womb)
until a first larva has developed in each of them and it is these
larvae, not the eggs, that are liberated by the female worm. It
has been estimated that each female may produce about 1500
larvae, but the number produced and the rate at which they
are liberated varies in different hosts. Fewer larvae are pro-
duced, and larvae are set free at a slower rate in hosts, such as
man, which develop resistance (immunity) to this species.

The first larvae may be fully developed a week after the in-
fection of the host, so that their development is rapid. They
are then about 0-1 mm. long. They are set free in the spaces
filled with lymph and blood in the intestinal wall and are ca