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@he Crooman Lectuves
oN

THE BEHAVIOUR OF THE LEUCOCYTES
IN INFECTION AND IMMUNITY,

LECTURE 1.

Delivered on June 14th.

MR. PRESIDENT AND GENTLEMEN,—DBefore I commence
‘these lectures I have two duties to fulfil, the one sad, the
other pleasant. I must, in the first place, deplore the
circomstance which has led to my standing before you
to-day. The death of Dr. Arthur Gamgee, who was to have
been your Croonian lecturer this year, has left a void which
‘it is hard to fill. I cannot hope to carry out the task as he
would have done. The loss which we suffer is not ours alone
but that of the whole world of science and of medicine. I
have next to offer my thanks to the College for the honour
conferred by asking me to deliver the lectures in his place,
In any case an unworthy substitute, I must crave your
special indulgence in view of the fact that I have had only
a year for the preparation of my subject, instead of the two
which are by custom allowed to the Croonian lesturer.

In the year 1906 it was my privilege to deliver the Horace
Dobell lecture before this College. I then endeavoured to
picture the stages through which I conceived bacteria to
have passed in the course of their evolution into pathogenic
agents and the gradual development of those powers of
aggressive parasitism which, at the present day, render them
such dangerous foes to the animal body. I could have
wished to use the larger opportunity afforded by Dr. Croone’s
foundation, by taking as my subject the converse theme—
the evolution of the means of defence possessed by the body
against invading microbes—and to trace it from its earliest
beginnings to the complex mechanisms which we see brought
into play in the human body. Such a task, however, I found
beyond my powers, for our knowledge of the means of
defence in the lower animals is very scanty, and time
failed me for any serious attempt at its investigation. I
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have nevertheless ventured to choose for my subject
one part of the field of immunity—as I think a very
important part. It wounld be presumptuous for me to
attempt to deal with immunity as a whole : I have not the
learning or the critical power for such an enterprise. But
in one part of the field I have worked, and in view of these
lectures worked very specially—that, namely, which concerns
the behaviour of the leucocytes in connexion with infection
and immunity. During the last 20 years so much of the
investigation of immunity has been devoted to the purely
** humoral " side of the subject, that I feel it worth while to
recall your attention to the cellular elements concerned in
defence. While most of the facts which I shall have to put
before you are the result of my own observations, I cannot
avoid reference to current doctrines of immunity, and I must
here own my indebtedness to the critical writings which have
appeared during the last few years—those of Metchnikoff
and Levaditi, of Ehrlich, Bordet, Pfeiffer, Sauerbeck,
Wright, and many others. My own observations have been
in the main experimental, derived from a study of the
behaviour of the leucocytes in the rabbit under various con-
ditions of infection and immunity, but I shall endeavour to
harmonise them with known clinical facts in human disease.

I propose, in the first place, to put before you a short
historical sketch of the development of our knowledge as to
the part played by the leucocytes in repelling microbic
aggression, after which I must perforce attempt to assess the
role of the leucocyte in immunity. Having thus stated
what I conceive to be the present state of our knowledge on
the subject, I shall deal at greater length with my own
observations on the leucocytes and the conclusions which I
am disposed to draw from them.

The Croonian lecturer enjoys a wide range of choice in
the selection of his subject, but I can imagine none which
would more thoroughly fulfil the intentions of the founder,
could he revisit the College after more than 200 years, than
one which so directly concerns the prevention, control, and
cure of disease.

HISTORICAL SKETCH.

We owe to Metchnikoff the first serious attempt to explain
the resistance of the body against bacterial invasion. The
crude and speculative views which bad previously been put.
forward by Pasteur and Chauveau were based upon the
supposition that the animal body was a mere culture medium
for the growth of micro-organisms which might become ex-
haunsted of the necessary pabulum or choked up by bacterial
products. Metchnikoff first formulated the conception of
an active bodily defence, finding its mechanism in the
functions of certain cells of the body.
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THEORY OF PHAGOCYTOSIS.

It was already known that the amwboid movements of the
leucocytes enabled them to take up foreign particles into
their interior. Virchow was aware of the increase of circu-
lating leucocytes in certain septic conditions. It had even
been suggested by Panum in 1874, and by Roser in 1881, that
bacteria might be ingested by lencocytes. But it remained
for Metchnikoff to develop the idea that certain cells
possessed as a normal function the power not only of in-
gesting but of digesting and destroying foreign particles and
fragments of dead tissue. Amongst the foreign particles thus
destroyed he found invading parasitic organisms, and he
came to regard the process, which he named ‘* phagocytosis,”
as the main, and indeed the only, defensive agency of the
body against bacterial invasion. He first propounded this
doctrine in 1883.

Metchnikoff was a biologist and his views were founded
upon the long series of patient studies upon the lower forms
of life recorded in his well-known work on inflammation.
He was able to bring forward evidence of a uniform phago-
cytic process occurring from the lowliest up to the most
specialised members of the animal kingdom, and this breadth
of view helped to gain acceptance for his theory. Nor can it
be doubted that the fact of his having commenced his studies
in lowly invertebrates, where the means of defence are in their
simplest and most primitive condition, played no small part
in the reasoning by which he built up his hypothesis.

The fundamental starting points of the theory were—(1) the
observed phenomena of intracellular digestion, and (2) the
behaviour of the mesoblastic tissnes in presence of foreign
particles. Practically all phagocytic cells were found to be
of mesoblastic origin, and Metchnikoff divided them into
** macrophages "—fixed tissue cells which more particularly
took up cell débris, and ** microphages'—the lencocytes, and
especially the polynuclears, whose more particular function
it was to deal with micro-organisms.

At this early stage of the theory of phagocytosis the matter
appeared simple enough. Successful phagocytic defence
implied immunity, failure meant susceptibility. The phago-
cyte was the only means by which the body repelled
microbic attack ; the properties of the microbe were not yet
discovered, and the influence of the fluids of the body had
not entered into anyone's mind. From the first the
simplicity of the theory and the readiness with which its
central fact could be verified gained it wide acceptance.

It may have been an accident that the date at which
Metchnikoff drew attention to the leuncocytes as defensive
agents coincided with a period at which increasing attention
began to be paid to the morphological study of the blood.
This was for the first time rendered accurate by the staining
methods devised by Ehrlich’s chemical ingenuity and summed



up in his monograph of 1891. Instruments of precision had
further been introduced, such as the hmmocytometer, by
which the content of the peripheral blood in red and white
cells could be exactly ascertained.

The impulse thus given to the clinical study of the blood
bore rich fruit and a new branch of pathology arose—
‘*‘ hmmatology.” During the last decade of the nineteenth
century important monographs appeared in quick succession,
amongst which I may mention those of Rieder, Tiirck, von
Limbeck, Cabot, and Grawitz. So valuable has the study
proved that it is now of daily application in clinical
pathology. As regards infective disease its importance has
proved twofold. It has become a well-established fact that
in some infections there is a marked increase in the number
of circulating polynuclear leucocytes, in others none, in a
few an actual decrease. A diagnostic wvalue may thus
attach to the lencocyte count. It is further established
that in those infections habitually attepded by an increase
in the polynuclear count, the presence and extent of this
increase serve as some sort of index of the power of the
body to react against the infection. In other words, the
lencocyte count has at times a prognostic import.

This has come about quite independently of Metchnikoff's
theory as a direct result of clinical observation on human
disease. But it indirectly supports his views, for it points
to one special cell—the microphage of his terminology—as
of high moment in the bodily reaction against certain
infections. It would seem that the capacity of the body to
produce and put into circulation an adequate number of
polynuclear lencocytes in response to infection has in some
cases a determining influence in recovery.

HuMorAL THEORIES OF IMMUNITY.

While the doctrine of phagocytosis was at first received
with much favour subsequent developments in knowledge
tended to throw it, for a time at least, into the shade. It was
shown that the fluid elements of the blood, judged from the
properties of the serum in experiments outside the body,
were able to destroy bacteria apart from the direct coipera-
tion of cells. This power, first noted by Fodor in 1887, was
further studied by Nuttall, Buchner, Hankin, and others, and
in 1889 Buchner propounded his well-known ¢ Alexin™
theory, in fundamental antagonism to the views of
Metchnikoff. Buchner’s original conception of alexin was
that of a non-specific protective substance existing in normal
blood serum, acting upon bacteria after the fashion of a
ferment, and easily destroyed by heat, or, indeed, on mere
standing outside the body. He snggested its possible origin
from lencocytes. To this somewhat primitive conception
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may be traced the elaborate humoral theories of immunity
which have since so largely held the field.

It would take me too far from the subject of these lectures
to enter in detail into the history of all these humoral views.
I will only mention the more important landmarks. In 1892
Behring was able to announce the discovery of antitoxins in
tetanus and diphtheria, and thus first arose the idea of
chemical immunity., As a sequel to this came the discovery
of passive immunity, produced by the transference of the
specific antibody in the serum of an immune animal to a
normal one.

Although Buchner and others had proved the destruction
of bacteria by a suitabie serum, Pfeiffer, in 1894, first
placed the doctrine of dacferivlysis upon a firmer basis
and indicated the dual nature of the active substance.
In the following year Bordet elaborated and amplified
this idea, formulating a doctrine of lytic action which
has since gained universal acceptance, and which was later
extended by Bordet himself to cover the phenomena of
haemolysis.

At this period Ehrlich was developing his theory of anti-
toxin formation, and he went on to study lytic action and other
humoral phenomena. The bent of his mind was essentially
chemical, and he succeeded in framing a purely chemical
theory to account for the nature, properties, and formation of
all humoral antibodies, This—the celebrated ** side-chain
theory ''—was enunciated by Ehrlich in the closing years of
the last century. It is impossible to withhold our admira-
tion from a generalisation based on such a wide ground-
work of facts, and serving to explain, in terms of exact
chemical science, the processes of cell chemistry in general,
and immunity as a special instance of these. So immediate
was the recognition of the intellectual value of the side-chain
theory, so lucidly did it seem to explain and reconcile the
facts of immunity, and so fruitful did it prove in the stimu-
lation of research, that it speedily became the dominating
influence in our views as to the defence of the body against
bacterial invasion. The disciples of Metchnikoff, at least
in Germany, and indeed in this country, hid their diminished
heads, and phagocytosis was relegated to the position of an
interesting but relatively unimportant adjunct to humoral
means of defence,.

In France this was less the case, but Metchnikoff was
compelled to meet the new facts: the primitively simple
conception of phagocytosis had to be modified and amplified
in such fashion as to include the action of humoral elements.
The ‘*alexin” of Buchner and Bordet, which is the ** com-
plement” of Ehrlich, was for Metchnikoff a product of the
phagocytes, essentially intracellular in the living cell, but
liberated on its disintegration. The doctrine of ** phagolysis "
was added to that of phagocytosis to explain the extra-
cellular destruction of microbes. As we now know, there
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are many facts in support of the conception that alexin, or
complement, is derived from the leucocytes. Later it
became necessary to include the ¢‘substance sensibiliza-
trice”’ of Bordet, which is the ‘‘ immune body " or ** ambo-
ceptor” of Ehrlich in the scheme, and this Metchnikoff
somewhat reluctaptly did; he held it to circulate in normal
blood, and as “‘fixator” to have an adjuvant action in
phagocytosis. But these efforts at reconciling the facts of
humoral pathology with the main doctrine of phagocytosis,
though they were supported by numerous ingenious experi-
ments, failed for the time to stem the current of humoral
views, and for many years the views of Metchnikoff remained
in comparative neglect.

OpsoNIN THEORY,

Such was the position of affairs during the first year or
two of the present century. The next landmark in the
development of theories of immunity lies in the ‘‘ opsonin
theory,” under which I include all those views which reco-
gnise phagocytosis as the essential means of defence, but
consider the presence of a humoral element necessary to
prepare bacteria for ingestion. The idea of such humoral
cooperation was quite foreign to Metchnikoff's original
theory, but in 1895 Denys and Leclef, working at immunity
against streptococei, showed that the difference between the
immune and the normal animal lay, not in the lencocytes
but in the presence of a specific humoral element in the
serum which determined the occurrence of phagocytosis.
The experiments by which they proved this were ingenious
and conclusive ; it isa matter for some surprise that they did
not arouse more widespread attention, for in this and in the
later work of the Louvain school certain of the fundamental
positions of the opsonin theory were clearly anticipated,
including even the anchoring of the effective substance by
the specific bacterium.

Nevertheless the credit of the opsonic theory belongs
essentially to Wright. In 1903 Wright and Douglas proved
the presence in mermal serum of a humoral element which
determines the occurrence of phagocytosis. They coined for
it the name *‘ opsonin,” and showed that it was thermolabile,
putting it forward as a substance hitherto overlooked. The
acceptance of the opsonic theory in this country was in the
main due to the immediate practical application to which
Wright turned it. He devised a methﬂg of measuring the
opsonic value of a given serum and employed the ** opsonio
index " as a guide in the application of the *‘ vaccine " treat-
ment which he was then beginning to develop. The brilliant
results which this method of treatment has yielded in suitable
cases drew immediate attention to the methods by which
Wright had been guided in the dosage and administration of
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hisvaccines. The opsonic index became almost a household
word, and in this country and in America a very large
amount of work has been carried out on the subject. On the
continent the opsonic theory made slower headway, though
it has now attained due recognition there also. It is a little
singular that although the opsonic doctrine presupposes
Metchnikoff's theory of phagocytosis as its basis, Wright him-
self, if we may judge by his writings, is practically a
humoralist in the sense that his attention is concentrated on
the humoral adjuncts to phagocytosis: to this point I shall
return later.

Wright's opsonin, as found in normal serum, is a thermo-
labile substance. In the year following his original publica-
tion Neufeld and Rimpau drew attention to the presence in
immune sera of a similar humoral substance, conditioning
phagoeytosis, but differing from Wright’s opsonin in that it
was thermostable. This they termed *‘ bacteriotrepin.” We
now know that there are several substances adjuvant to
phagocytosis differing in their thermostability. The term
‘‘opsonin " may conveniently be used as a generic one, and
there is no reason for separating the bacteriotropin theory of
Neufeld and Rimpau from the opsonic theory of Wright.
The question which now occupies the minds of students of
immunity is the relation between opsonins and previously
known antibodies. Are they truly substances sui generis, or
are they our old friends amboceptor and complement under
another name? Time will show, but there is a growing
body of opinion that opsonic action is only a newly
recognised manifestation of substances already known from
other aspects. In any case the discovery has helped to
bridge the gulf between phagocytosis and the purely humoral
view of immunity, and to reinstate Metchnikoff's doctrine as
to the essential nature of bodily defence against bacterial
invasion.

AGGRESSIN THEORY.

More recently a somewhat new turn has been given to the
point of view from which we may look on immunity by the
‘‘aggressin theory” of Bail. All the preceding theories
have as their starting point the reactions of the body
against invading bacteria. The aggressin theory more
logically begins with the properties of the parasitic organism.
It denies that the various lytic antibodies, interesting as they
may be in test-tube experiments, have much to do with
immunity in the animal body ; in the tissues, where infection
runs its natural course, bacteriolysis does not occur. Bail
focusses his attention in the first place upon the means by
which the bacterium is enabled to multiply in the body.
Assuming phagocytosis as the essential means of bodily
defence, it is plain that any property which enables the



bacteria to paralyse the phagocytes must facilitate their
invasion. This property is found by Bail in substances
formed by pathogenic bacteria, chiefly within the animal
body, which he terms ‘* aggressins,” and which are supposed
to act by negative chemiotaxzis upon the leucocytes ; other-
wise he imagines them to be non-toxic. Immunity, on the
aggressin theory, depends upon the formation by the body of
i anti-aggressins,” which once more permit the phagocytes
to exercise their normal functions of defence. An anti-

ressin is obviously but an opsonin under another name.
Only the point of view has been changed. Logically the
change is, perhaps, for the better, for the bacterium is always
the attacking element, and the names which we choose to
apply to the weapons in the hands of the attacking and
defending forces are a matter of detail.

It cannot be said that Bail's theory has gained wide accept-
ance, and it may well be that his facts as to the specific
nature of aggressins are capable of interpretation in another
way. Nevertheless, the aggressin theory has drawn atten-
tion to means by which bacteria may defend themselves
against the mechanisms brought against them by the body.
Amongst these must be reckoned the remarkable structural
change which, in the case of some species of bacteria, has
been shown to occur in those individuals which have suc-
cessfully invaded the animal body—in other words, which
are in a highly virulent condition. The change consists in
the development of a capsule, often of great thickness. So
long ago as 1897 Bordet showed that streptococci might
under these circumstance develop a capsule which appa-
rently hindered their ingestion by phagocytes. There
seems to be a relation between the virulence of the
pneamococeus and the degree of development of its
capsule. The anthrax bacillus affords another striking
example of the same thing, well shown by the work of
Gruber and his pupils. It would seem that when bacteria
are experimentally introduced into the animal body (and
there is no reason for doubting that the same process occurs
in natural infection) the majority perish. These are the
more weakly ones, least able to withstand the defensive
mechanisms of the body. If the invasion is successful, the
victorious host consists of the lineal descendants of the
more capable survivors, inheriting their parents’ capacities.
The rapidity with which generation succeeds generation
(which may be a matter of only half an hour) enables natural
selection to act with unparalleled intensity, and thus a
resistant—i.e., a virulent—strain of the microbe is speedily
produced. The properties essential to virulence are seen to
become kinetic in the very course of the infection ; in the
test-tube they were merely potential. Thus is simply
explained the exaltation of pathogenetic power long known
to result from passage through the body of a susceptible
animal. In some cases at least the phenomenon is associated
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with the development of a well-marked capsule ; in others,
merely with an increase in the apparent size of the bacterium.
The term **animal bacilli " has been employed for such strains,
as opposed to the *‘ culture bacilli” of the test-tube. The
evidence that such strains owe their virulence to the power of
resisting the natural defensive mechanisms of the body seems
clear as regards phagocytosis. I have already mentioned
Bordet’s observations on streptococci. Gruber and his
co-workers have shown that capsuled anthrax bacilli resis
phagocytosis, where the uncapsuled ones succumb, Rosenow
has demonstrated the inverse relation between the liability
of pnenmococei to phagocytosis and their virulence. It bas
even been shown that, in a given case of pneumonia, the
pneumococei cultivated from the lung were susceptible to
phagoeytosis, while those cultivated from the blond re-
sisted it.

All this so far supports Bail's conception in that it begins
the study of immunity from the point of view of the
bacterium. Whether or not the microbe forms chemical
aggressins it at least exhibits structural adaptations which
enable it to defy the defence of the body. It may be that
the converse proposition is justified and that the body
defends itself against the bacterial poison by some analogous
structural adaptation ; hypotheses of immunity on such
lines have been suggested by Sauerbeck, Wassermann and
Citron, and others.

Such are the chief views as to the immunity of the body
against bacterial invasion which have been held during the
past quarter of a century. There are indeed others, but
they are too novel or too little supported by facts to be
included in this short historical survey. I may add that,
during the last few years, an altogether new fact has also
been brought to light, evidently closely connected with
immunity, and so far only explained by chemical hypotheses.
I refer to the phenomenon of supersensitisation to alien
proteins, known as ‘‘ anaphylazis.” No intelligible theory of
immunity has yet been founded upon the phenomenon, and I
mention it here only because I shall have later to describe my
own observations on it in relation to the behaviour of the
%eucﬂcftes. I shall enter fully into the subject in another
ecture.

SUMMARY AND CRITICISM,

I must now ask your permission to look back over the
history which I have just sketched, and consider how much
solid nucleus of established fact may, at the present day, be
held to have condensed from the nebula of conflicting
opinion about immunity.

We have seen that the first theory of active bodily defence
was that of phagocytosis pure and simple, unconditioned by
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any humoral adjunct. The discovery of the power possessed
by the higher animals of forming antibodies reacting, not
only against bacteria, but against foreign cells of all
descriptions, and even against foreign proteins and bacterial
toxins, threw the simpler explanation of Metchnikoff into the
shade, and humoral theories of defence reigned almost
supreme for 10 or 15 years.

It is fatally easy to explain a newly observed property by
assuming a hitherto overlooked substance in the serum. I
do not for a moment desire to cast any doubt on the trath of
the fundamental propositions of lytic action: they are most
firmly established. But it is plain that a school of thought
which translates the observed properties of a fluid into
terms of personified entities for which there is no actual
chemical evidence is not without its scientific dangers. Not
till antibodies and their antigens have been brought under
the dominion of weights, measures, and chemical formulz,
not until their chemical and physical properties have been
ascertained by methods lying outside biology, shall we be
able to feel sure that we are dealing with things and net
phantoms. In other words, the solid and final advance in
our knowledge of humoral immunity must come from the
development of physical chemistry. To explain biological
facts by a transcendental pseudo-chemistry may be useful
enough as a working hypothesis so long as we are content te
recognise it as such.

Metchnikoff’s view was essentially based upon the facts of
natural immunity, while humoral theories have been chiefly
derived from the study of the acquired property. Metchnikuﬁ,
again, relies mainly upon what is observed to take place
within the living body ; the facts of the humoral school are
chiefly based upon the behaviour of the serum in experi-
ments carried on outside the body. There is much to be
said against the assumption that the serum of shed blood
necessarily corresponds in its properties with the fluids of
the living body. The gulf is not one to be lightly
bridged. Could it be shown that the observed facts of
immunity corresponded in all cases with the properties of
the sernm outside the body no serious difficulties would
arise. But this is not the case. The instance of anthrax is
one often quoted: rabbit's serum is bacteriolytic for the
bacillus, yet the animal is susceptible; the hen is immune,
yet its serum has no bacteriolytic power against the bacillus.
The doctrine of humoral antibodies, as Sanerbeck has urged,
is not quite the same thing as the doctrine of immunity ;
the phenomena of the test-tube will not explain all that we
see in the living body.

The established fact which emerges from all the humoral
observations of the last decade and a half is that there exists
a restricted group of foreign chemical substances to the
presence of which the animal body responds in a special
manner, This gronp—the so-called *‘antigen” group—is
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by no means synonymous with the group of poisons: the
simpler chemical poisons are not antigens, and many sub-
stances, in themselves harmless, may nevertheless act as
such. The group includes proteins of all kinds foreign to
the affected organism, including bacterial proteins ; it further
includes bodies of unknown but certainly complex composi-
tion, such as enzymes and bacterial toxins, together with
certain other animal and vegetable toxic agents. The
response of the body when such substances are introduced
into it in suitably small doses is delayed for a period of some
days or weeks. After this needful incubation period the
serum is found to possess a new property—that of reacting
with the antigen in such fashion as to neufralise it. The
action may be simple and direct, as in the case of toxin
and antitoxin, or it may be more complex, involving two
distinet properties, one of which is abolished by heating for
half an hour to 55°C., while the other resists higher
temperatures.

These are demonstrable biological facts which admit of no
doubt or cavil. They are naturally, and probably rightly,
interpreted as indicating the formation of chemical substances
having the specific power of neutralising the antigen, chemi-
cally or physically. How and where they are formed, and
how they interact with the antigen, is still a matter of specu-
lation. By far the most ingenious explanation is that offered
by Ehrlich's side-chain theory. There is, indeed, no other
theory worth mentioning. We may well believe that the
processes of cell chemistry are of excessive complexity, but
it must be confessed that when, to the side-chain theory,
there are added all the accessory hypotheses and corollaries
which seem requisite to explain all the observed facts, we are
rather staggered in our allegiance.

And when we further consider the relation of all this to
the actual facts of immunity, we must feel somewhat
sceptical as to the adequacy of these purely hunmoral
explanations. Except in a few isolated cases there is little
evidence as to the extracellular destruction of bacteria
within the body by humoral agencies. There are certain
bacteria which seem susceptible to such agencies ; such are
the cholera vibrio and perhaps the typhoid bacillus, but these
are exceptions to the rule.

Modern opinion hence has during the last few years
tended to swing back towards Metchnikoff’s doctrine ; not,
indeed, in its original simplicity, but in the sense that the
ordinary means by which invading bacteria are destroyed is
phagoeytic in essence, conditioned by the presence of a
humoral element. The opsonin theory and the aggressin
theory accept phagocytosis as their basis, and we may
regard an opsonin and an anti-aggressin as much the same
things under different names. Numereus and somewhat
conflicting attempts have been made to identify opsonins
with lytic antibodies. The thermolabile opsonin of normal
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serum is identified with complement by Muir and Martin,
Gruber, and others. The thermostable opsonin of immune
serum may be identical with an ordinary lytic amboceptor,
as Dean has argued. Bauerbeck suggests that opsonic action
and lytic action may be different degrees of the same
process. To enter into the arguments would lead me too far
from my subject. It is certain that the means of defence
against bacterial invasion is not in all cases identical. The
body employs different means according to the nature and
properties of the attacking organism.

IMMUNITY AND EVOLUTION.

If I may venture to express the view of immunity which
appeals to me I shall do so from the standpoint of evolution.
An infective disease represents a struggle between the
invading microbe and the body of its host. Each party in
the conflict possesses its own weapons of offence or defence,
specially adapted to counteract those of the other party. In
my former lecture before this College I endeavoured to
indicate the probable course of evolution in a conflict of this
sort. I compared the gradually increasing complexity of the
situation to a game of chess, in which the bacteria had
always been the attacking side. It is reasonable to assume
that at the earliest dawn of infective disease upon this earth
the invaders, probably aceidental ones, were unprovided with
any special weapons of offence, and were no more to the host
than any other inert food particles. To repel such casual
intruders the body required no special means of defence.
The process of phagocytic ingestion followed by intracellular
digestion probably sufficed. Intracellular digestion is the
primordial form of that function; seen to perfection in the
amceba, it is still carried out by the mesoblastic cells of
animals higher in the scale. Buch, 1 take it, must have
been the germ from which the battle of infective disease
originally sprang. The primitive means of bodily defence
must almost inevitably have been phagocytic. It must have
included the two factors of ingestion and of digestion by what-
ever enzyme the cell possessed for its normal nutritional
processes. It is possible that in certain cases of infection,
as we see it to-day in the higher animals, these factors have
become in a measure dissociated. The serum may possess
the power of extracellular disintegration of certain bacteria,
but it may quite well be that this is due to an active agent
which is primarily intracellnlar. On the other hand, bacteria
may be ingested by phagocytic cells without any sign of
intracellular digestion ; in gonorrheea the cocei seem to
thrive in the phagocytes.

In any case it seems to me impossible to doubt the truth
of Metchnikoff's doctrine as the starting point of bodily
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defence against bacteria in bygone ages. His studies in
comparative pathology show that phagocytosis remains the
most essential method of repelling microbiec invasion, up to
the higher vertebrates. In man himself we see a process
fundamentally identical, and still essentially a property of
the mesoblast, but long before we reach this point we find
various complicating factors introduced into the struggle.
These fall naturally into two groups: (1) the development
of aggressive weapons by the attacking force ; and (2) im-
provements in the means of defence on the part of the
body attacked. It is logical to consider them in this
order.

EVOLUTION OF THE PATHOGENIC BACTERIA.

In my Horace Dobell lecture I endeavoured to trace the
evolution of the pathogenic bacteria. Starting from the
obligate saprophyte, I suggested the next stage as one of
permanent attachment to the surfaces of the animal body,
external and internal, still as a saprophyte, but with occa-
sional chances of access to the blood and tissues. Following
this must have come a stage at which the bacterinum developed
the power of taking advantage of these chances and of
living for awhile as a facultative parasite. The parasitic
power, once acquired, seems in certain species to have become
highly developed, so highly in some cases that other modes
~ of life were no longer necessary. . Thus must have arisen the
obligate parasites, spreading as pathogenic agents from case
to case.

What, now, are the means by which the microbe has
succeeded in acquiring the power of growth within the living
tissunes? From the very outset it must have been confronted
with the phagocytic powers of certain cells of the body. It
is reasonable to assume that the first thing a bacterium had to
do in order to invade the living body with any prospect of
success was in some way to antagonise the action of the
phagocytes. If one wishes to gain access to a pleasant
garden guarded by fierce dogs there is more than one way of
attaining the end in view. One might put on armour, or by
chemical means one might render oneself so physically
unpleasant to the animals that they would shrink away in
disgust ; or again one might poison the dogs. All these
things, in varying degree, bacteria seem to have done; we
can trace to-day, amongst virulent bacteria, indications of
all three methods of antagonising the defensive mechanisms
of the body, but we cannot say which method arose
first. 1 have mentioned the formation of capsules by
certain bacterial species—structures which, according to
many reliable observers, in some way hinder phagocytosis.
There is again evidence that certain bacteria or their
products exercise a repellent influence upon the leucocytes, a
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negative chemiotaxis. This conception lies at the root of
Bail's aggressin theory. Again, we know that many patho-
genic bacteria produce toxins acting on various cells of the
body, sometimes with great severity. Although Bail regarded
his aggressins as non-toxic some of his critics do not share
this opinion (e.g., Sauerbeck), and it is possible that negative
chemiotaxis may represent a minor manifestation of toxicity.

Such seem to be the weapons of offence and defence in the
hands of the bacterial army. By their aid the microbe
succeeds in eluding the defensive agencies of the body, for
it must be remembered that infective disease is a reciprocal
affair, and that there is an immunity of the bacteria against
the body no less than an immunity of the body against the
bacteria.

IMPROVEMENTS 1IN BobpiLy DEFENCE.

Let me now turn to the opposite side of the conflict and
consider the improvements in bodily defence which have
been evolved in the higher animals in response to bacterial
assaults, I start with the supposition that phagocytosis is
a fundamental power of certain cells of the body, adequate
for defence against microbes which have no special powers
of aggression. It probably still suffices for such bacteria.
I have conducted a few experiments in which I have injected
into the circulation of animals harmless air and water
bacteria, which, being incapable of multiplication at the
temperature of the body, may certainly be regarded as devoid
of any active powers of aggression. I will give the details
of these experiments in due course. Here 1 will only say
that the immunity reactions which I have observed in such
cases are of trivial extent compared with those excited by
more highly specialised pathogenic bacteria. These harm-
less organisms are so readily destroyed within the body, even
when injected in immense numbers, that it would seem
hardly worth the body’s while to have developed any special
means of defence against them.

But as soon as we turn from these necessarily impotent
species to bacteria which have acclimatised themselves, as
saprophytes, to the physical and chemical conditions obtain-
ing in the animal body, and which have had chances in the
past of occasional access to the tissues, we find coming into
play factors other than spontaneous phagocytosis. These
factors become more and more conspicuous and important
in defence as we pass on to those microbes which have
developed the power of aggressive parasitism. It may be
noted, however, that even in the latter case some traces of
spontaneous phagocytosis still survive. In any bacterial
culture which is used for an opsonic experiment there are a
few weakly and degenerate individuals which are ingested,
even in the absence of opsonin. If, for example, we look at



















































































































































































































































