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PREFACE TO THE SECOND EDITION

Jusr five years have elapsed since the first edition of this
little book was published, and meanwhile the progress of in-
vestigation in the field of immunity has been continuous.
A complete revision of the text was therefore necessitated,
and considerable additions have been made. Perhaps the
most notable advance has been in our experience of treat-
ment by so-called vaccines—a somewhat unfortunate term
in that the dead cultures of micro-organisms which are
used have nothing to do with cows, nor is the procedure
directly analogous to vaccination, which is performed with
a living virus. The term, however, seems too firmly estab-
lished to be altered now. Progress in this field has been
very largely due to the stimulating work of Sir Almroth
Wright and his assistants, to whom is also due the inven-
tion of a method of control of such treatment by observa-
tions of the opsonic or phagoeytic index, the value of which
has still to be determined. Closely connected with these
procedures is the increased attention recently paid to tuber-
culin as a remedy for tubercular disease of all kinds, a more
suitable scale of doses having been devised and the dangers
iberent in the old scheme of treatment thus practically
banished.

The application of vaccines to acute as opposed to
chronic diseases is still in its infancy, but sufficient evidence
already exists to awaken hopes of a useful extension of the
procedure to this field. Tt is unfortunate that so far it has
not been found possible to apply any form of vacecination
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or serum-therapeutics to those protozoal diseases which
have in late years come prominently into notice. In
the direction of diagnosis, however, the method known as
“fixation of complement ” seems likely to afford valuable
assistance in the 1*écngnitiou of syphilitic infection.

For the present, it must be confessed that antibacterial
serums have proved disappointing ; and while diphtherial
antitoxine has been placed beyond eriticism as an indis-
pensable remedy, the few other antitoxic serums occupy
but a subordinate position in medical practice.

Owing to the amount of new material added to the
present edition, it has been found necessary to omit a con-
siderable portion of the introductory matter. It has thus
been possible to retain almost the original size of the

volume.

W ELB;
J. K.

November, 1909,
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SERUMS, VACCINES, AND TOXINES

IN

TREATMENT AND DIAGNOSIS

CHAPTER I
IMMUNITY AND RESISTANCE TO DISEASE

Acquired resistance.—The problem of the nature of
disease and of the manmner in which living bodies resist
and recover from its attacks, has exercised the minds of
mankind since very early times, and the fundamental truth
that in the case of certain diseases one attack protects against
subsequent infection was long ago discovered. The first
attempt to utilise this principle for prophylactic purposes
was made in the East in the form of inoculation against
small-pox, a mild infection being produced by inoculation
with matter derived from a pustule, in order to ward off
danger of subsequent infection. Shortly after the introduc-
tion of this procedure into the West of Europe, Jenner’s
great discovery that vaccination with cow-pox was equally
efficacious as a protection and practically free from risk,
laid the foundation of our knowledge of therapeutic inocu-
lation. Tt was only, however, after the discovery of the
minute living agents which cause infective diseases had
been rendered possible by improvements in optical science
that further advance in this field was made. When bacteria
were recognised as the cause of most infective diseases, and
their mode of action by the secretion of poisons or toxines
was ascertained, research into the mode of resistance to

these invaders was stimulated ; and from the time of
B
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Koch’s invention of accurate methods for the separation
and identification of bacteria, followed as it was at no
distant date by Behring and Kitasato’s work on antitoxines
and by Pfeiffer’s experiments in bacteriolysis, knowledge
of the various factors involved in immunity has steadily
advanced.

Phagocytosis.—The first important theory of resistance
to disease was that of Metchnikoff (1865-1884), who studied
the behaviour of the white blood-corpuscles (leucocytes) in
many of the lower animals, and attributed the destruction
of bacteria in the body to the activity of these cells. This
was the well-known theory of “phagocytosis” (payeiv, to
eat ; kirog, a cell). According to Metchnikoff, the leuco-
cytes attack and devour any invading organisms which
they may meet, and thus rid the body of these parasites,
just as they may be seen to take into their substance
particles of any foreign matter which comes in their way.
When they have swallowed and thus destroyed all the
bacteria which have gained a footing in the body, the
disease necessarily comes to an end.

The careful and minute study carried out by the French
observer cannot be too much admired, and there can be no
doubt that it contains a large proportion of truth. Thus,
the assemblage of leucocytes which takes place at any focus
of irritation is almost certainly protective in character ;
and it has been shown by Kanthack and others that the
granules contained in the protoplasm of the leucocytes
consist of substances which tend to combat the bacteria
and to stop their growth. But in man, at all events, this
phagocytic action is not the sole factor i the struggle with
the invading germs.

Further experiments showed that the serum of the
blood, even when all formed elements, such as the corpuscles,
had been removed, still exerted in many instances an
inhibitory action on the growth of miﬁru-urg&uismﬁi(ﬁut-
tall, Biichner). There must, therefore, be present in the
plasma some substance of a protective nature, and to these
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hypothetical substances Biichner gave the name “alexines.”
It is by means of such alexines, as will shortly be shown,
that destruction of bacteria is in many cases brought
about; and it is by other chemical substances circulating in
the blood that the poisonous products of the organisms are
neutralised.

As a result of these discoveries attention was directed
for a time mainly to the chemiecal contents of the serum and
other fluids, and the importance of the process of phago-
cytosis was seriously called in question. A whole series of
peculiar properties possessed by the serum of immunised
animals was brought to light, and was used to support the
“humoral theory” of immunity, Here, however, as in
many other instances in which opposing theories have been
hotly upheld and attacked, time has shown that each side
in the controversy had grasped a portion of the truth, and
declined in the heat of conflict to recognise the other portion
which was defended by their antagonists. The upholders
of the phagocytic hypothesis satisfactorily proved that in
many important affections the serum alone was ineffective
in destroying bacteria and that the action of leucocytes was
essential for the process of defence, and maintained further
that the very chemical bodies which were held by their
oppouents to constitute the basis of immunity, were them-
selves secreted by the leucocytes of the blood. The dis-
covery of a special group of substances (“‘opsonins,” p. 34)
existing in the serum, by which the process of phagocytosis
is induced or at least facilitated, has to some extent recon-
ciled the positions of the opposing schools. But, so far as
Is at present known, it would appear that both phagocytosis
and bacteriolysis (p. 6) take part in the destruction of
bacteria within the body, now one, now the other pre-
dominating, according to the nature of the infective agent,

Antitoxines.—In the year 1890 Behring and Kitasato
published the result of their important researches on the
poison of fetanus and on the possibility of rendering animals
immune to it. These observers proved that it was possible
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by injecting animals first with infinitesimal quantities, later
with increasing doses, of the toxines of tetanus to render
them immune to the disease. The animals thus treated
were able to support with impunity doses of the tetanus-
poison many times as great as would suffice to kill an
ordinary non-immunised animal of the same species. If
the serum of an immunised animal were mixed with an
equivalent amount of the poison and injected into a non-
immune animal, no ill effects were produced; while the
injection of the immune serum itself into a non-immunised
animal rendered the latter also resistant to the toxine. If
a dose of immune serum was administered within a short
period of time to an animal previously inoculated with the
tetanus-bacillus, the disease did not develop.

The same observers, and also Wernicke, shortly after-
wards showed that similar possibilities existed with regard
to the bacillus of diphtheria—that by treating animals with
the toxines of this organism a serum could be obtained
which was capable of neutralising the poison, and which
also possessed a curative effect on the disease. To the
unknown substance in the serum which had the property of
neutralising the toxine they gave the name of “antitoxine.”
The antitoxic bodies formed in the two cases were not the
same ; the tetanus-antitoxine did not act as an antidote to
the poison of diphtheria nor vice versd. Each serum was
¢ gpecific,” neutralising only the poison of the corresponding
disease ; and this peculiarity has been found to exist in
all subsequently prepared antitoxines. .

In the light of these discoveries as to the reaction of
living animals to bacterial toxines, attention was turrfed to
the effects produced by other organic poisons, and it was
found that it was possible to immunise animals to the
vegetable poisons, abrin (from jequirity), ricin (castor oil),
and crotin (croton oil), which are probably of _cmnplex
proteid nature, and resemble ferments in their action. In
the case of each of these substances it was pusslble. to cfh-
tain a specific antitoxic serum, protecting only against 1ts
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appropriate toxine. Similarly, in the case of snake-venom
an antitoxic serum was prepaved, of which use has been
made therapeutically with some degree of success.

Chemical nature of antitoxines.—Examination of
the blood of horses used for the preparation of diphtherial
antitoxine shows that the globulin-content of the serum
is increased.! Further, if the antitoxic serum obtained
from them is fractionally precipitated with ammonium
sulphate, it is found that the antitoxine is precipitated
with the pseudo-globulin?—that portion which is thrown
down by semi-saturation with the salt. Tn animals other
than horses (e.g. goats) the antitoxine may be thrown down
with the euglobulin precipitate. Hence it has been in-
ferred that the antitoxine is a globulin. This cannot be
regarded as definitely proved, since substances are often
carried down with precipitates from which they are
chemically distinet (e.g. ferments). Proescher? believes
that antitoxines are non-albuminous.

Antibacterial serum.—It may here be pointed out
that in order to prepare an antitoxic serum it is necessary
to obtain the toxine of the bacterium in question for
the purpose of injection into animals. In the case of
diphtheria and tetanus this was easily done. In the case
of many organisms, however, difficulties arise, since their
poison 1s not secreted into culture-media, but remains in
the bodies of the bacteria themselves. If the actual germs
are injected into animals, beginning with minute doses of
attenuated cultures and gradually increasing until large
quantities of virulent bacteria can be tolerated, in most
cases a serum 1is produced which is not antitoxic in the
sense of neutralising the poisons of the micro-organism, but
which destroys the bacteria themselves when they are
submitted to its action. Such a serum is said to be

s 1{};1‘hi3 is denied by Ledingham. Journ. of Hygiene, 1907, vii.
0, 92,

* Pick, Hofmeister's Beitr., 1901, p. 1384,

¥ Miineh. med. Woch,, 1902, p. 1176.
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““antibacterial ” or “bactericidal,” instead of antitoxic. Thus,
if an animal is injected with cholera-vibrios until it is very
resistant to these germs, and then a little of its blood-serum
1s added to a culture of these organisms, the latter are found
to undergo degeneration, and finally to be completely dis-
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Fig. 1.—Action of hemolytic serum.

integrated ; but no quantity of this serum will neutralise a
lethal dose of the poison of the cholera-germ. On the other
hand, an antitoxic serum has no effect in preventing the
growth of the appropriate organism ; for instance, diph-
therial antitoxine is a very favourable culture-medium for
the Klebs-Loeffler bacillus. The process of destruction of
bacteria by an antibacterial serum is called bacteriolysis,”
and the property resides not only in the blood-serum, but
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also in other vital fluids, such as the peritoneal exudate.
Tt is evident that some special substance is produced in the
bodies of the immunised animals which acts as a solvent of
the bacterial protoplasm. 5 4
Hemolysis.—Further research s]m:.w?d tha% it is not
only bacteria which, by injection into living animals, give

Fowl's Immune serum
corpuscles heated to 60°C.

No solution
of corpuscles

Fig. 2.—Effect of heat on hemolytic serum (destruction of complement).

rise to the production of substances destructive to them-
selves. In 1891 Bordet, to whom much of our knowledge
of the phenomena of bacteriolysis is due, discovered that,
if the blood of one species of animal were injected into
an individual of another kind, the serum of the latter
developed the property of dissolving the corpuscles of
animals of the former species. Thus, if the blood of a fowl
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1s injected into a rabbit, the serum of the rabbit gains the
power of dissolving the corpuscles of fowl’s blood, when
added to it in a test-tube. This phenomenon is called
“hzemolysis,” and the hemolytic power is exactly analogous
to the bacteriolytic property in the cases previously described.

Fowl's Immune serum Normal
corpuscles. heated to 60°C. rabbit’s serum.
f—— ————
——
=

Solution
of corpuscles

Fig. 3.—Addition of complement from normal serum to
heated immune serum.

Copula and complement.—Now, if the hemolytic
serum of the rabbit in this experiment is heated, it is found
to have lost its solvent power ; but if a little serum from a
normal rabbit is added to the heated serum, the property
of dissolving the fowl’s corpuscles returns to it.

The same occurs in the case of bacteriolytic serum.
Thus Pfeiffer showed that in the peritoneal cavity of an
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immunised guinea-pig cholera-vibrios undergo a process of
destruction, and that the same occurs in a test-tube con-
taining serum derived from such an animal. If this serum
is heated, it loses its potency. If; however, a little of this
heated serum is injected along with cholera-germs into the
peritoneal cavity of a non-immune guinea-pig, solution
takes place, the peritoneal fluid of the normal guinea-pig
supplying the substance which was destroyed by the heat.

The accompanying diagrams (Figs. 1, 2, 3) will make
these statements more clear.

From this it is apparent that in the process of hzmo-
lysis the interaction of two bodies is necessary to bring
about the result. One of these—the complement or alexine
(@)—is present in normal serum, whereas the second—the
copula or immune body (b)—is only developed in immunised
animals. The former (a) is destroyed by heat, whereas the
latter (b) is more stable, and is vesistant to it. The comple-
ment is probably of ferment-like nature, and the process of
destruction has been supposed to be one of hydrolysis
(Turro).!

The multiplicity of names applied to these two bodies by
different writers may possibly lead to some confusion. We
may tabulate them thus :—

(#) Complement (always present), (4) Copula (developed in
called also— - immunised animals),

Alexine. called also—
Addiment. Intermediary body.
Cytase. Immune body.

Amboceptor.

Fixative.

Mediator.

Desmon,

Préparateur.

Substance sensibilitrice.

Sensitising substance.

Perhaps the words complement and copula are as con-
venient as any to denote these substances respectively.

' Berlin, klin. Woch., Sept. 7, 1908,
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The foregoing experiments do not succeed if the serum
and corpuscles be kept at a low temperature (0° C.). If,
however, a mixture of h®molytic serum and corpuscles is
made and kept at this degree of temperature, and then the
corpuscles are separated from the serum and washed clean
by saline solution, it is found that they are now destroyed
by the addition of a normal (non-hemolytic) serum. This
shows that the copula or intermediary body has become
fixed to the corpuscles in some way, so that these are now
“sensitive ” to the action of the complement contained in
normal serum. For this reason the copula has been called
by French writers the “ sensitiser” or * preparator” (sub-
stance sensibilitrice ; préparatenr). Use is made of cor-
puscles—or of bacteria, for the same occurs in their case
also—thus sensitised, for the purpose of experiments,
to which further allusion will be made on a subsequent
page (see p. 29).

The serum of some animals is found to be actively
destructive of that of other species, without any preliminary
treatment by injection of blood. Thus the serum of the eel
produces rapid hwemolysis if injected into mammalian
animals, and is thus highly poisonous in its action. It is
probable that in this case the intermediary body or copula
necessary for the action upon blood-corpuscles of a ferment
already existing in the blood, is supplied by the serum of
the eel. In other cases minor degrees of the same toxicity
may be observed, the serum of many animals exerting,
without preliminary treatment, a hwemolytic action on the
corpuscles of other species,

In some diseases h@molytic substances may develop in
human blood, capable of acting on the blood of another
human individual (isolysins). The possibility of the exist-
ence in diseases characterised by extreme bloodlessness,
such as pernicious and splenic an®mia, of substances of the
nature of copulas which unite with the complement present
and thus lead to the destruction of the patient’s own blood-
corpuscles, opens up an interesting field of speculation ;
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but there is as yet little definite evidence of the existence
of such substances (autolysins).!

Cytolysis.—It is found that similar “antibodies ” are
produced by the injection, not only of bacteria and blood-
corpuscles, but of many other kinds of cells, as, for instance,
spermatozoa, nerve-cells, leucocytes, liver-cells, gastric
epithelium,® &c. Serum from an animal thus injected
with spermatozoa derived from another species is found to
contain a substance (eyfolysin) capable of destroying the
spermatozoa existing within the living body of an individual
of the latter species. The question of the possibility of
preparing a serum which should be capable of destroying
the cells of a tumour, e.g. a cancer, without affecting the
normal epithelium, is of considerable interest in relation to
the treatment of such disease (see p. 347).

Precipitation.— Very closely allied to this formation of
cytolysins, or substances which are capable of dissolving
cells, is the appearance of materials which act in a peculiar
way on the soluble albuminous substances contained in
serum itself. These are called precipitins, and are formed
when the serum of one kind of animal is injected into the
body of another species.? Thus, if the serum of, say, a
horse is injected into a goat, the serum of the latter acquires
the property of forming a precipitate with normal horse’s
serum. It appears that the precipitate is formed at the
expense of the “immune ” serum (i.e. that of the animal

! Eason finds that parezysmal hemoglobinuria is due to the action
of a hmmolytic copula and complement, which are present in the
blood of patients suffering from the disease and which unite with the
corpuscles under the influence of cold (Seot. Med. and Swrg. Journ.,
May, 1906). * Bolton, Trans. Path. Soc., lvii., 1906, p, 297,

% The serum of animals treated by injection of the blood of another
species possesses, in addition to its destructive action, a power of
agglutinating the blood-corpuscles of the latter, i.e. causing them to
adhere together. This property is not lost on heating the serum
to 53° C. H. Marx and Ehrorooth find that human corpuscles are
agglutinated by the serum of any other animal, and suggest the use

of this property as a medico-legal test (Miinch. med. Woch., Feb. 16,
1904, p. 293).

W
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treated by injections of blood), not of the normal serum
or albuminous fluid ; and it was suggested by Uhlenhuth
that use might be made of this fact to constitute a test for
different kinds of blood. The possession of such a test for
human blood would be of considerable medico-legal value.
But unfortunately this particular test is not so absolutely
specific as might be wished, as the serum of the injected
animal is found to give a precipitate not only with the
serum of the exact species of animal used to inoculate it,
but also with the blood of allied kinds (e.g. apes and man).
Further it must be borne in mind that the test is one
for distinguishing between albuminous substances derived
from different species, and not for blood alone,

Some authorities ! deny that even this limited degree of
specificity exists, finding that a precipitating substance,
formed by injecting human blood into an animal-—which
therefore should act solely on human or anthropoid blood—
will react also with that of oxen, horses, sheep, pigs, &e.
The most pronounced action is, however, on human blood,
and according to these authors error may be avoided by
diluting the serum. Thus a precipitating serum- diluted to
1 in 1000 will react only with the blood of the animal with
which it was prepared. It is possible, therefore, that with
this modification the test may still prove to possess a field
of usefulness. The age of the blood used—stains on linen,
&ec.—does not affect the reaction.

Wassermann-Uhlenhuth test for blood.—Tchisto-
witsch? injected rabbits with the serum of horses and found

that the rabbits’ serum as a result of the injections acquired
the power of precipitating part of the albumin of the horse-
serum when mixed with it. Other observers amplified these
results, and 1in consequence Wassermann proposed to use
serum from animals previously injected with human serum
to distinguish human from other blood. Uhlenhuth 3

1 Linessier and Lemoine, Gaz. des Hip., March 27, 1902,
2 dnn, Pastenr Inst., xiii., 1899, p. 406.
8 Berlin. klin. Woeh., 1901, p. 187.
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tested nineteen kinds of blood, and found that human blood
alone gave the reaction. Stern! showed that monkey’s blood
gave a reaction similar to that produced by human blood.
In order to prepare the antiserum a rabbit is first injected
with sterile freshly defibrinated blood, or preferably with
sterile serum, at intervals of four or five days for a period
of two or three weeks. The animal is bled from a wvein,
and when the clot has separated the serum is pipetted off
and stored in a cool place.

In performing the test the suspected blood is mixed with
a small quantity of normal saline solution and filtered : the
filtrate is divided between two test-tubes, to one of which
is added twice the volume of antiserum. In another tube is
placed some blood from some other mammal, together with
antiserum, and in a fourth tube antiserum mixed with nor-
mal saline solution. All four tubes are incubated at 37° C.
for one hour, then allowed to stand at room-temperature
for four hours, If the suspected blood was of human origin
the first tube alone will show evidence of precipitation,
the remaining three control tubes being perfectly clear.
The test is active even in extreme dilution—Stern quotes a
positive reaction with blood diluted 50,000 times.

Agglutination.—When the serum of animals which
have suffered from a disease or been inoculated with a
micro-organism is added to a culture of the specific bacteria
of the disease, it causes them to stick together in clumps or
masses, instead of floating separately in the culture-fluid
(Fig. 4). The best-known instance of this is the reaction
produced by the serum of a patient suffering, or who has
recovered, from enteric fever, when it is added to a culture
of the Bacillus typhosus. Tt is found that if we take a
young and vigorous culture of typhoid bacilli in broth, and
add to it a small quantity of the serum of a patient with
enteric fever, the bacilli almost immediately cease their nor-
mal active movement, and soon become collected together
into clumps. The hypothetical bodies on which this reaction
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depends are called “agglutinins.,” The discovery of this
phenomenon is due to Gruber and Durham, and experi-
ments were made with regard to its clinical possibilities by
Grinbaum ; but Widal first published his results, showing
the possible use of the phenomenon as a test for the exist-
ence of enteric fever, and the reaction is generally associated
with his name. Not only are typhoid bacilli agglutinated
by their appropriate serum, but the same phenomenon

Fig. 4—Diagrammatic representation of agglutination,

A, Free bacilli ; B, Bacilli agglutinated.

occurs with other organisms, such as the Micrococcus
melitensis of Malta fever, the bacillus of dysentery (Shiga),
streptococci, tubercle bacilli, &e. |

It was at first thought that the property of agglutmat-
ing bacteria was ¢ specific,” 2.e. that a serum would only
clump the particular kind of organism which llﬂ-d. been
injected into the animal, or which had caused disease in the
patient. This appears to be only generally true. Qn {:,he
one hand, it is found that a certain degree of agglutmatx::e
power towards many different kinds of bacteria may exist
in normal blood, so that inoculation or disease only increases
an already-existing property ; on the other hand, 1t appears
that in some cases, at all events, treatment with a pa.rl:mu}ar
organism may increase the agglutinative power as affecting
other varieties of germs. Thus, in a case quoted by Posselt









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































