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The Present Position of Hetero-inoculation i

and many other processes, including, possibly, even cancer itself, are
familiar examples. Between demonstrable auto-intoxication from the
products of autolysis and other anomalies of enzymic activity and its
earliest stages there must also be an infinite number of grades.

Under the stress of life there could be no escape from one or other of
these aberrations unless there were some restraining influence constantly
at work to hold a tendency to perverted action in check. This
restraining influence may be defined as the protective response called
out by cellular enzymes and their products whenever cell-integrity is
threatened by anomalies of cell-function. In the evolution of cell-
maintenance it is only this power of restraint that enables a cell not
only to remain a cell of its own kind, but to remain a cell at all. In
other words, natural selection transforms what was in the first instance
accidental into protective purpose. To paraphrase Herbert Spencer,
cell-life is the equation of cell-reaction. But the conception of reaction
must not be confined to reaction against outside forces. It must also
embrace a cell's reaction against its own enzymes and against the
products of enzymic activity. The very weapons with which a cell can
destroy itself incite the restraint necessary to avert such disaster.
When, therefore, a cell is damaged by bacteria or their toxins, its
powers of restraint of what are then abnormal enzymic metabolic
processes are impaired. It can of its own accord only return to a
normal state by inciting responsive reaction in the fertilising lymph
that supplies it. The sign of restoration is the exhibition of appropriate
restraining bodies. Cell-life is, in fact, inconceivable in the absence of
such restraint, which is the only intelligible explanation of the horror
autotoxicus postulated by Ehrlich.

Hence bacterially infected tissues must, I maintain, defend them-
selves, not against one factor only, bacteria and their products, but
against many. Amongst the remaining factors are their own enzymes,
and the produets of their own enzyme activity. If attack is plural, defence
must be plural. Antitoxin production gud bacteria will do much, only,
however, by protecting from harm cells still undamaged. It cannot
directly enable cells already damaged to restore the condition of immunity
on which effective cell-life depends. Many cells, no doubt, are injured
beyond repair, but there must be also hosts of cells not beyond hope of
spontaneously or artificially induced recovery. For such as these no
antitoxin, bactericidal body, nor opsonin can be of the slightest avail,
except by preventing further injury. If this be so, artificial specific
treatment, which aims at production of bacterio-tropic bodies only, to
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26 Rational Immunisation in Tuberculosis

temperature. - In each case they represent the evening temperatures
joined by a continuous line. The reason for this procedure is the
great difficulty of getting a correct idea of the general course of
intoxication and of response from a series of sheets recording diurnal
variations. It is, in fact, impossible for the eye to receive an exact
impression of a chart as a whole, if in a disease such as tuberculosis,
with wide excursions between morning and evening, the ordinary charts
are studied. The abbreviated method has the additional advantage of
reducing to small compass the readings of many weeks. Each chart
given below is capable of registering the observations of four months.
In order to make clear the object of recording in a graphic manner
what I conceive to be effective response to spontaneous auto-inocula-
tion, the broken curve of declining indices has marked on it at intervals
the letter X. Whenever, therefore, this letter appears, it is intended to
indicate the crest of an effective auto-inoculative wave. It will be
noticed that each crest is, as a rule, lower than preceding crests, higher
than succeeding crests, and is separated from its fellows by intervals
of from one to fourteen days. The smaller waves noticeable in the
charts are not lettered.

Chart 1 is from a case of pulmonary tuberculosis with well-marked
signs in both lungs. The sputum contained tubercle bacilli. The total
gain in weight during treatment was 19 lb. Improvement was pro-
gressive. The case is of interest because not only does it show to
perfection the broken curve of declining indices, but it also shows the
absence of this curve in the first month of treatment before there was
any sign of clinical improvement.

Chart 2 is from a case of pulmonary tuberculosis under freatment
for five weeks only. The broken curve of declining indices coincided
with well-marked clinical improvement.

Chart 8 is from a case of pulmonary tuberculosis published by
Dr. ¥. W. Burton-Fanning, and treated by him in 1896, under the
open-air régime. Tubercle bacilli were present. Fever declined, he
said, after four months' treatment, and in a further seven months
all physical signs and symptoms, as well as tubercle bacilli, had dis-
appeared. The total gain in weight was almost 14 1lb. He was well
and at work twelve months after discharge. The case is interesting on
account of the favourable course with many weeks' high fever. The
chart shows very well, not only the broken curve of declining indices,
but also the sharp elevations at X1 and X2, which seem to have been
followed by great improvement.
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30 Rational Immunisation in Tuberculosis

inoculation which was again followed by a further declining curve and
final descent to nearly normal.

Chart 5 is from a case in whom no attempt at inoculative treatment
was made. He went steadily from bad to worse, and the chart shows
almost total absence of attempts at eflective response to spontaneous
auto-inoculation. This chart is reproduced in order to demonstrate the
reverse picture to that shown in Charts 1—4.

Charts 6—10 represent broken curves of declining indices in cases of
enteric, scarlatina, influenza, and non-tuberculous broncho-pneumonia.
They are reproduced to show that the picture of spontaneous and effec-
tive auto-inoculation is not confined to tuberculosis. The two enteric
charts are continuous evening temperatures, the morning temperatures
being again omitted as obscuring the point at issue. The influenza
chart is a four-hourly one. In acufe infections running a short course,
such as scarlatina, influenza and measles, the insertion of morning
temperatures is essential to correct interpretation. Since the remittency
is slight there is no difficulty in reading.

Chart 11 represents an exactly opposite type to that shown in Charts
6—10. Effective response to auto-inoculative stimulus is, as a rule, con-
spicuously absent in cases in which death finally occurs.

This is a convenient place to notice that in some cases ultimately
ending in death a broken curve of descending indices is occasionally
shown almost up to the time of death. In such cases, however, it
appears that, although response to auto-inoculation may be fair, the
economy is unequal to the strain, and the ship goes down, literally with
all flags flying. This is well seen in Chart 5, from A to B.

In order to represent more graphically still the contention that a
temperature chart may often indicate with great accuracy presence or
absence of effective response to auto-inoculation, the following auto-
inoculation curves are reproduced.

Chart 12 is moulded from temperature Chart 2, and will be found to
represent with sufficient accuracy for practical purposes the rise and fall
of intoxication and response, leaving out of account minor variations.

Chart 13 is moulded on Chart 1. 'While Chart 12 represents undis-
turbed response to effective auto-inoculations, Chart 13 represents an
early stage of nearly four weeks’ duration in which response to such was
in abeyance, and in which the patient was actually losing ground.

Chart 14 represents in the first half a partial absence of response to
acute inoculation which was completely overpowered and eventually, in
the second half, ended in death. The picture of Chart 14 is the inverse
therefore of 12 and 13.
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Spontaneous and Artificial Auto-inoculation 47

Chart 22 is that of a severe case of pulmonary tuberculosis. For
two months the patient and her temperature chart were carefully watched
without any form of specific treatment being given. During these two
months she steadily lost ground in spite of absclute rest in bed. At the
point marked in the chart auto-inoculation was at last carefully begun.
Improvement had been as marked as before it was absent. The patient
is still under treatment and there is good hope of eventual arrest. For
three weeks after this chart was completed the temperature has improved
still further. On two occasions she has in these three weeks been
inoculated under the skin with }; mgr. tuberculin T.R. In both cases
the injection has been absolutely ignored so far as clinical manifestations,

PULMONARY TUBERCULOSIS.
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including temperature, go, as I have frequently observed to happen where
the temperature is at or near normal in cases approaching quiescence.

Chart 23 is worth showing to illustrate the effect of artificial auto-
inoculation in a case of influenza complicated by a touch of pneumonia.
At the time the artificial anto-inoculations were given the temperature
was on each occasion rising. A further rise occurred, apparently as
a result of the inoculation, followed in each case by fall. The curve
of declining indices after the second inoculation is well shown. The
physical signs in the lung rapidly cleared, and though convalescence was
slow the nltimate result was good.
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Spontaneous and Artificial Aufo-inoculation 53

At this point I wish to summarise the remarks so far made by
showing three curves, one of a patient doing well, a second of a patient
barely holding his own, and a third of a patient getting progressively
worse.

Chart 24 represents a curve moulded from the continuous evening
temperature chart of a case of pulmonary tuberculosis that did extremely
well withont artificial specific aid. In this chart we note that at the
point A there has occurred an intoxication followed by a rise of tem-
perature. The intoxication is followed by an increase of anti-body
production. This has effectively neutralised the examination and a fall
of temperature results, as seen in B—C. But the increased protective
content called out by the intoxication has done more than merely

PULMONARY TUBERCULOSIS.
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neutralise 1t. It has also neutralised or diminished the activity of the
avea of the focus of the disease which I represent diagrammatically by
the large circle Al. 'When, therefore, the excess production of anti-body
elicited by the intoxication has worn off the influence of the toxic
activity of the infective focus again reasserts itself, but it now proceeds
from a smaller and less active focus. The result, therefore, is that the
succeeding intoxication beginning at C produces a less rise of temperature
than that beginning at A. The same phenomenon is repeated throughout
the curve.

Chart 25 represents a similarly moulded curve from a case of
pulmenary tuberculosis in which for many weeks no improvement took
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place in general condition or in physical signs. The disease, on the
other hand, was not markedly advanecing. In this chart we find no
increase of anti-body production sufficient, as in Chart 24, sensibly to
affect the focus of disease. The only effect of the intoxication is to
cause the temperature to rise at A, and when the influence of the
anti-body production thereby elicited has worn off the temperature
returns to its own level. But, as we have seen, there is an insufficient
amount of anti-body sensibly to reduce the focus of infection. Hence
this remains constant, and the temperature again rises to the same
height as before. The patient, in fact, is at this stage at a standstill,
and unless we can devise some method of eliciting a larger immunity
response we cannot look for cure.

Chart 26 represents a curve from a case rapidly going from bad to
worse. Here the immunity response has been less than in the two
preceding cases. That is, the temperature has not been sengibly reduced
in response to the intoxication at A. The focus of disease therefore
proceeds to develop unchecked, which is graphically represented in the
widening circles drawn. ‘When, therefore, the slight excess of anti-body
production has worn off, the temperature rises higher than ever from
unchecked activity of the disease focus expressed in acuter intoxication.

This patient died with a pre-mortem fall of temperature, whilst the
patient to whom Chart 24 belongs recovered.

In these charts this extension, diminution, or constancy of area of
disease is of course purely diagrammatic.

It is not claimed for Charts 24, 25, and 26, that they are anything
more than three main types, or that such perfect curves as these will
be generally found, if temperature charts are treated in the manner
suggested. There are, of course, infinite gradations between the types,
and in any one curve there may be from time to time one or more
phases of one or other type. I suggest, however, that by careful
study of a temperature chart treated in this way, not only in tuber-
culosis, but also in many other diseases, a predominant tendency to any
one type may be of the utmost value in determining both prognosis and
treatment.

Charts similar to Charts 1 to 26 may be found in the wards of any
hospital, or in the office of any hospital registrar. Perfect examples of
the broken curve of declining indices, such as shown, will, of course,
only be found as a rule in cases that have been cured, or considerably
improved, or at the time of examination are undergoing improvement.
The exceptions have already been referred to. Neither, of course, will
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favour of the interpretation suggested. In the acute infections it is
necessary to examine three or four hourly charts, or otherwise, in a short
infection, the characteristic features may be missed. When the ex-
periments which are being conducted by Professor Gamgee to perfect
his method of continuous registration of temperatures are completed,
invaluable aid in reading a thermometric immunity curve may be
expected to be forthcoming.

If it be true that examination of temperature charts in the manner
described can give reliable information as to presence or absence of
response to inoculative stimuli it will be clear.

(1) That when taken as a whole the auto-inoculative stimuli, though
apparently a succession of isolated inoculations, are in reality potentially
continuous, If it were not so the restraining influence of the anti-bodies,
called out by intoxieation, would be overcome at some point other than it
actually is. In other words, the temperature would at such point rise
instead of fall.

(2) That pyrexial cases progressing towards cure afford in many
instances an inimitable model for directing our treatment in cases not so
progressing.

(3) That cases exhibiting effective response to spontaneous auto-
inoculation are not necessarily in need of extraneous specific treatment,
whether by tuberculin or by anto-inoculation. Further, that such inter-
ference may result in the utmost harm.

(4) That in cases that are obviously going downhill the danger of
extraneous artificial treatment is infinitely great, and may only precipi-
tate disaster. In such cases, if the exhibition of trial doses of tuberculin
or of auto-inoculation does not rapidly transform the dangerous type of
curve into the type of declining indices, further specific interference
ought to be absolutely prohibited.

(5) That cases doing neither well nor ill are pre-eminently the ones
that call for artificial specific aid. In such cases it 1s a matter of great
difficulty to know at what point to insert an inoculative dose. Examina-
tion of isolated phases is useless. Even if the results of blood examina-
tions were to be absolutely relied on they can, in pyrexial cases, be of
little value-in determining at what point to inoculate unless a curve be
plotted out of observations extending over several weeks in such a chronic
disease as pulmonary tuberculosis. The possibilities of a thermometrie
immunity chart may be ganged by the following curve, which is moulded
on the temperature chart of a man who had been under observation for
many weeks. As Chart 27 shows, he had barely held his own from
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A to B. Clinically, this was fully borne out in every respect. It was
obvious that he could not go on indefinitely in the same way. He was
bound to get either better or worse. At the points T, T% therefore, I
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inserted two artificial auto-inoculations by inducing, as in other cases

referred to, artificial hypersmia of the lungs by making him expire for
8
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fifteen minutes through a special form of spirometer adapted for the
purpose. The result 15 admirably reflected in the curve and in the great
improvement that ensued. It has since been maintained. The point,
however, on which special stress should be laid is this: If the auto-
inoculation had not been inserted at the correct phase he might well
have been precipitated into the curve represented by the dotted line
B—C. The main object of this chart is, therefore, to show that if the
inoculative stimuli T%, T% had not been followed by the curve B—D, to
continue with inoculations at any other point than the one selected would
have most probably been useless or disastrous. It appears, in fact, if
these curves can be taken as a guide, that to insert a stimulus in the
response-phase can do no good, though as to this there is not sufficient
evidence as yet to make such an assertion definite.

(6) That in a case, as in Chart 24, that exhibits the declining curve
of broken indices and 1s, therefore, as a result of effective spontaneous
auto-inoculation, apparently doing well, such terms as negative and
positive phases cannot be applied. The reason for this is that according
to such curves each response is an actual positive phase, and each suec-
ceeding intoxication a potentially positive phase, as may be seen from its
achievement, and therefore only relatively negative.

GEXERAL CONSIDERATIONS.

What applies in the preceding and following remarks to auto-inocu-
lation applies also mutatis mutanda to hetero-imoculation. To get a
correct idea of the amount of response called out by any given inoculative
measure, examination of isolated phases in a temperature or inoculation
chart is of no value. Interpretation of any phase is only possible in the
light of many previous and subsequent phases. It i1s most important
that a naturally broken curve of declining indices denoting effective
response to spontaneous aute-inoculations should not be mistaken for the
results of artificial inoculation. What is often regarded as an instance
of correct inoculation is frequently in reality one of hypo-inoculation or
no inoculation at all. 'What is sometimes regarded as an instance of
hyper-inoculation may actually be one of correct inoculation. The
appearance after inoculation of transient clinical signs, such as headache,
malaise, &c., is not necessarily indicative of an excessive dose. When
such occur in conjunction with fever, they may be merely the necessary
accompaniments of an intoxication essential to effective response. The
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absence of fever does not argue the inverse. A patient may very well be
inoculating himself to good purpose, especially in apyrexial cases, without
any change being observable, either clinically or by blood examination.
The absence of response as reflected in the blood-stream is said by the
opsonists to denote absence of inoculative stimuli. This dictum must
be taken with reserve, especially if there is amongst opsonists wide
divergence of opinion as to what the opsonic reading of any given
serum actually is. In cases of pulmonary tuberculosis doing so well
as to justify the view that the focus of disease is relatively quiescent, it
can obviously not be possible to exclude the continuance of spontaneous
inoculations if improvement in what physical signs remain is observed.
In such cases, in fact, there must be auto-inoculations going on, in spite
of the absence of demonstrable blood-change. It is frequently stated
that a rise to 99° F. after manual labour or other exercise indicates
hyper-auto-inoculation, particularly if the rise be maintained for an
hour or more. This statement must be received with caution, as it
may mean nothing of the kind. On the contrary, some of the cases
of pulmonary tuberculosis which do best are those which for weeks
have had high but gradually declining fever as a result of their own
auto-inoculations. This point is well shown in Charts 1—5. The
benefits of artificial auto-inoculation are, in fact, deliberately confined
by some observers to those patients whose temperature is practically
normal or even subnormal. In other words, to many of those who are
effectively inoculating themselves without artificial specific aid. Many
such cases require no artificial inoculative treatment. The majority of
cases of pulmonary tuberculosis without fever do well. There is no
difficulty in detecting the minority. Not every rise above 99° F.
represents an auto-inoculation. Many intoxications produce a fall in
temperature.

It is said that cases of pulmonary tuberculosis in which arrest has
occurred are more liable to relapse if they are not then treated with
tuberculin than if they are so treated. This may be true, but it is not
therefore necessary to submit such cases to treatment with artificial
tuberculin. Those whose fortunate experience it has been to watch
many patients partially immunise themselves without artificial specific
aid, and after return to active life apparently completely immunise them-
selves against relapse or reinfection by the sole use of their own tuber-
culin and cell-contents, will agree that hetero-inoculation is in such cases
an uncalled-for procedure. The argument advanced in favour of the use
of artificial tuberculin in such cases is based on a fallacy. The argument
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is that in a focus nearly or relatively quiescent auto-inoculations are no
longer incitable, and that response must be elicited, therefore, by artificial
tuberculin. The fallacy is that, if a lesion be so insulated that auto-
inoculation is no longer possible, response to tuberculin administration
cannot possibly be conveyed, without further procedures, to such lesion.
The truth appears to be that until a focus is absolutely insulated, and
therefore quiescent, auto-inoculations may still be induced. So long as
further progress towards arrest is feasible, as evinced in improvement of
physical signs, so long is response not only possible but probable. There
comes a time, of course, in which ordinary auto-inoculations cannot be
induced, though unusunal effort may incite demonstrable stimulus and
response. As Paterson has well pointed out, the ideal of attainment is
the point at which no reasonable labour will provoke inoculation.

ADVANTAGES OF ARTIFICIAL AUTO-INOCULATION.

The merits of artificial auto-inoculation in the treatment of estab-
lished infection may be thus summarised :—

(1) It is based on a natural model of spontaneous auto-inoculation
which appears to be responsible for the cure of the vast majority of all
cases of infection.

(2) It incites the production of cellulo-tropic bodies, as well as of
bacterio-tropie.

(8) It incites the production of antagonising bodies to the toxic
products of morbid cell-changes.

(4) It incites the production of bodies specific to the particular strain
of organism responsible for any given case of infection. For instance, in
the case of pulmonary tuberculosis there may be many strains of Koch's
bacillus, and therefore a standardised emulsion of new tuberculin or other
preparation is not necessarily the correct form to use.

(5) It incites the production of bodies specific to the particular form
of cell-enzyme concerned in any given case of infection. Inasmuch as
the difficulties of isolation of enzymes and cells for preparation of cellular
vaccine are extreme, all such difficulties are obviated by the use of natural
vaccins.

(6) If there be a real distinction between bovine and human sources
of tuberculosis, the use of artificial auto-inoculation removes both the
necessity for establishing the distinction and for meeting the increased
difficulties of treatment,
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(7) Whenever mixed infections ave present it allows for the oppor-
tunity of the exhibition of specific antagonising bodies to each and all of
the various organisms concerned,

(8) It is free from the danger of adding fresh foxins to those already
existing.

(9) It involves no danger of accidental sepsis as with inoculation with
artificial vaccins.

(10) It entirely meets the natural and often strong aversion exhibited
by the public to artificial inoculative procedures.

(11) It is simple because it obviates the necessity of determining all
the organisms concerned in any infection.

It is cheap, because the costly manufacture of often multiple vaccins
1s avoided.

(12) In co-ordinates all the vast mass of work that has been done in
the field of serum and vaccine therapy, and its guiding principle is the
same as in methods that have received the sanction of extended trial,
though its rationale has not been fully appreciated. Since the practice
of hetero-inoculation has become extensive, approved methods of general
treatment are in some danger of being deliberately discarded. Auto-
inoculation reveals the value of them all, mainly by reason of the
attention it calls to the supreme importance of general methods of
improving cell-nutrition and cell-restraint.

(18) It renders the difficult problem of dosage incomparably easier
than when such agents are laboratory products.

This last statement might be regarded as a paradox, which is,
however, more apparent than real. Exponents of the method of
inoculation with dead baecilli maintain that by inserting a measured
dose of so many million organisms it is possible to get a correct idea
of response. Upto a certain point this is no doubt true in infections
that are strictly localised and insulated. But whenever artificial vaccins
are injected into pyrexial cases, whatever the infection, the case is very
different. For in these there is a continuous or intermittent stream of
tropins from the infecting bacteria and the cells they have damaged. To
add a measured dose of bacteria to an unmeasured dose of bacteria and
toxin and an unmeasured dose of cellular toxin, and then expect to get
back even a rough response to the whole triad of infection, is surely to
place expectation high. If, however, it be true, as I submit it may be
true, that in pyrexial cases inoculation can be more or less accurately
measured by a temperature chart, the measurement of response observed
records the sum-total of anti-tropin incited both by damaged cells and
their products, and by bacteria.
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Autolysis, Autolytic Toxazmia, Anti-autolytic Defence ;
the Antitryptic Index.

For a complete survey of work already done on such subjects
reference must be made to publications by Opie, Cathcart, Wiener, Miiller,
Koltschmann, von Dungern, Levene, Wells, Stookey, Hill, Schryver,
and many others. Here only the most salient points can be touched on
with the object of showing the nature of autolysis and of anti-autolytic
defence. A study of these will incidentally throw light on their relation
to the protective measures employed by the economy to antagonise other
forms of cell-aberration.

(1) Autolysis.—All the known work on autolysis is based on obser-
vations made in 1871 when Hoppe-Seyler indicated the resemblance
that we now know to exist between the action of the digestive ferments
and non-putrefactive solution of dead tissue in vivo.

In 1890, Salkowsky® showed that this liquefaction was due to the
digestive action of intracellular enzymes with by-production of leucine
and tyrosine. In 1900, Jacoby® gave the name of autolysis to the
process of self-digestion by intracellular enzymes noticed by Salkowsky.
As 18 well known, this observer’s fundamental experiment was to pound
a specimen of liver and to add toluol or some similar antiseptic. In
twenty days digestive changes were demonstrated, the control, of course,
being heated to destroy its enzymes. The rate and extent of autolysis
were then determined by estimating the nitrogen content of the
coagulable and non-coagulable residue. Autolysis seems in general to
be effected by the combined action of lytic enzymes liberated from the
tissues themselves and of hetero-antolytic enzymes liberated from other
cells, particularly leucocytes. Since 1900 a host of observers have
shown that there is no body cell or tissue which cannot digest itself
under appropriate conditions, either in vifro or in vivo. The rate and
extent of autolysis varies in different tissues. Liver-cells autolyse
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apparently quicker than any other, while vascular endothelium is the
slowest. The intracellular enzymes responsible for autolysis are endowed
with the power of lysis not only of proteins but also of glycogen, lecithin,
fats, sugar, &e¢. The autolytic enzymes of each kind of cell appear to be
more or less specific, with the exception of enzymes from leucocytes,
which seem, as is generally recognised, to be capable of almost universal
proteolysis. For a time autolytic enzymes were supposed to have only
lytic funetions. BSoon, however, it became clear that it was not possible
to exclude the probability of their having synthetic properties as well as
lytic, and so they were called proteases, lipases, &c.

(2) Toxicity of Enzymes—In 1890, Hildebrandt? published his
observations on the toxicity of certain secreted enzymes such as pepsin,
diastase, rennin, &c., when injected into animals. In the following year
it was shown by Achalme that the toxic effects produced were not due to
bacterial infection; for by injecting only enzymes that had been
sterilised (sic) by filtration through porcelain, he obtained the same
symptoms of toxemia.

In connection with the discovery of the toxic effects of enzymes
there are many striking points of resemblance between non-bacterial
enzymes and toxins. Enzymes are not destroyed by low temperatures,
not even by liquid air, nor are toxins. DBoth are most active between
35° C. and 45° C. There is a further apparent similarity in their
behaviour in that they may both be accused of possessing a haptophore
group and a toxophore, the former combining before the latter can
become active. Again, immunity to their action may be produced by
receptors capable of combining their haptophore groups; thus giving
rise to anti-ferments. Horschan claims that he has produced an anti-
rennin, also a fermentold. On the other hand enzymes are more
heat-labile than bacterial toxins, and do not produce their effect
according to the law of definite proportion. Both are very difficult to
isolate in anything approaching a pure condition; neither will stand
boiling, both resist dry heat of over 100° C., and both on standing lose
something of their toxicity.

(8) Specific Anti-enzymes.—The basis of all subsequent work on
anti-enzyme production is, of course, Calmette’s and Sir T. Fraser's
well-known work in 1893 and 1894, when they first immunised animals
against the salivary enzymes of poisonous snakes. Shortly after this
it was shown by Hildebrandt® that animals could be immunised
against emulsion, and that their serum when so treated restrained the
action of diastase. It is of interest to note that it was Hildebrandt who
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first succeeded in producing immunity by the method of rectal injection
of the enzyme which he wished to immunise against. The first to
immunise against rennin was apparently Morgenroth,” whose success
it was that induced Professor Dean to immunise against trypsin. Since
1900 a considerable amount of work has been done in immunising
against other enzymes, such as pepsin, lactase, urease, tyrosinase and
fibrin ferment. Injection of these bodies into animals appears in fact
to lead to the production of antagonistic bodies exactly in the same
way as in immunisation. against bacterial toxins or foreign proteids.
Von Dungern® has also shown that specific anti-bodies to bacterial
enzymes could be demonstrated, especially to staphylococcal enzymes.
In 1898 this observer demonstrated that the serum of a patient with
osteo-myelitis was more than twenty times more inhibitory of the
proteolytic enzymes of the organisms found in the diseased area than
was normal serum.

(4) Toxic Products of Autolysis—The by-products of anomalies of
cell-metabolism, however induced, may be themselves highly auto-
intoxicative. This, of course, can only be if the normal protective
mechanism against such toxic products be at fault. Of such auto-
intoxicative products of morbid tissue activity the toxic bodies of fatigue,
acute yellow atrophy, hepatic cirrhosis, abnormally active thyroids,
phosphorus and chloroform poisoning, the leukeemias, pernicious
an@mias, possibly diabetes, marasmus, extensive ulceration, absorption
of exudates, traumatic changes induced by burns, and even of autolysing
cancers, are all possible examples. If this be true of cellular disturbances
not induced by bacteria, it may equally be true of cellular disturbances
the direct result of bacterial invasion. A case in point is diphtheria.
In this disease, as Sidney Martin points out,® the toxmmic effects
are probably as much due to secondary conversion of tissue proteids
into poisonous albumoses by the diphtheritic poison as to direct intoxi-
cation by such.

Some of the products of self-digestion initiated by enzymes (non-
bacterial) are unquestionably toxic, such as albumoses, peptones, &c.
Experimentally the chief toxic effects of injection of proteoses seem to
be retardation of coagulation time of the blood, arterial pressure fall,
fever, and possibly lymphagogue action (Heidenhain).* The appear-
ance in the urine of proteoses when extensive tissue destruction is going
on is suggestive. The same remark applies to albumosuria when any
tissue or fluid is undergoing extensive autolysis : witness that condition
occurring in acute yellow atrophy, phosphorus poisoning, resolving lobar
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pneumonia, breaking-down carcinomata, rapid lung destruction, absorp-
tion of inflammatory exudates, &c. Simon's work™ on the injection
of tuberculin is also highly suggestive. This observer found that by
substituting injections of proteoses for tuberculin emulsions he was able
to produce the rise of temperature characteristic of tuberculin reaction.
It is not improbable that the products of autolysis set in motion by
bacterial infection are partly responsible in other diseases besides
diphtheria for phenomena generally ascribed directly to the bacterial
factor only. If albumoses and peptones are toxic, the other cleavage
products may well be so. Inasmuch as fever can follow aseptic suppura-
tion, it is not unlikely that clinical signs such as rigors, fevers, &c., are
frequently as much due to autolytic by-product absorption as bacterial.
In auntolysis of nerve-tissue, the foxic derivatives of lecithin were
suggested in 1904 by Halliburton® as a ecause of intoxication. Mott’s
work® on liberation of cholin from lecithin is also contributory
to the same point. Another instance is the occurrence of systemic
infection from breaking-down tumours. As a rule, constitutional signs
in carcinomatous disease do not manifest themselves till breaking down
15 well marked—i.e., till autolysis is well established. The process of
autolysis and of absorption of by-produects of autolysis continues just the
same even if bacterial contamination of a breaking-down surface
carcinoma be eliminated. The degree of cachexia, indeed, is often
quite proportionate to the amount of autolysis. If autolytic and other
intracellular enzymes ean, as appears to be the case, induce certain
anomalies of their own cell-metabolism when the normal restraint
keeping these in check is impaired, such aberration is not always
necessarily due to bacterial invasion, even in diseases ostensibly
bacterial. On the contrary, such disturbance, when autogenously
produced, may well pave the way for bacterial infection. In other
words, cellular anomalies may precede infection, as well as succeed. In
this consideration may lie the key to the difficult problems of crypto-
genic infection and latent persistency of infection. Autogenous morbid
activity of cell-enzymes would then explain conversion of non-pathogenic
bacteria into acutely pathogenic. Again, the products of such morbid
activity may be not only auto-intoxicative but also actually infective.
This has, in fact, been suggested by Professor Benjamin Moore
in the case of the exanthemata, where laborious search has failed to
demonstrate a causal bacterial origin. In such a case the virus would
certainly be wultra-microscopic, but by no means necessarily ultra-

biochemical. Such questions can only be solved by extending research
9
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along the lines of toxicity and infectivity of cellular products, which 1s,
in fact, much needed. Professor Moore's arguments as regards the
exanthemata are worth citing, because of their close bearing on the
points I have raised :—

(I) The incubation period would be that required for the production
of the auto-catalyst in sufficient quantity to cause a general reaction
with the tissue-cells.

(II) The auto-catalyst, acting as the toxin of the disease, would
increase up to the point of concentration of maximum effect. The cells
at the same time would react as to ordinary toxin and produce the
antitoxin, the efficient production of which would limit the disease.

(ITI) Variation in incubation periods of the same disease would be no
argument against such a view, because the length of incubation would
depend on the reaction of the cells affected. This consideration is much
strengthened by the fact that in many cases of intoxication of purely
bacterial origin the appearance of symptoms depends in no way upon
any cycle of development of the parasites, but only on the reaction
period of the cells.

(IV) Variation in the immune body content of an individual would
therefore depend—

(@) Upon the presence or absence in the blood of anti-body capable
of inhibiting at the outset the trace of auto-catalyst bearing the infec-
tion, and

() Upon the reactive power of the tissue-cells to the auto-catalyst
or toxin.

(5) Normal Restraint of Autolysis—BSince apparently every tissue in
the body can under appropriate conditions digest itself, the old vexed
problem of how the living stomach protects itself against self-digestion
becomes applicable to all organs and tissues. The suggestion that the
reason why living tissue does not digest itself is because it 1s alive and
not dead is only a restatement of the original difficulty. There are,
however, certain other suggestions which deserve mention. For
instance, 1t has been expressly urged that intracellular enzymes do not
digest the cells they belong to because they only exist there in pre-
enzymic form—that is as zymogens. The apparent objection to this
view, that if they do only exist as zymogens it is difficult to see how
they carry out their normal metabolic functions, is disposed of by
Wells.! He suggests that they are only activated as need arrives, to be
again inhibited when the need is temporarily past. Such suggestion
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involves, as he points out, a rhythmicality of function not unknown
in metabolism. Wiener,” on the other hand, has shown that an
organ does not begin to autolyse until sufficient acid is produced by
moribund cells to antagonise its alkalinity. Opie® has pointed out
that two forms of autolytic ferments may be recognized in leucocytes—
a peptic ferment acting only in acid media and a tryptic form only
active in alkaline media. The tryptic ferment predominates in the
polymorphonuclear leucoeytes and the peptic in the lymphocytes. The
presence or absence of the peptic as distingnished from the tryptic
ferment furnishes a distinction between the lymphoeytic pus of a
tuberculous lesion and the polymorphonuclear pus of most pyogenic
lesions. Another possible explanation of the absence of autolysis in vivo
is that cell-equilibrium is maintained during life in wvirtue of its food
supply. Once this is interfered with equilibrium is disturbed and
uncompensated autolysis begins. That this is an important contributory
factor to intracellular restraint of autolysis there can be little doubt.
Demonstration of bacterial autolysis when the organisms of typhoid and
cholera are placed in distilled water or salt solution, the controls being
planted in the ordinary media, is a case in point.* TIn 1903, Jacoby
found that up to a certain point the autolytic enzymes of one organ are
not autolytic to another—that is, he established a specificity.

The Antitryptic Index.—Quite early in the work on tissue enzymes
note was taken of what is now a well-established fact. The blood-serum
of man, monkeys, sheep, horses, and other animals was found to exhibit
in marked degree a varying resistance to the action of autolytic enzymes,
This resistance was found to disappear on heating, prolonged standing,
and on the addition of dilute acids. The rate of aufolysis in vitro was
found to be markedly lessened if the autolysing organ was placed in fresh
unheated horse-serum. The inhibitory body on which this resistant and
protective body depends is effective against trypsin, and was therefore
called antitrypsin. Inasmuch, however, as it is also effective against
pepsin and other secreted enzymes, and also against all tissue enzymes,
except against an acid solution of HCIl pepsin, which destroys it, a better
name would be antilysin, to denote its generic action. According to
von Hisler ™ it is not specific in the sense of being more specific to
auto-enzymes than to hetero-enzymes. Apparently it is less so. It seems
to act not by destroying enzymes, but by inhibiting or paralysing their
action. Weinland’'s observation of the protective power of antitrypsin
secreted*by certain intestinal worms, as demonstrated by the absence
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(1) That a rise of this antitryptic activity frequently takes place in
tuberculosis.

(2) That such rise is often associated with a bad prognosis.

(3) That hetero-inoculation with tuberculin induces a rise of anti-
tryptic activity in tuberculous subjects.

(4) That accurate determination of such rise affords a reliable guide
to the efficacy of tuberculin injection, and that by this method it is
possible to determine the point at which a dose of tuberculin should be
exhibited.

Some of these observations I am able to confirm from my own
clinique.

In twenty cases of tuberculosis a rise of the antitryptic index was
found in all but one. The majority of these were pulmonary; the
remainder, six in all, were renal, glandular and peritoneal.

Of these twenty cases the only two that died had persistently high
indices. Bix, when injected with tuberculin, showed a further rise in an
index already raised. In one of the cases referred to active disease was
associated with a normal index. He subsequently did very well. To
these observations I am able to add the following :—

In cases where the guide afforded by a temperature chart, on the
lines I have referred to, is absent, either from too small a variation of
temperature or entire absence of such, it appears :—

(@) That tuberculous patients with a high index react little, if at all,
to artificial inoculation.

(b) That tuberculous patients with a low index show marked rise
after similar stimulus.

A high index such as occurs in some cases with high fever, con-
forming to the type shown in Chart 26, is often associated with a bad
prognosis. An index which was high when the temperature was raised
in two cases approached, under artificial auto-inoculation, the normal
when marked clinical improvement set in, and became actually normal
when the temperature remained undisturbed and when the disease was
judged to be arrested. In one case the index did not again rise after
tuberculin injection. In another case, with low index, response to
inoculation was marked, and as the patient improved the response
tended to diminish. In a third, who got progressively worse, the index
was very high and tended to rise, whilst the response to inoculation was
only comparatively slight, as evidenced by further rise of the index.

These observations, though at present incomplete, tend In some
measure to confirm some of the views I have propounded, based on the
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variations in temperature that I have shown to follow auto-inoculation.
In particular they support the contention that artificial inoculation of all
kinds is contra-indicated in cases where intoxication without adequate
response is great.

Apart from tuberculosis there is evidence, as the appended table
shows, that variation can be demonstrated in such diverse conditions as
carcinoma of breast, tongue, mouth, and cervix, rodent ulecer, acute
septiceemia, leprosy and suppurative nephritis. In this table variation
in the antitryptic content of the serum was found in twenty cases of
tuberculosis of various organs, in four cases of syphilis, in two cases of
rodent ulcer, in seven cases of carcinoma, in one case of acute septiceemia,
in one case of suppurative nephritis, and in one severe case of leprosy.
These serums were from cases in my own clinique or from such hospital
cases as members of various hospitals were good enough to place at my
disposal. The majority of the sermm examinations were kindly under-
taken for me by Dr. Golla.

It is also claimed by Brieger and Trebing ** that they have been
able to demonstrate variations in the index in cases of carcinoma,
pernicious an@mia and nephritis. Variation in the antitryptic content
of the serum in a case of lobar pneumonia was also demonstrated in 1903
by Ascoli and Bezzola.*

In view of these facts it appears that marked variation from the
normal may be as much a response to cellular changes in no way
associated with bacterial invasion as to changes directly connected with
such, as well as to bacterial infection without extensive cell-change.
That such aberrations of tissue metabolism as the index appears to
indicate can be reflected in the blood-stream so as to be capable of
ready measurement must be of profound significance.

As regards the interpretation to be placed on variation in the
Antitryptic Index in disease little at present can be said.

For the purposes of this paper I am content for the moment to
submit that its estimation cannot but have the highest value as a gauge
of immunity response, because it appears to reflect, as T have shown,
presence or absence of such response not only to bacteria and their
products, but also to the factors of morbid enzymic activity and the
toxic products of perverted cell-change. The significance of such
reflection in diseases such as carcinoma deserves serious study.

If such submission be sound blood examinations exclusively directed
to measurement of phagocytic activity and bacterial engulfment, however
induced, can clearly, even if reliable, afford only a relatively insignificant
gauge of immunity response as a whole.






























