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PREFATORY NOTE BY THE CHIEF MEDICAL OFFICER.

To the Right Hon. NeEVILLE CHAMBERLAIN, M.P.,
Minister of Health.

SIR,

1. T beg to submit two reports from the Ministry’s Patho-
logical Laboratory on bacteriological aspects of pmbfems affecting
the puhhf,: health.

2. Dr. Eastwood deals with fluctuations in bacterial virulence.
Questions as to the significance of such variations are constantly
arising in epidemiological enquiries and serve as a reminder that
statistical methods of dealing with these matters are hampered
by lack of data which the bacteriologist is asked to provide.
Their provision is extremely difficult, because the bacteriologist
is required to enter into those highly obscure domaing of biology
which are concerned with the interactions between living vegetable
parasites and their animal host.

3. 1t is known, for example, that certain bacteria are frequently
present in the throats of healthy persons and that the conditions
under which they occasionally develop the power of invading the
tissnes must be exceptional. What are these exceptional condi-
tions ! Is it possible to define more precisely the nature of this
peculiar reaction between the living seed and the living soil which
results in pathological change !  Hitherto ** immunity 7 literature
has been concerned mainly with the response of the animal
body to the introduction of foreign protein which exerts its
stimulus not as living protoplasm but as dead material of highly
Cﬂmp]E}L chemical constitution. Such material is called an

“antigen,” because it stimulates the animal body to produce
something, called an * antibody,” which reacts with the former
in a special and selective manner. But it has long been apparent
that ** antigen-antibody  reactions which are demonstrable in
observations such as these help little towards the solution of
many outstanding practical questions about the prevention and
cure of bacterial infections. Here the invasive capacities of the
bacteria and the resistance of the animal host are the main subject
of interest, and it has not been found possible to explain them in
terms of a reaction between a known and demonstrable antigen
and a known and demonstrable antibody.

4. There is, however, reason to believe that new kinds of
antigens and antibodies may eventually be discovered, and that
their properties will throw additional light on the mechanism of
infection and resistance, i.e., the mechanism which enables bacteria
1o invade the tissues and, on the other hand, stimulates the animal
body to resist this invasion. Dr. Eastwood’s report is mainly
concerned with this question. The problem is an old one but has
not lost its vitality. He has endeavoured to develop it out of the
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chrysalis stage in which it was left by the pioneer workers who
thought they had discovered such new antigens and antibodies
and wished to identify them with * aggressins ™ and * anti-
aggressins.”’

5. Dr. Scott’s report on agglutination reactions of diphtheria
bacilli is a contribution to practical questions concerning the
carrier problem and the diserimination between pathogenic and
harmless types of this bacterium.

fi. Certain strains of this organism are not pathogenic, though
they are identified as B. diphtherie by the ordinary laboratory
tests. [t isimportant to ascertain if their position as members of
this species can be confirmed by their serological reactions.  Such
reactions also throw light on the question whether bacilli which
exhibit some slight differences from the typical strains, either
in their microscopic appearances or in their fermentation reactions,
are or are not to be classified as belonging to this species. A
positive response to the agglutination test would indicate that
they are. Suoch tests. further. are of utility in deciding whether
particular epidemies of diphtheria are due to particular types of
baeilli, in correlating a localised outbreak with a particular carrier
of the germs, and in endeavours to ascertain the possible
relationship between the mortality of an epidemic and the type
of bacillus concerned.

7. In a total of 265 strains which Dr. Scott has investi-
gated, he has found eight serological groups and an unidentified
remainder. Six of these groups contain only toxigenic strains,
while the remaining two include both toxigenic and non-toxigenie
cultures. The unidentified strains and also the non-virulent but
otherwise typical strains were much commoner amongst contacts
and carriers than amongst convalescents and acute cases., The
non-toxigenic strains which conformed to the ordinary micros-
copic and cultural criteria for B. diphtherie were also found to
respond to the serological tests proving membership of this
species; but this was not the case with the strains which are
commonly described as * atypical diphtheroids.” a fact which
provides further evidence that such strains are not true diphtheria
baeilli.

8. It is of special interest to note that Dr. Scott found evidence
associating particular epidemics of diphtheria with baeilli
belonging to particular serological groups.

I have the honour to be,
Sir,
Your obedient servant,
GEORGE NEWMAN,
Whitehall,
Augunst, 1923.
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IxTRODUCTION.

In the study of catarrhal and inflammatory infections and in
observations on their dissemination by carriers, it is found that
many bacteria are liable to change their ordinary mode of existence.
Commonly they live as non-toxie and harmless saprophytes on
the surface of mucous membranes; then they suddenly become
paragites,* invade the tissues, and =et up morbid processes.
Pneumococel and meningococei are good examples of potentially
pathogenic bacteria which are very frequently found as harmless
residents on the surface of the naso-pharynx, and it is known
that disturbances of intestinal origin are often attributable to
bacterial species which form part of the intestinal flora in
apparently normal animals. How is this change from sapro-
phytic to parasitic existence brought about ?

This question leads to others. How is variability in the
invasive capacities of some species of bacteria to be explained ?
Does it depend on some special equipment, which rarely fails in
some species, such as the bacilli of plaguo anthrax and typhoid
fever, but is {:-nl} acquired by other viruses under special condi-
tions? What is the nature of the resistance which the bacteria
encounter in their animal host, at the onset of infection and during
the course of the diseaze ?  And what are the factors concerned in
the suceessful stage of resistance which ends in recovery ! Further,
how are the events of infection, as they oceur in the individual
host, to be correlated with the events llet£r111u11|1g the spread of
disease and its emergence into an epidemic ? Are there special
conditions in the equipment of the bacteria and the resistive
powers of their hosts which are associated with the onset of an
epidemic, its rise to a maximum, and its subsequent quiescence !

In the first place, the answer is that the conditions determining
bacterial invasion of the human body are very complex and are
discussed at length in all good text-hooks on immunity, where it
is explained that virulence. or invasive power, depends on the
relations between bacterium and host.  On the part of the latter,
the outer barrier of defence may be weakened, as in catarrhal or
other abnormal conditions of a mucous membrane, and allow
penetration of the bacterium into the tissues. where, owing to a
variety of possible eircumstances, the host’s normal powers of
resistance may have been * lowered " and hence may fail to exert
their usual antibacterial action on the invaders. On the part of
the bacterium, the transition from saprophytic to parasitic
existence may be facilitated by the presence of such material as
exudate, clot, or damaged tissue, which, by providing as an
environment a half-way house between dead and living matter,
enables the bacterium gradually to acquire the habit of growing
as a parasite; or accessory conditions of physical or chemical
nature, acting as irritants or as adsorbents. may favour the

—_ —— e

* 1 use this word in the ordinary bacteriological sense, as meaning
bacteria which grow within the living tissues of the animal body.
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bacterium by neutralising or diverting the attack of the host’s
antibacterial forces.

This brief mention of some of the conditions which have to he
considered at the outset of immunological discussions on infection
and resistance may suffice to show that the question of bacterial
virulence in relation to human infection cannot be answered in
simple bacteriological terms, because it involves the inter-
relationship of complex factors which are not constant. Both the
invasive capacity of the bacterium and the host's power of
resistance are subject to variation, and it is often impossible to
diseriminate between the influence of the one factor and the other
upon the incidence of infection and the course which it runs.
I think it is important to emphasise these general considerations,
because they mean that it is useless to expect the discovery of any
one elue which will unravel the whole subject.

Owing to its complexity, the problem must be divided into
sections and these, in turn, must be subdivided into smaller zec-
tions, each of which needs separate consideration. And it must be
remgtmed as a necessary consequence of this method of inquiry,
that conclusions derived from consideration of any particular
sub-section are not lmmediately applicable to the problem as
a whole: they relate only to one factor, which must be correlated
with many other factors. One large section of immunity work
15 oceupied with the reactions between antigens and antibodies.
Highly important though it is, this subject is no more than a part
of the whole: even if knowledge about antigens and antibodies
were complete, it would be only a partial explanation of infection
and resistance. This section, again, lends itself to many sub-
divisions, and it is on one of these that 1 wish to concentrate
attention in this report.

When bacteria are introduced into the body parenterally,
antibodies are formed which are directly attributable to the
antigenic stimulus of foreign protein: and these events usually
happen whether the bacteria are dead or alive. But is this a
complete statement of the antigenic influences which are operative
when the bacteria actually grow within the tissues of the living
animal body ? Under these circumstances, is there an additional
factor to consider !  Are products formed which act as antigens,
though differing from the antigens obtained from dead bacterial
protoplasm, and stimulate the formation of antibodies which
react specifically with these products of bacterial growth? The
possibility of this additional antigenic factor is the subject which
1 have selected for consideration.

Its special importance lies in the fact that bacterial virulence,
in the many instances where it is not due to 2 demonstrable
toxin, is urgently in need of explanation. It is rarely possible to
attribute it directly to the ordinary well aceredited bacterial
antigens, which can be demonstrated in the test-tube by antibody
reactions, Serological tests for precipiting, agglutinins and
absorption of agglutinins enable one to identify a bacterial species
and to subdivide a species into races or groups; but it is frequently

A
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impessible to correlate these data with the virnlence of the par-
ticular strain which is submitted to these tests. In fact, when
the results thus obtained are compared with the results of animal
experiments, they often afford evidence that the special bacterial
structure which is demonstrated in these serological reactions is
not the structure upon which virulenee, or lack of virulence,
depends. Hence, not from choice but of necessity, thiz direct
method of analysing bacterial properties has to be abandoned in
the study of virulence. Search has to be made for other factors,
which may be operative in the animal body though not demon-
strable in the test-tube; and thus one is led to the question whether
one of these factors may not be a special type of antigen which
it formed only in wvivo and leads to a correspondingly special
antigen-antibody reaction.

It will be recognised at once that this question is a very old one,
In one form or another, it has been widely discussed in bacterio-
logical literature and has given rise to much controversy. In
particular, there have been heated debates as to whether these
postulated antigens and their antibodies are to be identified with
* aggressing ' and * anti-aggressins.”  Due notice will he taken
of these matters later on (pp. 15-24). But 1 think it will be best
to start with a clean zlate and try to steer clear of old disputes,
The matter of main interest is to consider whethier the interplay
of some special but imperfectly defined antigens and antibodies
is one of the possible factors involved in the conflict bhetween
parasitic bacteria and their animal host. I use the word
** posgible 7 for the obvious reason that the existence of such a
factor may be suspected ‘but may not be amenable to complete
seientific demonstration,

Tue BacriEriaL EqQuirmexT FOR INvasioN.
Relation of Virulence to Chemical Siructure of Bacteria,

Though virulence® is a relative term, involving consideration
of the animal host as well as of the bacterium. in laboratory
experiments it is often possible to establish conditions which are
simpler than those obtaining in natural infection and enable one
to give the terms * virulent " and ** avirulent ” a definite meaning
in relation to a particular bacterium. 1 refer to observations
such as the following. (1) A bacterium may be found experimen-
tally to possess high invasive powers for a particular species of
animal, (2) It is then trained to grow as a saprophyte by repeated
subculture on artificial medium; experiment. made under the
same conditions as before with respect to dosage mode of infee-
tion,T and choice of animal, may now show that it has lost its

* A= 1 am not discussing bacteria which are virulent because they yield
a powerful toxin, I mean by * virulence 7 simply capaeity to grow and
produce disease in the animal body.

1 It is important that the mode of infection should be the same, as loss
of virulence may be demonstrable by one method (e.g., feeding) but not by
another (e.g., subcutaneous inoeulation).
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former virulence. (3) The attenuated culture is then subjected
to repeated animal passage; after this treatment it may be found,
on repetition of the previous experiment, that the original viru-
lence has been restored, provided. of course, that attenuation
has not gone so far as to produce loss of virulence irrevocably.
In this example it is clear that the bacterium possesses something
on one oceasion which it does not possess on another. And it
may be safely assumed that this presence or absence of invasive
capacity, as an attribute of the bacterium, is one of the factors
which play an important part in the more complex conditions of
natural infection.

Taking this simplified conception of bacterial virulence as the
starting point, one proceeds to consider how far it can be explained.

The virulent strain must possess certain chemical or chemico-
physical properties which distinguish it from the avirulent one
and enable it to interact with the surrounding tissues and fluids
of its host in a special way, the result being bacterial growth,
whereas the avirulent strain could not have produced the condi-
tions requisite for growth. This attribute of the virulent bac-
terium is often thought to be due to something of a ferment-like
nature, ¢.e., to some particular configuration of the bacterial
protoplasm or of its products which enables it to break down and
assimilate living animal material.

But this particular configuration need not always be the same
for the same strain of bacteria. It is often found experimentally
that repeated passage through a particular species of animal
changes the virulence of bacteria in respect to different animal
species: it may. for example, increaze the virulence for certain
animal species, including the species used for passage, and
simultaneously diminish it for some other species. Hence
virulence, even in so far as it is strictly an attribute of the bac-
terium, may be changed in character by the attributes of the
animal species in which the bacteria have thrived. The explana-
tion may be that, when bacteria break down living animal material
and assimilate it. the particular configuration of the bacterial
protoplasm is liable to modification in accordance with the
character of the material to be assimilated. Perhaps this
modification occurs gradually. The bacteria which have grown
within the animal body may not all resemble each other exactly
in chemical structure ; those which happen to possess the structure
most suited for survival in this environment will multiply, and
those less well equipped will die out, the result of this selective
process being the emergence of a strain with new gualities.

Qualitative differences in virnlence. such as the ahove, are
probably of a different nature from mere differences in the
intensity of virulence. Anthrax bacilli afford good examples of
the latter. The rabbit is less susceptible to anthrax than the
guinea-pig, and the guinea-pig iz less susceptible than the mouse.
A strain (a) which is virulent for the rabbit is also virulent for
the other two animals; certain attenuated strains (b) have been
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obtained which are virulent for both guinea-pig and mouse hut
not for the rabbit; and strains still more highly attenuated
() have been found to be virulent only for mice. Here the
simplest explanation would be that the configuration of the
bacterial protoplasm which is associated with virulence is the
same in each case but is extremely unstable and easily lost in
(¢). less unstable in (b), and highly stable in (a).

When bacteria possessing virnlence for susceptible animals
are introduced into an animal belonging to a species which is
naturally immune, they usually die out promptly. The reason
may be supposed to be that, in these cases, the bacterial
prntoplasm is not suitable for ferment-like activity, because
its cunhgumtmn 1s not the right pattern of key to fit the lock
which is presented to it by the living tissues and fluids of naturally
immune animals.

To summarise the above :—(1) virulence is associated with a
particular chemiecal configuration of the bacterial prr.rtruplasm ;¥
(2) this configuration may be altered during residence in the
animal body; and (3) the degree of virulence depends on the
stability or instability of the ferment-like structure to which
virulence is attributable. To this it should he added. as a
corrective, that it may not be aceurate to assume that the bacterial
property upon which virulence depends is purely of a chemical
nature. It may bhe partly due to a particular chemico-phyvsical
(e.., colloidal) balance of the constituents of the bacterial
protoplasm.

But these considerations are at once confronted with the
difficulty which has already been mentioned. Though it is
easy, and no doubt correct, to postulate that virulence must
be associated with s=ome special character in the chemical
or chemico-physical structure of bacteria, attempts to define this
character by the well known methods of serological identification
have rarely been successful.

Adjuvants to Bacterial Growth.

It is well known that bacterial species differ in capacity
to grow in culture, even when the medinm is snitable and has
been adjusted to the correet reaction. In some cases a single
bacterium, washed in saline, will grow without difficulty, pre-
sumably because its chemical structure, or capacity for enzyme
action, enables it to start assimilative processes at once in its
new environment. But in other cases some adjuvant is required
hefore this start can be made. It may be necessary, for example,
to make the inoculation with a considerable mass of bacteria,
which carry along with them some of the extra-bacterial produets
of former growth. ©One may postpone the question whether this

L34 B the formation of capsules in the animal body by some species
of bacteria as a secondary event, which is generally an indication of viru-
lence and a means of protecting the bacteria but is not the explanation of
their virulence.
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and apparently cause little damage to the animal. The avian
tubercle bacillus, for example, may, under certain experimental
conditions, be made to grow freely within the tizsues of mammals
which are nnturallv immune,

These considerations direct attention to another feature con-
nected with the virulence of a given strain of parasitic bacteria.
(apacity for producing disease and ecapacity for growth in the
animal body do not always run parallel, the reason evidently being
that there are differences in the products of interaction between
the bacterium and its host.

Those products of interaction between bacterium and host
which may act as an adjuvant to baeterial growth are usually
irritant and set up disease; but their assistance to the bacteria
does not necessarily depend on this irritant property. since they
may sometimes promote bacterial growth without causing
destruetion of tissue.

ThHe BACTERIA IN RELATION TO THEIR Aximan Hosr,

Antilodies,

Coming now to the animal’s powers of resistance against
bacterial invasion, any substance or condition which iutt*rft*r-:"s
with the action of an enzyme may be termed an = anti-enzvme °
and such causes of interference are not confined to reactions i’:rf
the antigen-antibody type but include also any physical or
chemical conditions which create a medinum unfavourable to the
enzyme.  As baeterial invasion is closely associated with enzyme
action, the host’s defensive Powers Idrgeh’ depend on capacity
to resist or inhibit such action, and this mechanism of defence
is obviously not restricted to the reaction between antibodies,
in the limited immunological sense of the term, with their
corresponding antigens.

I raise this point as a precaution. In the following sections
the term * antibodies ™ is used in the current sense of substances
formed in the animal body in response to the stimulus of an
antigen. It must not be supposed that exclusive importance
is to be attached to this means whereby the body may defend

itself against parasitic bacteria, or that these are the only sub-
stances which may, in the wider physiological meaning of the word,
behave as antibodies.

Acquired Resistance of the Host associated with Tnereased Invasive
Capacilies of the Bacteria.
This is a subject of special interest in relation to the
spread of infection by carriers, and the possible emergence of
-~ ** epidemie strains.”
.+ The bacteria, at the time of entrance into the body of a
susceptible animal, may not be fully equipped with those invasive
properties which would enable parasitic life to commence almost
vat once. The acquirement of these capacities may be a slow
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process, and, during 1its elaboration, the host may have time to
become sufficiently immunised to resist invasion, though the
bacteria, now enhanced in virulence, may become parasitic
immediately, if transferred to a new and susceptible host.

Circumstances such as these are matters of common
obzervation, but the explanation of them is not quite clear.
Un the antigen-antibody hvpothesis, which is now under con-
sideration, the simplest view would be that the first animal host
has time to develop specific antibody against the new and gradually
formed structure of the bacterial substance which gives invasive
capacity, Or, this view may be supplemented by postulating the
influence of a second factor. Antibodies may also have been
elaborated towards those produets of interaction between
bacterium and host which provide a favourable nutrient medium
for the former and are usually irritant and injurious to the
latter.

Is this second hypothesis requisite ¢ Perhaps it is supported
by the facts reviewed in the following section.

Resistance to Re-infection during Progressive Disease.

Animals suffering from certain chronic parasitic diseases are
found to have developed a high degree of resistance against
re-infection with the same virus, although they may eventually
suceumb to the original infection.

Resistance against re-infection with tubercle bacilli or the
virus of syphilis are well known examples. The antibody to
which this resistance is supposed to be due cannot well be attri-
buted to the antigenie stimulus of the pure virus, acting in virtue
of its special chemical structure, because inoculation with the
dead virus does not give rise to protective antibodies.

To consider the guestion in relation to the tubercle bacillus,
it may be supposed that the living and virulent bacillus produces
in the animal body special material which is favourable to its
growth, but this material, being antigenic, stimulates the host
to produce a corresponding antibody, which tends to neutralise
this favourable environment. Hence resistance is due to the
stimulug of infection and, since this resistance is not evoked
by the inoculation of dead bacilli, one arrives at the apparent
paradox that, amongst naturally susceptible animals, immunity
is only found in those which are actually tuberculous. If the
formation of this protective antibody keeps pace with, or exceeds,
the production of the antigenic material which favours the
bacillus, the animal gains the upper hand in its struggle with
the bacillus, the diseaze becomes quiescent, and the bacilli may
ultimately die out, On the other hand, the disease is progressive
‘when the antibody is being formed in less amount than the

ducts of the bacillus. Under these circumstances, the presence
of antibody can still be demonstrated, as was shown by Koch,
by introducing a small dose of culture into some site of the
body-which has hitherto escaped infection: owing to the presence



1 1]

of antibody and the absence of products favouring infection,
the newly introduced bacilli fail to gain a foothold. This antibody
is of a complex nature, owing to its production by the combined
antigenic stimulus of bacterial protein, more or less disintegrated,
together with the produets of interaction between the living
baeilli and the tissues of the host. Hence it may manifest its
activity in more ways than one. Besides giving a protective
reaction, it may give the usual specific reaction to foreign
protein.  The latter is elicited on applying the tuberculin test.

A few more examples of resistance to re-infection during
progressive disease are worth mentioning.

In the course of his valuable work on anthrax, Preisz* made
a study of the conditions under which the bacillus forms capsules.
One of hiz observations was that, if a mouse received a second
subeutaneous inoculation of eculture 24 hours after the first and
in a different region, there was a complete, or almost complete,
absence of capsule formation amongst the bacilli in the second
lesion. He thought the reason was that the animal’s supply of
material out of which capsules were formed was becoming
exhausted. 1 think a somewhat different explanation may he
offered. Absence of capsule formation in the animal body
means that the bacilli are not able to grow vigorously, and this
lack of vigour may be due to the presence of newly formed
antibody* resulting from the first infection, the mechanism being
similar to that suggested in the case of re-infection with tubercle
bacilli. This explanation seems to be supported by some further
experiments made by Preisz, in which he showed that anthrax
bacilli could be attenuated by repeated subcutaneous passage
through mice. The first mouse of the series was inoculated with
a fully virulent culture, After death, material from the local
legion was inoculated into a second mouse; on the death of the
latter, the local lesion was passed into a third mouse, and so on.
In the first mouse the bacilli had well developed capsules; in the
local lesion of the fifth mouse there was plenty of bacilli, but they
were almost all devoid of capsules; the twelfth mouse survived
the inoculation. This attenuation did not oceur, either in mice
or guinea-pigs, when the animals following the first were inoculated
not with the local lesion but with the blood of the preceding
animal. Moreover, the attenuation was only of a temporary
character, as full virulence was regained on culture. T think the
explanation of this change, and of its temporary character, may
be that antibody accumulates in the local lesion and renders this
region less favourable for bacterial growth, and that the effect of
continued exposure of the bacilli to this unfavourable condition
is cumulative.

Is it possible that a principle similar to that which has been
suggested ahove, viz., the influence of a special type of antibody
which is unfavourable to bacterial growth, may underlic the

ie Centralbl. f. Bakt., Orig. XLIX, p. 341. 1904,
t Possible examples of rapid formation of antibody are discussad,
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phenomenon which Morgenroth and others have recently termed
" depression immunity 7 ¢

The following iz a brief acecount of what these authors mean
by this term.* They have observed that mice which have been
injected with streptococei of low virulence are more resistant
than normal mice to infection with highly virulent streptococei.
The results seem to agree, whether the inoculations are made
subentaneously, intraperitoneally, or intravenously ; these animals
survive the dose of virulent streptocoeci, which need not be
injected by the same method as the preparatory inoculation,
longer than the controls which have not received the less virulent
organisms. It seems that this * depression immunity ' is
manifest as early as 24 hours after the preliminary treatment,
or even earlier. In some experiments it was shown to be definitely
evident in 6 hours and fully developed in 24 hours. This con-
dition is liable to disappear, apparently owing to a remission in
the course of the initial infection. For example, it was found to
he well developed up to the fifth day, but, when the “ super-
infective "' dose was administered on the 5th day, the greater
number of the animals sneeumbed to acute infeetion, and, when
the test was made on the 7th day, almost all the animals died,
like the controls, in 24 hours. The attenuated streptococei used
for the preliminary infeetion were non-hsemolytic and formed
green colonies, whereas the virulent organisms used for super-
infection were hamolytic. Thus, the two strains were * ear-

smarked ” for subsequent identification. Post-mortem examina.-
tions revealed two interesting facts. (1) Cultures from the organs

showed that the growth of the hsmolytic streptococei had not
heen inhibited: it was often found that these organisms were
present in very large numbers, greatly in excess of the number
in the control mice which had died from acute infection. (2)
These hemolytic streptococei recovered from the sufmnnfeeted
mice were fully virulent when tested on normal mice.

Hence, as the authors remarked, the effect of * depression
immunity © was not baetericidal; and it did not cause actual
attenuation of the streptococei, but only put their virulence in
abeyance as long as they remained under the influence of this
*“ depression.” They considered that all the peculiar features
characteristic of ** depression immunity " showed that it was a
new kind of immunity and was to be distinguished from those
types of immunity comprised under Ehrlich’s theory of receptors.
This new type of immunity explained, in their opinion, why
diseases =0 often ran a chronic course, the reason being that a
special factor, ' depression immunity,” came into operation
simultaneously with the onset of infection; and each phase in
the progress of the disease was the result of the balanced
antagonism between the infective powers of the microbe and the

* Morgenroth, Biberstein, and Schnitzer, Deutsch. med. Wochenachr.,

p. 337; 1920. Schnitzer and Kiihlewein, Zeitschr. f. Hyg., XCII, p. 492;
1921, Morgenroth & Abraham, Zeitschr. f. Hyg., XCIV, p. 163; 1921.
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resistance attributable to the ** depression immunity 7 of the
host. o, in their experiments on mice, ** depression immunity ™
was the primary event, which made the preliminary infection
with attenuated culture run a chronic course, and was not to he
regarded as the consequence of chronie disease : the further effect
of this state of * depression,” as shown by their superinfection
experiments, was to change an acute into a chronie infection,

I do not think it is possible to give a categorical answer to the
question whether these phenomena may be in any way attributable
to that special tyvpe of antibody suggested above. If they are,
one would have to say that the effect of the antibody is to modify
the.metabolism of the bacteria in such a way that their products
of growth are less injurious to the host. One may recall the
fact that bacteria sometimes grow within the tissues of immune
animals without doing any apparent harm, and that, on transfer
to a susceptible host, they may be found to have retained their
full virulence.

But there may be other explanations for these interesting
experimental data which have given rise to the term * depression
immunity.” It is not clear that they involve special reactions
of an antigen-antibody type, or that they provide the clue to a
new and important principle in immunology.

The preceding paragraphs have raised the suggestion, which
now calls for further consideration, that a distinetion must be
drawn between purely bacterial antibodies and antibodies to the
products of interaction between bacterium and host, and that the
latter, as well as the former, are of importance in immunity
against parasitic bacteria.

Antibodies to the Products of Inleraction between Baclerium
and Host,

Such products, which are necessarily a mixture of material
derived partly from the bacteria and partly from the
animal host, have received much attention, particularly with
reference to anthrax, fowl cholera, and swine erysipelas. (For
further detail see pp. 19-24.) Animals have been immunised with
the sterilised exudate from a case of fatal infection. The anti-
bodies thus produced apparently neutralise the factors in the
environment which are favourable to bacterial g]nwth tlmugh
not acting directly either on the bacteria or on the leucocytes.
The fact that these antibodies are specially concerned with their
own antigens, »iz., the products of the bacteria in the animal
body, may uplam why they are not found to be antibacterial,
i.e., to interfere with bacterial growth, when the serum containing
them is used as a culture medium in vitro. Under the latter
condition, grm&th is merely saprophytic and the element which
was elaborated in the animal body as an adjuvant to parasitic
growth is not formed and is not requisite.

Such antibodies, it is said, are not absorbed by the homologous
hacteria, the reason apparently being that they are not pro-
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duced in response to the stimulus of a purely bacterial antigen,
but present a more complex structure to which the uncombined
bacterial protoplasm is unable to anchor itself. The special
antigenic capacity required for the production of such immune
sera may perhaps be attributable to the combination of two
antigenic components, the one being purely bacterial and possibly
identical with the original antigen present in the saprophytic
existence of the bacterium, and the other being a product of
interaction between the bacteria and the tissues of the host.*
Thus, the antigen does not act merely as bacterial protein but
as protein which is a derivative both of the bacterium and of the
animal body.  And this dual origin is reflected in the antibody
which is produced: it does not react directly with the hacteria
or with normal animal tissues. but with the bacterial environ-
ment consisting of a complex of bacterial and animal products.

But immunity may be established in other ways than by
treatment with sterilised exudate from a fatally infected animal.
One may consider an ordinary example of immunisation in cases
where dead culture alone does not give full immunity (ie.,
resistance to a relatively large dose of living germs), but the
bacteria are too virulent for the employment of living culture to
begin with. Immunisation starts with the inoculation of germs
which have been carefully killed so as not to damage their
antigenic structure: then it is continued with the living bacteria,
the doses being small at first and gradually increasing afterwards.

Is it the case that in this latter method, as well as in the former,
the development of this more complete immunity mav be asso-
ciated with the formation of antibodies specially concerned with
the neutralisation of an environment favourable to bacterial
growth 1

In answer to this question, it must first be re-mgmxed that
it is impossible to say with dogmatic certainty what is the exact
course of events leading to full immunity. The dead baeteria
certainly produce antibodies which come into contact with the
living germs afterwards introduced. These antibodies are not
bactericidal in vitro, and there is no proof that they are immediately
and directly bactericidal in the animal body. It has often
been observed that living bacteria may be recovered long after
inoculation even in a highly immunised animal. Moreover, if
the dead bacteria produced effective bactericidal antibodies,
there would be no apparent reason for the need to supplement
this treatment with doses of living baeteria, in order to enhance
the animal’s powers of resistance. So there must be two stages
in the process: (1) the dead bacteria do part of the work, and
then (2) the living bacteria provide, in some way, a new s_nt;gam{:
stimulus. (1) The original antibodies probably prevent the
newly introduced living bacteria from creating at once an environ-
ment favourable to their growth, and they probably do this by

* Perhaps this combination of properties may be regarded as a fusion,
laadm.g to a new mltlgeuu constitution, not as a mere Juxtapnmt.l.mi of
independent antigens.




14

interacting with the surfaces of the bacteria and by neutralising
soluble substances, derived from the bacteria, which would
damage the tissues and render them more favourable for bacterial
growth than normal tissues. (2) As there is reason to believe that
the living germs are not all killed instantaneously, they will have
time to interact., at least briefly, with the tissues of the host and
to produce a new kind of material as the result of this interaction.
This material, though tending to promote bacterial growth, also
acts as an antigen and produces an antibody to itself. This
antibody may be produced with great rapidity, and, the initial
dose of living bacteria being small, may be formed in excess of
the antigen which they are able to manufacture. Thus the net
result is that the bacteria find their environment unfavourable
and soon die out. The animal is now able to deal with a larger
dose of the living virus, the introduction of which brings about a
repetition of the same process, production of some of this new
antigen, rapidly followed by excess of antibody. In thiz way, a
high degree of active immunity is eventually established, and, if
the injections are continued after this stage has been reached,
the antibody becomes concentrated in the blood-stream and a
serum is obtainable which is useful therapeutically. This way of
explaining the course of events is obviously no more than one out
of several alternative hypotheses which might be put forward :
there is no hypothesis, so far as I am aware, which can be accepted
as proved.

Certain facts may be mentioned in support of the above view,
which amounts to the suggestion that immunisation against
parasitic bacteria is a dual process, involving antibodies against
bacterial products as well as antibodies against the protoplasm
of the bacterial cell.

In active immunity, there is the frequent observation that
high serological eontent in what iz demonstrable in vitro as the
precipitin  type of antibody is not necessarily an index
of a high degree of immunity. A high precipitin titre may he
obtained by inoculating dead bacteria alone, but progressive
immunisation with living organisms may be required before full
active immunity is obtained. Or, again, it may be found that
active immunity is well established although there are no
demonstrable precipitins in the serum.

Obzervations on the use of antisera for conferring passive
immunity also suggest that two kinds of antibodies may be
concerned. A serum may be highly protective, owing to its
content of the pn:-mpl.tm type of antibody, but possess little
therapeutic value, owing to insufficiency of its antibodies against
the products of bacterial growth. It appears, further, that the
establishment of active immunity does not necessarily imply that
the animal’s serum contains enough of the latter kind of antibody
to confer passive immunity on an infected animal. In order to
produce a serum satisfactory for this purpose, it may be necessary,
ag in the case of anti-anthrax sera, to continue inoculation with
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large doses of living bacteria after the stage of active immunity
has been reached.

There is a further point of interest about the ohservation that
sera of this type, which are therapeutically useful and highly
potent in protection tests, e.g., anti-anthrax sera, do not always
contain agglutinins and precipitins. It raises a guestion about
the colloidal properties of immune sera. The effect of many
sera, such as antitoxic sera and sera which may be deseribed
generally as conforming to the precipitin type of reaction, is to
reduce dispersion in vifro. But a colloid may have the opposite
effect ; it may increase dispersion, as when a small amount of
soap solution emulsifies a large amount of oil. It is theoretically
possible that eertain sera which are of protective and therapeutie
value act in this way, viz., that they neutralise the favourable
bacterial environment by initiating the dispersion of its colloidal
constitutents, and that this action iz progressive, so that a
relatively small amount of antiserum will proceed to neutralise
a very large accumulation of the substances favouring bacterial
growth.

Probably the reason why such antisera are not formed when
the bacteria are introduced into a naturally immune animal is
that they do not encounter (or are unable to produce) the animal
component of the required antigenic complex. Natural immunity
is associated with the absence of this antigenic combination, but
is not due to a natural immune body. Support is lent to this
assumption by the observation that the serum of a naturally
immune animal does not protect a susceptible animal, ie., it
does not eontain demonstrable antibodies.

Distinction from Purely Bacterial Antibodies.

It cannot, however, be taken for granted that the theory
which has been outlined above is applicable to everv type of
infection with parasitic bacteria.

In some cases, the favourable environment for the bacteria
may appear to be due to products, e.g., * specific soluble sub-
stances,”’ which are strictly of bacterial origin and have little or
nothing to do with the medium (artificial or in the living animal)
from which the bacterium derives its nutrition. Here it may
be found, as appears to be the case with pneumococei, that the
protective powers of the antiserum are absorbed by treatment
with the homologous bacteria, and that this absorption is coin-
cident with the absorption of agglutining and precipitins. The
simplest explanation of this would be that the substances which
give the in vitro reaction are also those which protect the animal
body, though in the latter event the neutralisation of the
environment favouring the bacteria would not necessarily be
associated with its flocculation. If, however, it was found that
such a serum, though protective, was of only slight therapeutic
power, the reason would appear to be that its action was not
progressive, and that the bacterial products which it was capable
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of neutralising had been turned out in excess before it was
administered. 1f, as again appears to be the case with pnen-
mococel, 1ts specificity was found to be limited to a particular
“type” of the bacterial species concerned, this fact would
indicate that the only baecterial produets which it was capable
of meutralising were those possessing the antigenic structure
peculiar to the immunising strain. The serum might not inhibit
bacterial growth in witro, beecause conditions of growth on
artificial media are less difficult than in the animal body; the
cocel may grow as saprophytes without the assistance of the
adjuvant (presumably neutralised by the antiserum) which they
require when growing as parasites.

When a simple explanation is valid, it is naturally preferable
to one which is more complicated. It may be thought that in
gome cases, e.q., in pneumococcal immunity, the postulate of
some special and vaguely defined type of antibody is not needed,
and that the only explanation required is a purely antlhactenul
antibody, possessing definite characters which are easily demon-
strable in witro. Certainly, the simple explanation should be
pushed for all it is worth: but, even with pneumocoeei, it does
not account for everything.

Though attenuation of a Pneumococeus may be shown to be
associated with loss of {‘Eltd.lll of its antigenic components (see
F. Griffith’s report oa ** The Influence of Immune Serum on
the Biological Properties of Pneumococei ™ ¥), it has not been
found possible to demonstrate any common antigenie structure
which distinguishes all virulent from avirulent members of the
pneumococeal speeies.  And the observation that a condition of
active immunity is not necessarily associated with demonstrable
antibodies suggests the influence of an unknown factor: it may
be ignorance on this point which accounts for the difficulty of
preparing antipneumococecal sera of high curative value. More-
over, in other cases which will be considered later (pp. 19-24),
there are stronger reasons for searching further afield. because
the ordinary types of well accredited antibacterial antibodies
have definitely failed to provide a satisfactory explanation of
immunity.

SUMMARY.

At this stage it may be useful to recapitulate certain points
raised in the preceding discussion.

Though it is easy, and no doubt correct, to postulate that
virulence must be associated with some special character in the
chemical or chemico-physical structure of bacteria, one is
confronted with the difficulty that attempts to define this
character by the well known methods of serological identification
have rarely been successful.

The experimental fact that the initiation of successful infection
sometimes depends on the introduction of some material, which
accompanies the bacteria and acts as an adjuvant tx:.t their

* Rep. .Hmw#ry of Health, No, 18, 1823,
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growth in the tissues, leads to further suggestionz. This material
need not be adventitious; it may be manufactured by the
bacteria themselves, and its presence may be requisite not only
to start their growth, but to facilitate progressive invasion.
Capacity to manufacture the requisite adjuvant may be one
the factors on which the virulence of a bacterium depends.

Those products of interaction between bacterium and host
which may act as an adjuvant to bacterial growth are usually
irritant and set up disease: but their assistance to the bacteria
does not necessarily depend on this irritant property, since they
may sometimes favour bacterial growth without edusing destruc-
tion of tissue.

Do adjuvants to bacterial growth act as antigens which give
rise to corresponding antibodies in the infected host ?

In considering this guestion one must first remember that
such adjuvants may act in other ways; infection and immunity
are not entirely an affair of antigen-antibody reactions.

(‘fonfining the question to this type of reaction, one first notes
that a proecess of this nature, involving the production of a
special class of antigens and their corresponding antibodies, may
bhe operative under conditions where the animal host enables
bacteria gradually to enhance their potential capacities for
invasion, when introduced into virgin soil, but simultaneously
acquires sufficient resistance to protect itself.

This suggestion may perhaps be brounght into line with
interesting facts which have been observed on resistance to
re-infection during progressive disease. About the mechanism
of this resistance there is no explanation which amounts to proof;
it may possibly be attributed to formation of antibodies similar
to those under consideration. The well known facts of resistance,
or partial resistance, to re-infection in progressive tuberculosis
or syphilis are suggestive of a speial type of antigen-antibody
reaction ; and it is worth considering whether a similar explanation
may not account for recent observations on * depression
immunity.”

Further evidence, pointing in the same direction, may he
derived from the facts of suceessful immunisation by means of
sterile exudates from fatally infected animals. And the method
(rometimes equally suecessful) of immunisation with dead or
attenuated followed by living and virulent culture may also
involve the same principle, viz., the utilisation as antigens of
products formed by bacteria living in the animal body and the
production of the corresponding antibodies. Some such explana-
tion seems particularly needed for certain sera which have high
therapeutic value in addition to a merely protective action.

ATrEMPTS TO DEMONSTRATE SPECIAL ANTIGENS AND
ANTIBODIES ASSOCIATED WITH BACTERIAL INVASION,

In the preceding pages it has been suggested that there is a
distinetion between purely bacterial antibodies and antibodies
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to the produets of interaction hetween bacterium and host.  Can
this distinction be verified ! Is there substantial evidence in the
literature that antibodies of the latter sort actually exist and
are clearly separable from the former ?

As early as 1880, which iz long before the side-chain theory
was developed by Ehrlich and the importance of colloids was
emphasised by Bordet, Pasteur had shown that it is possible to
immunise a susceptible animal against parasitic bacteria. - He
produced immunity against fowl cholera by means of living
virnses, employing, to begin with, highly attenuated cultures and
then proceeding to use cultures of increasing virulence.

The scientific mechanism of the process was not then under-
stood. It is still obscure at the present day, though there has
heen an enormous accumulation of work on immunity. Fowl
cholera, anthrax and swine erysipelas are three good examples
of infections for the treatment of which good immune sera have
been obtained, but there is no general agreement as to how
either active or passive immunity is established. Much attention
has been devoted to these problems, in the natural expectation
that their solution will clear the way for the preparation of
immune sera against other parasitic bacteria, where snccess has
not yet been attained.

The literature on the subject is mainly eoncerned with antigens
and antibodies. The readiest assumption would be that the
special antigenic structure of the bacterial virus produces a
counterpart substance in the animal body, and that immunity is
due to the interaction of these two substances. But, as it has
not bheen found possible satisfactorily to identify this postulated
antibody with any of the well accredited antibodies, such as
bacteriolysins, precipitins, bacteriotropins, d&e., repeated efforts
have been made to discover a new type of antigen-antibody
reaction. In this search one of the avenues which have heen
explored is the assumption, with which this report is specially
concerned, that new antigenic substances, not pre-existent in the
bacterial cell, are formed when the bacteria grow in the animal
body, and that the antibodies responsible for immunity are due
to the stimulus of these new substances. Attention was called
to this particular view by the observation that, when killed
culture did not =uffice to induce full immunity, the use of a
living virus was not always necessary. In the case of fowl
cholera, for example, Weil showed that immunity could be
pmduced by vaccination with sterile, centrifugalised exudate from
a fatally infected animal. This material would consist mainly
of soluble products of metabolism, since most of the cellular
matter had been removed by centrifugalisation; and it was
therefore thought probable that these products, rather than the
protoplasmic constituents of the bacteria themselves, were the
immunising agents. It was not, however, absolutely proved, as
opponents of this view pointed out. The clear exudate was
obviously not a pure substance but a mixture of a great many
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ingredients; amongst these might be bacterial extract, con-
taining active antigenic elements of the bacterial cells: and it
might be to these elements that immunisation was due, the
other material in the exudate being no more than ineffective
by-products. These opposing views serve to raise the interesting
question whether the constituents of a pure virus are necessarily
the best antigenic material for producing immunity against that
Virus.

This question may be illustrated by reference to the unknown virus of
rabies.  In immunisation against hydrophobia, Pasteur used material
containing the living virus, first in an attenuated and afterwards in a
virulent form; Semple has been equally successful with dead material,
consisting of carbolised brain emulsion from a fatally infected animal and
containing, therefore, both the dead virus and the products of the living
virug. This latter material was also present in Pasteur’s cords; so the
vitality of the virus does not appear to have been essential to his methaod.
The question, in both cases, 15—What is the real antigenic constituent
of the vaccine? Is it the virus alone, or the products of interaction
between virus and nerve tissue, or both ¥ If the virns could be grown in
pure culture, would inoculation of such material (cavefully sterilised, of

course) necessarily be as useful for immunisation as an emulsion of infected
nerve tissue ¥

In the search for new antibodies, attmbutable to special
antigens which are not preformed in the constituents of the
bacterial protoplasm, a prominent part was taken by Bail and
his school and by Aseoli. Their work is still of interest and is
worth recalling. though 1 am sure there is a general desire to
avoid, as far as possible, renewal of the old and extremely tedious
controversies with which itz publication was associated. The
only matter of importance is to give due recognition to whatever
element of truth there may be in the facts and deductions which
received the not very satisfactory nomenclature of ** aggressins,”’
“ anti-aggressins,” and * antiblastic immunity.”

In the following pages I have endeavoured to summarise the
more important elements of this work,

Aggressins.

Bail and his school elaborated his ** aggressin ™ theory between
the years 1905 and 1912. Infection and resistance, in their
view, could not be fully explained in terms of the antibody
reactions which were already recognised as attributable to anti-
toxing, agglutinins, precipitins, bacteriolysins, d&¢. There was
another element—which was demonstrable in the fluids of
exudates produced by bacterial infeetion; it consisted in the
capacity of such fluids to promote the invasive properties of the
organism which had given rise to the exudate. Following the
common and often convenient practice of ealling a property a
substance, a custom which Bail admitted to be not always well
founded, the property in question was termed ** aggressin.”

To obtain aggressin, an animal was inoculated, generally in
the peritoneal or pleural cavity, with a fatal dose of some
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bhacterinm.  Immediately after death, the exudate was removed
and centrifugalised so as to free it from bacteria and cells;
the clear fluid was then sterilised with chloroform. This fuid,
now termed aggressin, manifested the following properties in
relation to the bacterium used for its production. When added
to the bacteria in doses which were not in themselves pathogenic;
it cansed a sublethal dose of bacteria to become lethal and caunsed
rapid and severe infection from a dose of the baeteria which in
it=elf would have caused only a slowly progressive disease. More-
over, the injection of aggressin alone sufficed to immunise an
animal, though the immune serum which was obtained was not
hacteriolytic. The serum conferred immunity because it con-
tained a special antibody, an * anti-aggressin,” which had been
produced by the antigenic stimulus of the aggressin.

The aggressive properties of an animal fluid eould be enhanced
by serial passage of the exudate from one animal to another
without intermediate subculture. It was also found that there
were means of reducing the aggressin. For example, dysentery
aggressin was very easily inactivated by contact with living
leucocytes: the same was true for cholera aggressin, but typhoid
aggressin was less suseeptible to this infHuence. These ohserva-
tions were regarded by Bail as serving to explain why. in the case
of many bacteria, it was difficult to obtain aggressin from the
animal body.

Though the animal body was much the most important site
for the production of aggressins, Bail did not deny that they
might be produced in witro. He stated* that in his earliest work
on aggressins, done in 1905, he had obzerved that typhoid aggressin
could be obtained from yvoung cultures.

A small rabbit was inoculated intrapleurally with 1 agar -~ 1 broth
culture. Nine howrs afterwards, when it had become acutely ill, the right
pleural cavity contained about 2-5 e.c. of turbid exudate in which cells
were scanty but bacilli extremely abundant, With this exudate a broth
tube (about 10 c.c.) was liberally mmoculated and, after 8 hours’ growth
at 37° C., was centrifuged until perfectly clear. Next day two rabbits were
inoculated intrapleurally, the first with Jth loopful of agar culture
suspended in normal broth, the second with the same amount of culture
suspended in the liguid from the broth enlture. The first rabbit survived ;
the zecond died in 5 hours, with an exudate rich in bacilli and almost fres

from cells.

Bail alzo conceded that some small amount of aggressin might
he found in extracts made from living baeilli, just as extracts from
the cells of a secretory gland might contain some amount of the
typical glandular seeretion. Hence, evidence of what he termed
anti-aggressin in a serum produced by inoculation with a bacillary
extract was not, as alleged by Wassermann and Citron, a valid
argument against the existence of aggressins as bodies distinet
from the ordinary produets of bacterial disintegration. But
evidence of aggressins in cultures or extracts did not detract
from the fact of main importance, which was that aggressins

* Berl, Elin. Wochenschr,, p. 745. 1907,
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were substances mainly elaborated in the living body during the
struggle between the bacteria and the animal’s defensive
mechamsm.

Though aggressins were, in themselves, non-toxie. it would
be found with many bacteria, of which dysentery and typhoid
bacilli were examples. that the animal exudate, produced by
inoculation with the bacteria, contained a mixture of toxin and
aggressin. The presence of these two substances in the same
exudate could sometimes be shown by inoeulating hoth rabbits
and guinea-pigs. the former animals being specially susceptible
to the toxin and the latter to the aggressin. Additional evidence
of the distinetion between aggressin and toxin was afforded by
the observation that antityphoid sera were found which were
only slightly antitoxie but highly anti-aggressive. This difference
in the poteney of the two antibodies was held to indicate that
they must have been produced by different antigens.

In dealing, therefore. with bacteria such as those mentioned
above, which were characterised by the production of both
aggressin and toxin, Bail considered that the therapeutie problem
was to produce a serum which contained both anti-aggressins and
antitoxing in properly balanced proportions. A serum which
contained anti-aggressin alone would not be efficaciouns.

As early as 1906, Bail expresaed the opinion* that the study of
aggressins would be of great serviece to epidemiclogists, "ala.nv
species of bacteria, though known to be pathogenie and invasive
under favourable cmmnstam.es? were frequently found in indi-
viduals who remained in normal health. and were found under
circumstances which indicated that multiplication took place from
time to time. He also remarked that such bacteria = have very near
relatives which lead a more or less definitely saprophytic existence.”™
These considerations led him to discuss the significance of the
*earrier.”” When residing in a carrier, the bacterinm, which was
parasitic potentially but not actually, was waiting for the oppor-
tunity to acquire high * aggressive power ” towards the human
subject, a power which the bacterium might have lost hefore
arrival or might have retained but been unable to exercise. The
opportunity arose when some loeal disturbance occurred, such as
the onset of a eatarrh in the ease of a meningococeus carrier,
Then the ecarrier might develop meningococeal disease, or he
might remain well. The latter event would be explained by
assuming that the aggressive power was acquired gradually and
concurrently caused the host to acquire immunity. But contacts,
not possessing this acquired immunity, would be susceptible to
the newly developed invasive powers of the bacterium,

Anti-agyressins.

I quote the following observations which have been recorded
by supporters of Bail's theory.

* Centralbl. f. Bakt., Orig., XLII, p. 549,
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Working on the bacillus of fowl cholera, Weil* found that
the study of immunity in relation to this disease was of particular
interest hecause it was not due to the action of a bactericidal
amboeeptor in the animal body, and phagoeytosis on the part of
the leucocytes was of only seeondar} importance.

He obtained his immune serum from rabbits which had been
inoculated subeutaneously with sterile, centrifugalised aggressin
from infected rabbits, no other treatment being given. The
poteney of this serum was such that 0-1 c.e. protected a guinea-
pig against 0-1 c.c. of culture, the control dying in less than
I8 hours. But he showed, in guinea-pigs inoculated intraperi-
toneally, that the protective action completely failed if, shortly
before introduction of the serum and culture, he had noculated
some substance which absorbed complement from the peritoneal
cavity. For this purpose he used either cholera extract
+ cholera immune serum or the washed precipitate obtained by
the interaction of these two substances. Moreover, in animals
deprived of their complement in this way, infection ran a more
rapid course than in normal animals inoculated with the same
tlose of culture. Similar inhibition of proteetion was demonstrated
in mice inoculated subeutaneously with inhibitory substance,
immune serum, and culture. He them found that leucocyvtes
would take the place of the absent complement. He m}ectt-d
guinea- pigs intraperitoneally with either sterile broth or aleuronate
in two doses with an interval of 10 hours between them. The
test was made 14 hours after the second dose, and it was found
that the animals survived treatment with cholera precipitate
+ fowl cholera sernm 4+ culture of fowl cholera.

To show that the immune serum did not act directly on the
bacilli, he made experiments on mice, which were protected with
certainty by 0-1 c.e. of serum. One drop of broth culture was
added to 1 c.e. of immune serum. incubated for 1 hour at 37° (',
and then kept for 2 hours at room temperature. Mice inoculated
with . ;th of a drop of this mixture died in from 18 to 20 hours.
There was, therefore, no evidence that protection counld be
explained by fixation of bactericidal amboceptor in the animal
body. He also showed that there was no fixation of baecterio-
tropic substances. Bacilli, corresponding to 0-5 c.e. of broth
culture, were treated twice with 1 c.c. of immune serum for 1 hour
at 37° (., and then kept on ice overnight. The serum was then
poured off and the bacilli, without being washed, were made up
to 1 e.e. with saline. A guinea-pig, previously treated with broth
to produce an acenmulation of leucocytes, received 01 c.e, and
died in 23 hours. In a guinea-pig not previously treated with
broth, the same dose of culture treated with normal serum
produced death rather earlier (in 13-20 hours), The slight pro-
longation of life in the former animal was possibly due to traces
of immune serum: in a further experiment, where the bacilli were
washed onece before inoculation, it was found that treatment with
immune serum had not produced the ﬁhghtf'ﬁt effect.

e e —— e e

* Arch. f. Hyg., LXI, p. 293. 1907,
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Weil then endeavoured to ascertain if the serum acted on the
lencoeytes, A guinea-pig was treated with broth and. 16 hours
afterwards. received 1-75 ce. of immune sernm, also intraperi-
toneally. Three hours later, the animal was bled and the
leucocytes were removed from the peritoneal cavity, centrifuged
and washed once. The collected leucoeytes were injected into
a normal guinea-pig and this inoculation was followed by an
injection of 0-1 c.e. of culture. The animal died in 20 hours,
the result being the same in all details as in the control experiment,
where the leucoeytes were obtained in the same way but had not
been brought into contact with immune serum. He also found
that rabbits’ leucocytes treated with immune serum did not
protect against [ th of a drop of culture. The inceulation of
leucoeytes and culture was made subeutaneously and the animal
died in less than 18 hours. A control rabbit survived after
inoeulation on one side of the body with 0-5 c.e. of immune serum
and 1 drop of culture on the other side (both subcutaneously).

In some of his experiments he noticed that the bacilli remained
alive for a long time in immune animals and did not become
attenuated, as they proved to be fully virulent for normal animals.
Bovine serum, which was baectericidal for the fowl cholera
bacillus in vitro, did not protect guinea-pigs, even when the
animals had received a preliminary treatment with broth, to
produce a lencoevtosis. He also noted that fowl cholera immune
serum had lost its protective power when taken from a thoroughly
immunised animal some considerable time (e.g., 10 weeks) after
the last immunising dose,

As an example of the endeavour to demonstrate anti-

ing in the antiserum of swine erysipelas, Spit's work*
may be quoted. The presence of antibodies other than anti-
aggressins could. he thought, be excluded. There was no question
of an antitoxic property, because it was impossible to demonstrate
any toxin in association with the bacillus. The sernm was not
bactericidal.  After 24 hours’ treatment with immune serum at
37° C., the bacilli were still alive and fully virulent; they killed
mice in the same time and in the same dose as untreated baeilli.
Az for opsonic or bacteriotropic action, he showed in test-tube
experiments with leucoeytes that the serum markedly promoted
]}Im.gmvt{uum but that this property was not specific, since it was
evinced in equally high degree in the control tubes containing
normal serum. Moreover, after injecting mice intraperitoneally
with bacilli and antiserum, he found that, though there was a
large accumulation of leucoeytes, there was very little phago-
eytosis. When the serum was absorbedi with the homologous
hacilli, it lost its opsonin and also its capacity to fix complement,
but retained its protective powers to the full extent. "Spit

* Zeitschr, f. Hyg., LXIX, p. 463. 1911

T He abzorbed 025 c.c. of serum with the whole of a good growth from
a Kolle's flask, centrifuged, and repeated the abzorption with the same
amount of a second culture,
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attached particular importance to this last observation, as
showing that known antibodies, other than anti-aggressins, could
be excluded. '

The action of the serum, according to Spit, was to
neutralise the bacterial aggressin: thereupon the bacilli were
killed not by phagoeytosis but by bactericidal substances.
emanating from the lencocytes (Weil’s ** aphagoeytic action ).
He supported this view with a protocol of an experiment on six
mice, inoculated intraperitoneally.

Mouse A received 0015 e.c. of eulture and died in two davs.
This showed the virnlence of the enlture.

- Mouse B received the same amount of eulture 4+ 0-07 c.c.

of serum. The animal survived, thus showing the efficacy of the
sernm. =

Mouse C received the same amount of culture and rather more
serum (0-08 e.c.), but, in addition, 0-25 c.c. of killed cholera
culture. The animal died in one day, the explanation being that
the cholera culture absorbed the bactericidal substances emanating
from the leucocytes and consequently the animal lost its natural
defensive mechanism against the virus of swine erysipelas.

Mouse I received 0-25 c.e. of killed cholera culture and
survived. This control showed that the cholera culture was not
pathogenic.

Mouse E received 0-5 c.c. of sterile broth and, the next day,
(0-015 c.c. of culture. The animal died in 3} days. The purpose
of the broth was to promote a large accumulation of leucocytes.
The experiment showed that this artificial inerease of the natural

defences did not suffice to protect the animal against the action
of the culture.

Mouse F received 0-5 e.c. of sterile broth and, the next day,
0-015 c.c. of culture 4 0-08 ¢.c. of serum - 0:25 c.e. of killed
cholera culture. The animal survived. This was the main
experiment. Owing to the excess of leucocytes, as contrasted
with Mouse (', the yield of bactericidal substance from these cells
was more than could be absorbed by the cholera culture; con-
sequently, the surplus acted upon the bacilli of swine erysipelas,
which had lost their aggressin owing to the action of the
antiserum.

These observations of Spiit's are in close accordance with the
earlier work on swine erysipelas which was done by Prettner.*

Antiblastic Twmunily.

The ** antiblastic 7’ theory was developed by Ascoli in
studying the properties of anthrax immune serum.¥ He con-
firmed the results of other investigators who had shown that
the protective properties of this serum were not due to

* Centralbl. f. Bakt., Orig., XLIII, p. 832, 1907,
T Centralld. f. Bakt., Orig., XLVI, p. 178. 1908,
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bactericidal action.  In vitro, the bactericidal action of an immune
serum was no greater than that of a normal serum from the zame:
species of animal, and the immune serom from a donkey was
less bactericidal than normal rabbit serum : but the latter failed
to protect guinea-pigs against anthrax, whereas the immune
serum was strongly protective. Moreover, the protective sub-
stance, unlike bactericidal substances, was not removed by
absorbing the serum with anthrax bacilli. He found no evidence
in support of the snggestion that the effect of the serum was to
attenuate the virulence of anthrax bacilli. Baeilli which had: .
remained for 24 hours in the subeutaneous tissue of a passively
immunised guinea-pig were found to have fully retained their
original degree of virulence. Nor was there any evidence that
the serum stimulated leucoeytic activity or that it hehaved as a
specific opsonin or bacteriotropin. Leucocytes from passively
immunised guinea-pigs were no more phagocytic than leucocytes
from normal guinea-pigs: and bacilli sensitised with immune
serum were not more susceptible to phagoeytosis than bacilli
sensitised with normal serum.

Ascoli was unable to support Bail’s theory that the protective
action of anthrax serum was due to anti-aggressins, because he
could not obtain any evidence that the virulence of a culture was
increased hy adding to it the wedema fluid from a case of fatal
infection. Therefore, as there was no demonstrable aggressin,
one could not talk of an anti-aggressive property in the serum.

Finally, Ascoli considered the argument that, since the serum
was undoubtedly protective, it must, as a matter of fact, exert
a bactericidal action in the living body. irrespective of the failure
to demonstrate this action by ordinary laboratory methods.
Even this view could not be substantiated. beeause living anthrax
bacilli could be demonstrated for some weeks after inoculation
into an immunised animal. And when an avirulent strain was
introduced subcutaneously into guinea-pigs, it survived just
as long in immunised animals as it did in normal animals.
o Ascoli eame to the general conclusion that anthrax serum
did not promote the destruction of anthrax bacilli either in vitro
or in Tive.

Out of this apparently paradoxieal position Ascoli proposed
the following means of extrication. As he and many other
observers had shown, when anthrax bacilli were inoenlated into
an animal which they were capable of infecting, they acquired a
capsule giving a characteristic violet reaction with methylene hlue.
This was a morphological index of the capacity of the bacilli to
multiply in the animal tissues. This capsule formation did not
oceur when avirulent baeilli were inoculated into a normal animal ;
and there was the same absence of capsule formation when
virulent bacilli were inoeulated into an animal which had been
protected by an adequate dose of immune serum. The pro-:
teetive action of the serum was due to its interference with those
assimilative processes whereby the bacillus was able to proliferate



26

in the animal tissues. Similar assimilative processes were in
operation when anthrax bacilli were grown in blood serum or
ascitic fluid, as was indicated by the formation of the characteristic
capsule. Because he regarded the action of immune serum as
essentially an interference with these vegetative processes of
growth in the living body, Ascoli deseribed the specific property
of the serum as ° antiblastic.” He considered this to be a
more accurate conception than the view that the virulence of
the bacillus consisted in itz resistance towards the bactericidal
properties of the tissue fluids and phagoeytes and that the action
of an immune serum was to paralyse this resistance. To exhibit
its antiblastic property, the serum must be activated by intro-
duetion into the living body: this property was not de-
monstrable in test-tube experiments with either serum or
plasma.

Comment.

It is self-evident that the vegetative processes of a bacterium
which is growing as a parasite must be of such a nature as to
enable the bacterium to multiply as well as to invade the host.
As the two conditions are inseparable, acquired immunity must
be equally * antiblastic 7" and ** anti-aggressive.” Ascoli’s theory
is useful because it directs attention to what he regards as an
important part in the vegetative mechanism of the bacterial
cell, just as the ™ aggressin = theory is serviceable in emphasising
the association between parasitie growth and the creation of a
favourable environment.

A favourable environment (aggressin) facilitates bacterial
growth: and anti-aggressin, which renders the environment
unfavourable, interferes with growth, i.e., is antiblastic. Looked
at in this way, the two theories possess much in common, and I
do not think that any advantage is to be gained by attempting
to draw minor distinetions between them. It is, however,
important to remember that. as pointed out on pp. 7-8, capacity
to produce disease does not always run parallel with capacity
for growth in the animal body.

The special merit of Bail and his school is that they have
provided an alternative to the method of progressive immunisation
with dead followed by living bacteria. They have shown that,
with certain bacteria, the same result can be achieved by immu-
nisation with sterile exudate from a fatally infected animal, i.e.,
with material containing elements of the dead bacterial pro-
toplasm together with the products of interaction between the
hacteria and their host. The advantage of this method is that
the antigenie material, which is elaborated by virulent bacteria
in the animal body and is requisite for complete immunisation, is
utilised without inecurring the risk of fatal infection from
inoculation of living germs,
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The Present Position of Bail’s Theory.

The controversy which this theory aroused in the years
immediately following its publication ended in a deadlock: and
then there came a long interval during which little or no interest
was taken in it, the net result being that the majority of
bacteriologists were not satisfied that Bail had proved his case.
“ Aggressins.” it was believed, were really nothing new: they
were merely irritant substances, such as toxins or endotoxins,
which lowered the resistance of the host and so augmented the
invasive powers of the bacteria. And * anti-aggressins  were
not mew antibodies ;  they were merely bact{-.riutrnpime.. or
antitoxins, or posslhh' anti-endotoxins.

Lately. however, there has been some revival of mtt:,l'ﬁ‘atl
in Bail's views, probably owing to increased recognition of the
inability to explain some of the puzzling facts about immunity
in terms of the currently acecepted types of antigens and
antibodies. But attempts to give greater precision to the con-
ception of * aggressin,” which Bail himself admitted to he
somewhat vague, have not vet led to any conclusive results.

In this connection I propose to call attention to some of
Zinsser's work, which raises three uestions :—(1) Are aggressins
proteotoxing ! (2) Are they hitherto unreecognised exotoxins?
(3) Do proteoses, asz distinet from proteins, possess antigenic
properties ? 1. ineclude thiz third question because, if it he
answered in the affirmative, one might go on to consider whether
the antigenic properties of aggressins are really due to such
proteoses.

Proteotorins,

Amongst the very voluminous literature on anaphylaxis
quite a large section is devoted to controversies about bacterial
“anaphvlatoxin.”  Opinion is now gaining ground that this
term is inappropriate and misleading. It has been shown that
not only bacteria but inert substances such as kaolin or agar,
when brought into contact with fresh serum, render it capable
of ecausing shock. Obviously the mechanism of its production
is quite different from the antibody reaction to foreign protein
which i= responsible for true anaphylaxis. The term ** ana-
phylatoxin " ought therefore to be abandoned.. Zinsser and Dwyer
wish to substitute the word ** proteotoxin.”

The point of interest in this connection is that the last
mentioned authors* have suggested that * aggressin and proteo-
toxin may eventually be identified.” Here is an example of their
observations on the aggressin-like properties of proteotoxin.
They digested half an agar slant of typhoid bacilli with 4 e.c. of
fresh normal guinea-pig serum for 5 to 6 hoursat 37:5°C. They
then centrifugalised for 1 to 2 hours so as to bring down almost
all the bacilli, the supernatant liquid being the proteotoxin. They

* Journ. Eeper. Med., XX, pp. 387 and 582, 1914,
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found that .}, of an agar slant of typhoid culture was fatal if
injected into a guinea-piz along with 3 c.c. of proteotoxin, whereas
Ay was the minimal lethal dose in control experiments, and 3 c.e.
of the proteotoxin alone did not kill.

A few more details of their experiments are worth recalling.
They counld demonstrate the aggressive property of their proteo-
toxin both by intraperitoneal and by intravenous inoculation.
The latter method was more generally successful, but even with
this method the results were irregular: eg., a relatively large
dose might fail to kill, whilst a smaller dose was fatal for another
animal, Proteotoxin produced by typhoid bacilli was also aggres-
sive for staphylococei and B. prodigiosus (the only other organisms
tried). In fact the results were ~“ much sharper and more
convincing ”’ with staphylocoeei. The explanation they offered
was that typhoid bacili produced proteotoxin more readily than
staphylococei.  So, in experiments with the former organism, the
difference between the test (proteotoxin-ftyphoid bacilli) and
the control (typhoid bacilli alone) was merely quantitative, since
some proteotoxin was produced by the typhoid bacilli alone but
this was not the case with staphvlocoeei. Proteotoxin did not
hinder the phagoeyvtosis of staphylococei in the presenee of normal
activeserum @ sothey concluded that its action was notanti-opsonie.
The aggressin action in their experiments was only manifest
“when quantities of proteotoxin are used which can produce a
certain degree of systemic poisoning.” They thought its action
was probably due to the lencopenia which it cansed. They found
that filiration through Berkefeld candles rendered a protectoxie
serum non-toxie. The authors recognized, of course. that the
experiments they recorded did not establish complete identity he-
tween proteotoxin and aggressin, They had not immunised animals
with proteotoxins (as Bail had with aggressins), and, though they
had brought about some condition of tolerance, they could not
guarantee that this was specific.

One wonders whether the toxic action described above bhears any
resemblance to the properties of certain sera described by Rous, Wilson
and Oliver.* They found that precipitating sera, produced by repeated
injection of rabbits with the serum of guinea-pigs or dogs, were highly
toxic for animals of the species furnishing the antigen even after the
hemolysins, hiemagglutinins, and precipitins had been removed in witro.
In fact, removal of the precipiting had no detoxifying effect whatever.
They were unable to offer a categorical explanation of these resulte, but
remarked that ** whether the toxic prineiple ig a hitherto unrecognised
antibody or perhaps a toxic product of the interaction of precipitin and

precipitinogen—one formed as readily in the test-tube as in the animal
body—remains to be determined.™

Exoloxins,

Some years after putting forward his ideas about proteotoxins,
Zinsser, in an article on the nature of bacterial toxsemia. T suggested
the possibility that * soluble poisons may be produeced by bacteria

% Journ, Exper. Med., XXXI, p. 253. 1920,
t Jowrn. of Twmmunol., V, p. 265, 1920.
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in the eourse of their growth which are neither extract products
nor antigenic. They may not even be specific.”” He stated that
he and his associates were investigating this question of * the
so-called exotoxins of bacteria ™ and that they had been payving
particular attention to streptocoeci, typhoid bacilli and influenza
baeilli.

Avoiding, as far as possible, any extensive extraction of the
bacterial cell, they worked chiefly with filtrates of very young
eultures in liguid media and with filtered salt solution washings
of young agar growths. In some cases they found it better to
separate the bacteria by centrifugalisation in order to prevent
loss of toxicity in the fluid.

They noticed an ** apparent aggressive action of our poisonous
products.” For example, rabbits died after inoculation with the
toxin together with a sublethal dosé of streptococel, or as a result
of treatment with influenza toxin containing a few bacilli which
had slipped through the filter.

These toxing, which were regarded as exotoxins because they
did not represent extraction products, were less thermostable than
endotoxins, ** usually being destroyed by 75° to 80° C. in thirty
minutes.” They generally possessed relatively low toxicity for
guinea-pigs and mice. *Poisons . . . from a considerable
number of bacteria have been found identical in regard to heat
resistance, innocuonsness for guinea-pigs, ineubation time, physio-
logieal action, and autopsy findings in rabbits.” And * toxic
filtrates of hsemolytic streptococci indicated that there was a
etriking qualitative similarity between these and the B. influenzee
filtrates produced in parallel experiments.” So the specificity
of the toxins was questionable. They had not succeeded in
settling this point by immunisation experiments because the
treatment of rabbits with the toxins resulted in death, with loss
of hair and emaciation.

Proteoses,

The above brief account of Zinsser's  proteotoxins * and
“ exotoxins " must now be supplemented by mention of his more
recent work on the non-protein residue which is obtained by
removing from bacterial extracts all coagulable proteins, nuecleo-
proteins, and Bence-Jones proteins. This residue he terms
* proteose.” For reasons based on a comparative study of the
anaphylactic and tuberculin reactions in guinea-pigs treated with
tuberculous material,* he forms the hypothesis that bacterial
proteose has special functions which differ from those of bacterial
protein.

In developing this view, he commences by calling attention to
the following data. He found that in guinea-pigs the anaphylaetic
and tuberculin reactions differed from each other fundamentally.
In guinea-pigs sensitised to horse serum or other protein, the
anaphylactic cutaneous reaction on intradermal injection devel-
oped immediately and soon disappeared; on the other hand,

* Journ, Exper. Med.,, XXXIV, p. 405. 1921.
20734 i
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the tuberculin skin reaction in tuberculous guinea-pigs developed
more slowly and caused more profound injury to the tissues. The
latter reaction was obtained within 9 or 10 days after the guinea-
pig had been inoculated with tubercle bacilli, when the guinea-pig
had not arrived at the anaphylactic condition, as was shown by
obtaining a negative result on testing the animal’s uterus; it was
not until muech later in the disease that both reactions were
obtained, i.e., sensitiveness of the skin to the tuberculin test and
sensitiveness of the uterus. Unlike anaphylaxis, the tuberculin
type of hypersensitiveness could not be produced in guinea-pigs
by sensitisation with proteins such as sera or egg albumen or by
transfer of serum or tissues from a tuberculous to a normal
animal; it had only been observed as a reaction to bacterial
infection. Sensitisation to the tuberculin reaction *'is easily
accomplished only by infecting the animals with living organisms.”
Sensitisation with bacterial extracts produced the anaphylactic
condition but did not render the guinea-pigs susceptible to the
tuberculin skin reaction. When tuberculous guinea-pigs had
become susceptible to the tuberculin test, this reaction could be
elicited by the injection of proteose alone. But, when guinea-
pigs had been rendered anaphylactic by treatment with extraets,
*“in a considerable number of tests there was indication that the
proteose fraction . . . had little or no effect upon the uteri
« . . which contracted powerfully when brought in contact
with the whole extracts or the acid-precipitable fractions in
amounts that had no effect upon the normal uterus.”

It was found sometimes, however, that when a guinea-pig
was both anaphylactic and tuberculous, protecse would cause
contraction of the uterus when given in relatively large amounts.
Moreover, the proteose was not the only fraction of the bacillary
extract which would give the tuberculin reaction. ** The nucleo-
protein fraction, precipitated from the original extracts with aecid
in the cold, always retained tuberculin activity. In spite of
repeated reprecipitation and resolution, we have never succeeded
in entirely removing the capacity of indueing skin reactions of the
tuberculin type from these acid-precipitable substances.” Thus
there was not an absolutely sharp distinetion between the pro-
perties of proteose and protein, perhaps because of incomplete
purification, or, perhaps, as Zinsser is inclined to suggest, because
the proteoses may possess some antigenic capacities and may be
derivatives of the nucleoproteins.

Zinsser then proceeds to consider the significance of his experi-
mental data. “° While there is virtual agreement among immuno-
logists concerning the essential mechanism of protein anaphylaxis,
its dependence upon an antigen-antibody reaction, and the
dominating role played by the sessile antibodies, the mechanism
of hypersensitiveness to tuberculin and similar bacterial substances
is still a problem of much uncertainty."”

As the tuberculin type of reaction is specific, he concludes that
“ the sensitising substance must, in some way, be derived from
the infeeting micro-organisms.”
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He does not agree with the suggestion that this form of
sensitisation is due to bacterial products which are elaborated in
infected animals but are not represented in extracts of test-tube
cultures, and that this is the reason why sensitisation is not
obtained with dead culture. This idea, he says, " is rendered
unlikely by the fact that in the tuberculin-sensitive, infected
animals, we can produce the reactions by the application of such
dead extracts. 1t is neither logical nor in keeping with biological
experience to assume that one substance will sensitise to reaction
with another.”

Instead of postulating different sensitising substances for the
production of anaphylaxis and tuberculin sensitiveness, the
explanation, he thinks, may depend on differences in the manner
in which the sensitising substance is administered, the suggestion
being that *° sensitisation with the proteose residue materials.
depends upon criteria of sensitisation differing in regard to the
time and quantity factors from those governing protein sensitisa-
tion.” Proteose is simpler than protein in chemical structure and
probably more diffusible. It appears to be rapidly * diffused out
into the culture fluid from growing organisms, in quantities greater
than can be extracted from similar amounts of the dead bacteria.
It seems reasonable to assume from this that the same thing may
happen in the animal body harbouring a growing focus. And it
would seem quite likely that the association of the tuberculin type
of reaction with actual infeetion may depend upon the fact that
sensitisation to these non-protein substances depends upon a
constant steady absorption of large amounts of the material.”

Zinsser then proceeds to the question whether his proteose
residue forms antibodies which are specially associated with
hypersensitiveness to tuberculin. This form of hypersensitiveness
cannot be transferred to normal animals by inoculation with the
blood and tissues of an animal which is sensitive to tuberculin:
and this fact, he admits, is against the view that antibodies are
concerned. He does not, however, regard this argument as
conclusive. Oeccasionally, using the proteose residue alone, he
obtained positive reactions with the uteri of guinea-pigs made
highly sensitive by treatment with extract. And he thinks that
his proteose substances are ** entirely analogous ™’ to substances
found by Avery and Dochez in the urine and blood of typhoid
and pneumonia patients. These observers had obtained precipitin
reactions against homologous immune sera with patients’ urine
which had been boiled with acetic acid, to remove coagulable
proteins, and then concentrated by evaporation. So Zinsser is
inclined to believe that, in his experiments, *“ antibodies of a sort
are involved.”

He defends his suggestion of an antibody response to a non-
protein antigen (which, he says, is opposed to * what has been
regarded as a well-established doctrine in immunity ') on the
ground that the reactions in question are specific and ** reactions
of the antigen-antibody type are the only explanation of speci-
ficity,” though the mechanism may not be the same as with

B2
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protein antigens and antibodies. * It may be that the greater
diffusibility of the proteose-like substances transfers much of
the actual reaction phenomena to an intracellular location, and
that this to some extent influences the presence of circulating
antibodies. It may also be that these more diffusible non-protein
antigens are more rapidly eliminated from the animal body than
are the proteins.” He admits, however, that his view eannot
he regarded as more than a working hvpothesis.

His hypothesis, in its general form, is that ** proteoses " are
constantly elaborated during bacterial growth, pass into the cir-
culation of infected animals and sensitise them. These substances,
though but slightly toxic for the normal animal, become highly
toxie for the sensitised one.

His next project is to ascertain experimentally and in detail
the antibody-forming properties of his proteose extracts. This
work, o far as I am aware (January, 1923), has not yet been
published.

Clomment.

Owing to his high authority as a eritical investigator of
immunity problems. Zinsser's suggestions always call for careful
congideration.

His earlier work on proteotoxing and on the exotoxins of
young cultures does not seem to have developed very far on the
lines originally laid down; and, as specific antibodies have not
been produced with these substances, it does not seem possible to
identify them with aggressins. The question of more immediate
importance is whether fresh light can be thrown on what is essen-
tially the same problem by concentration on the relationship of
** proteoses 7 to the tuberculin type of reaction. As neither his
proteotoxins nor his exotoxins seemed to be satisfactory sub-
stances for the production of antibodies, it will be particularly
useful to know whether he obtains better results by using a
proteose antigen. But his work, apparently, has not yet advanced
far enough to give an answer to this question.

Meanwhile, his last article raises several questions of theoretical
and practical interest. I propose to take, seriatim, what appear
to be Zinsser's main points.

(1) The substance which sensitises to tuberculin must, as the
reaction is specific, be ** derived from 7 the infecting bacteria.
ls “ derived from ™ the right expression? 1 think * produced
by ¥ would be less open to criticism, hecause the postulated
material is a product of bacterial growth; it is * derived from ™
the interaction between the bacterium and its nutritive medium
in the animal body, but, as a matter of experimental fact, it has
not been obtained from the bacteria alone.

(2) Zinsser does not accept the above objection because the
tuberculin reaction is produced by the action of dead extracts on
the appropriately sensitised animal and * it is neither logical nor
in keeping with biological experience to assume that one substance
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will sensitise to reaction with another.” Hence the sensitising
material must be represented in extracts of test-tube cultures.
This argument needs some analysis. 1 think the simple facts
are that the tuberculous animal contains both the protein (a) of the
tubercle bacillus and also the product of bacterial growth () which
Zinsser, rightly or wrongly, would term ** proteose.” It is surely
both logical and in keeping with biological experience to assume
that this material, acting as a composite ab antigen, will produce
ab antibody (the presence of which in the tissues explains the
sensitiveness to tuberculin), and that this antibody may react
characteristically not only with ab antigen hut also with a alone
(dead protein) and with b alone (** proteose ” freed from bacterial
protein). The additional development of the anaphylactic
reaction between ab antibody and a antigen is not inconsistent
with this. 1If, as appears to me to be the case, this simple assump-
tion covers all Zinsser’'s main experimental data. | see no need to
worry about the imaginary difficulty of postulating that one
substance may sensitise to another, and still less do I see the
logic of the inference that, because ab antibody reacts with a
antigen, 5 must be * derived from ' a. Moreover, if the true
antigen iz ab (protein -+ proteose) and not b alone, the question
of antibody response to non-protein antigen does not arise.

(3) His explanation, further, is that the bacterial protein is
the mother substance of the proteose hut ** sensitisation with the
proteose residue materials depends upon criteria of sensitisation
differing in regard to the time and quantity factors from those
governing protein sensitisation.” The proteose is more rapidly
diffusible, more readily taken up by the cells of the body, and
perhaps more quickly excreted in the wurine. Hence * the
asgociation of the tuberculin type of reaction with actual infection
may depend upon the fact that sensitisation to these non-protein
substances depends upon a constant steady absorption of large
amounts of the material.” I find this theory difficult to reconcile
with the known fact that in human beings and other animals
a tuberculin reaction may be elicited when the only lesions in
the body are small, old, densely circumscribed, and quiescent,
1.6., under circumstances where it seems impossible to postulate
a constant absorption of large amounts of sensitising material.

(4) Zinsser does not appear to me to attach sufficient import-
ance to the fact that living tubercle baecilli possess immunising
properties and are distinguishable in this respect, so far as present
evidence is available, from tuberculin or other material derived
from the bacillary protein. It seems to me that the most natural
explanation of the difference between the tuberculin reaction and
true anaphylaxis is the one which Zinsser rejects, viz., the view
that living tubercle bacilli give rise in the animal body to a special
antigenic substance which, in turn, stimulates the formation of
a special antibody. This antibody becomes located in the fixed
tissue cells and there may enter into combination, or loose union,
with any specific toxic products which the cells ‘absorb. When
tuberculin is absorbed, the resultant disturbance of intracellular

x* 20734 B3
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equilibrium leads to the elinical manifestations of a positive
tuberculin reaction.

In view of these considerations, it does not seem likely that
the functions which Bail attributed to ** aggressins 7 are really
due to the proteose derivatives of the bacterial cells.

Discvussioxn axp (JONCLUSIONS.

Seope of the Report.

In this report 1 have first put together several considerations
leading to the view that bacterial invasion is associated with the
production of special substances capable of acting in two ways.
They provide an environment favourable for bacterial growth in
the animal body and they also act as an antigenic stimulus which
causes the host to produce antibodies and thereby to neutralise
with greater or less degree of success, this favourable environment.
Thus the fate of the animal, to put it erudely in terms of an antigen-
antibody conception, depends upon the balance between produc-
tion of antigen and production of antibody, excess of the former
tending to fatal infection and excess of the latter to successful
resistance,

I have then shown that important evidence in support of this
view may be found in the work of Bail and his associates, though
1 do not think it would be helpful to revive the controversial form
in which their theories were expressed. I regard their work as
a valuable attempt to give more concrete expression to the general
idea outlined in the preceding paragraph, but I am not prepared
to agree with them in every detail, and I do not think that the
validity of this idea depends on a justification of the * aggressin
theory in the form in which they have elaborated it.

I have next considered Zinsser's endeavour to identify more
closely the particular substances which have been termed
“ aggressing ' and * anti-aggressins.”” But this work, at its
present stage of progress, does not seem to have led to any definite
results, owing to the difficulty of demonstrating true antibodies
to the elements which he thinks may be responsible for * aggres-
give ’ action. It has not shown that * aggressing” can bhe
identified with special derivatives of the bacterial cells.

- Controversial Issues.

Much adverse criticism has been raised against the postulate
of antibodies differing from those which are accepted without
question as being well accredited. such as antitoxins, bacterio-
lysins, agglutinins, bacteriotropins. These objections generally
fake the form of claiming that the latter kinds of antibodies
suffice to explain all the experimental evidence which can he
provided, and that therefore there is no justification for claiming
the discovery of new ones.
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In dealing with these objections, it will be useful to begin with
a concrete instance. The eriticism of Spéit’s work on the demon-
stration of anti-aggressins (pp. 23-24) will serve as an example.

Objections to Spit’s work have been raised by Neufeld and Kandiba*,
who refused to believe that immune sera possessed anti-aggressive as
distinet from bacteriotropic properties. (1) They considered that one
must interpret with eaution alleged failures to remove the protective
powers of a serum by absorption with the homologous organism. Quanti-
tative methods of estimating protective substances were only rough
and, consequently, half or more of such substances might be removed
without this fact being detected. Moreover the serum could be exhausted
if it were highly diluted and treated repeatedly with large smounts of
culture. Spit did not appear to have followed this technique. (2) As to
the action of the serum in vive (intraperitoneal inoculation of mice), they
found strong evidence of phagocytosis, which was best observed by killing
the animal and making smears from the surface of the liver, omentum and
other tissues ; in the control animals the phagoeytosis, though considerable,
was very much less. (3) In experiments on phagoeytesis in vitro, accurate
results could only be obtained if graded doses of serum were used. It
would then be found that a specifie serum was about 100 times more
strongly ** tropic "' than a non-specific or a normal serum,.

Without attempting to adjudicate between Spit and his erities
one feels disposed to intervene with a more general question, Is
there much to be gained by discriminating between (1) a * bac-
teriotropin ”* theory and (2) an * anti-aggressin " theory ? Both
theories rely on the view that the essential defensive mechanism
on the part of the animal body is attributable to the leucocytes,
and also that the essential function of the serum is to make the
bacteria amenable to the activity of the leucoeytes. According
to (1), the serum makes the bacteria amenable to phagocytosis ;
according to (2), the serum neutralises the antileucocytic pro-
perties of the bacteria, then the soluble leucoeytic substances kill
the bacteria, and thereupon, if not before, phagoeytosis occurs.
(2) is more elaborate than (1), but, apart from eertain differences
of detail, the two theories are compatible with, if not identical
with, each other. They also hear a general resemblance to other
theories which are based on an ultimate appeal to the leucocytes.

As an example, mention may be made of the earlier ** antileucotoxin "
theory propounded by Deutsch in an article on the preparation of immune
serum for swine erysipelas.¥ The natural defences of the animal body
veside in the phagocytic cells (including the cells of the bone marrow,
spleen, liver and pulmonary endothelium). Suceessful bacterial invasion
means that the bacteria possess a ** leucotoxin " which paralyses the action
of these cells. Increase of virulence is obtained by repeated animal
passage because the bacteria become immunised against the hostile cellular
substances of the animal species in question and acquire greater capacities of
producing ** leucotoxin.” In using cultures for immunisation, it is of the
greatest importance that they should be of the highest possible virulence,
i.6., possess a large quantity of ** leucotoxin,” because thereby the immu-
nised animal is stimulated to the production of “ antileucotoxin.” This
substance is different from the ordinary specific immune bodies (agglu-
tinins, bacteriolysing, ete.) and serves the important funetion, in passive
immunity, of inhibiting the bacterial * leucotoxin ” and thereby facilitating
the normal processes of phagoeytosis.

= m—

* Arb, a. d. Kaiserlich. Gesundheitsamte, XL, p. 1. 1912,
T Centralbl, f. Bakt., Orig.,, XXXIII, p. 214. 1903,
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As regards the points of difference between Neufeld and Spiit,
the arguments do not appear to be conclusive on either side, if
acceptance of the one view is to earry with it rejection of the other.
When conflicting theories are each overweighted with one idea,
weighing them in the balanece against each other does not enahble
one to arrive at the truth. In this case all that emerges from such
attempted comparison is that immunity against some parasitic
infections has certainly not been explained by bacteriotropins
and that, on the other hand, it is legitimate to challenge the
conceptions of the “ nnti-uggmsrain " school on the ground that
the postulated existence of very definite and special reacting
substances has not actually been demonstrated.

For similar reasons I do not think it would be profitable to
revive the old and tedious controversies as to the rival merits of
* anti-aggressins ' and some other sort of antibodies, such as
antitoxins or anti-endotoxins or bacteriolysins.

The failure of the * aggressin » school to make headway and
the difficulty of finding more precise and concrete expressions to
replace * aggressins ’ and “ anti-aggressins ' does not, in my
opinion, detract from the importance of the view that infection
and resistance are concerned with special substances or influences
which eannot be expressed in terms of the ordinarily accepted
antigens and antibodies.

If such special factors exist, why is it difficult to give them
more concrete expression and in what respects are they of
importance ?

The more popular conception of antigen-antibody reactions is
too narrow. It iz based on 1deas of what takes place in serological
demonstrations of precipitation, agglutination, or the neutralisa-
tion of a toxin by an antitoxin. Here a simple explanation may
suffice. One may say that the reaction is due to the union,
subject to particular colloidal conditions, of two definite chemical
structures, the one represented by the antigen and the other by
the antibody. It is a single event, though complex because it is
partly physical and partly chemical. But infection and resistanee
are not single events. FEach is a long series of events, involving
a succession of changes. It cannot be assumed that all these
changes consist of reactions between antigens and antibodies,
still less that they consist merely of specific reactions between
material possessing the chemical structure of the hacterial
invader and material elaborated by the animal as a special
counterpart to this structure. Moreover, though antigen and
antibodies certainly play a part in the process, these substances
are not fixed and immutable; they undergo changes; modifica-
tions arise in their combining power, in the character of the
antigenic stimulus, and in the nature of the antibodies produced.
Processes of this nature are complicated and must be accepted
as such: onecannot hope to explain the whole series of events by
searching for a single factor, a particular antigen and its eorre-
sponding antibody. The search may result in the demonstration
that immunity is associated with some specifie antibody, such as
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an agglutinin; but experience has shown that no single factor
such as this will provide a satisfactory explanation of immunity.

I'hruughuut this report I have been discussing what I have
termed a * possible " factor concerned with infection. In order
to give this hypothesis a fair hearing, I have done my best to
make out a good ease for it, by presenting evidence and sugges-
tions which appear to be in its favour, and by refraining from
criticisms and objections which might be interposed at every
step in the argument. The advantage of this method of dealing
with the subjeet is that one question may be answered without
further discussion. Has this hypothesis been actually proved !
No; if one takes all the arguments in its favour, irrespective of
any objections which may be raised, they do not amount to a
satisfactory demonstration of established fact.

This being the position, eritical objections to the hypothesiz do
not require detailed consideration, because they are only effective
as an argument ia support of what is already conceded. The
hypothesis has not been proved.

The objections, however, are not strong enough to justify the
view that the hypothesis may be disregarded, because they fail
to provide some better and more concrete explanation of these
obscure influences which play a part in infection and resistance.

The position may be altered in the future. New antigens of
purely baeterial origin may be discovered, and some of these may
account for reactions at present un&xp]&inad. Or it may be found
that the problem is not merely one of antigen-antibody reactions,
in the current sense of the term, but a wider question of the
conditions which promote or retard the action of ferments.
And further light may be thrown on the subject when the reactions
of the cellular elements of the body are better understood.

Conclusions,

As regard invasive capacities, bacteria may be divided
broadly into three main classes :—(1) those which are normally
virulent, as the organisms of plague, anthrax, and cholera : (2)
those which are potentially virulent but are often carried in the
body as harmless saprophytes without peonetrating the surface
of mucous membranes, eg., pneumococci, meningococei, and
many intestinal bacteria; (3) the saprophytes which are unable,
under any circumstances, to invade living tissues. There must
he some elements of bacterial structure which account for the
differences between (1) and (3) and for the peculiarities of (2),
but they are very difficult to discover. They cannot be explained
as due to a parasitic or a saprophytic “ habit of growth,” since
all three classes grow equally well as saprophytes on their
appropriate culture media. Nor can their differences in invasive
capacity be identified by ordinary serological tests; apart from
exceptional cases where a serological reaction may show that
a bacterium has lost some of its normal antigenic equipment
and where this loss is associated with ioss of virulence, such tests
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give no information as to whether a strain, introduced either
parenterally or by the alimentary route, is capable of invasion or
not.

This latter fact is particularly disappointing in the case of
class (2), which form the most interesting group. These are the
bacteria which, commonly living as saprophytes in the human
body, sometimes set up sporadie disease and oceasionally give rise
to epidemic waves of infection presenting some evidence of
periodicity in their rise and fall. Serological tests have demon-
strated different antigenic characters amongst strains of these
bacteria, but it is often impossible to correlate such differences
with, respectively, the apparently harmless strains, the strains of
mild infectivity, and the strains which are responsible for
epidemics.

Hence one is compelled to search for other ways of explaining
infection and resistance. One line of thought, which forms the
hypothesis discussed in this report, may be outlined briefly as
follows.

(1) An important distinetion between a virulent and a nou-
virulent strain is that the former interacts with its animal host in
such a way as to produce an environment favourable for bacterial
growth within the tissues, whereas the latter fails to do so. These
products of interaction are a necessary part of the conception
of virulence, though they cannot be identified as a * pure”™
hacterial antigen. Increase and diminution of virulence are
associated with imerease or diminution in the eapacity to form
these products but not necessarily with any change of bacterial
structure which is demonstrable by the precipitin type of reaction.

(2) These products of interaction between bacterium and
host are antigenie, as can be shown by using for immunization
the sterile exudate from a fatally infected animal. The immunity
thus produced cannot be regarded as due solely to the extract of
baeterial bodies which such material may Cﬂl”itall‘l, because com-
plete immunization cannot be obtained b\ using bacterial extract
instead of the exudate. There is evidence, therefore, that the
antigenic properties of these products differ from those of purely
bacterial antigens and give rise to different antibodies. Some, at
least, of the antibodies which are demonstrable during actual
infection but disappear on recovery are probably examples of
this class of antibodies.

(3) Antibodies of this nature may also be one of the factors
which determine fluctuations in the virulence of the bacteria
and the susceptibility of the host, On this view, which is only
one aspect of the situation and is not intended as a complete
explanation, the struggle between bacterium and host may be
regarded as depending on the balance between the output of
(1) material which favours bacterial growth, and also acts anti
genically, and the output of (2) antibody to this material.
Relative increase of (1) means that the bacteria grow well in the
body of their host, and are likely to retain this capacity for
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vigorous growth if they are transferred directly to a new host.
Relative increase of (2) means restriction of bacterial growth and,
consequently, protection for the host. The further consequences
depend upon the degree of this restrictive influence. The anti-
bodies may just suffice to protect the host but may not be
sufficiently concentrated to convert the bacterial environment
immediately into a medium where growth is not merely restricted
but completely inhibited. Hence the bacteria may slowly acquire
enhancement of invasive capacity, and, if transferred in this
condition to a new host where no restrictive antibodies have
been develnped may set up progressive infection.

(4) There is a further possibility to consider. Before gaining
entrance into their new host, the bacteria have already acquired
some virulence, perhaps by a process of natural selection, but
have not necessarily attained their maximum virulence. Now
a new factor may become operative. The vigorous growth
associated with progressive infection in virgin =oil may further
enhance their virulence to such a degree that, if re-introduced
now into their original host, the surviving antibodies there
encountered might not suffice to prevent progressive infection.

(5) These are some of the circumstances favouring the bacteria :
others may arise which assist the host. Residence in the body
of a particular species of animal increases bacterial virulence
for that species sometimes but not always: it may have the
reverse effect. How does this fact fit in with the conception
now under discussion? When a strain of bacteria has attained
its maximum virulence and set up progressive infection, it is
dssumed that the balance of forces is against the antibodies.
But that is not the end of the matter, because such infections
are not necessarily fatal. It is natural to assume that, in recovery,
the balance is re-adjusted and the antibodies gain the upper
hand, making continued bacterial growth more and more difficult
and, finally, impossible. It is natural to think that bacteria
growing under these difficult circumstances may have lost some
of their virulence and that, if they were transferred in this
condition to a new host, the infection would not rise to the
maximum severity. Again, during the new host’'s recovery
further attenuation might take place. This process might he
continued, so that eventually the effect of passage would be to
reduce the strain to such a feeble condition of virulence that
infection could only be produced in individuals of exceptional
=usceptibility.

January, 1923.



I I 1 i 5
|} { []
F | -
s [ . ] 3 ATAcCLom Py fi T i
1 10} 2 | L
s [! [ 15l ] ] .
1 5 | S A o
[ . | mi
L ' s 108 :
] MIET




il

by pathogenic action contained similar antigenie components.
As a result it was shown that in these species antigenic diversity
was so great that serological tests could not be relied upon as
the eriterion for excluding otherwise typical strains from specific
identification. On the other hand, this diversity within the
species obviously called for an explanation which has not yet
heen forthcoming; the investigation on similar lines of another
species of similar habitat and of easily determined pathogenicity,
the diphtheria bacillus, therefore appeared desirable.

Work hitherto published on the agglutination reactions gf the
diphtheria bacillus* has revealed—in spite of many technical
difticulties—a similar diversity in antigenic characters, i.e., a
particular strain may have as its dominant component an antigen
which is not present, or is present in quite minor amount, in other
strains.

With these results my own experience has been in general
agreement, and it seems to me quite clear that a serological test is
not likelv to be of much service in the routine diagnosis of
diphtheria.

There are, however, several questions of importance both
to bacteriological seience and to epidemiology to which answers
can only be provided by serological studies of the diphtheria
bacillus and investigation of the range of its specific antigens.
The questions which particularly interest bacteriologists are
as follows :—

Do the non-pathogenic but otherwise typical bacilli
belong to the species Corynebacterium diphtherie ?

Do atypical non-toxigenic bacilli, differing only micro-
scopically from the type, contain the specific antigens !

Are the bacilli which differ in important respects (eg..
fermentation resctions) completely devoid of specific
antigen !

From the epidemiological point of view interesting information
nmay be expected on points such as these :—

Are individual epidemics due to particular serological
types of the diphtheria bacillus ?

Is a particular carrier the probable canse of a localised
outbreak ¢

Is there any relation between the mortality of an
epidemic and the type of bacillus concerned !

TECHNIQUE.

(a) Identification by general bacteriological methods,
I have not made a special study of this subject and have not
met with special difficulties. Since, in general, my object was

* Lubowski, Zt. f. Hyg., 1900, Vol. 35; Lipstein, Cent. f. Bakt., Orig.,
1903, Vol. 34; Schick and Ersettig, Wien. kisn. Woch., 1903, Vol. 16,
Riemsdijk, Cent. f. Bakt., Orig., 1915, Vol. 75; Durand, Compt. Rend. Soc.
Biol., 1920, Vol. 83; Havens, J. Inf. Dis., 1920, Vol. 26; Bell, J.R.A M .¢'
1922, Vol. 38; Christiansen, “Le bacille de la diphtérie,” Paris, Doin
1923 ; Eagleton, Journ. of Hyg., 1923, Veol. 22, :
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to obtain indubitable diphtheria strains, I have ignored, except
for special purposes, any colony in which the constituent bacilli
definitely departed from the normal in microscopical appearance,

For microscopic examination I have made thin films on
coverslips, dried them without heat, fixed them in absolute
aleohol and mounted them wet in Pugh's stain.* This gives
better differentiation of the metachromatic granules and clearer
definition of the bacterial structure than any other single method.

Petri plates of Léffler's medium have been used throughout
for tige isolation of strains. This medium, if prepared with a
highly coloured serum (bovine by preference), grows the diph-
theria bacillus in very large characteristic colonies, i.e., lemon
or orange coloured domes or buttons of 2 to 4 mm. diameter after
48 hours’ incubation. I have never felt that a more selective
medium was desirable, having rarely failed to isolate diphtheria
bacilli from culture mixtures in which they were present as shown
by mieroscopical examination.

The medium for primary growth, i.e., that directly inoculated
from the throat or nose, has been either Lorrain Smith’s alkaline
serum or Loffler’s medium ; the former has the advantage that
there is on it less vigorous growth of cocci than on Léffler, so that,
should there be no diphtheria colonies discoverable and a
mixture have to be used for plating out, a larger amount of
growth can safely be spread on the plate,

The cultural tests which I have applied have been (1) the
fermentation reactions with glucose and saccharose in Hiss's
serum water (reddening of Jitmus and coagulation in 3 days or
less with the former sugar but not with the latter) and (2) growth
in the depths of glucose agar shake cultures : this test does not
differentiate between virulent and non-virulent typical baeilli
but excludes Hofmann's bacillus, xerosis bacilli and the saccharose
fermenting bacilli. It is with the latter that the microscopical
appearances alone are most apt to mislead; some are almost
impossible to distinguish mieroscopically, though usually they
are plumper than the diphtheria bacillus and the metachromatic
granules, instead of being at the end of the rod and filling up
most of its breadth, are irregularly situated in the body of the
bacillus and show a clear margin of unstained bacterial substance
round them.

Finally, in each case the toxigenic action of the strain has
been tested. For this purpose I have employed throughout the
Rémer method in which the specific power which the toxigenic
diphtheria bacillus possesses of producing necrosis of the skin
when injected intracutaneously, is utilised. My technique has
been to emulsify a loopful (1 mm. diameter of No, 73 Starrett
gauge wire) of 20-hour Léffler culture in 1 c.c. of broth and,

* Pugh's stain consists of a mixture of 1 c.c. of 5 per cent. toluidin blue
(in absolute alcohol) with 50 c.e. of 2 per cent. acetic acid : it does not
deteriorate on keeping and requires only a few seconds to give typical
staining.
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with a 1 c.c. all-glass * tuberculin” syringe graduated in
twentieths and a No. 1 dental needle with short bevel, to inject
0-15 c.c. of this suspension into the shaved abdominal skin of a
white guinea-pig.* The small inoculum should produce immed-
iately a dead-white swelling and not a swelling covered by skin
of natural eolour, the latter indicating that the fluid has entered
the subcutaneous tissue. It is better to follow the inoculation
in 5 to 6 hours with an intraperitoneal injection of 200 units
of antitoxin; in this way death of the animal is prevented but
sufficient time is allowed for the specific necrosing action to take
place : this is revealed by the appearance in 2 to 3 days of a black
eschar in the case of toxigenic strains.

This test, while economising animals, since as many as ten
cultures can be tried on one guinea-pig, is, in my opinion, quite
as satisfactory as the classical method in which the subeutaneous
injection of Loffler or broth cultures is employed and death or
survival of the animal is taken as a criterion. 1 have compared
the two methods with concordant results with the non-virulent
strains of my collection (20 in all) and with a large number of
the virulent strains. [ find the intracutaneous method so highly
specific that a positive result obtained by the injection of a
mixture from a primary swab culture indicates with certainty,
and without the necessity for isolation in pure culture, the presence
of virulent diphtheria bacilli. A negative result with such a
mixture is not valid and the test must be repeated with a pure
culture of the suspected bacilli. The method may be confidently
recommended for routine virulence testing among convalescents
and carriers,

Both the Romer and the classical test may fail to reveal toxigenic
capacity in those strains in which this property is present to a
very small extent, and it is possible that the differentiation which
1 have made is not an essential one but only one of degree.
Arkwright? has shown that non-virulent strains may produce
minute amounts of specific toxin insufficient to kill with pract-
icable guantities of culture but sufficient to produce the specific
antitoxic response in horses. 1 have not attempted to detect
any such traces of toxigenie power, but have been satisfied that a
strain might properly be called non-virulent when the Rémer
test has been negative and when a whole 24-hour Léfiler slope
injected subcutaneously has been absorbed without producing
more than an evanescent cedema; in a few cases I have grown
non-virulent strains in Martin’s broth to which 2 per cent. peptone
(Chapoteaut) had been added and have injected 5 c.c. of this
after 10 days’ incubation into small guinea-pigs without result.
The virulent strains under such conditions produce so much
toxin that 0-1 c.c. (and often very much smaller quantities)
will kill small guinea-pigs in two days or less,

* I wish here to express my indebtedness to Dr. O'Brien, of the Well-
come Physiological Research Laboratories, for information as to the

technique of intracutaneous injections,
t Jowrn. of Hyg., 1909, Vol. 9, p. 409,
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(b) Preparation of Agglutinating Sera.

All sera have been prepared in rabbits. The antigenic
inoculum has consisted of suspensions in salt solution of 24-hour
cultures of the various strains: these cultures at the commence-
ment of immunisation were made on ordinary agar containing,
as its nutritive base, broth prepared with trypsinised meat; in
the later stages growth on Kutscher's medinm was employed
(vide infra, p. 45). Before injection into the veins the suspensions
have been heated for an hour at 60° C., 4.e., the bacilli have been
killed by heat and the specific toxin destroyed. Such suspen-
sions are well tolerated, and as much as three agar slopes (100 mg.
of moist growth) have been given in one dose intravenously
without ill effect. But it has not been found easy in rabbits to
get serum of high agglutinin titre for diphtheria bacilli. Treat-
ment which, in the case of the B. typhosus, for example, would
have certainly produced a serum agglutinating the homologous
bacteria in dilutions of 1 in 10,000 or more, has in the case of
diphtheria bacilli produced a serum agglutinating in dilutions
not higher than 1 in 200. For serum of higher titre prolonged
immunisation has been necessary, and even after six to nine
months of treatment during which as many as 40 injections have
been given, the titre attained in most cases has not been higher
than 1 in 1,600; in one case only, a rabbit prepared with the
standard Strain III, (vide infra), a titre of 1 in 30,000 was
eventually reached.

{e) Preparation of suspensions.

All my suspensions have been prepared by scraping off the
bacterial growth on solid media (without admixture with con-
densation water) by means of a large loop. (Such a loop, of a
diameter of about 4 mm., made of a platinum ribbon about
1 mm. broad, can be adjusted so as to hold exactly 20 mg. of
moist growth and is a useful tool for agglutination and absorption
work.)

In normal saline (0-85 per cent) suspensions of many strains
of diphtheria bacilli grown for 24 hours on Léffler’s medium or on
ordinary agar are auto-agglutinating; on standing for an hour or
so at room temperature, or for a few minutes at 60° C., the sus-

nsion, at first uniformly turbid, becomes coarsely flocculent
and a loose deposit results, leaving the supernatant fluid clear or
almost clear with a few fine floceuli remaining in suspension. On
shaking up such a deposit, however, the resulting suspension is
much more stable; it deposits only slowly with fine microseopic
floceuli so that 24 hours or more are necessary for complete
clarification. Such suspensions can quite well be used for
agglutination tests provided control tubes are put up and incubated
in saline and normal serum in parallel with the test.

O'der cultures (48 hours or more) on Loffler's medium or
ordinary agar yield suspensions distinetly more stable in saline,
but even with these a good many strains produce auto-agglu-
tinating suspensions of the character described above. Growth



45

on the same media which have been allowed to dry for two
or three weeks before inoculation with culture also confers
increased stability on the suspensions of such anto-agglutinating
strains.

Culture on Kutscher's medium* vields, except with a few
strains, uniform stable suspensions, and suspensions prepared in
this way have been tested for agglutination in the case of most
of the strains in my collection. Ordinary serum agar (10 per
cent.) does not possess this property of producing stable sus-
pensions, nor does Kutscher’'s medium without serum; it seems
probable that the peculiar effect of the K. medium depends on
its high content of serum (20 per cent.) in conjunction with 2} per
cent. agar,

I have not employed glyeerin, which was recommended
by Lubowski (loc eit.) for stabilisation of suspensions of diphtheria
baeilli, since 1 found that it inhibited the specific agglutination as
much as the non-specific.

SPECIAL CHARACTERS OF THE AGGLUTINATION OF
Drearaeria Bacioor.

All my agglutination tests have been made with 1 c.c.
quantities of the mixtures of agglutinating serum and bacterial
suspension in tubes of } inch diameter dipping in water at
55° C. for 2 hours. The agglutination of diphtheria baeilli in
appropriate dilutions of a specific agglutinating antisernm differs
from the specific agglutination of other bacteria (eq., B.
typhosus, pneumococcus) in that the elumps formed are much
less compact, and, even when agglutination has been rapid
and complete, the bulk of the deposit does not appear to be
much greater than would be accounted for by the deposited
bacilli, i¢.e., the serum constituents appear to form a much
smaller proportion of it than in the case of other bacterial species
reacting with their homologous agglutinating serum. The deposit
is so loose in character that moderate shaking restores the
guspension almost to its original fine turbidity ; the clumps which
reform in such a tube never regain their original size and settle
again more slowly.

In noting results of agglutination I have attempted to
distinguish between the clarifying effect of agglutinating serum
and the size of the clumps formed. These two effects not
infrequently fail to run parallel, for one may find complete
clarification with only microscopic clumps or, on the other hand,
clumps visible to the naked eye with very slow and incomplete
clarification. But I donot here record these observations, since
I have not yet found a satisfactory explanation for the irre-
gularity. The former anomaly, rapid clarifieation with miero-
scopic clumping. is certainly associated with * group agglu-

* Placental extract, nutrose, serum, glucose agar, vide Cent. f. Bakt.,
Orig., Vol. 45, p. 286.
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tination,” i.e., the strains which exhibit it (with heterologous
agglutinating sera) do not readily absorb agglutinin, but there
are many straing with which the agglutination, though of
“group” character, takes the form of large clumps. In some
cases it appears to be due to unknown, perhaps physical, factors
rendering the suspension difficult to clump, i.e., it occurs with
certain suspensions of a strain in the homologous serum, though
other suspensions of the same strain give large clumps.

The second anomaly, large clumps with persistent turbidity,
may at times be due to a mixture of easily agglutinable and
ingensitive bacilli ia the same suspension; it can be imitated by
using a mixed suspension of heterologous non-agglutinating
bacilli with the homologous agglutinating culture, but 1 have
difficulty in conceiving the circumstances under which this eould
oceur in pure cultures of one strain.

Sir Frederick Andrewes has referred me to the fact that Weil
and Felix have shown* these phenomena to be due, in the case
of the typhoid group, to the coexistence of two different antigenic
components, the heat-stable O-antigen (giving small clumps)
and the heat-labile H-antigen (giving large clumps) with their
corresponding agglutinins. From preliminary observations which
I have made with diphtheria bacilli it seems to me doubtful if
these can be identified, owing to technical difficulties such as
- spontaneous agglutination of steamed suspensions and non-
existence of definite voluminous clumping, but it is probable that
an analogous composition is responsible for these appearances in
their case also. Certainly heat-stable antigen is present in large
amount in the diphtheria bacillus,

ANALYsiS OoF AxTIGENIC COoMPOSITION : (GROUP AND SPECIFIC
STRAINS AND SERA.

An agglutinating serum prepared in the manner which 1 have
described (prolonged immunisation) may be expected to contain
agglutinin not only for the ** dominant  or * type " antigenic
component of the strain but also for those components which
are present in smaller quantity or are, for some other reason,
less actively antigenic. Hence such a serum agglutinates not
only its own strain and those of similar antigenic composition,
but also other strains in which the dominant antigen is certainly
different. It is often deseribed as containing * group agglutinin,”
for it is supposed that bacteria contain, in addition to their
dominant antigen, a less highly specialised, less * complex ™
molecule, the * group antigen " which is relatively feeble as an
antigen and requires prolonged application for antibody pro-
duction but which is common to all true members of the
particular bacterial species.

It is probable that no such group antigen really exists, but
that group agglutination, the extension of the agglutinating

* Zt. f. Immmun., Orig., 1920, Vol. 29, p. 24,
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power of a serum to strains containing a different main antigen,
depends on the possession by the immunising strain of subsidiary
antigenic components which, though present in it in small amounts
or hampered in some way in their chemical activity, appear as
the chief component and are active antibody producers in other
straing. Group agglutination, on this hypothesis, is simply the
effect of the sum total of the antigenic activities of the non-
dominant feebly active antigenic components present in the
immunising strain as expressed by the action of the resulting
serum on antigens of similar chemical composition present in
other strains.

Andrewes* has shown that, in the paratyphoid group, any
particular culture will yield two well-defined sorts of baecilli;
one will produce a culture mass of which the antigenic power is
specifie, ¢.e., the type antigen iz dominant, and the serum pro-
duced by immunisation with it will react only with other culture
massges in which this is the dominant antigen; the other produces
a culture mass in which the type antigen is small in amount or
chemically feeble so that the subsidiary components, dominant
in other strains, come equally into action and the antigenic power
is of the group character, i.e., the serum produced acts almost
equally on many different * types ” of the group. In the case
of the diphtheria bacillus it is much more difficult to get, by
ordinary methods, a given colony started from a single bacillus
and, in fact, I have not succeeded in splitting diphtheria cultures
in this way. On the other hand, as Sir Frederick Andrewes has
pointed out to me in a private communication, the distinction
which I have made between * group "’ and * specific ** strains of
diphtheria bacilli is not identical with that which he has found
among the paratyphoids; among the latter, though non-type
antigen is present in the heat-stable O-form (with corresponding
antibody), the chief ‘‘ group”™ antigens and antibodies are of
type character and heat-labile. With this qualification, that
my “ group” antigen may be of the O-variety and common
to more than one serological type, Andrewes's conception of
“ group " and * specific " strains as defined above appears to
explain satisfactorily the peculiar differences which I have found
among the strains and sera I have used for agglutination. If my
interpretation is correct, the possession of © group » or * specific ™
character by a diphtheria strain is a much more stable property
than in the case of the paratyphoids.

In the following paragraphs are recorded the source and
behaviour of the nine strains which I selected for the preparation
of agglutinating serum, .., for analysis of their antigenic
compogition, together with the properties of the resulting sera.
In each case is set down the conclusion I came to as to the specific
or group character of the strain and its serum. The question
of the part played by O- and H-antigens in their behaviour
is one demanding a further special study.

* Journ. of Path. and Bact., 1922, Vol. 25, p. 505.
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It is apparent that, in spite of the * specific " exclusive
nature of the reacting protein of Strain 11I, as shown by its
agglutination reactions in vifre, it must contain suflicient amounts
of the antigens dominant in other diphtheria bacilli to produce
in vivo considerable quantities of the corresponding agglutinins.
Absorption experiments, however, confirm the high specificity
of Strain II1 and its serum, since only 56 of about 250 agglu-
tinating strains absorb the 11l agglutinin; & of these do not
absorb it completely, but remove sufficient (from § to §) to justify
the assumption that they contain 11l antigen in a dominant
condition. The non-absorbing strains even when applied re-
peatedly in large quantities remove either none or only traces
of the I11 agglutinin. Table I, which is a portion of the protocol
of an agglutination and absorption experiment, illustrates the
general behaviour of this Serum 1Il. The symbols have the
following meaning : '+ means complete deposit of the suspension
with the formation of large clumps visible to the unaided eye ;
('l means complete deposit with clumps visible only with the
help of a x8 lens; + -1 means large deposit but some per-
sisting turbidity and elumps again of microscopic size ; -1 means
slight deposit only with similar minute clamps,

TasLe 1.
Behaviour of Serum [II. Titre 1 in 30,000,
Agglutination Reactions diluted as under.

Strains - - 200 400  LGB00 640 12,800 25,600
111 - . - C+ - C+ ' C+-
Ellis - g - €4 C4+ G4+ C4+  +44+1 441
148 - RTINS 04 rOl
G e e T et B 0 0 0
Abzorption Effect on Homologous Agglutination. *
Tl <t TriAeS WY el 0 0 0 0 0
Eliis - - - - C+ C4 C+ o TS R £ L]
148 - - - - trace U 0 (] ] (0
Bl oo - - + 4+ 41 +4+1 O+ C4 O il
Unabsorbed - - C+4 C+ C+ 4+ =N g

The homologous strain as usual absorbs practically all the
agglutinin ; the strain 148 (from a convalescent throat) does
likewise and is included in the 56 making up the Group 1IL:
the Ellis strain (from an acute case), though agglutinating to a
very high titre, 1 in 12,820, removes very little agglutinin ; it
has remained among the unidentified strains; the 11 strain
though agglutinating to 1 in 400 removes none of the homologous
agglutinin from Serum 111

Strain I1I is, therefore, again an example of a specific strain
and Serum IIT of a specific serum in the sense used by Andrewes,
though not obtained by his method.

¥ 2 g, of SBerum I11 diluted 1 in 100 mixed with growth in each case
from 1 Kutscher and 1 plain agar slope (about 80 mg. moist growth):
after absorption (2 hours at room temperature) dilutions as under tested
for homologous agglutinin,
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Strain IV, which 1 isolated from the throat of an acute case of
diphtheria in London in 1921, is toxigenic though it produces
rather weak toxin in ordinary broth on which it also grows rather
feebly. Microscopically it is of the long barred type, the majority
of the bacilli in a film being of the character named by Wesbrook
C1. It has almost invariably produced unstable suspensions
when grown on ordinary agar ; on this medium the growth often
takes the form of a translucent watery film, subcultures from
which either fail to grow on ordinary agar or, on the contrary,
appear as the normal opaque creamy growth. [Its suspensions
have agglutinated not only with its own serum but with the
sera prepared with Strains III, V, VI, VII and VIII, though in
each case (except IIL already referred to) not in dilutions higher
than 1 in 200.

Its serum, Serum IV (titre 1 in 1, EDD after 12 months treat-
ment) agglutinates Strain V to 1 in 400 and Strains VI and VIII
to 1 in 100, but produces only traces of agglutination or none
at all with the other eight selected strains, Of the general
collection it agglutinates to half titre or higher 66 strains and
gives partial or complete agglutination at 1 in 100 with a large
majority of the others. The antigens of Strain IV are evidently
less highly specific than those of Strains I, IT and 111,  Absorption
experiments confirm this indication. Cuntact. with many strains
which contain a different dominant antigen and are hence
serologically distinguishable, leads to notable diminution of the
agglutination for Strain IV. The agglutinin in Serum IV is
apparently capable of combining with quite a variety of antigens,
differing in this respect from the agglutinin of the Sera I, II and
III. For example, Straing V, VI and VIII all absorb nearly
half the agglutinin for Strain IV from this serum, but all three
contain dominant antigens different from Strain IV and from
each other, since the sera they produce (vide infra) are not
appreciably diminished in agglutinin titre by contact with
Strain IV,

Many other strains in the general collection absorb as much
as half of the homologous agglutinin from Serum IV so that as a
means of classification Serum IV is not satisfactory. Nevertheless
I have put together 36 strains as forming a Group IV on the ground
that they absorb all (or nearly all) the homologous agglutinin
and hence must contain a complex of antigens closely similar to
those of Strain IV,

The essential point of difference which separates this serum
from the Sera I, Il and III is that the latter retain their
agglutinin intact when exposed to bacterial receptors of the
group character, i.e., to bacteria not containing their respective
dominant antigen, whereas Serum IV gives positive absorption
results on contact with strains containing a different dominant
antigen. This difference classes Strain IV as a * group " strain
and its sernm as a “ group 7’ serum.

Strain V, which I isolated from the throat of an acute case of
diphtheria in London in 1921, is, like IV, rather a feeble toxin
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producer in broth. Microscopically it alse resembles IV, being of
the long barred and clubbed variety : it has invariably produced
on first subeculture from the stock egg culture a thin watery
translucent film and even on serum media it has grown in less
profuse fashion than the normal. Suspensions in saline made
with the growth on ordinary agar or 10 per cent. serum agar have
always shown a greater or less degree of spontaneous agglutination,
It has agglutinated to a titre of 1 in 100 or 1 in 200 with the Sera
T, IV and VII. Its serum, Serum V (titre 1 in 1,600 after three
months treatment) agglutinates Strain 1V (1 in 200) and Strain
VILL (I in 100), but produces only partial agglutination or none
with the other six selected strains at 1 in 100, In the general
collection it agglutinates more or less completely at 1 in 100
almost all the strains which agglutinate with Serum IV, but absorp-
tion tests have dotected only one strain which is completely
identical. The others tested absorbed, at most, traces of
agglutinin,

I regard Strain V as closely related to Strain IV, possessing
a similar set of * group 7 antigens but possessing in addition
a specialised dominant antigen present only in small amount
and non-dominant in Strain IV,

Strain VI, another of the strains which 1 isolated from the
throat of an acute case during the epidemiec of 1921 in London,
is actively toxigenic in broth, on which it forms a thick pellicle.
Microscopically it is of medium length and typical appearance.
On solid media it has always produced a rather dry growth
readily breaking into flakes on being touched ; its suspensions
in saline have always shown spontaneous agglutination even
when growth on Kutscher's agar has been employed. It has
agglutinated with the Sera I1I, IV and V, resembling in this
respect all the strains placed in Groups IV and V.

1ts serum, Serum V1 (titre 1 in 1,600 atter three months of
treatment) agglutinates Strains IV and VIII completely at
1 in 100 and produces partial agglutination of Strains V and VII
at this dilution. It has by no means so extensive a range of
action as Sera IV and V, though it gives partial agglutination
with the great majority of the strains which give complete or
strong agglutination with these two sera.

By absorption tests 20 strains out of the general collection
have been distinguished as giving complete absorption of the
homologous agglutinin from Serum VI. Others agglutinating
as well, or almost as well, with Serum VI have failed entirely to
absorb agglutinin from it for the homologous strain (31 tested,
of which 21 belonged to Group 1V). Strain VI, though related
to Strain IV, differs, thus, in possessing a “ dominant © antigen
and is, therefore, an example of a specific strain in the sense
employed by Andrewes.

Strain V11, though I isolated it from a case of acute diphtheria
(in an adult in London in 1921), was non-virulent on isolation
(three colonies tested) and has been comsistently non-virulent
ever since. It has produced no demonstrable toxin in broth
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reinforced with peptone, although it forms, as a rule, a good
pellicle on such a medium. Microscopically it has always been
typical, of medium length and with abundant metachromatic
granules of moderate size. When grown on ordinary agar it has
almost invariably agglutinated spontaneously in normal saline,
but it has usually given stable suspensions when grown on
Kutscher's medium,

It has agglutinated with Seram 111 (1 in 400) and Serum VIII
(1 in 100}, but has never given more than partial agglutination
with the other sera.

Two rabbits have been immunised against this strain: A,
which yielded a serum with the titre of 1 in 1,600 at the end of
seven months treatment, was treated with avto-agglutinating
suspensions from cultures grown on ordinary agar ; the other B,
treated with suspensions grown on Kutscher's medium and usually
stable, gave after three months a serum reaching a titre of 1 in
1,200.

In spite of the difference in the inoculum the two sera display
no more than quite minor differences in their range of activity,
Each agglntinates, besides the homologous strain, the Strains
VIII {almost to full titre), IV (to 1 in 200), V and VI (each to 1
in 100); but the A serum produces larger clumps and a heavier
deposit with the heterologous strains than does B. In the general
collection both sera agglutinate strains placed in the Groups
IV, V, VI and VIII, but serum A also agglutinates a certain
number of unidentified strains which serum B scarcely affects
at all. This difference may well depend merely on the greatar
development of subsidiary agglutining in A due to the more
prolonged immunisation, (seven months instead of three).

Absorption tests with these two sera, VII A and B, show
that both possess the * group ” character described in connection
with Serum IV. When brought into contact with heterologous
strains belonging to other groups they lose quite definite amounts
of their agglutinating power for the homologous culture.

The table (Table 2) is a selection from such absorption
experiments,

TABLE 2.
Absorption Experimend with Seruwm VII (Titre 1 in 1,600),

2 ¢.c. of 1in 50 Serum VII mixed in each case with growth from
1 Kutscher and 1 ordinary agar slope (about 80 mg. moist growth) ;
after absorption (2 hours at room temperature) dilutions tested
for homologous agglutinin as under :—

1-100 1-400) 1-800  1-1,600
VII d I A i . 4 i 0 1}
193 . 2 ~ = - - 0 (1] i
B.W. 66 - . - = el +1 0 0
v . - . - - C+ “+++1 +1 0
Davies - . - - - C+ +-+ 1 +1 L1
VIIL . - - C—+ C+ 4441 ]
134 : - - - C+ B o e e +1
111 = 2 - . - C+ C4 i B 4 +1
Unabsorbed - - - - C+- C-- C+ C4
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It will be observed that the Strains IV, VIII and even ILI,
which has been shown to be a ““ specific ”* strain, all lower the titre
to a greater or less degree, though not in any case absorbing the
agglutinin completely. It is remarkable that Strain VILI, though
agglutinating nearly to full titre with Serum VII and closely
related to Strain V11, since their sera pick out by simple agglutina-
tion almost the same set of strains in the general collection, yet
does not remove any more agglutinin from Serum VII than
does Strain 111 which is certainly not so closely allied. I have
imagined that the antigenic component possessed by Strain VIII
in common with VI1I is, in the former, in the dominant condition,
i.e., abundant and chemiecally active, so that it responds vigorously
by agglutination to the corresponding agglutinin in Serum VII;
yet as this agglutinin is only a small part of the group of agglutinins
reacting with the homologous Strain VII, the agglutination titre
of the latter is not greatly diminished by contact with VIII. The
strain 193, however, iz apparently as efficient an absorber of
VII agglutinin as the homologous strain itself, and it has been
classed, therefore, along with 25 other strains in the general
colleetion, in Group VII (total 26 strains).

Strain VIII, isolated in the Wellcome Research Laboratories
and presented to me by Dr. Eagleton, came from a London
School ecarrier in 1921, When first isolated it was toxigenic
(five colonies tested), but three months later when it came into
my possession was non-toxigenic. It remained so for fifteen
months in my hands, but at the end of that time altered, apparently
suddenly, in its serological reactions, and regained at the same
time its power of producing specific toxin. The explanation
will be discussed later (p. 57) ; meanwhile the important point
is that during the period in which I used this strain for serological
investigations it was consistently non-virulent and gave through-
out the same agglutination reactions.

Microsecopically it belonged to the long variety but showed few
clubs or other involution forms; metachromatic granules were
numerous and typieal in character,

When grown on ordinary agar it has usually produced unstable
suspensions, but, as in the case of Strain V1I, stability can generally
be obtained by growth on Kutscher's medium. It has aggluti-
nated with the Sera I1I, IV and VI completely at 1 in 100 dilution
and, as already mentioned, almost to full titre with VII. The
serum prepared with it, Serum VIII (titre 1 in 2,400 after twelve
months treatment) agglutinates Strains VII and IV each at 1 in
100 dilution, but not higher, and gives partial agglutination only,
or none, with the other six selected strains at this dilution. In
the general collection it agglutinates all the strains in Group VII
and most of those in Group IV at 1 in 100 and gives partial
agglutination with many others. It agglutinates 16 strains to
full titre and its agglutinin is completely absorbed by these,
which form consequently the Group VIII, It differs from the
VII sera in that partial absorption is not a disturbing factor : the
homologous agglutinin is left almost undiminished on contact
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with heterologous strains and notably with Strain V11, although
Strain VIII itself has a small absorptive power for the agglutinins
of Serum VII. I regard VIII as a * specific ™ strain. As in
the case of Strain I11, it appears to possess a dominant antigen
on which its agglutination reactions depend; the subsidiary
antigens, though conferring on its serum considerable agglutinat-
ing power for heterologous strains, do not play an important part
in the agglutination of Strain VIII with its own serum, so that
clear-cut absorption tests are possible,

Strain IX 1 isolated from a trachea sent to me post morlem
by Dr. Scholberg of Cardiff in 1922 ; the case was a rapidly fatal
one of combined pharyngeal and laryngeal diphtheria in an
infant. This strain, though toxigenic and typical microscopically,
reacted very feebly with my agglutinating sera; the serum
which I then prepared with it (titre 1 in 1,200 after three months
treatment) gives only traces of agglutination or none with the
other eight selected strains and those of the general collection,
I have thus not been able with the help of Serum IX to make
another serological group. The strain remains as ** unidenti-
fied ”* or of ** individual * serological type.

Among the eight strains fully examined as to serological
behaviour there are, thus, six, I, 1T, III, V, VI and VIII, which
are either pure * specific ”* strains in the sense used by Andrewes
or approximate to that condition in virtue of the high prepon-
derance of a particular dominant antigen. Two strains, IV and
VII, on the other hand, display the properties of ** group-
strains 7 in that their antigens are less differentiated but exhibit
relationship at the same time with several of the specific strains,

In the ease of the other strains of the general colleetion with
which sera have not been prepared, the analysis of antigenic
compogition depends on their reactions with heterologous sera
only and is necessarily less complete. That some of them are
antigenically * specific 7 in the sense already discussed is
probable ; for example, the strains absorbing completely the
Sera I, TII, VI and VIII obviously possess the corresponding
antigens in the dominant condition. On the other hand, the
strains which have been placed in Group IV and VII are probably
of the ** group 7 variety, though it is possible that an extensive
preparation of monovalent sera with such strains would reveal
a dominant antigen peculiar to the strain in a certain number,

RELATION OF SPONTANEOUS AGGLUTINATION TO AGGLUTINATION
BY SERUM.

Arkwright* has pointed out that it is often possible to
differentiate in old cultures of dysentery bacilli and other
organisms of the intestinal group bacilli of two sorts, one pro-
ducing smooth * typical " colonies and stable suspensions in
salt solution. the other producing rough colonies and suspensions

* Jowrn. of Path. and Bact., 1921, Vol. 24,
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which agglutinate spontaneously. He has shown, further, that
the two sorts, rough and smooth, are also different antigenically.
I have had this in mind throughout my work with cultures of
diphtheria bacilli and, as has already been mentioned, have
found, like many others, that the phenomenon of spontaneous
agglutination is very frequent in this species. * Rough " and
“smooth ” colonies on agar are also distinguishable among
diphtheria bacilli, but rarely in the same strain; some strains,
on the other hand, regularly produce a rough type of growth, the
colonies readily breaking up into fragments on being touched,
while others are of the consistency of soft elay and do not break
up in this way. But, though rough growth usually gives a stable
suspension in salt solution, i.e.. the reverse of the association
found among dysentery bacilli, a few strains growing regularly
in the rough form, notably ‘:traan VI, yield suspensions agglutinat-
ing spontaneously in saline : on the other hand, a fair proportion
of the smooth growths remain perfectly stable when emulsified
in salt solution. There is, therefore, no complete association
in the case of the diphtheria bacillus between roughness of
growth and sensitiveness or insensitiveness to electrolytes.

As already mentioned, the medium on which the culture
has grown is an important factor in determining the stability
of the resulting suspension; it is easy, in fact, to produce with
the same strain and the same inoculum (1) a highly stable
suspension (from Kutscher agar) and (2) one which agglutinates
completely and deposits almost as fast as it is made. The
serological reactions of two such suspensions are also different.
The suspension which agglutinated spontaneously may be shaken
up and then may remain fairly stable: the finely granular
suspension thus prepared will usually not agam flocculate when
incubated with salt solution alone but remain turbid for some
hours. But such a suspension, when mixed with agglutinating
serum (in dilution 1 in 100), produces large clumps not only with
homologous serum (or the serum from which it absorbs all the
homologous agglutinin) but clumps at least as large with other
sera containing group agglutinin. The stable suspension, on the
other hand, while giving large clumps with the specific agglutinat-
ing serum, responds to group agglutinin with microscopic
clumping only.

The differences obtained with dry (more stable suspension)
and moist (spontaneously agglutinating suspension) specimens
of the same medium are of similar character; the suspension
more stable in salt solution is also more insensitive to group
agglutinin than the unstable suspension. The similar differences
between 24 and 48 hour cultures most probably depend on the
effect of drying of the medium and of the hacterial mass during
ineubation.

Eisler and Silberstein®* have described somewhat similar
phenomena with eultures of B. typhosus on dry and moist agar,

* Zt. f. Hyg., 1921, Vol. 93,
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so that it seems probable that these differences are widespread
among bacterial species.

As in the case of antigenic composition (vide infra, p. 62)
spontaneous agglutinability has no association with presence or
absence of toxigenic power. The strains which regularly produce
auto-agglutinating suspensions remain, nevertheless, virulent in
the sense that they produce the specific toxin both in vifre and
in viro. Whether they are as infective, i.e., as capable of
producing disease on entering the human throat. is a point on
which | have no data and on which direct experiment is not easy
to arrange. The nearest imitation of natural infeetion, the pro-
duction of localised necrosis by rubbing culture on the shaved
unbroken skin of rabbits, does not support the hypothesis that
their power of local proliferation on an epithelial surface is
diminished, since 1 have found that the spontaneous agglutinators
are perfeetly eapable of produeing this lesion. But the conditions
in this experiment are not comparable with those in the natural
propagation of diphtheria and the existence of diminished
infective power among these remains as an attractive hypothesis.

There are two explanations of the differences between
spontaneously agglutinating and stable suspensions. It mayv he
that the suspension sensitive to the flocculating action of salt
solution alone also responds more easily to the electrolyvte when
the effect of the agglutinin has taken place, i.e., the unstable
suspension shows up agglutinin effects which remain hidden in
the case of the stable. Or, on the other hand, it may be that
as in Arkwright's cultures, the instability is associated with
antigenic differences; the culture which has become sensitive to
the flocculating action of salt may have concurrently developed
“ group 7 antigens at the expense of its more ** specific ” receptors.
Possibly both explanations are correct and may be combined in
this way, that the absence of some protecting substance, itself an
antigen, on the surface of the bacillus involves not only a loss of
specific reacting power but an increased sensitiveness to the
action of electrolytes in the surrounding fluid. F. Griffith* has
put forward a similar hypothesis for the serological behaviour
of “rough” strains of pneumococei.

(HANGES IN THE SEROLOGICAL REACTIONS OF STRAINS
DURING CULTURE.

Provided that cultures on the same medium are employved for
preparing suspensions, the serological reactions of different strains
maintained in eulture over long periods have been remarkably
uniform in my experience. But it must be borne in mind that,
since my stock cultures have been maintained on solidified egg
at room temperature, very few changes to fresh medium have
been necessary to keep the strains alive. Such egg cultures yield
vigorous subeultures when over a year old, though 1 have made
a habit of providing fresh egg tubes for my strains about every

* Ministry of Health Reports, No. 18, 1923,
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four months. They have thus been kept on a favourable medium
in which nutriment is difficult to exhaust and have not undergone
the vicissitudes which are known to predispose to change. 1 have
seen some indications that the maintenance of strains on Liffler’s
medium dees produce a gradual loss of specificity. Two strains,
however, have definitely and materially altered while in my
possession. One, the strain B.W. 66, which Major Bell gave me
and on which he founded his Type 11, has lost its power of absorb-
ing my Group IT agglutinin but has acquired that of absorbing
the agglutinin of Serum VII. The other, the Strain VIII, which,
when I got it from Dr. Eagleton, agglutinated well with Serum 111,
had lost this agglutinability a month later, and had lost also its
original toxigenic power. It was then used to prepare the
Serum VIII, remaining non-virulent during that period and for
18 months in all. Then a subculture failed to absorb VIII
serum and, attention being thus drawn to a change in it, it was
plated out on Kutscher agar. The plate showed colonies of two
kinds, semi-translucent and opaque; the former yielded cultures
agglutinating with Serum III and not with Serum VIIT; the
latter was the typical VIII strain; the former was toxigenic;
the latter, as before, was not. I am inclined to ascribe these
curious changes to an original admixture of two strains, one or
other of which at different times was so much overgrown by its
companion as not to be detectable by serological, virulence or any
other test. But the discovery of strains of two types in the
same throat is not by any means a common oeccurrence (I have
no example in my series), and it is certainly interesting that the
newly appearing straing should be respectively of the Groups VII
and VI, two groups which are founded on strains undergoing
degeneration, as shown by their loss of toxigenic power, and
mainly comprise strains from convalescents and contacts (vide
infra Table 3, p. 59).

CORRELATION WITH ANTIGENIC ANALYSIS BY PREVIOUS
OBSERVERS.

Before proceeding to the subject of the numerical preponder-
ance of my eight groups among the different sources from which
the strains were obtained, it is right that I should attempt to link
up my groups as far as possible with those of previous observers,
Thanks to the courtesy of Major Bell, R.AM.C., and of Dr.
Eagleton, of the Welcome Research Laboratories, who have
presented me with specimens of their type strains, I have been
able to make comparative tests.

My Groups I, IT and IIT are identical with theirs bearing the
same numbers, though in the case of 11 and 111, the strains
employed for the preparation of the serum were from different
cases from the strains used by them for this purpose.

Major Bell has not proceeded with the distinction of further
groups, but Dr. Eagleton has found seven more, while still leaving
16 out of 348 strains unidentified, i.e., about 5 per cent. Unfor-
tunately several of the type cultures which Dr. Eagleton supplied



a5

some time after the conclusion of his work were in my hands
very difficult to deal with; I found their suspensions so unstable
that specific agglutination was doubtful. Whether this was due
to a sort of degeneration, or modification in the direction of
“ roughness " in Arkwright's sense, during storage, or to some
difference in my culture medium, is a matter of conjecture.

Absorption tests with his cultures and my sera have, however,
permitted me to identify two of his last seven groups with mine.
His Strain VII absorbed the agglutinin from my Serum VIIL
almost completely, so that these two groups are nearly, if not
quite, identical ; it is possible that his Strain VII was originally
more “ specific ” and his Serum VII more satisfactory than mine
as a means of serological classification,

Dr. Eagleton’s Strain IX absorbed the agglutinin completely
from my Serum VI : this is a reliable sign of identity, since my
Serum VI is a ** speecific 7 serum.

Dr. Eagleton’s Strain V absorbed completely my Group 11
serum, as did his Strain 11.  The explanation may be that my
Serum II contains agglutinins for slightly different dominant
antigens which in the absence of serum prepared with other
strains of my Group I1 have escaped my notice.

It is remarkable that 1 have not been able to identify my
large Group IV with any of Dr. Eagleton’s strains, especially as
my LV serum is not a highly specific one and might be expected
to show at least some degree of relationship with one or other of
his strains. His Strain IV certainly agglutinates well with my
Serum IV, but removes less than half of its agglutinin. His
Strain VI agglutinates well with my Serum III, but does not
absorb, and his Strain VIII behaves similarly towards my
Serum VIII.

It seems to me that the chief result of this comparison is that
it shows how difficult it is to analyse accurately the antigenic
composition of the less * specific  strains of diphtheria bacilli.
It is possible that if sera were prepared with different strains,
one from each of Dr. Eagleton’s groups and mine, still another
arrangement of the groups might be reached. This possibility
does not invalidate the conclusions I have drawn from my own
experience with the agglutination reactions of my collection of
diphtheria bacilli,

DISTRIBUTION OF ANTIGENS AMONG STRAINS :

(a) from acule cases ;
(b) from convalescents ;
(¢) from contacts and carriers.

For the material from which my colleetion of diphtheria bacilli
has been made (throat and nose swabs or primary cultures from
these) 1 am indebted to Drs. Caiger and Goodall, respectively,
of the South Western and North Western Isolation Hospitals of
the' Metropolitan Asylums Board (48 strains, all from acute
cases), and to Dr. Ponder, the bacteriologist of the Kent County
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ASSOCIATION OF PARTICULAR ANTIGENS WITH EPIDEMICS.

The strains of my collection have been obtained, as already
remarked, almost entirely from cases in the region of London and
during a period of abnormal prevalence of diphtheria (1921-1922).
Of the acute cases in the isolation hospitals of the Metropolitan
Asylums Board (48) no less than 71 per cent. were due to strains
of the Groups 111 (44 per cent.) and IV (27 per cent.), a fact which
ascribes definite epidemic importance to these antigens. Groups 1
and 11, on the other hand, were of minor importance at that time.
The importance of Groups 111 and 1V is evident also on considering
the acute cases and convalescents in the county of Kent, for no
less than 70 per cent. among the former and 55 per cent. (of the
identified strains) among the latter yielded bacilli belonging to
these.

In the case of two small school outbreaks from which I got
material there is evidence that different groups may be responsible
for localised spread ; both these small epidemics oceurred in coast
towns in East Kent, one in an expensive preparatory school, W,
the other in an industrial school, K.

In the W outbreak there were 4 cases of diphtheria among
43 boys aged from 7 to 14, but at the time I received material
these had long recovered and most of the other 19 boys who had
given positive swabs had become negative ; the problem which
had arisen was the persistent presence of virulent bacilli in 2 of
the former patients and in 4 of the contacts who were still being
isolated 3 months after the outbrealk. The two former patients
and two of the contacts, ie., 4 out of 6, vielded on two
occasions (after 12 and 13 weeks) bacilli identical with Strain II ;
the other two on both of two occasions yielded bacilli agglutinating
faicly well (1 in 200) with Serum 11, failing to absorb its agglutinin
but agglutinating with and absorbing completely from Serum VII.

In the case of the K outbreak, 175 swabs were taken from the
boys in the school in which 4 cases of diphtheria had recently
oceurred (October 1921).  Eleven positive swabs were found and
the swabbing of these carriers was repeated at weekly intervals
thereafter for seven weeks, after which no more positive swabs
were obtained.

Of the eleven, No. 1 yielded throughout a non-virulent bacillus
microscopically long with well-developed metachromatic granules
and characteristic cultural characters (fermentation of glucose
but not saccharose; anaerobic growth): it was identical sero-
logically on each occasion (3) with Strain VIII.

Number 2 yielded for three weeks a virulent bacillus, micro-
scopically short and slender with few metachromatic granules ;
serologically it was identical (on the two occasions it was
isolated) with Strain VI,

Number 3 (2 oceasions), 4 (3 occasions) and 5 (one occasion)
all yielded bacilli resembling in every way the strain isolated from
No. 2. Numbers 6 (3 oecasions) and 7 (2 oceasions) yielded bacilli
resembling in every way the strain isolated from No. 1.
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The other four carriers gave in each case non-virulent baeilli
mieroscopically like No. 1 but not identical serologically. All
the strains from these four (9 in all) agglutinated well with
Serum VIII; one agglutinated also with Serum VI, but with
none could the homologous agglutinin be removed from either ot
these sera to an extent justifying their inelusion in either group.

There were, thus, among these contacts, four carrying virulent
baeilli of Group VI, three carrying nen-virulent bacilli of Group
VII and four carrying non-virulent bacilli not identified sero-
logically but with affinities to Group VII. It seems probable
that the outbreak was due to the first of these, while the other
strains were either (z) normal to the throats of the school (but
against this i= the fact ot their fairly rapid disappearance) or
(h) were epidemically spread at the same time as the virulent
bacillus or (¢) were serological and functional mutants from the
virulent strain. The last hypothesis is tempting in view of the
increasing frequeney with which such straing are found among
convalescents and carriers in general.

As regards answers to the  epidemiological questions pro-
pounded in the introduction, the data I have obtained are rather
incomplete. There is evidence, however, (1), that the epidemic
previalence of diphtheria in London in 1921-1922 was associated
with Group 111 and (2) that other groups may be responsible
for localised outbreaks.

I have not had an opportunity of identifying a particular
carrier as the probable cause of an epidemic, though I have shown
that such identification eould be based on agglutination reactions.
Nor have | obtained striet evidence as to outhreaks of special
mortality being associated with a particular antigen, though
there is some indication of this in the association of the specially
severe epidemic mentioned in London with Group II1 which
is founded on a specially toxigenic strain. Against such an
association is the common experience that during epidemic
prevalence mild and severe eases are found conenrrenily.

CoMPARISON OF VIRULENXT AND NON-VIRULENT STRAINS.

On Table 3 (p. 39) it will be ohserved, first, that a small
percentage of non-virnlent strains has been isolated from acute
cases of diphtheria (5 per cent.). It is possible, of course, that
virulent bacilli also were present in the material from such cases
but were missed; since three colonies were always isolated and
tested and were invariably identical, it seems more probable
that the cases were not truly diphtheritic but rather examples of
zore throat in persons harbouring non-virulent bacilli.

Secondly, as is not surprising in view of the 5 per cent. of non-
virulent strains in acute cases, 2 per ecent. of the strains from
convalescents were non-virulent ; one might have expected a
far higher percentage of non-virulent cultures from convalescents,
sinee the opinion has been fairly widely held that, in the process
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of becoming free from diphtheria bacilli, the virulent strain is
often replaced by a non-virulent. [ have not had many oppor-
tunities of finding this among my collection of convalescents,
since in the majority | have had only one positive culture. That
the convalescent mayv continue to harbour virulent strains for
long periods is shown by the fact that I have one from a case
convalescent for 14 weeks, two for 12 weeks, three for 10 weeks,
and two for 8 weeks dating from commencing convalescence. In
the 12 persons from whom | cultivated diphtheria bacilli on more
than one oececasion during their convalescence, the duplicates
(three in the case of 5 persons) were all virulent exeept in one
case in which the daplicates at 3 and 5 weeks were both non-
toxigenic. My other non-virulent convalescent strain had no
duplicate and came from a child convalescent for 5 weeks.

Thirdly, on the other hand, 43 per cent. of the contacts and
carriers were harbouring non-virulent bacilli. In one ease a
virulent strain was suceeeded in the throat by a non-virulent.

It is not possible to say how long the bacilli found in these
contacts and carriers had been present. Most of them were
picked out of large batches of persons examined (eg., school
children) and may represent the proportion to be found in any
such group, whether in contact with cases of diphtheria or not.
In my experience this is not unlikely, since in a series of over
600 children from London schools in which no diphtheria had
oceurred for =ome months, Dr. Kentish Wright, with whom 1
collaborated, reported quite a definite percentage of these non-
virulent typical strains, ®

Fourthly, as regards the relationship of agglutinogen with
toxigenic capacity, it will be noted (vide Table 3, p. 59) that all
the strains containing as their dominant antigens those charac-
teristic of Strains 1, 11, 111, IV, V and VI are virulent. But in
the remaining groups this association between virulence and
antigenic characters has not been found. Strain VII, a non-
toxigenic strain, is antigenically identical with, or closely related
to, both virulent (23) and non-virulent (3) strains, while Strain
VIII, also non-virulent, is similarly related to 2 wvirulent and
14 non-virulent strains. In the case of Group VII this
community of serological reactions between virnlent and non-
virulent strains might be considered of doubtful validity, since
Serum VI1I, as has been explained. has no pronounced specificity
and might cause to be included among its congeners strains
containing, though in small amount, a different antigen with
which the toxigenic function might be in relation. But in the
case of Group V1II no such explanation holds good, and it must
he accepted that the toxigenic property is independent of the
agglutinogenie or agglutinating complexes. It follows that one
of the questions proposed in the introduction—*" Do the non-

* Unpublished. The actual figures were :—645 throats and noses
swabbed ; virulent diphtheria bacilli in 2 cases (-3 per cent.); non-
virulent but microscopically typical baeilli in 12 cases (1-8 per cont.).
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pathogenic but otherwise typical bacilli belong to the speecies ? "
—has been answered in the affirmative.

The further guestion whether an agglutination test could
be employed instead of an animal test in the determination of
virulence is more difficult to answer. In view of the fact that
only two of the group sera included both virulent and non-
virulent strains, it would appear that a positive result (absorption
of agglutinin or high-titre agglutination with a * specific ”
serum) with one of the first six group sera might safely he
regarded as equivalent to a positive virulence test. Low-titre
agelutination with all the group sera could not be relied on,
however, as indicating a non-pathogenie strain.

ASSOCTATION OF OTHER CHARACTERS WITH SEROLOGICAL (GROUPS.

I have not succeeded in correlating any particular micro-
scopical character with the predominance of a particular antigen,
but there is certainly a tendency among the bacilli which have
been placed in Group IV (and V) to show an unusual proportion
of the long barred and clubbed forms in general smears from
young cultures (Type ("1 of Weshrook) : furthermore their cultures
usually grow poorly, in broth forming thin pellicles and on agar
fnrmmg a thin translucent watery film. They also produce
slower fermentation of glucose in peptone water eulture (two to
three days instead of one).

The bacilli in Group VIII have all been of the long variety,
whereas in other groups there are strains showing long forms
as their predominant tvpe as well as strains in which the
commonest bacilli are short.

SEROLOGICAL RELATIONSHIP OF IDIPHTHEROIDS.

I have not attempted to make this subject one of the capital
points of the investigation, but certain observations appear to be
worth recording. For the purpose in view 1 have limited the defi-
nition * diphtheroid ™ to those bacteria differing from the typical
bacillus either microscopically (ey., lacking metachromatic
granules or being uniformly barred) or culturally (e.g., failing to
ferment glucose or fermenting saccharose). The chief represen-
tatives which I have found in the throat and nose are :—(1) the
well-defined Hofmann’s bacillus which fails to ferment glucose ;
(2) the * xerosis” type whieh ferments glucose, though more
slowly than the typical diphtheria bacillus, but is thicker,
uniformly barred and may or may not present metachromatic
granules ; when present the latter are not confined to the poles
of the bacilli; I have found this type of baeillus very common
in the nose among healthy school children ; (3) a short plump
bacillus which ferments both glucose and saccharose and possesses
metachromatie granules nsually small and irregularly placed.

All these three produce colonies on LofHer's medium which
are not readily distinguishable from the true diphtheria bacillus,
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but all grow less strongly in subeulture and readily die out both
on Loffler's and on Dorset’s medium, whereas the diphtheria
bacillus on the latter is long-lived and persists without subculture
for many months, All, of course, are non-toxigenic and all
fail to grow anaerobically in deep glucose agar shake cultures,
whereas the typical strains, whether virnlent or avirulent, grow
well under such anaerobie conditions.

The baeilli (1) and (3) (Hoffmann and saccharose fermenters)
have given clear negatives with all my agglutinating sera and are
thus readily distinguished by serological reactions. But with
the * xerosis 7' bacilli confusing results oceur ; with Serum II1,
and more particularly with Serum IV, well-marked agglutination
can be obtained with these strains in dilutions as high as 1 in 100,
1 have prepared an agglutinating serum with one of these
" xerosis 7' strains which after 7 months immunisation aggluti-
nated it in the form of fine flocculi at 1 in 1,600 dilution. This
serum produoced a similar agglutination with 17 other similar
strains (chiefly from the noses of healthy school children).
With diphtheria baeilli, on the other hand, it produced no more
than traces of agglutination.

It seems probable that these * xerosis 7 bacilli from the nose
belong to one species, since all those tested agglutinated well
with this xerosis serum. Further, it seems possible that this
=pecies is more nearly related to the diphtheria bacillus than any
of the other diphtheroids—perhaps as nearly as the B. paraty-
phosus to the B. typhosus—although possessing none of its power
of producing the characteristic toxin. It is of interest that the
diphtheria bacillus Strain IV, which appears to possess some of
the antigen producing agglutinin for the xerosis type, is itself
more nearly related to this type (a) morphologically, in that its
cultures have a preponderance of long barred bacilli, and (b)
culturally, in that it grows feebly on ordinary serum-free media.

SIGNIFICANCE OF ANTIGENIC DIVERSITY.

What reason can be given for the diversity in antigenic
composition of different diphtheria bacilli? In the case of other
bacteria this diversity in different strains of one species may be
plausibly interpreted as a response to the gradually extending
anti-bacterial activities of the host species and may come about
hv a process of survival of the variant bacteria. But one
might have expected that the possession of a specific toxin of
unvarying compozition (Hartley) and indiseriminate potency
for the host might save the diphtheria bacillus from the necessity
for such adaptation, especially as the local effects of its toxin
appear to form an essential condition for the extension of
infection in the tissues. It is evident, on the contrary, that the
diphtheria baecillus is just as subject to antigenic variation as
the meningococcus, the pneumococcus or the influenza bacillus,
which likewise occupy the mueous membranes of the mouth,
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nose and pharynx as their regular habitat. The indication is,
thus, that, for its survival in the human community, the diph-
theria bacillus eannot rely solely on its toxin but mmust reckon
with the anti-bacterial activities of the host, activities directed
against the bacterial protein and developed to fit its highly
specialised composition. And this is reasonable when one con-
siders that, before the baeillus invading a new host ean produce
enough toxin to denature the swrrounding tissues and turn them
into a favourable nidus for its growth, it must bhe able to survive
a certain time in face of the antibacterial action of the tissue
eells and fluids. However powerful its toxin production, a
bacillus which met immediately bactericidal antibodies capable
of combining with it, could rarely survive and produce disease,
On the other hand, a bacillus possessing an antigenic complex
which did not fit the bactericidal antibodies already developed
in the host, might survive and multiply on the mucous membranes
even though the presence of antitoxin in the host prevented it
from invading the tissues and setting up disease. In this way
one can explain the existence of different serological strains
in the community and can also account for the observation
that among convalescents and contactz the varieties are more
numerous than among strains found in acute cases of disease.

The continued existence in the nose or throat of the original
infecting strain, deprived, as it would be, by antitoxin, of its
powerful auxiliary, the diphtheria toxin, is bound to be limited
by the development of the appropriate antibacterial substances
in the patient, the limit depending on the rapidity of this anti-
body response ; persistence beyond a certain period must depend
either on failure of thiz response on the part of the host or an
adaptation of the bacillus by producing a serological variant on
which the antibacterial substances developed could no longer
attach themselves,

Evidence suggestive of the change from one serological type
to another in the pharynx of a convalescent and a contact is
mentioned in connection with the school outbreak at W, (p. 60),
where two of the persistent carriers yielded strains different
from the others though there is every reason to believe that the
original infection was due to a single strain : further, the change
in this instance was from a specific strain (of Group I1) to one
non-specific and, though itself still toxigenie, serologically identical
with the non-toxigenic Strain VII.

The collection of abundant instances of such serological
variation in the throat or nose of carriers would be a very arduous
undertaking, as not only would it depend in most cases on a
fortunate chance, but the results would be valid only under very
special circumstances, eg., in an isolated community in which
the introduction of another infecting strain was practically
impossible.

The further question whether diphtheria bacili may undergo
a process of greater degradation and become transformed into












