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IMMUNITY 9

microbes, while by treating an animal with
gradually increasing doses of tetanus or diph-
theria toxin, immunity to tetanus or diphtheria
may be induced.

3. Thirdly, by injections of the blood-serum
of an animal which has been treated by method
2, that is, with sterilised cultures or with

bacterial toxins.

11 8 Fourthly, in rare instances by treatment
with sterilised cultures or toxins of a different
species ; thus sterilised cultures of the Bacillus
pyocyaneus will protect against anthrax, and of
the Bacillus prodigiosus against the Bacillus
colr. Emmerich and Loew have isolated from
cultures of the Bacillus pyocyaneus an enzyme-
like body which possesses protective and curative
properties against diphtheria.

Ehrlich by his classical experiments with
abrin and ricin, two toxic proteins obtained from
the jequirity and castor-oil beans respectively,
concluded that acquired immunity is of two
kinds, one ‘active,’ as he termed it, of long
duration and resulting from an attack of the
disease or vaccination with a modified virus and
not transmissible to the fetus; the other,
‘ passive Immunity,’ resulting from the inocula-
tion of an animal with the blood-serum derived
from another animal immunised by the injection










































EHRLICH’S ‘SIDE-CHAIN’ THEORY 23

consequence these food-stuffs must on their
part also contain atomic groups, possessed of
a maximum affinity for the side-chains. The
relationship of each functioning fixing group
of the corresponding groups—i.e. those of the
food-stuffs and those of the side-chains of the
cell—must be specific. They must be exactly
adapted to one another, and must have a
relation to one another such as obtains, for
example, with a male and a female screw
(Pasteur), or with a lock and its proper key
(Fischer). From this point of view we must
contemplate the relation of the toxin to the cell.
The relation between toxin and cell ceases to be
shrouded in mystery if the view be adopted that
the haptophore groups of the toxins are mole-
cular groups fitted to unite alike both with the
side-chains of the cells and with the antitoxins,
and that 1t is by their agency that the toxins
become anchored to the cell.”' Ehrlich then
conceives that the toxins become anchored to
the cells by means of their haptophore groups,
and should the cells not possess side-chains or
receptors * which ‘ fit * these haptophore groups,
the toxophore groups cannot become attached to

! Croonian Lecture, Royal Society, London, 1goo.

¢ Ritchie has pointed out that strictly itis incorrect to speak
- of the ‘side-chains’ of the cell; such side-chains belong to
molecules within the cell, The term ‘receptor’ is a better one,






EHRLICH’S ‘SIDE-CHAIN’® THEORY 25

antitoxin be injected, and not the simple
neutralising dose. The explanation of these
phenomena is that the haptophore group comes
into action immediately after injection into the
organism and so anchors, but not indissolubly,
the toxin molecule to the cell, while in every
toxin, with the exception of snake venom, the

FiG. 3.—DIAGRAMMATIC SCHEME TO REPRESENT THE UNION OF
Toxin (BLACK) WITH THE CELL,

toxophore group does not come into activity
until after the lapse of a longer or shorter
- incubation period.

This 1s shown diagrammatically in fig. 3,
in which the union of toxin with the cell is
depicted. In & the toxin is represented as
anchored to the cell by the union of its hapto-
phore group with the receptor group of the cell
(¢f. fig. 1, p. 18), the toxophore group being
still unattached. This is the stage in which,












FORMATION OF ANTITOXIN 29

figures, and serve to visualise this difficult
subject. In fig. 4 the first stage is shown.

FiG. 5.—SECOND STAGE IN Fig. 6.—THIRD STAGE IN
ANTITOXIN FORMATION. ANTITOXIN FORMATION.
(After EHRLICH.) ANTITOXIN BEGINNING

TO BE FORMED. (After
EnRLICH.)

Fi1c. 7.—FOURTH STAGE IN Fic. 8. —NEUTRALISATION OF
ANTITOXIN FORMATION, ToxIN BY ANTITOXIN IN THE
ANTITOXIN FREE IN THE Broop. (After EHRLICH.)

Broop. (After EHRLICH.)

Toxin has been injected, and has united with
- the cell protoplasm, thereby creating a defect.
The cell responds to this by creating fresh
























ANTI-MICROBIC. SERA 37

The heemolysins, as they are termed, are
practically specific—that is, there is a different
hemolysin for every variety of erythrocyte.
Specificity, in fact, is a salient feature with
almost all anti-bodies and amboceptors, due, on
Ehrlich’s hypothesis, to the fact that the sub-
stance injected which
gives rise to the anti-
body, the ‘antigen’ as
it 1s termed, has an
affinity only for the
anti-body formed. The
potentialities of proto-
plasm seem to be endless,
and Ehrlich says that
‘ the blood-serum is the

. : F1G6. 10.—AN IMMUNE BobDY
carriter of substances in- orR CONNECTING - LINK,
numerables as iyet  little (it ey
known or conceived of.’

In some reactions with immune bodies,
- e.g. agglutination, the intermediate link (im-
mune body) has two affinities (fig. 10)
others three.

There are, it is true, certain difficulties to be
accounted for before Ehrlich’s theory can be
accepted in its entirety ; for example, it is
difficult to understand why the injection of
more toxin into a treated animal that has

: IHI


















THE» TOXIC MATERIAL FOR INOCULATION 43

injected. In either case a virulent organism
should be employed, and it must be grown under
conditions such as have been proved to yield a
broth or culture of maximum toxicity ; these
will be detailed when considering each organism.
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Fic. 11.—GERYK ExHAUST PuMP, ARRANGED FOR FILTRATION
oF Toxin.

In order to prepare the toxin for inoculation, the
culture, after growing for the requisite time, 1s
filtered aseptically through a porous porcelain

filter, such as the Pasteur-Chamberland or
Berkefeld. The latter, perhaps, is the more
convenient, as the filtration is more rapid. The
apparatus may be fitted up in two ways, and
other modifications will suggest themselves in
special instances. In the first (fig. 1I) the












THE TOXIC MATERIAL FOR INOCULATION 47

purpose the organism 1is cultivated on a solid
medium such as agar, the growth is scraped oft
and emulsified in distilled water. To this is then
added caustic soda to the extent of 0'1-1°0 per
cent., and the mixture is then boiled and filtered.
To the filtrate dilute (r per cent.) acetic or
hydrochloric acid is added; this causes a
precipitate of the protein (probably a body of the
nature of a nucleo-protein), which is collected
on a filter-paper, washed first with slightly acid
water, and then with sterile distilled water, and
dried : or it may be purified by re-solution in
alkali and precipitation with acid. For injection
purposes it may be dissolved, with the aid of
heat if necessary, in a sterile I per cent. solution
of sodium carbonate.

During the preliminary stages of injection,
until some degree of immunity has been at-
tained, it is often advisable to diminish the
toxicity of the toxin when this is a very potent
one. This can be done by heating the toxin for
-a short time to 60°~70° C., or by mixing it with
one or two times its volume of 1odine solution
(e.g. iodine 1 part, 10dide of potassium 2 parts,
water 300 parts).

Or some antitoxin may be given at the same
time as the injection of toxin, sufficient to
partially neutralise the latter.






























INJECTION OF THE TOXIN 57

required. In all operations the eyes of the
animal should be covered with a cloth.

The temperature of the animal should be
taken previous to the injection, and at intervals
of a few hours after the injection, until the
temperature attains and remains at the normal
(for the horse = 100° F.). The effect of the
injections, in the earlier stages at any rate, 1s to
cause some fever and general malaise, during
which time the animal should be kept in the
stable. The injection must not be repeated
until the animal recovers from its indisposition,
until the temperature has remained at the
normal for a clear day, and until any acute local
irritation at the seat of inoculation has subsided.
The second injection may equal in amount the
first, and the dose should not be increased until
the reaction produced becomes slight. The
injections should be given in different places in
order to avoid setting up too much local irri-
tation, with perhaps cellulitis or suppuration.
- When large doses have been reached by
subcutaneous inoculation, intravenous injection
may be substituted. The needle of the syringe
1s passed into the jugular vein in *the same
manner as that described for bleeding (see below),
but pointing posteriorly, z.e. in the direction of
the blood-stream. For injecting large amounts,












PRESERVATION OF THE ANTI-SERUM  6r

means any tendency to hemolysis is prevented,
an unstained serum is obtained, and the yield

of serum 1s greater.

Preservation of the Anti-Serum

After the blood has been collected, the flasks
are allowed to stand in a cool place for two or
three hours until clotting has occurred. Itisa
good plan then to give each flask a few sharp
twists so as to detach the clot from the sides of
the flask. The flasks are then allowed to stand
in a dark, cool place for twenty-four to forty-
eight hours, until the serum has thoroughly
separated, and the serum is then decanted off
through the side tubule into sterilised bottles,
in which it is kept until required. It is better
to mix the serum of several horses if possible, as
the serum is then less likely to produce rashes,
&c. (p. 85). A small amount of an antiseptic is
generally added—e.g. 0'2 per cent. carbolic acid
or, preferably, 03 per cent. trikresol. Camphor,
previously flamed to sterilise 1t, has also been
used, but it is only a feeble antiseptic.

As a slight precipitate is apt to form in the
anti-serum after it has been kept for a short
time, rendering it turbid, it is usual to filter the
serum after it has stood for a few days, and










































USE OF NORMAL SERUM 75

(see pp. 83, 89). Salter considers that if human
beings were as susceptible as the most susceptible
animals, quantities up to 200-250 c.c. of horse
serum for a dose might be given to an infant
without overstepping the limits of safety.

Use of Normal Serum with Anti-microbic Sera
‘ Bloeking * of Complement

‘There does not seem to be any risk of inject-
ing too much of an antitoxic serum, but as
regards an anti-microbic serum it may be useless,
possibly dangerous, to inject more than a certain
amount. However, data are at present want-
ing to guide us in this matter. Wassermann
suggested that the efficacy of an anti-microbic
serum would be much enhanced by the simul-
taneous Injection of a perfectly fresh normal
serum. The anti-microbic sera act by the
union (?) of two substances, the ¢ immune body ’
of the anti-microbic serum, and the ‘com-
plement * present in the blood of the individual
and mn freshly drawn blood. The amount of
complement being limited (see p. 34), the
injection of fresh serum, together with the anti-
microbic serum, should supply. additional
‘complement ’ to increase the action of the
anti-microbic serum. This method seems
































































































DIPHTHERIA ANTITOXIN To%y

immunising unit.” Ehrlich found that the L,
dose of various toxins—that is, the amount of
toxin which is exactly neutralised by I immunis-
ing unit of antitoxin (see p. I13)—varied from
16 to 136 lethal guinea-pig doses; moreover, a
toxin broth in course of time gradually diminishes
in toxicity, but at the same time there may be
little alteration in its combining power with
antitoxin : that is, the L_ dose of the old toxin
may be almost the same as that of the fresh toxin.
It follows from this that there are present in
the toxin broth substances which, though
non-toxic, are capable of combining with
antitoxin, and therefore of destroying its
neutralising power towards toxin: to these
substances the names of toxoids and toxones
are given. The toxoids are bodies which are
regarded by Ehrlich as being formed by altera-
tions in the toxin, more or less of which are
always present in the toxin broth, but the toxones
~ he considers to be primary secretory products
of the diphtheria bacillus, formed together with
toxin during its growth. The toxones (formerly
termed epitoxoids) possess less affinity for the
antitoxin than toxoids and toxins, so that in the
course of the partial neutralisation of toxin broth
with antitoxin, the order of combination with
antitoxin is first some of the toxoids, then


















































































































TETANUS ANTITOXIN 145

rabbit weighing 1 kilogram from a dose of toxin
fatal in four or five days. The toxin and
antitoxin are allowed to interact for half an
hour #n wvitro and the mixture is then injected
into the posterior part of the thigh. The
Tizzoni tetanus antitoxin has a potency of
80,000 ; 7.e. I c.c. contains sufficient antitoxin
to neutralise 80,000 such toxin units.

- Behring devised a system of testing analogous
to that employed for diphtheria antitoxin, and
this is now the official German method of testing.
Both the antitoxin and the toxin for testing can
be obtained from the ‘ Hochst * chemical works.
The test toxin (described as ‘ Testgift No. V.’)
is of such a strength that 1 c.c. would kill after
a lapse of four to five days 4,000,000 grams of
living mice, 50,000 grams of living guinea-pigs,
and 100,000 grams of young rabbits. The test
antitoxin (A T) contains 100 units in one gram,
the unit being such that

Toog unit A T 4 o°ox c.c. test toxin
dissolved mn 0°4 c.c. distilled water
= L, dose for the mouse

(L, = exact neutralisation, see pp. 13, II3).

The exact method of testing is as follows :
0'1 gram of test antitoxin 1s dissolved in

100 c.c. of 0’3 per cent. aqueous carbolic; this
I0


































































PREPARING THE ANTI-VENIN 167

them by means of distilled water, and the
solution evaporated to dryness in VACHo OVEr
sulphuric acid.

From living snakes kept 1n captivity the
venom can be obtained by seizing the snake
by the head with a long pair of tongs with
flattened extremities covered with india-rubber
and thus lifting it from the cage without risk.
It is then grasped with the left hand immediately
behind the head, so that it cannot bite, and a
shallow dish or dial glass, preferably covered
with rubber, being presented to it, the snake
strikes, and the venom is caught on the vessel ;
this procedure may be repeated two or three
times, and a further quantity may be expressed
from the glands by applying pressure (‘milking ).
The venom should then be dried in a desiccator
over strong sulphuric acid, and in the dry state
may be kept almost indefinitely without diminu-
tion in toxicity. For use a weighed quantity 1s
dissolved in sterile distilled water.

The immunisation of the horse is an extremely
tedious process : in the earlier stages because the
dose must be increased very slowly and cau-
tiously ; in the later ones, when a large dose has
been attained, on account of the difficulty of
procuring a sufficient supply of the venom. In
the earlier stages, the process of immunisation






























CHAPTER 'V

THE ANTI-MICROBIC SERA — ANTI-STREPTO-
COCCIC SERUM—ANTI-PNEUMOCOCCIC SERUM
— ANTI - MENINGOCOCCIC SERUM — ANTI -
PLAGUE SERUM—INJECTION OF ANTI-STREP-
TOCOCCIC AND ANTI-PLAGUE SERA—ANTI-
TYPHOID SERA — ANTI-TYPHOID EXTRACT OF
JEZ—OTHER SERA

In the previous chapter the chief antitoxic
sera have been dealt with. We now have to
consider those diseases the specific micro-
organisms of which produce little or no toxin,
and the sera for which are mainly anti-microbic
in nature. The chief of these are streptococcic
infections, pneumonia, plague, and enteric or
typhoid fever.

Anti-streptococeic Serum

Marmorek was the first to prepare an anti-
serum for streptococcic infection. The Strepto-
coccus pyogenes or erysipelatis (the two forms
are generally regarded as being identical) is the

organism met with in erysipelas and in certain
177 12












IMMUNISATION 181

cultures for twenty-four hours only. For the
earlier injections the cultures are Kkilled by
heating to 58°~60° C. in a water-bath for one to
three hours, care being taken that the cultures
are thoroughly mixed during the sterilisation,
so as to ensure all parts being raised to the
lethal temperature. Subsequently, when some
immunity has been attained, the living cultures
may be employed, and are injected illtrave110u§1y
to avoid the formation of abscesses, commencing
with small doses.

Besredka recommends cultivating on a solid
medium. Plate bottles (p. 202) are prepared
with agar, and an hour or so before insemination
1-1'5 c.c. of horse serum previously heated to
56° C. for half an hour is spread over the surface.
On this medium an abundant growth is obtained
in twenty-four hours ; the growth for injection
is suspended in 100 c.c. of salt solution.

Immunisation

The horse, mule, or ass may be employed ;
the horse, however, is much less susceptible
than the ass to the toxic action of the cultures.
With the horse, the treatment may be com-
menced by an injection of 3—5 c.c. of the killed
culture. Since horses vary very much in






POLYVALENT SERUM 183

active against a virulent human streptococcus
not passed through animals ; he finds that it 1s.

Streptococci virulent for animals are occasion-
ally obtained from man, and may be readily
cultivated without loss of virulence in a broth
somewhat more alkaline than usual and sub-
cultured every fortnight. Aronson is of opinion
that a serum prepared with such non-passaged
cultures is more active than one obtained with
cultures passed through animals.

Aronson also found that the serum of treated
horses protects monkeys from streptococcal
infection ; a fact on which some doubt had been
thrown by experiments by Zangemeister, who
concluded that horse anti-streptococcic serum

was inactive against streptococcal infection in
monkeys.

Polyvalent Serum

While Marmorek and others have affirmed
the unity of streptococci obtained from various
sources, the general opinion now is that there are
a number of different strains, if not species, and
Piorkowski has found that one streptococcus
may not protect against another. It 1s there-
fore essential to conduct the immunisation with
several strains of the streptococcus isolated
from different sources, as has been done by












ANTI-STREPTOCOCCIC SERUM 187

Prophylactic Use of Anti-streptococcic Serum

The prophylactic use of anti-streptococcic
serum has been suggested by Watson Cheyne
and others before operations upon the mouth and
throat to prevent the septic pneumonia which
so frequently develops after these procedures ;
also in operations upon the rectum. A dose of
10 c.c. should be given on each of the three days
preceding the day of operation.
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Anti-pneumococeic Serum

G. and F. Klemperer first immunised rabbits
against the pneumococcus by the intravenous
injection of a broth culture, the vitality of
which had been destroyed by heating to 60° C. for
one to two hours, and subsequently inoculating





















104 SERUM THERAPY

be obtained it might be employed in elderly,
debilitated, or otherwise unhealthy subjects in
whom the disease is likely to run a serious course.
Pane’s or Romer’s serum seems to be the most
potent. Probably a dose of 20 to 30 c.c. should
be given subcutaneously twice daily until con-
valescence is established. Serum treatment
may also be combined with vaccine treatment.

Wilson describes the treatment of 18 cases
of acute croupous pneumonia with the anti-
pneumococcic serum. The serum was not used
to the exclusion of other treatment, which con-
sisted in the systematic administration of
Dover’s powder, ice-bags to the affected region,
the use of calomel, strychnine, alcohol, and
inhalation of oxygen when necessary, and other
symptomatic treatment as seemed judicious.
Of the 18 cases four died—a mortality of 222
per cent. In two of the fatal cases no 1m-
provement followed the administration of the
serum ; in the other two, slight improvement
followed the earlier doses, but the later injections
were without effect. The defervescence was
by crisis or rapid lysis. The duration of the
attack varied between five and fourteen days,
the majority of the cases coming to an end
on the sixth, seventh, or eighth day.

The summary of the dosages is interesting.
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In the earlier cases the serum was administered
somewhat timidly, and at considerable intervals,
the effect being closely watched ; later it was
given freely and repeatedly. In the first four
cases the age of the serum—that is, the period
that had elapsed from the time the serum was
drawn from the animal until its employment
therapeutically—was not ascertained. In the
subsequent cases this was known and recorded.
The serum in all the cases was administered
hypodermically, and the total quantity given
varied from 20 c.c. to 460 c.c., three cases each
receiving 400 c.c. or more. The administration
extended over a period varying from six hours
to eight days. The age of the serum, as above
stated, varied from seven to fifty-three days.
The immediate effects were more favourable
and more marked in recently drawn serum than
in that which had been drawn for longer periods.
They consisted, in general, in lowering of the
temperature and pulse frequency, mitigation of
pain and of the tendency to drowsiness. Several
of the patients expressed themselves as feeling
better after the injection, and seemed to be
anxious for the time when it should be repeated.
The average duration of the stay in hospital
of 13 out of the 14 cases that recovered was
twenty and a half days. Of 20 patients
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PREPARATION OF ANTI-PLAGUE SERUM 203

pipette, and the flask, laid flat, is incubated
at 37° C. for from thirty-six hours to three
days. A good growth having been obtained,
20 c.c. of physiological salt solution are intro-
duced into the flask, and an emulsion of the
growth is made. The emulsion is then filtered
through a layer of sterile cotton-wool to remove
particles.

In the earlier stages of the inoculation this
emulsion is heated to 65° C. for one hour, in order
to kill the bacilli, care being taken that the
whole of the fluid attains and is kept at this
temperature for this time. The first dose is a
little less than T c.c. of this killed emulsion,
and about a week is usually allowed to elapse
between the injections. The dose is gradually
increased until, at the end of about three
months, the bactericidal power of the blood will
have increased to such a degree that if living
bacilli be injected they will be almost immedi-
ately destroyed. Then the living cultures are
injected, one dose every week, until at the
end of about six months the whole growth
from one flask may be injected without causing
symptoms.

Both the dead and the living cultures are
inoculated intravenously ; subcutaneous injec-
tion gives rise to abscesses.
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with this vaccine, an anti-serum can be obtained.
The vaccine fluid for inoculation is prepared by
growing the bacillus on the surface of agar in
dishes for three days, scraping off the growth, and
treating with 1 per cent. caustic soda solution.
The fluid is then filtered through paper and pre-
cipitated with very dilute acetic or hydrochloric
acid, or by saturation with ammonium sulphate.
The precipitate is dissolved in a 0°5 per cent.
solution of sodium carbonate, and filtered
through a Chamberland filter. This forms the
vaccine fluid, which has the chemical characters
of a solution of nucleo-proteins.

Therapeutic Use of Anti-plague Serum

It is difficult to estimate with any approach
to accuracy the value of anti-plague serum,
on account of the variation of the mortality of
the disease in the different clinical varieties, in
different epidemics, and in different races, and
the influence of sex and age.

The following details are largely taken from
papers by Choksy, who 1s the chief exponent
of the serum treatment of plague.

The following table illustrates the frequency
of the various forms of plague in India :
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Types Frequency
Bubonic . 3 ; : : g2'8 per cent.
Cellulo-cutaneous : ; ; 87 =
Septicaemic . - . 3 - 2'4 r
Pneumonic . : ; ' : 10 2
Pestis ambulans . : : ; 01 "

~ The following table gives the number of
cases and mortality under ordinary expectant
treatment (India) :

e LRSI e
Bubonic . : . | 12,080 | 8,947 | 3,133 7406
Cellulo-cutaneous ; 497 317 | 180 6377
Septicamic . : : 312 | 306 6 08 07
Pneumonic . . : 134 133 1 99°25

The average mortality in plague varies.
During the epidemic of 189697 it stood at about
6153 per cent. at the Arthur Road Hospital,
and 64'5 per cent. and 6828 per cent. at the
Government House and Grant Road Hospitals,
respectively. The second epidemic of 189798
showed a higher rate, from 7855 per cent. at the
Arthur Road Hospital to 79'26 per cent. at the
Grant Road Hospital. The third epidemic of
1898-99 gave a still higher rate, the lowest
being 78'97 per cent. at Arthur Road Hospital,

i A ol & =i



THERAPEUTIC USE OF ANTI-PLAGUE SERUM 207

and the highest 8140 per cent. at the Modikhana
Hospital. The average mortality in 5,836 cases
treated at the Modikhana, Maratha, and Arthur
Road Hospitals during 1898-99 was 80°39 per
cent. During the fourth epidemic of 1899-
1goo the Maratha Hospital shows a mortality of
80'95 per cent. in 2,599 cases, and the non-
serum cases at the Arthur Road Hospital have
a mortality of 79'54 per cent. So that, for all
practical purposes, the normal mortality rate of
plague in public hospitals may safely be put
down at 70-80 per cent. The influence of race,
age, and sex may be gathered from the following
tables :

INFLUENCE OoF RACE

Races Number | Died | Recovered Eas;ﬂf_-fg:é:{lity

Hindus . . . | 10,315 | 7,809 | 2,416 76°57
Mahomedans . . | 1,450 | 9g8 452 6882
Native Christians . | 1,088 | 716 372 65-80
Parsees . . - 126 63 63 50°00
Beni-Israelites i 38 26 12 6842
Eurasians . . 3| — 3 —
Japanese ; - 2 — 2 -
Chinese . > : | I — 100'00

Total . |13,023 | 9,703 | 3.320 74°'50

Among Europeans the case mortality is 30-40 per cent.
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the bubonic type, and all received the same
drug and other treatment.

Dosage and Administration.—Anti - plague
serum does not seem to be very potent, and the
non-success of the treatment recorded by many
observers 1s probably to some extent due to the
use of too small an amount. Calmette lays
down the following rules for the administration
of the serum : All patients suffering from the
bubonic or pulmonary form of plague should be
treated as soon as possible, and should receive
at once 20 c.c. by enmfravenous inoculation,
followed by two subcutaneous injections of at
least 40 c.c. each within the first twenty-four
hours. Afterwards 10 c.c., 20 c.c., or 40 C.c.,
according to the condition of the patient, should
be given daily subcutaneously until the tempera-
ture has become normal.

Choksy lays down the following rules for the
administration of Lustig’s serum :

“I. As soon as the diagnosis has been made,
inject 60 to 8o to 100 c.c. in adults ; for children
under twelve, half the dose ; for infants, 10 c.c.

The patient must be injected as early as possible.
Much valuable time is lost in waiting.’

It would be well to give a first injection of

20 to 30 c.c. intravenously as recommended by
Calmette.

4"
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general condition of the patient. If the tem-
perature is the same as on the evening of the
day of the first injection, 40 to 60 c.c. may again
be injected ; if lower, then 30 c.c. or less.

‘ 4. The quantity of the serum injected should
be gradually decreased day after day, as above,
until the temperature reaches to normal in the
morning.

‘5. There is a drop in temperature of one to
three degrees or more during the course of plague,
and i1t may occur on any day from the second
to the seventh. The injections should not be
discontinued when this happens.

6. Injections in the evening are not necessary
unless secondary buboes develop, or the tem-
perature suddenly goes up higher than on the
previous evening ; 30 to 40 c.c. may be injected
in these circumstances.

‘7. If the temperature on any evening is
found to be lower than in the morning, it is a
favourable indication, and the quantity of serum
injected the following morning may be safely
reduced.

* 8. Six to eight injections may be required to
effect a cure.

9. The total quantity required for a cure
may vary from 150 to 300 c.c., depending upon
the severity of the case, complications, &c., and
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pulse and increase in blood-pressure, and general
improvement in the condition of the patient.

As regards the results of the treatment,
Chantemesse states that in the Paris Hospitals
from April 1, 1901, to July 31, 1907, 5,621
cases of typhoid fever were admitted, and,
under ordinary treatment, of these gbo died,
a case mortality of 17 per cent. During the
same period, 1,000 cases were treated with
the Chantemesse serum, of whom 43 ‘died, a
case mortality of 43 per cent.

The ordinary anti-typhoid sera on the market
are anti-microbic sera obtained by treating a
horse first with killed and afterwards with living
cultures of a virulent typhoid bacillus, just as
for the anti-plague serum. This anti-typhoid
serum has given disappointing results. Thus
18 cases of enteric fever were treated by Newall
with anti-typhoid serum procured from °a
reliable source.” The dose used was either 5 c.c.
or 10 c.c. injected into the iliac region ; in some
cases only one injection was given, in others
two, three, or four were administered. Some
cases were treated with serum alone, others had
intestinal antiseptics, and symptomatic treat-
ment of complications was adopted. It may be
said that in'none of these cases (nor in 13 others
subsequently treated) did the use of the serum
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serum be examined in this way five to seven
days later, the film preparation might show
say 300 coccl ingested by 100 polymorpho-
nuclear leucocytes, while the film prepared under
similar conditions with normal serum (z.e. the
serum of a healthy and uninjected person) might
show only 200 coccl ingested by the same number
of leucocytes. The ratio is therefore 300 : 200
or 399, and if the normal be taken as unity this
gives the figure 333 X 1 =% = 1'5, which is the
opsonic index of the injected person, that is the
capacity of his serum to induce phagocytosis,
compared with that of a normal individual, taken
asunity. In thisinstance increased phagocytosis
is induced by the serum of the injected indi-
vidual, his opsonic index 1s above normal, or is
raised.

In the case of a person suffering from acute
boils, generally caused by infection with the
M. pyogenes aureus, a similar procedure would
probably give a film containing perhaps 120
cocci ingested by 100 leucocytes, the film
prepared with normal serum containing 200
cocci in the same number of leucocytes. The
ratio in this case 1s therefore 120 : 200, or
120 and taking the normal as unity as before,
the figure for the opsonic index becomes

120 x 1 =4 = 0'6. In this instance, therefore,

(L
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phagocytosis is less active with the serum of the
infected person than with that of a normal
~ person, in other words the opsonic index is below
normal, or is depressed. Other facts may also
be brought out by experiments of this kind.
Thus, if the serum of the person injected or
infected with the M. pyogenes aureus be tested
in the same manner as to its capacity to induce
phagocytosis, not towards the M. pyogenes
aureus, but towards some other organism, e.g.
“the Bacillus colv or the tubercle bacillus, it will
probably be found that the opsonic index is
unaltered compared with normal serum, the
number of organisms in the same number of
leucocytes in the films prepared with the abnor-
mal and the normal serum will probably be
approximately the same, and the ratio in the
two specimens will therefore be approximately
x:x, that 1s the index will be 1'0, or normal
and unaltered. From this it is to be inferred
that in normal serum opsonins are present
which act on a number of different organisms,
7.e. are ‘common.’ In the serum after vaccina-
tion (" immune serum ’ ) opsonins are developed
which act only on the particular organism
employed, z.e. are ‘ specific.’

The nature of opsonins has not yet been
thoroughly worked-out. The opsonin of normal
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of the normal and the immune serum alike.

They further state that their general conclusions -

are that in the case of normal sera the opsonic
effect is generally due to the labile non-specific
complement ; it may act with or without a
natural immune body.

In the case of immune sera the opsonic effect
may be increased by immune bodies leading to
the union of more complement. There is 1n
addition, however, the formation of immune
opsonirt (bacterio-tropin), which produces an
opsonic effect by itself, and this substance
accordingly has the constitution of an
agglutinin.

Wright considers the opsonins to be substances
distinct from all others; Metchnikoff, Dean,
and other observers suggest that they are
identical with the ¢substance sensibilisatrice
(p- 34)-

Emery concludes that amboceptor appears
to have the power of sensitising bacteria to
phagocytosis, and this power seems to be
increased by the concurrent action of com-
plement. Further, there is no sufficient
evidence of the existence of a thermostable
opsonin apart from amboceptor. As regards
the thermolabile opsonin there is an equally
close resemblance between it and complement,

L™
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and we are forced to the conclusion that
complements may play the part of opsonins.
It may be suggested that the increased phago-
cytosis brought about by immunisation may be
due to the fact that the presence of amboceptor
produced by the immunisation enables the
bacterium to be prepared for phagocytosis by
the concurrent action of many complements
which otherwise would be able to attack it only
with great difficulty.! |

Pfeiffer ® is of opinion that the opsonins are
identical with the bacteriolysins, the extra-
cellular digestion of the bacteria by the bacterio-
lysins being masked by the rapid phagocytosis
which occurs.

As regards the source of opsonins little is
known. If thermolabile opsonin is identical
with complement, it is probably derived from
the polymorphonuclear leucocytes. Opsonin
does not seem to be formed in the blood ; accord-
ing to Allen it is probably derived from the
muscular tissues.

' See Emery, Immunity and Specific Therapy, pp. 282—288.
* Harben Lectures, Journ. Roy. Inst. of Public Health, xvii.
1909, Nos. 7, 8, and q.

T'r ¥
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SeEcTIiON II
METHOD OF DETERMINING THE OPSONIC INDEX

This is based on Leishman’s method for
estimating the activity of phagocytosis, which
is carried out as follows :

A thin suspension of some micro-organism, e.g. M.
pyogenes, is mixed with an equal volume of blood from
the finger, a droplet of this mixture is placed on a clean
slide, and covered with a cover-glass, and the prepara-
tion is at once placed in a moist chamber in the incu-
bator at 37° C. for half an hour. At the end of this time
it is taken out, the cover-glass slipped off, and the
films on slide and cover-glass are dried, fixed, stained
and examined microscopically, and the number of
microbes ingested by the polymorphonuclear leucocytes
is counted.

For the determination of the opsonic index by
Wright’s method the following requisites are
necessary : (1) the serum of the patient, (2) the
serum of a healthy person for a control, (3) an
emulsion of the organism for which the deter-
mination is to be made, (4) a suspension of
living leucocytes, (5) several Wright pipettes,
with india-rubber teats or nipples.

r and 2. The Sera.—These two specimens should be
taken at about the same time, and the determination
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coagulation of the blood. This must be freshly pre-
pared (or kept sterile, which is inconvenient), and the
simplest method is to use ‘soloids’ prepared for the
purpose by Burroughs & Wellcome ; one of these dis-
solved in 10 c.c. of water will yield the solution re-
quired. This is put into a centrifugalising tube and
warmed to blood-heat. A healthy person is then
pricked in the ear or finger, and his blood is allowed to
drop into the fluid until 1 c.c. or more has been collected.
The tube is then placed in the centrifuge, very exactly
counterbalanced, and centrifugalised until all the cor-
puscles have come to the bottom and the supernatant
fluid 1s left clear. If the deposit is closely examined,
the layer of red corpuscles at the bottom will be seen
to be covered with a thin whitish film consisting of
leucocytes. ' Then, with a capillary pipette armed with
an india-rubber nipple, or with a syringe, the whole of
the clear fluid is pipetted off as close as possible to the
leucocyte layer, but without disturbing the latter. The
tube is then filled with saline solution, the blood and
fluid are mixed, the mixture is centrifugalised, and the
clear flmid again pipetted off, and this process of wash-
ing 1s repeated. Or the leucocyte layer with the
underlying red corpuscles may be first pipetted off,
introduced into a second tube, and washed twice.
Next, the leucocyte layer with the upper layer of red
corpuscles (which also contains leucocytes) is pipetted
off into a small tube, and the whole is thoroughly mixed
by repeatedly sucking into and expelling from the
pipette. The result is a suspension of the living
leucocytes mixed with red corpuscles.



264 SERUM THERAPY

5. Wright's Pipettes with India-rubber Teats.—These
are made of glass tubing drawn out in the blowpipe
flame into the form shown in a, fig. 27, which is two-
thirds full size. The end of the fine extremity should
be contracted as shown in b. Glass tubing must be
chosen which properly fits the teats.

The Process.—(1) Prepare a pipette by placing an
india-rubber teat on the thickend. Then, with a grease
pencil or with pen and ink, make a transverse line about
an inch from the pointed end. The volume of fluid con-
tained in the tube between the point and this mark is
spoken of as the unit.

(z) Having the patient’s serum and the suspensions
of the leucocytes and of the bacteria ready to hand, take
the pipette between the index finger and thumb of the
right hand and compress the nipple. Immerse the
point beneath the surface of the suspension of bacilli,
and relax the pressure on the nipple until the emulsion
has risen exactly to the mark so that one unit has been
drawn up ; then remove the point from the fluid and
relax the pressure again, so that a small volume of air
is sucked up. This will be quite easy if the point is a
good one, otherwise it will be difficult or impossible, as
the column of fluid will either refuse to stir or will
oscillate violently. Next immerse the point in the
suspension of leucocytes and draw up one unit. This
will be separated from the emulsion of bacteria by the
bubble of air. Remove the point from the emulsion
and draw up a second volume of air.

Lastly, draw up one unit of serum. There will now
be in the pipette (counting from the nipple towards the
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point) one unit of bacterial emulsion, a bubble of air,
a unit of leucocytes, a bubble of air, and, lastly, a unit
of serum (¢, fig. 27).

(3) Put the point of the pipette on to a clean hollow
ground slide or an artist’s porcelain sunk palette, and
express the whole of its contents, and mix well together,
aspirating them repeatedly into the pipette, and ex-
pelling without causing bubbles. If bubbles form, a
hot wire brought near will quickly dispel them. When
thoroughly mixed aspirate the mixture into the pipette,
suck up a short volume of air, and seal the tip in the
flame.

Then place the pipette point downwards in the incu-
bator, or better into a water-bath, at 35° to 37° C., noting
the time exactly, and proceed to prepare a second
pipette in precisely the same way, using the same sus-
pensions of bacteria and leucocytes, but the control
serum instead of the patient’s. Place this in the incu-
bator or water-bath, by the side of the other, noting
the time at which this is done. When each pipette
has been incubated for a quarter of an hour it is re-
moved from the incubator or water-bath, the end broken
off and the nipple fitted to the thick end, then the con-
tents are expelled on to a hollow slide or porcelain
palette and mixed thoroughly together. Films are
then prepared. This may be done by depositing a
drop in the middle of a large cover-glass (1 inch square,
No. 2), dropping on to it another cover-glass and
drawing the two apart. Or films may be made on
slides, or which Wright recommends roughing the
slides with emery paper and spreading the drop with
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is also usually low, but if the condition has lasted
for some time it may be higher than normal.
In chronic infections which are not strictly
localised, e.g. tuberculosis, the index will some-
times be low, sometimes high. A low index
generally indicates an infection, or a low
power of resistance to the particular organism.
A high index usually indicates that the person
has had an infection but has overcome it,
or is tending, or making an effort, to overcome
it. With good technique, it is found that
the normal index for healthy persons varies
only within narrow limits—from about 08
to 1'2 as extremes; an index above or below
these values is therefore probably abnormal and
pathological.

Moreover, the disappearance, the elimination of
an infection is generally accompanied by a rise
of the index. It may be expected, therefore,
that if in an infection the index can be arti-
ficially raised, the tendency will be for the
infection to terminate and the condition to
recover. Sir A. E. Wright, finding that an
appropriate dose of a vaccine usually raises the
index for the organism of the vaccine, conceived
that the same principle might be applied to
cases of infection with various organisms, and
found that in many instances the injection of
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performed by withdrawal of the piston. The
needle is now gradually drawn out of the chest,
the position of the piston being such that there
1s a negative pressure within the syringe. In
this manner a mixture of blood plasma and
broth 1s-obtained, which is added to two culture
tubes containing sterile broth. This forms a
good medium for the growth of the organisms.
The tubes are now incubated and occasionally
shaken. Within twelve hours it is often possible
to obtain a growth containing 1,000,000,000
organisms per cubic centimetre. The contents
of the tubes are then sterilised at 60 C. for one
hour and are diluted with } per cent. carbolic
acid solution to a suitable strength, such as
100,000,000 per cubic centimetre. By this pro-
cedure it is sometimes possible to inoculate with
an autogenous vaccine in twelve hours from the
time of making the cultures. Itshould be added
that not infrequently the fluid withdrawn from
the chest by aspiration as described above will
prove sterile.

As regards the advantages and disadvantages
of the three methods, Method 1 causes no
discomfort to the patient, but is usually in-
applicable in the case of children, who rarely
cough up sputum. In the most favourable
circumstances it involves delay. Method 2 also
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may involve delay and may be inapplicable
in the case of children, owing to the small size
of the veins. Method 3 is the most rapid
and certain. Moreover, to whatever causative
organism the pneumonia may be due it will
probably be isolated.! There is a small risk
of hemorrhage and of introducing air into
the pleural cavity.

Methods 2 and 3 also necessarily involve
some pain, which may be objected to.

If opsonic determinations are made, difficulties
~arise. The pneumococcus obtained may not
be opsonised by normal serum, and it
may be agglutinated by the patient’s serum.
The opsonic power of the serum of healthy
persons for the pneumococcus also varies con-
siderably, and the control serum should therefore
be the mixed serum of several individuals.

Willcox and Morgan recommend an initial dose
of 20,000,000-30,000,000 cocci, and after the
first dose a second dose of 30,000,000-50,000,000
1s given 24—48 hours after the first, and further
doses may be given at suitable intervals if
necessary. Generally speaking, there was a
definite improvement in the clinical symptoms

' Croupous pneumonia in 95 per cent. of the cases is due to
the pneumococcus. Broncho-pneumonia occurring idiopathi-

cally or in the course of other diseases may be caused by many
different organisms,
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Mediterranean (Malta) Fever

Staff-Surgeon Reid, R.N., in 1905,! treated
a small number of cases of Mediterranean fever
with vaccine with successful results.

Fleet-Surgeon Bassett Smith, R.N., in 1906,
gave the method an extensive trial.

The vaccine was prepared by emulsifying
ten-day-old agar cultures prepared from a
recently isolated strain of the M. melitensis n
distilled water, heating to 60° C. for half an hour
and adding o'5 per cent. carbolic acid. . The
opacity of the emulsion should be such that
a layer 1’5 c.m. deep should just obscure
05 Snellen type; of this, 05 c.c. formed the
dose, which was repeated at intervals of ten
days. The general results were that in a certain
number of cases, vaccine treatment exerted a
beneficial effect, the severity of the symptoms
being diminished, the general condition im-
proved, and the duration of the disease curtailed.
Many cases, however, failed to react favourably,
and in the more acute type, with high fever and
evidence of severe intoxication, the treatment
appeared to have a deleterious, instead of a
favourable, action. Allen suggests that a

\ Tyans. Path. Soc. Lond. lvii. p. 463.
2 Tourn. of Hygiene, vil. 1907, P. 115.
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modification of the treatment in the direction of
smaller doses at more frequent intervals might
secure more favourable results.

Pyorrhcea Alveolaris

A number of organisms are present in the pus
in this affection. Goadby ! has found in various
cases, streptococci, the pneumococcus, M.
pyogenes aureus, M. citreus granulatus (Freund,
a Gram-negative coccus), organisms of the M.
~ catarrhalis type, diphtheroid bacilli, and Sac-
charomyces neoformans ; all these organisms,
judged by the opsonic index and agglutination re-
action, are causative. Many other bacteria were
also isolated, but were probably not causative.

Goadby investigates the cases by making
agar streaks from the pus, isolation of the
organisms, and determination of the opsonic
index of the patient for the organisms present.
If the opsonic index of the patient's serum
shows a marked deviation from the normal
with an organism or organisms, a vaccine is
prepared and employed. The results recorded
by Goadby are very encouraging in this other-
wise intractable disease.

1 Lancet, March 9, 1907 ; ib. December 25, 1909 ; Brit. Med.
Journ. 1908, ii. p. 477.
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termed rabies, and takes two forms, either the
raging or the paralytic. The latter is not
met with in man, unless certain rare forms of
acute ascending paralysis (e.g. Landry’s) be
manifestations of it. In the dog either may
occur, but in rodents the paralytic form is
almost always the one assumed. In man
the incubation period is very variable ; it is
never less than about twenty days, and may
possibly be as long as two years, or even
more ; the average seems to be about ten weeks.
In the rabbit after inoculation from the dog, the
incubation period is about two to three weeks.

Pasteur showed that the wvirus could be
attenuated by desiccating the infective nerve
matter, and in this way was able to prepare a
vaccine which would protect animals from other-
wise fatal doses of the virus. Advancing a step
further, he used his vaccines to treat individuals
who had been bitten by rabid animals, but in
whom the symptoms had not yet developed, and
so inaugurated the present system of anti-rabic
inoculation as carried out at the Pasteur and
other Institutes.

To prepare the anti-rabic vaccines a rabbit 1s
inoculated subdurally with an emulsion prepared
from the medulla of a rabid dog. When the
animal dies a second rabbit is similarly inoculated
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decrease or even disappear completely after an
attack of erysipelas. The fluid was originally
prepared by growing the streptococcus, obtained
from a fatal case of erysipelas, and rendered
highly virulent by a succession of passages
through rabbits in bouillon for about ten days ;
the B. prodigiosus is next added, and the two
organisms are allowed to grow together for
another week or ten days. The culture is then
heated to from 58° to 60° C. for one hour and a
piece of thymol added to preserve it.

The fluid is now prepared by growing the
two organisms separately and then mixing with
the sterilised streptococcus culture a certain
definite quantity of the sterilised prodigiosus
culture. In this way a more constant prepara-
tion is obtained, and one that can be standardised
as to dose. Full directions for preparation are
given in Coley's last paper (19og).

The primary dose recommended is } minim
injected into the buttock or pectoral muscle ;
in this way the susceptibility of the patient to
the fluid is ascertained. Subsequently, the
doses are injected into, or into the neighbourhood
of, the tumour, if this be accessible, otherwise
into the buttock or elsewhere. The dose in-
jected into the tumour should be one-fourth
that injected elsewhere, Daily injections are

21 *



















































340 SERUM THERAPY

The use of unripe lymph—i.e. lymph with
glycerine but not kept sufficiently long for the
glycerine to destroy the contaminating microbes
—is followed by excessive fever, inflammation,
pus production, and other symptoms of septic
infection. The use of stale lymph—that is,
lymph that has been kept so long that the
glycerine is beginning to destroy the vitality
of the vaccine organism—is a less serious evil.
Copeman has stated that the glycerinated lymph
may be kept for considerable periods of time
without deterioration—e.g. for eight months or
even longer (‘ Milroy Lectures,” 1897)—but the
Chicago Health Department does not agree
with this view. Their experience is that in the
glycerinated lymph, stored under proper con-
ditions, the extraneous pathogenic organisms
are destroyed in from fifty to sixty days, and
that at the end of this period the lymph continues
active for another period of forty or fifty days,
after which it deteriorates. If stored in the
cold (18° F. or — 5° C.) the lymph will retain its
activity for a much longer time.

The amount of glycerine added to the lymph
varies at different establishments.! At Berlin

the proportions are :

| Rep. to the Loc. Gov. Board on the Preparation and Storage of
Glycerinaled Calf Vaccine Lymph, 18a7.



VACCINE LYMPH G S

Vesicle pulp . 3 : I part.

Glycerine ; : : 7 parts.

Boiled water . - : TR
At Cologne:

Vesicle pulp . : : I part.

Glycerine ! . : | EQ parts.

Water . : : : Bl
At Geneva:

Vesicle pulp . : : I part.

Glycerine : . : 2 parts.

Water . : : : I part.

Green! has found that the vesicle pulp, finely
ground, and mixed with five or six times its
volume of saturated chloroform water, soon
becomes freed from extraneous organisms. His
most recent method is to pass air charged with
chloroform vapour through the emulsified vesicle
pulp. This kills the extraneous micro-organisms
in a few hours.

No unbiased person can doubt the pro-
tective power of vaccination against variola.
In many instances, however, vaccination is
performed in a perfunctory manner, even by

' Thirtieth Ann. Rep. Loc. Gov. Board, Rep. Med. Off. for
1900-1901, p. 639, and Royal Society, London, April 30, 1903.
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The first vaccine is prepared from attenuated
cultures of the cholera spirillum. The ordinary
laboratory cultures are usually considerably
attenuated, but to be sure that they are suffi-
ciently so they are grown for several generations
on surface agar at 38° C. in tubes through which
a current of moist air is continuously passed.
Such a culture causes only a local cedema instead
of necrosis when injected into the subcutaneous
tissue of a guinea-pig.

The second, or strong vaccine, is prepared
from cholera cultures, the virulence of which has
been artificially increased by passing through the
peritoneal cavity of guinea-pigs. This is done
by first of all preparing standard cultures from
any ordinary culture of the cholera vibrio.
Test-tubes measuring 15 cm. in length are
employed ; of the 15 cm., T0 cm. are occupied
by the sloping surface of ordinary nutrient
agar. The whole surface of the nutrient
medium is inoculated and the inoculated tubes
are incubated at 35° C. for twenty-four hours.
The whole growth from the surface of the agar
is then scraped off with a sterilised platinum
needle of stout wire and made into an emulsion
with about 3 c.c. of sterile broth. A guinea-pig
(300—400 grams) is etherised, a small patch of
hair on the abdomen cut short, and a spot
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Further details of standardisation are given
by Lamb and Forster and by Leishman.

The use of suspensions of agar cultures in
physiological salt solution and killed by heat
has also been recommended and has been
adopted in Germany.

Maceration of agar cultures suspended in
salt solution by keeping the suspension at 37° C.
(after killing by heating to 60° C.) for two or
three days and subsequent filtration through a
porcelain filter is another method that has been
used.

Even living attenuated cultures have been
suggested, but may entail some risk and the
possibility of spreading infection if spilled.

The most recent method for the preparation
of typhoid wvaccine 1s that of Russell. He
selects a culture, not necessarily virulent, but
having good ‘ binding ' powers and producing
large quantities of anti-bodies on injection.
This is grown on agar slants for 18-20 hours,
the tubes being of uniform size and having the
same surface of agar in each. The cultures are
sown with a uniform quantity of a broth
suspension of a 2o-hour agar culture; in this
way ‘standard’ cultures are obtained, and
200-300 tubes are prepared at one time. After
incubation, 2 c.c. of physiological salt solution



ANTI-TYPHOID VACCINE 349

are introduced into each tube and the growth is
thoroughly broken up and emulsified. A sample
is taken from the bulk and used for a bacterial
count (see p. 280) and also for tests of purity.
The suspension is filled into large (50 c.c.) tubes
which are sealed in the blow-pipe flame. The
tubes are then completely immersed in a water-
bath and heated to 60° C. for 75 minutes. After
the cultures are thus killed, the suspension is
diluted up to about 15-20 c.c. for each agar slant.
The quantity i1s varied according to the results
of the bacterial count, the aim being to obtain
about 1,000,000,000 bacilli per cubic centimetre,
which is the dose. One-quarter per cent. of
trikresol is added and the suspension is filled
into ampulle. Before use, a mouse and a
guinea-pig are inoculated, and aérobic and
anaérobic tests for sterility are made with each
batch. Up to the present 1,400 men have
been inoculated, of whom about 1 per cent.
had severe, 7'7 per cent. moderate, 30 per cent.
mild, and about 60 per cent. practically no
reactions,

Besredka has prepared a sensitised wvaccine
(p- 333)-

The Dosage and Strength of the Anti-typhoid
Vaccines.—The strength of a typhoid vaccine
depends upon the number of bacilli it contains
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and therr virulence. It may be standardised by
ascertaining the degree of opacity, by counting
the number of bacilli, and by determining the
toxicity.

The dose of Wright's vaccine for an adult
varies from 05 c.c. to 2 or 3 c.c. according to
the strength of the preparation. A second
increased dose given ten to fourteen days
after the first one increases the immunity and
should always be adopted if possible. The
injection should be made subcutaneously in the
flank.

Chmical Symptoms which supervene upon the
Inoculation of the Anti-typhoid Vaccines.—The
symptoms are comparatively slight when small
doses are used, e.g. tenderness at the seat
of inoculation, a chilly feeling two or three
hours after inoculation, slight rise of tem-
perature, and restlessness at night, but these
symptoms pass away in about twenty-four hours.
With larger doses all the symptoms are severe,
and are described as commencing two or three
hours after injection, with tenderness, which
gradually increases in severity and extends
upwards into the armpits and downwards into
the groin ; a patch of congestion two or three
inches in diameter develops round the site of
inoculation, and red lines of inflamed lymphatics
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can be traced extending into the armpits. These
symptoms gradually subside in about forty-eight
hours. :

The constitutional symptoms are marked by
some degree of faintness and collapse, in some
cases accompanied by nausea and vomiting,
which commence about three or four hours
after injection, entire loss of appetite, disturbed
sleep, and high temperature, all of which pass
off in a few hours. The blood and serum of
individuals vaccinated in this way give the
agglutination reaction in a marked manner.

To obtain more complete protection a second
inoculation of one-and-a-half to twice the
original dose should be given after an interval of
ten to fourteen days. There is practically no
risk, and the immunity conferred will probably
last for two or three years.

As regards the sphere of application of the
anti-typhoid vaccination, it would be expedient
in the case of young soldiers and other indi-
viduals going abroad to infected districts, for
those living in a district visited by an epidemic,
or for those in attendance upon typhoid patients.

The value of anti-typhoid inoculation is still
sub judice and can only be gauged by statistics.
From an analysis of statistics dealing with some
15,000 moculated individuals, mostly soldiers,
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Anti-plague Vaccine

An anti-plague vaccine was first prepared
by Haffkine, is frequently termed the Haffkine
prophylactic, and is the one most generally
employed. The method of preparation is com-
paratively simple. A virulent plague bacillus
is cultivated in flasks in a special broth : this
consists of ordinary peptone beef broth to
which a trace of butter is added. In Hindu
countries, in which the cow is sacred, goat’s
flesh or wheat flour may be substituted for beef
for making the broth. The butter melts at the
temperature of incubation (35° C.) and forms
little islets upon the surface of the medium
which serve as nuclei from which growth
starts. The flasks must be kept absolutely
still, in which case copious flocculent pyramidal
growths depend downwards into the medium
forming the so-called stalactite growth of
Haffkine. This is shaken down, allowed to
re-form, again shaken down, and the process
is repeated several times. Haffkine gives the
following details of the mode of preparation of
his prophylactic. ~Mutton is finely minced
and infused in dilute hydrochloric acid. The
exact proportions of the materials are as
follows : 1} kilos of mutton are infused in 3

23
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moculated with the prophylactic during the
incubation period of the disease would have the
disease in so aggravated a form that it would
almost certainly prove fatal. Bannerman, how-
ever, finds that this i1s not the case; among
persons inoculated with the prophylactic and
who developed plague within ten days, the
case mortality was never more than 62'5 per
cent., and averaged only 47°0 per cent., while
among the uninoculated the case mortality was
737 per cent, among the same population during
the same period. Bannerman also believes that
protection is secured within twenty-four hours
of the inoculation, and that it lasts as long as
eighteen months.

Calmette suggested that in order to procure
a rapid immunity 10 c.c. of anti-plague serum
may be injected, followed by the Haffkine pro-
phylactic to obtain the prolonged immunity.
Such a combined procedure might be expedient
for those suddenly called upon to tend the sick.
No statistics seem to have been published of the
use of Lustig and Galeotti’s vaccine.

Strong found in a series of investigations that living
but attenuated plague cultures produce experimentally
far greater immunity than dead cultures, e.g. the
Haffkine prophylactic, and has applied this method in
the vaccination of man against plague. The greatest
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care has to be taken that the culture employed for this
purpose has lost its virulence almost completely, and
Strong believes that if a whole agar slant culture no
longer kills a 250-gram guinea-pig, it is probably quite
safe to inject into human beings in small amount, nor is
there any evidence that such a culture will under
ordinary laboratory condition regain any of its lost
virulence.

The culture used by Strong for the preparation of his
vaccine was obtained from Professor Kolle, who received
it originally from Dr. Maassen. The dose employed is
one 24-hour agar slant culture suspended in 1 c.c. of

~ salt solution for an adult, for a child from one-third

to one-half this quantity. The reaction following in-
jection is not severe ; a few hours after inoculation
there is some fever and by the evening of the first day
the temperature may reach ro1°5°-102° F., occasionally
even 104° F., then it declines and becomes normal by
the third or fourth day. The injections were made
deeply into the deltoid muscle, and there may be some
induration, redness, and soreness locally, which soon
pass off. Klein has prepared a plague prophylactic,
which experimentally seems to be effective, by drying
i vacuo the necrotic organs (bubo, liver, spleen, and
lungs) of guinea-pigs inoculated with plague bacilli so as
to induce a sub-acute infection. The dried material
1s pulverised, extracted with water, and the watery
extract heated to 70° C. ; this forms the prophylactic
fluid.

Besredka has prepared a ‘sensitised ’ vaccine, which
i1s official in the French Pharmacopceia of 1908 (p. 334).
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six to twelve weeks in a shallow layer i flat
flasks (fig. 32), so that the supply of oxygen 1s
free and an abundant growth with copious film
formation results. The latter seems to be essen-
tial, but it does not appear to matter whether
the bacilli are virulent or non-virulent. The
cultures, bacilli, and all are concentrated over
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FiG, 32.—FLASK FOR GROWING TUBERCULIN.

a water-bath to about one-tenth of their volume,
and then filtered through porous porcelain ; the
resulting fluid is quite clear, thick, owing to
the concentration of the glycerin by the evapora-
tion, of a dark amber colour, and possesses
a curious characteristic smell. The large pro-
portion of glycerin preserves the fluid, which
keeps indefinitely in a cool, dark place.

It i1s perhaps preferable first to concentrate
to one-half over the water-bath, then to filter
through a Chamberland filter, and, after filtration,
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2. The New Tuberculins : Tuberculin R

The new tuberculin, of which only tuberculin
R (T R) is employed, is used solely for treatment
and not for diagnostic purposes. The fluid is
supplied by Meister, Lucius, and Briining of
Hochst-on-Maine, and the following are the
directions for use issued with it :

The New Tuberculin R 1s supplied in liquid con-
dition. Itis an opalescent liquid similar in appearance
to a mixture of 5 or 6 drops of milk in half an ounce
of water. It must be kept in a cool, dark, and dry
store.

The solution contains 2 milligrams of solid substance
in each cubic centimetre.

For dilution of the liquid 20 per cent. glycerine
should be employed. This may be prepared by mixing
80 c.c. of distilled water and 20 c.c. of glycerine, and
boiling the mixture for twenty minutes and using cold.
The dilutions are preferably made in the following
manner :

I. With a 1 c.c. pipette, calibrated to 14, 0'3 c.c. is
withdrawn from the bottle, and mixed with 27 c.c. of
the 20 per cent. glycerine solution, making in all 3 c.c.
This 10 per cent. dilution contains o'z milligram of
solid substance.

2. From this 10 per cent. dilution o't c.c. is taken
and made up to 10 c.c. with glycerine solution. Thus
a I per mille dilution of the original fluid is obtained.

2R K
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tuberculous one minute doses cause a rise of
temperature, this reaction may be made use
of for diagnostic purposes in suspected cases
of obscure tuberculosis. The concentrated fluid
is diluted with o°5 per cent. aqueous carbolic,
and injected in precisely the same manner as
for treatment (see p. 370).

The Following Doses refer to the Concentrated
(i.e. Undiluted) Fluid.—Some persons being very
sensitive, it is wisest to give a preliminary
dose of o'0oor c.c. If this causes no reaction,
as is usually the case, it may be followed by a
dose of o001 c.c.; if this produces no result,
0002 c.c. may be given after an interval of two
days; if this again produces no reaction,
0'005 c.c. may be given after a further interval
of two days; if no reaction is obtained with
this dose, the condition may be considered to
be non-tuberculous. In certain instances, 1if
these three injections produce no reaction, a
fourth of o'er c.c. may be given. The reaction
consists of a rise of temperature above the normal
of 2° F. or more, with general malaise, and
swelling, redness, desquamation, and irritability
of local tuberculous lesions, such as glands and
ulcers. The temperature should be taken every
two hours. A rise of temperature of no more
than 1° F. if it does not occur before or after,
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and coincides with, the injection, may be
considered sufficient, especially 1f it happens
again on giving a slightly larger dose.

Injections of tuberculin for diagnostic pur-
poses should not be made if the temperature
1s 1° I. above normal.

2. The Cutaneous Reaction.—Von Pirquet?
observed that if the skin be scarified and a
dilute solution of the old tuberculin applied,
an area of redness and swelling with papulation,
somewhat resembling that of vaccinia, appears in
forty-eight hours in tuberculous individuals but
not i non-tuberculous ones. The solution em-
ployed consists of one part of the old tuberculin,
one part of a 5 per cent. solution of carbolic acid
in glycerine, and two parts of physiological salt
‘solution. Two small superficial scarifications
of the skin of the arm are made through two
drops of the tuberculin solution placed a little
distance apart, and between the two a control
scarification is made in a similar manner
through a drop of the same solution minus the
tuberculin.

The method causes practically no general
disturbance, and hence can be used in cases in
which the injection of tuberculin is contra-
indicated. The reaction is of particular value

' Wien. med. Woch. July 6, 1907.
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reaction thus performed gives very reliable
indications, provided the disease is not extensive
and the general vigour of the patient maintained.
In advanced cases of tuberculosis the reaction
was often negative. Of 41 non-tuberculous
cases, the reaction was negative in 40. Of
the 78 cases also tested by the conjunctival
method, all were negative in those which were
negative by the cutaneous method.

Moro! has modified the cutaneous method by
applying the tuberculin in the form of an
ointment consisting of equal parts of lanolin
and old tuberculin.

3. The Ophthalmo-Reaction.—Calmette and
Wolff-Eisner independently observed that the
instillation into the eye of a dilute solution of
tuberculin gives in tuberculous cases a distinct
reaction consisting of lachrymation, redness and
swelling of the conjunctiva, with in severe cases
a semi-purulent discharge. The reaction appears
in the majority of cases after about 8 hours,
sometimes only after 20-24 hours, and occasion-
ally 1t may be delayed 48 hours.

The solution is prepared by precipitating the
old tuberculin with g5 per cent. alcohol, collect-
ing, washing and drying the precipitate, and
dissolving in sterile water so as to form a

' Miinch. med. Woch. 1908, lv.~Ixi. p. 216,
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I per cent. solution. For children the solution
may be half this strength.

The reaction generally disappears 18-24 hours
after 1t has developed, occasionally it may be
severe and persist for days. Any affection of
the eye already present contra-indicates its
application.

Experience indicates that the reaction, posi-
tive or negative, is very reliable in diagnosing
the presence of, or excluding, active tuber-
culosis, both in children and in adults. On
the other hand some cases have been reported
in which the reaction was so severe as to cause
considerable anxiety as regards the ultimate
recovery of the eye.

Wolff-Eisner ! surveys the various tuberculin

reactions as follows: With the subcutaneous
application of Koch's tuberculin a positive
reaction indicates the presence of tuberculosis,
but by no means indicates that the disease
is active. The cutaneous reaction is a safe
and handy method of applying tuberculin for
diagnostic purposes, but it also indicates latent
as well as active tuberculosis. The conjunc-
tival reaction, on the other hand, discovers an
active form of the disease. Negative reactions
in obvious cases occur and indicate a bad

1 Miinch, med, Woch. November 10, 19083,
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prognosis. Positive reactions are obtained in
5-8 per cent. of apparently healthy persons, but
these may ultimately prove to be tuberculous.
Negative results do not exclude active tuber-
culosis. The method is a safe one provided
concentrated preparations be not used, and
contra-indications (e.g. tuberculosis of the eye)
are noted.

Row! has attempted to apply the precipitin
reaction in cases of tuberculosis by making use
of an alcoholic extract of the caseated spleen of
tuberculous guinea-pigs. The results, however,
were very erratic.

Cutancous Reaction in Leprosy.—Teague ? has applied
the cutaneous reaction to leprosy. Glycerin extracts
(5 per cent. glycerin) were made from nodules excised
from living lepers, and from the nodulous skin and
from the spleen of a dead leper. The extracts were
evaporated to about one-tenth of the original volume
on a water-bath. Fifty lepers were vaccinated with
these extracts, a control vaccination with an extract
similarly prepared from the skin of a cholera corpse
being made in each instance. In two or three cases
there was a doubtful reaction, but otherwise the

results of the vaccinations were in all respects like the
controls.

! Brit. Med. Journ. 1909, ii. P- 1333-
° Philippine Journ. of Science, iv. 1909, No. 5, p. 323.
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At the end of this time 4 or 5 c.c. of sterile
water are introduced into each bottle, and the
growth 1s scraped off and emulsified. The sus-
pension 1s decanted into stout glass test-tubes
which are heated to 60° C. in a water-bath. The
suspension is then centrifugalised, and the dead
bacterial paste is collected and dried 7% vacuo.
The dried bacterial mass is then ground up in an
agate mortar, 3 grams with 1 gram of salt, for
two or three hours, sterile water being added
drop by drop until 5-6 c.c. have been added :
finally the ground-up mass is made up to 100 c.c.
with water. The suspension is then heated in
tubes in a water-bath to 60° C. for half an hour.
The supernatant liquid is next decanted from
the sediment and is poured slowly into ten times
its volume of absolute alcohol, and the mixture
is allowed to stand for three hours. The fluid
is decanted, and the precipitate collected and
dried rapidly 4n wacwo. The dry material is
for use dissolved in water, 810 milligrams to
each cubic centimetre, and forms the fluid for
mnstillation into the eye, one drop being used.
A reaction consists in the development of a
conjunctivitis, commencing with redness two or
three hours after instillation, and becoming

slightly fibrinous six to ten hours after the
mstillation.
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Receptor, 17
Rheumatism, 186

SALINE infusion, 242
Saline solution, physiological,
399
Saline solution of Trunecek,
246
Scarlatina, 186, 298
Sensitised vaccines, 288, 333
Sera, see Anti-sera and Anti-
toxin
Sera, anti-microbic, 31, 177
antitoxic, 10, 97
endotoxic, 49
homologous, 41
polyvalent, 55
toxicity of normal, 74
Serum disease, 89
Serum, normal, for alimenta-
tion, 246
with  anti - microbic
sera, 75
‘ Serum ’ of Trunecek, 246
Side-chain theory, 19
Side-chains, 22
Snake venom, 16, 164
Sour milk, 7, 389
Staphylococcic serum, 236
vaccine, 295
Standardisation of antitoxin,
119
of cultures, 64
of vaccines, 280
Streptococcic serum, 177
in diphtheria, 133, 186
vaccine, 298
Streptothrix infections, 314
Subdural inoculation, 154
Supersensitation, 8g
Sycosis, 296
Syringes, 77

TeTANUS, mortality of, 151
treatment of, 152
Tetanus antitoxin, 138
administration of, 154
prophylactic use of,
162
standardisation, 144
Thyroid serum, 232
Toxin, diphtheria, gg
constitution of, 106
filtration of, 41
injection of, 55
neutralisation of, 12
preparation of, 42
preservation of, 45
standardising, 111
tetanus, 139
Toxophile group, 17
Toxophore group, 17, 23
Transfusion of blood, 239
as a therapeutic
measure, 240
Trunecek, serum of, 246
Trypanosomiasis, 237
Tuberculin, bacillary emul-
sion, 367
Denys, 368
new, 362
old, 365
R, 366
diagnostic use of, 373—
382
in leprosy, 294
preparation of dilu-
tions, 369-373
treatment with, 28g,
368
Tuberculo-toxoidin, 367
Tuberculosis, diagnosis of,
373—382
serum treatment, 237
vaccine treatment, 280,
368
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BACTERIAL VACCINES

prepared in the Vaccine Laboratory, St. Mary's Hospital,
Lﬂndﬂﬂ, w.—nil‘ﬁﬂtﬂr, Si!‘ A.i El- WTight, HlD-, Flnlsli &E-

ACNE VACCINES

(2 varieties).
Acne Bacillus Vaccine,

supplied in two dilutions, re-
spectively containing 10 and 20
millions of bacilli per c.c.
Mixed Vaccine for Acne,
supplied in a dilution con-
taining 500 millions of staphy-
lecocei and 20 millions of acne
bacilli per r.c.

GONOCOCCUS
VACCINE.

Supplied in two dilutions, re-
sp_ecgiwﬁl}'c:}m:uuiru; 5 and 50
millions of gonocoeei per c.c.

INFLUENZA-
BACILLUS VACCINE.

Supplied in two dilutions, re-
spectively containing 10 and 25
millions of bacilli per c.c.

NEOFORMANS
VACCINE.

Sumﬂlieg in a conceniration
containing 30 millions of cocci
fer c.c.

PNEUMOCOCCUS
VACCINE.

Supplied in two dilutions, re-
spectively containing 20 and
50 millions of pneumococci
per c.c.

——

STAPHYLOCOCCUS
VACCINE.

Supplied in three dilutions, re-
spectively containing 100, 500
and 1000 millions of staphy-
lococei fer c.c.

STREPTOCOCCUS
VACCINE.

Supplied in two dilutions, re-
spectively containing 5 and 20
millions of streptococcei ferc.c.

—

TUBERCLE VACCINE

(Tuberculin~Bacillary
Emulsion.)

Supplied in two dilutions, re-
spectively containing frn each
c.c. 1-2000 and 1-5000 milli-
grammme of the comminuted
tubercle culture.

The above-mentioned Vaccines are supplied in hermetically-sealed
glass bulbs containing rather nore than 1 c.c.,
also in bottles of 25 c.c.

TYPHOID VACCINE (for preventive inoculation).

Supplied in sets containing complete treament for one individual.

A pamphlet on "' Vaccine Therapy,'' with general instructions
for the use of these vaccines will be forwarded on request.
Reference is also suggested to the articles published in The
Lancet of Sept. 26, 1908, p. 925, and April 10, 1909, p. 1035.

Sole Agents for the sale of the above-mentioned Bacterial Vaccines:

Parke, Davis & Co., London,w.

Telegraphic and Cable Address:

“Cascara, London."

Telephones : 8636 Gerrard : sezer Central.




LACTIGEN

Is produced from the original strain of MASSOL'S BULGARIAN
BACILLUS, which we imported direct from Sofia, through the kindness
of Professor PErko TaAPTCHILESHTOFF, who further imparted to us
details in confidence of a special culture media to secure the maximum
strength of this Bacillus. That we were successful was proved by the
article in the Brifish Medical Journal for January 9, 1909, giving the
percentages of Lactic Acid produced by various cultures. LACTIGEMN
produces 26 times more Lactic Acid than the best of the other cultures
examined. ° See the article by Dr. Bushnell and Major Dancey Browing
in the Journal of the Royal Army Medical Corps for January 1900,
LACTIGEN is supplied under contract to H.M. Office of Works and
other Government Departments, some of the largest London Hospitals,
the Edinburgh Royal Infirmary, and many other Hospitals and Infirmaries
throughout Great Britain and Ireland.

MILK is also prepared with LACTIGEN by the largest Dairy Com-
panies throughout Great Britain under stipulated conditions (as steriliza-
tion of the milk and containers, and proper incubation of the milk),

LACTIGEN 1is supplied in tubes, each eontaining sufficient for
one pint of milk, with complete directions, at 4/6 per box of one doz. :
or in one oz. bottles, hermetically sealed, at 15/= per doz.

q At the British Medical Meeting it was recommended that the culture

should be supplied fresh. It is, therefore, sold to Chemists. as
required, being distributed from our Laboratories daily,
OPPENHEIMER, SON & CO., Ltd, Awarded Ouly Gold

Medal International
179 Queen Victoria Street, London, E.C. Medical ré:nﬁﬁgf

PAGETS UG

Prepared with the Pure Culture of the Bacillus
——Bulgaricus—the Bacillus of Massol

Every care that scientific knowledge can suggest is taken to ensure that
the Culture remains active and free from contamination,

Full particulars sent and arrangements made
for supplying direct to all parts of the country.,

PAGET’S SOUR MILK =
cnean cnpese UGA

Sour Milk in the form of a delicious CREAM CHEESE
CULTURES AND APPARATUS. Full particulars on application.
Telegrams :
CLAY! pAGET & CO- . Lal:t?:use.Lnndan.”
Milk Specialists, Ltd. Telephone:
Westminster

71 Ebury Street, London, S.W. 5043 (2 lines).






















