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V1 PREFACE.

An attempt has been made in this work to determine
the bacteric form in which the contagium of vaccinia
and variola exists, in the materials which are capable
of reproducing these diseases by inoculation; and, in
aid of the inquiry, advantage has been taken of the
most modern methods of bacteriological research, The
bacteric forms assumed by cultivations of the materials
employed have also been carefully studied and exactly
delineated. Experimental vaccination appears to prove
that the potency of vaccine materials varies in a re-
markable degree, in proportion to the quantity and
quality of their active principle. The probable origin
of the virus, and the questions of immunity and
attenuation, have also been the subject of investigation.

I take this opportunity of expressing my thanks to
Dr George Buchanan and Dr Henry Stevens for much
practical information regarding vaccine materials; and
also to Professor Chiene, who has kindly granted me
the free use of his Bacteriological Laboratory in the
University of Edinburgh, during an extended period,
for the purposes of this inquiry. The value of the
observations is much increased by the fact that all the
primary cultivations were made by his assistant, Mr A.
W. Hare, who is a skilful and expert manipulator.

The illustrations of the work have been beautifully
reproduced by Messrs Scott and Ferguson, from f:he
original oil paintings by Mr C. K. Robertson, artist,
and from the water-colours by Dr F. M. Caird and Mr

W. Cathie.
























2 THE VACCINE CONTAGIUM AND

Pypical eighth day, or even earlier, a material which is iden-
f:f;;f;_‘““ tical in appearance and potency with that by which it
was originally produced.

On the eighth day, the vesicle becomes surrounded
by a rose-coloured zone of inflammation or areola,
which continues to increase for several days, and the
clear contents of the vesicle are then found to be

Estatlish- opalescent or opaque. The establishment of this areola

f:ffmnf; £ Vs regarded as a proof of the specific effect of vaceina-
tion on the constitution. From the eighth to the
tenth day, the opacity of the lymph continues to
increase, after which coagulation of the contents of the
vesicle takes place, with the gradual formation of a dry
brown scab by the fourteenth day. This scab becomes
harder, drier, and darker during the third week, when
it falls off, leaving a depressed, circular or oval cieatrix,

Termine. Which is the natural termination of the process by

2 which the majority of the human race are protected
for a lifetime from small-pox. If such a termination
to vaccination could be guaranteed with certainty, its
beauty and simplicity could not be questioned.

Ohioice of The material by which typical Jennerian vesicles are

Watopa): pruduced is clear vaccine lymph. It 1s, however, found
in practice that, without various precautions, such uni-
form results are difficult to obtain, and great stress is
accordingly laid by authorities on the proper selection
of vaccine material. Thus, clear lymph is regarded by
the authorities of the National Vaccine Establishment
as a perfect material for vaccination, and they dis-



STANDARD VACCINE LYMPH. 3

courage the use of opalescent lymph, which they re- Chisice of
gard as an imperfect vaccine material. The distinetion
between the two materials is at present arbitrary and
empirical, which is a serious disadvantage in practice.
The employment of perféct vaccine material, however,
1s found to be insufficient for the attainment of perfect
vaccination in a great many cases, as varlous disturb-
ing elements interfere with the result. Thus, the
child to be vaccinated, though not positively unhealthy,
may be flabby and generally below par, and such
children are incapable of producing perfect material.
In such cases the lymph is certain to be opalescent or
opaque, while the vesicle is usually surrounded by
an areola when the proper time comes for taking
lymph. Vaccine lymph cannot be propagated success-
fully by means of unhealthy subjects.

The choice of the operation is also of great import- Choice of
ance, and involves a knowledge of the relative potency il
of vaccine materials. The most perfect results are
produced by the use of fresh lymph transferred directly Fresh
from a typical vesicle on the arm of a healthy child to T
the arm of another. When innoculated with such ma-
terial, four single scratches, one-third of an inch long,
and three quarters of an inch distant from each other,
will produce four good-sized vesicles, leaving cicatrices
covering collectively at least half an inch square. If
such lymph, however, be collected in a capillary tube,
and used in the same manner half an hour afterwards,
1t will be found that only one, or perhaps two, of the
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isertions have been successful, and that the size of the
vesicles is very much diminished. To obtain a result
equal to the first, the lymph must be inserted into the
arm by abrasion; at least forty light scratches being
necessary. This method is imperative for the success-
tul employment of lymph stored in any way whatever,
because storage of lymph, even for the shortest period,
exerts an injurious influence upon its activity, and a
comparatively more severe operation is required. To
prevent such failures, the directions issued by the
Association for the Supply of Pure Vaceine Lymph
should be strictly observed. “ First wash the arm in
clean water, and rub it briskly until dry with a clean
towel. Blow the vaccine upon the arm, seratch through
with a mew needle or pin-point, taking care not to
draw blood, and rub the vaccine well into the seratches
with the eye of the needle, or the head of the pin-
point.” These directions are specially applicable to
the use of stored calf lymph, dry or liquid, and stored
human lymph,dry or liquid. When arm-to-arm lymph
is employed as the vaccine material, total failure of a
primary vaccination in good hands is exceedingly rare ;
but such vaccinators not unfrequently fail if they
employ either stored calf or human lymph. When a
primary vaccination fails, it should be a rule to repeat
the operation by abrasion with arm-to-arm lymph only,
because every vaccination, though apparently unsuc-
cessful, exerts some constitutional influence, which can
be only overcome by the employment of the most
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active material. When the primary vaccination has
been only partially successful; e.g., when one or two
retarded vesicles, instead of four, are seen on Inspec-
tion; Bryce’s test should always be applied to ascertain
whether the first vaccination is sufficiently protective.
Even should no vesicles result, the protective effect
of the primary vaccination is increased, as is shown
by its subsequent progress.

While the superiority of arm-to-arm lymph over any
kind of stored lymph can be easily demonstrated,
it is a much more difficult matter to determine
whether dry lymph is superior or inferior to lymph
stored in the liquid state. Dr Seaton, in discuss-
ing this point, states that he has found that the
most skilful vaccinators prefer dried lymph, but that
most - vaccinators find it easiest to make lymph
take which has been stored in capillary tubes. My
own experience shows that dried lymph 1s un-
doubtedly superior as a vaccine material to fluid
lymph stored in tubes. If changes take place in
natural vaccine when stored in the liquid state, which
do not occur when it is stored in a dry condition, the
latter method of storage is evidently the superior of
the two. This question is important as bearing upon
the influence exerted by heat upon vaccine lymph.
The method of storage is also important in relation
to the problem whether the vaccine contagium can be
grown artificially outside the animal body. If it can
be proved, as T have no doubt it ean, that standard

Bryce's
test.

Methods of
storing
lymph
compared.
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vaccine lymph contains a contagium vivum of constant

material, Ccharacter, it is evident that the preservation of this

Its active
principle.

characteristic form, not only in the natural material,

‘but also in artificial cultivations, is imperative. Sir

James Paget remarks that “all pathological re-
searches accumulate the evidences of the constant
correspondence between the material in the blood on
which each specific disease depends, and the morbid
structure by which each 1s manifested. And so, if
the vaccine virus were capable of any transformations
besides those which mark its regular influence in each
patient, such transformations, we may be sure, would
be indicated by corresponding and evident changes
in the vaccine vesicle. In other words, if the vacecine
were changed into any other virus, there would be no
vaccine vesicle.” -

It must be confessed that nothing was known as
to the composition of the material by which typical
vaccine vesicles are produced, until the researches of
Weigert, Klebs, Cohn, and Burdon Sanderson, ren-
dered it probable, if not certain, that a “germ ” was
the active principle in vaccine lymph. A great
impetus was given to this and other similar inves-
tigations by the previous researches of Pasteur on
Fermentation, and Lister on Putrefaction of Wounds.
Notwithstanding Cohn’s exact research and beautiful
delineation and description of the germ of variola
and vaccinia, it is still an open question what vaccine
lymph really is, and how it differs from opalescent or
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opaque lymph. Considering the abundance of vaccine

Its real

nature

and variolous material, available both in the fresh and doubtful.

stored condition, this is a matter of surprise, and it
can only be accounted for by the general satisfaction
which exists with regard to the convenience and
utility of Jenner’s “matchless discovery.” Such an
inquiry involves the possession of special pathological
training, and also extensive opportunities for both
clinical and experimental research, and few prac-
titioners have the requisite leisure, even with such
opportunities and qualifications.

| My attention was first directed by difficulties
encountered in procuring reliable vaccine material
to the nature and cause of opacity in stored vaccine
lymph. Is it a precipitate or a degeneration of the
material? Is there a transformation of the active

Cause of
opacity.

principle ? Or 1s the opacity due to contamination

from without? The answer to such questions is much
more difficult than appears at first sight, involving as
it does a review of all that is known with regard to
smallpox and vaccination. The inquiry has thus
extended itself far beyond the limits which were at
first intended. In order to exclude the fallacies which
might arise from accidental contamination of lymph,
1t became necessary to undertake a long series of
experiments to determine, if possible, the nature and
amount of germinal matter in commercial vaccine
tubes. The explanation of the naked eye and histo-
logical appearances in clear and opaque vaceine lymph

Extended
inguiry
Necessary.



8 THE VACCINE CONTAGIUM AND

g;::& ;—*_f was found, owing to staining difficulties, to be 1mpos-
sible without the employment of artificial cultivations.
The results of microscopic examination of these were
most difficult to explain, and the difficulty of explana-
tion was increased by the failure to produce a local
disease by means of experimental vaccination with
cultivations. It was, therefore, found necessary to
Cowrse of extend the inquiry to the contagion of smallpox, and
PATEY 40 obtain a series of cultivations of that disease, and
to compare these with vaccine cultivations. I have
to acknowledge the kindness of Dr Birdwood, the
Medical Superintendent, and Messrs Bott and Clat-
worthy, the Resident Physicians, in assisting me to
obtain material for this purpose from cases in the
Hospital Ships, Purfleet. The results of experimental
innoculation with cultivations of variola have been
most satisfactory, and have enabled me to draw con-
clusions as to the nature and cause of opacity in
lymph.
Jts import- The determination of the essential nature of the
o vaceine contagium was found to be of the greatest
importance the further the inquiry proceeded, and the
possible relation of ordinary fermentation to vaccinia
and variola has been considered as far as time and
opportunity have allowed. The difficulty in arriving
at the conclusions was much increased by the state of
confusion at present existing with regard to the classi-
fication of Bacteria, and specially of the Sphaero-bactena.
I have adopted Cohn’s classification as most elastic,
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EXAMINATION OF EMPTY COMMERCIAL
VACCINE TUBES.

tof THE following experiments were undertaken with the

examina-

Two series
of experi-

view of ascertaining whether empty commercial vaccine
tubes contain germinal matter which might give rise
to opacity in lymph, and introduce a source of fallacy
into the conclusions as to its cause.

Forty boxes of tubes were obtained for examination
from Mr Somerville, Stockbridge, Edinburgh, and with
these two series of experiments were made. The first
sertes shows the action of sealed empty commercial
vaceine tubes, sterilised externally, when introduced
into beakers containing sterile nutrient fluid, and after-
‘wards broken with aseptic precautions. The second
series shows the behaviour of sterile and non-sterile
nutrient fluid in commercial vaccine tubes and in
sterilised vaccine tubes.

FIrsT SERIES OF EXPERIMENTS.!

Twenty beakers, plugged with cotton-wool, were

1 ¢ff. Chiene, Trans. Med. Chir. Soc, Edin., 1884; Tyndall, Float-
wing Matier of the Air.

o o il ] " el
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sterilised and charged,under spray, with 150c.c.of sterile First

2 series of
nutrient fluid (Darby’s fluid meat in } per cent. solution). experi-

Sixteen of the beakers so charged were, to ensure S
sterility, steamed for fifteen minutes on each of two
consecutive days.

Four of the beakers, not so steamed, were kept under
observation as a test of spray action in preserving
sterility.

All of these beakers were then incubated at 35° C.
for four hours on each of four successive days. A week
afterwards the contents of all remained clear.

Empty commercial tubes having been sealed and
sterilised externally by immersion in 1-20 solution of
pure phenol, ten of these were then introduced (under
spray, with hands washed in 1 per cent. solution of
corrosive sublimate) into each beaker, and the beakers
again incubated for four hours on each of four successive
days. Seven beakers became cloudy.

The tubes in seven of the remaining beakers were
then broken under spray with a sterilised glass rod.
Those in the six others were left unbroken; and, as a
control experiment, their plugs of cotton-wool were
removed, and their contents stirred with a sterilised
glass rod. Both of these latter sets of beakers were
then incubated as before, with the following result :—

A.—Of beakers containing broken commercial tubes, Result.
Three remained clear,
Four became cloudy ;
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B.—Of beakers containing unbroken commercial
tubes,
Five remained clear,
One became cloudy.

Thus, under the same conditions, four beakers out of
seven containing broken commercial tubes became con-
taminated, while only one out of six beakers containing
sealed unbroken empty commercial tubes did so. The
first series of experiments was therefore strongly in
favour of the view that empty commercial wvaccine
tubes contain matter capable of germinating; and
we had next to determine the amount of such matter,
and 1ts probable influence on a nutrient fluid stored in
them.

SECOND SERIES OF EXPERIMENTS.
Experiment I,

Here the aim was to ascertain the results when com-
merecial and when sterilised vaccine tubes were similarly
charged with sterile fluid under spray. The problems
to be solved might be expressed shortly in an algebraic
form :—

ProBLEM I.—Commercial vaccine tubes, (C.T.)+
sterile fluid, (S.F.)4spray=?

ProBLEM II.—Sterilised vaccine tubes, (S.T.)+
sterile fluid, (S.F.)+spray=?

Under Problem I. ten (C.T.+S.F.+spray), preserved
upright in a test-tube for three weeks, showed a floccu-

R =

o pr—— pr—
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lent precipitate at the lower end of the column Secoud
. e = Series o
of fluid. Six weeks later, the precipitate was very experi-

diﬂti]‘lﬂt_ ments.

Under Problem II. ten (S.T. 4 S.F. 4 spray), preserved
in a similar manner, showed no change after nine weeks.

The result of this experiment was, therefore, that Exp. 1.
commercial vaccine tubes, charged with sterile fluid e
under spray, showed precipitate; while sterile vaceine
tubes similarly treated exhibited no change; or, in
algebraic form—

ProBLEM IL—Commercial vaccine tubes -+ sterile
fluid 4 spray = precipitate.

ProBLEM II.—Sterile vaceine tubes +sterile fluid +
spray =no change.

The sterility of the tube therefore makes some differ-
ence on the condition of the fluid stored in them.

Experiment II. Exp. II.

This experiment dealt with commercial vaccine tubes,
charged with sterile fluid, but without spray.

ProBLEM.— Commercial vaccine tubes (C.T.)+4 Problem.
sterile fluid (S.F.) — spray = 7
A hundred (C.T. + S.F. — spray), preserved upright in
a test-tube for a week, showed a flocculent precipitate
like an opaque ring supporting the column of fluid.
This could be seen in-all the tubes, and was very dis-
tinet when looked at by obliquely transmitted light ; or
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by reflected light against a dark or shaded background.
The tubes were taken from boxes 1 to 10.

Result.—Commercial vaceine tubes + sterile fluid —
spray = precipitate.

Experiment IIL.

Here we dealt with commercial vaccine tubes charged
with doubtful sterile fluid, and without spray.

ProBLEM. — Commercial vaccine tubes, (C.T.) +
doubtful sterile flmid, (? S.F.) —spray=?

A hundred commercial tubes (C.T.,from boxes 11 to 20
+ ? S.F. — spray), after three weeks, showed a precipi-
tate like that in the preceding case. This experiment
was conducted under conditions the same as those
under which vaccine lymph is stored.

Result.—Commereial vaceine tubes +doubtful sterile
fluid — spray = precipitate.

To prepare for the next experiments, twenty test-
tubes (numbered 1 to 20) were charged with ten tubes
each from the twenty boxes used for Experiments II.
and III. ; they were then plugged with cotton-wool and

sterilised by heat.

Experiment IV,
ProBLEM.—Sterilised vaceine tubes, (S.T.) 4+ doubt-
ful sterile fluid, (? S.F.)+spray= ?
The sixty sterilised tubes from test-tubes 1 to 6 (z.e.,
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Twenty (C.S.T.+ N.F. —spray) showed a very distinct
precipitate eighteen days after having been filled. They
were compared with the tubes used in Experiments
II. and III. to determine whether there is any increase
of the precipitate in proportion to the non-sterility of
the fluid; and it was found that the precipitate was
much more distinct when the fluid was non-sterile.
The conditions of this experiment correspond exactly
with those under which vaccine lymph is stored for
use.

Result.—C.S.T. + N.S.F. —spray = very distinct pre-
cipitate,

Experiment VIL

ProBLEM. — Sterilised vaccine tubes, (S.T.) +
sterilised fluid, (S.F.)—spray = ?

One hundred and ninety-two (S.T. 4 sterile hydro-
cele fluid—spray) showed, after eighteen days, a white
precipitate at the lower end of the column of fluid.
This experiment corresponds to the conditions under
which vaccine lymph, supposing it or be a sterile fluid,
is stored.

Result.—S.T. + S.F.—spray = white precipitate.

Microscopic examination of the precipitates in the
foregoing experiments showed granules, angular bodies
like crystals, and débris. No organisms of definite
size and shape could be detected.
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the tubes before using them : sterility of the tubes,
sterility of the fluid, and the use of the spray are all
necessary to prevent opacity from taking place in the
fluid.

The sterihsation of the tubes is best done by
immersing them in aleohol or ether, and then super-
heating them In test-tubes, plugged with cotton-wool,
in a hot-air chamber.  An ordinary oven answers this
latter purpose very well. Carbolic acid solution should
not be used, as microscopic erystals, which would after-
wards exert a paralysing or germicidal influence on the
vaccine lymph, may be left in the interior after drying.
Dougall showed, indeed, that this paralysing effect of
carbolic acid was only temporary, as the vaccine
lymph slowly regains 1ts power when the acid eva-
porates; but such evaporation cannot take place in
sealed tubes.

I have found that opacity appears sooner in lymph
stored in commercial tubes than in that stored in
sterilised tubes, and that it is greater In amount:
clear vaeccine lymph, if stored in sterilised tubes, shows
only slight opalescence, and that after some time.
The fact, however, that in the first series of experi-
ments so large a proportion of the beakers containing
broken tubes showed no change in the fluid, led to the
conclusion that the amount of germinal matter in
commercial tubes was very small. Further, in the
second series, the amount of opacity in the fluid was
very much less than that observed in vaccine lymph ;







CHAPTER LIL

EXAMINATION OF VACCINE CULTIVATIONS.

SECTION 1.

CuLTURE METHODS AND MEDIA.

Culburs A preliminary examination of clear and opaque vaceine
lymph led to no definite conclusions either as to
. the presence of organisms or as to the best methods
of staining them ; but further observation has shown
that special care has to be employed in staining lymph.
No such difficulty is to be encountered in the case of
cultivations, as the organisms are readily stained by
aniline dyes. }
As several organisms of different characters had been
already cultivated by different observers, it was deeided J
to attempt to vaccinate aseptically. The skin of the
vaceinifer was first purified by washing the surface of
the vesicle and the surrounding skin with 1-20 pure
phenol and ether, and the vesicle was then opened
with a lancet sterilised by heat. The arm of the i
infant to be vaccinated was similarly treated with
ether and phenol, and the operation completed under

L
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spray. The result of these precautions was a dismal Qu
failure, as nearly every one of the insertions was un-
successful, and the few successful vesicles were much
retarded in their progress on the eighth day. It was
thus found that it was best to select typical cases for
the purpose of cultivation, choosing healthy subjects

bearing plump well-formed vesicles without areola.

Cultwre Medic.

Four different culture media were at first tried:—  culture
1. Sterilised boiled potato; s
2. Sterilised nutrient gelatine (Koch’s);
3. Sterilised agar agar gelatine;
4. Sterilised hydrocele fluid.

Cultivations in hydrocele fluid and on boiled potato
were not continued ; the growth on potato was found
to be hard and woody, and the liquid medium was
abandoned because of the known difficulty of obtaining
pure cultivations in the event of there being a mixture
of organisms such as was anticipated.!

The naked-eye appearances of cultivations in agar
agar were found to be indistinct and unreliable, the form

! Quist’s culture fluid, however, appears to be perfectly suitable.
It is composed of blood-serum of the ox, glycerine, and distilled water,
—of each 100 parts,—with one part of carbonate of potash (Berlin
Klin. Wochensch., No. 52, 1883). Miiller's method of storing and
multiplying lymph, described in Ziemssen's Cyclopedia, may also be
mentioned here. He finds that one part of clear vaccine lymph,
mixed with two parts of glycerine and two of distilled water, is an

effective material for vaccination. Is this not a pure cultivation in
miniature?
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and colour of the growth being especially indefinite,
while those in Koch’s nutrient gelatine were ultimately
found to be perfectly definite and satisfactory. Pure
cultivations to any extent could, in fact, be easily
obtained by Koch’s method. Such cultivations should
not be incubated, as the gelatine liquefies,

SECTION II.

MACROSCOPICAL APPEARANCES OF VACCINE
CULTIVATIONS,

Source No. I

No. in Register—447.  Result—Four vesicles
without areola.  Material—Clear Lymph,
accepted by the National Vaccine Establish-
ment. Date of Cultivation—May 18, 1885.

The vesicles were opened under carbolic spray, with
a lancet sterilised by heat ; and test-tubes Nos. 1, 2, 5,
7, and 81 were inoculated by Mr Hare with a sterilised
platinum ©ze. Cultivations in sterilised hydrocele

fluid and boiled potato were made at the same time as

those in agar agar and Koch’s nutrient gelatie.

PRIMARY CULTIVATIONS IN AGAR AGAR.

In Nos. 1, 2, and 5 the growth was first observed
after one day’s incubation, the fourth from inoculation,
when there was a triangular white film in the track of

1 These numbers refer to the table of cultivations, p. 23.

o
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the wire. The film was diffuse, and numerous minute
masses were scattered through it.

On the eighth day, No. 1 showed, on the surface,
an opaque growth, partly bluish-grey and partly faint
yellow. Below the surface, the growth was greyish-
white, extremely dense and diffuse, and the minute
scattered masses could not be distinguished. Deeper
in the agar, the dense growth occupied the centre, and
was surrounded by the minute white masses. At the
end of seven weeks, there was a yellow growth on the
surface, surrounded by a bluish-grey film ; and, at the
end of three months, the growth was still yellow.

In No. 2, on the eighth day, there was a bluish-grey
film on the surface, with a yellow growth in the centre.
The diffuse growth was not nearly so thick as in No. 1,
and the 'small grey or white masses could be easily
distinguished deep in the agar. At the end of seven
weeks, there was a yellow and dull orange or brown
growth on the surface. At the end of three months,
there was a thick white disc intermingled on-the sur-
tace with dull orange.

I have no notes of No. 5 in the early stages, but 1t
ultimately showed a grey film with dull orange colour
on the surface,

PrivARY CurtivaTioNs IN KocH'S NUTRIENT
(ELATINE.

No. 7, on the eighth day, showed a circumsecribed
orange growth on the surface, DBelow, were separate
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white and yellow oval masses, sharply defined, and of Vaccine
various sizes ; and there was no diffuse film between the E:ﬁ:aﬂ
masses. I have named these oval growths “ cocoons.”

No. 8,on the eighth deay,exhibited an orange growth
on the surface; below, there were distinetly separated
white and yellow cocoons.

Seven weeks afterwards, both Nos. 7 and 8 showed
a large orange growth on the surface. Three months

afterwards, No. 8 had become contaminated by mould.

SECONDARY CULTIVATIONS,

From No. 1, of a dull yellow or orange colour, test-tube Secondary.
No. 12, containing agar agar, was inoculated. Three
weeks afterwards, there was a dull orange growth on
the surface. After seven weeks, there was, on the sur-
face, a bluish-white film with a pale orange patch in
its centre. Beneath the surface, there was a whitish
cloud with minute orange cocoons in it.

From No. 8, an orange growth in jelly, test-tube
No. 14 was inoculated. Three weeks afterwards the
growth was bright orange. It was circumseribed,
sharply defined, and from one-eighth to one-sixth of
- an inch thick,

Test-tube No. 8 was broken at the bottom, and an
attempt was made to obtain pure cultivations of the
:«vhite, and yellow cocoons which were embedded deeply
n the gelatine. No. 16 was inoculated from one of
the yellow cocoons, and No. 17 from one of the white
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cocoons. In both, eleven days afterwards, an orange
growth appeared on the surface,

Further pure cultivations of the orange growths
showed a diminution in the brightness of the eolour;

in the agar agar cultivations the colours were dull, and
difficult exactly to define.

Source No. I

No. in Register—j46. Result— Four vesicles
without areola. Material — Clear lymph,
accepted by the National Vaccine Establish-
ment.  Date of Cultivation—May 18, 1885,

The same precautions were observed in making the
cultivations as were used in those from Source No. I.

PRIMARY CULTIVATIONS IN AGAR AGAR,

On the fowrth day, No. 3, after incubation at 35° C.
for four hours, showed about twenty small rounded
white growths on the surface and in the track of the
wire. These were commencing to show an uncertain
tinge of colour; and there was no diffuse opacity
between the masses.

No. 4 showed two similar white growths.

On the eighth day, No.3 showed, on the surface, two
pale yellowish-green masses ; for half an inch below the
surface a thin semi-transparent white film was growing,
containing very minute masses scattered through it.
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One edge of this film was occupied by masses of much Vaosin
larger size, those nearer the surface being pale greenish- tions.
yellow, and the others white; these were about twenty
in number, and not connected by any diffuse film.
After seven weeks there was, on the surface of the agar,
a bluish-grey film with a yellow growth in the centre.
Beneath the surface some of the cocoons had become
dull orange ; the others were yellow. Three months
afterwards there was, on the surface, a strong yellow Primary.
growth,

No. 4, on the eighth day, showed two masses, the
surface growth being yellowish-green, and the deeper
one greyish-white. After seven weeks there was on
the surface a thick yellow growth, which had spread

strongly after three months.

PrRIMARY CULTIVATIONS IN KocH’S NUTRIENT
(GELATINE,

Nos. 9 and 10, on the eighth doy, showed on the Primary.
surface a yellow growth, beautifully circumseribed :
below the surface the growth was white.

After seven weeks, No. 9 showed a large yellow
growth, with numerous surface depressions, probably
due to evaporation. The growth projected downwards
mnto the substance of the jelly like a mould, and its
colour was paler at the circumference than in the
cenfre. Below the surface, there were two large
yellow, coral-like growths, connected by a lace-like
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tracery. These consisted of aggregated cocoons. After
three months, evaporation of the gelatine had taken
place, and the growth adhered partly to the sides of
the test-tube.

Nos. 10 and 11, after seven weeks, showed a
yellowish growth on the surface, and a yellow cocoon
below.

SECONDARY CULTIVATIONS.

From No. 4, a pale greenish-yellow, and white
growth, No. 13 was innoculated. Three weeks after-
wards, there were pale yellow and white cocoons, and
after seven weeks, the growth was yellow, both on and

 below the surface.

On potato
and in
hydrocele
fluid.

From No. 9, a yellow and white growth, No. 15
was inoculated.’ Three weeks afterwards, there was
on the surface a bright yellow growth, apparently
made up of flattened cocoons, and with white cocoons
below. After seven weeks, the colour on the surface
was still yellow, with small white cocoons below.

Further pure cultivations were easily made from
yellow cultivations, the only change being an increas-
ing dulness of the colour in proportion to the age
of the cultivations.

The cultivations from Sources Nos. 1. and IIL,
made on boiled potato, showed a white, yellow, and
orange growth, dry and hard in character. They were
rejected as being unsuitable. The cultivations from
the same sources in hydrocele fluid exhibited a white
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ipi which was also rejected as being Vaccine
flocculent precipitate, ] g

illdEﬁJJitE. tions.

Source No. III

No. in Register—477. Result—Four vesieles
without areola. Material — Clear lymyph.
Date of Cultivation—June 18, 1885.

Minute asceptic precautions were employed in making
the cultivations.

PrimMARY CULTIVATIONS IN AGAR AGAR
(Nos. 18 and 19).

After three days incubation, at 35° C. for four Primary.
hours each day, No. 19 showed a faint white cloudy
growth. On the eighth day, there was one white
cocoon in the cloud. At the end of @ month, the
growth was cloudy and white, and after three months
it showed no change.

No. 18 showed, on the fourth day, a luxuriant white
growth in the track of the wire, there being a diffuse
cloud in the centre, surrounded by numerous white
nodules. On the eighth day, there was on the surface
a greyish-blue growth; below, the growth was white,
mingled with a dull orange or brown colour. At the
end of @ month, the growth was dull orange on the
surface, and had dull-brown cocoons below. After
three months there was no further change.

Cultivations in Koch’s gelatine were unsuccessful.
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Vaccine Source No IV.
cultiva- )
tions. No. wn  Register—480. Result—Fowr wvesicles

swrrounded by areola. Material—Opaque
lymph. Date of Cultivation—JSune 18, 1885.

Cultivations in Agar Agar and Koch’s gelatine
;}:i:sumess- were unsuccessful. There was no contamination of
.I‘ - L]
the media.

Source No. V.

No. in Register—/78.  Result—Four wvesicles
without areola.  Material—Clear lymph.
Date of Cultivation—June 18, 1885,

PriMARY CULTIVATIONS IN AGAR AGAR,

Primary. No. 26, after three days incubation, showed in the
track of the wire a luxuriant white growth, surrounded
by minute white nodules, and having greyish-blue dots
on its surface. After eight days, the white colour on
the surface changed to grey; a month afterwards,
there was a white growth with minute cocoons, and
after three months there was no further change.

PriMARY CULTIVATIONS IN KocH'S NUTRIENT
(GELATINE.

No. 28, after @ month, showed a white growth on
the surface, with separate white and yellow cocoons in
the substance of the jelly. No. 29 also showed a white
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both on the surface and below. On the eighth day,
there was a well-marked white growth, both on the
surface and in the track of the wire ; below the sur-
face, there were white cocoons about the size of a
mustard seed. After three months, liquefaction of the
jelly had taken place. The precipitate was white.

No. 33 showed a white growth on the fousrth and
the eighth day, which had become yellow after three
months growth.

Source No. VII.

No. in Register—/79. Result—Four wvesicles
with areola. Material—Opalescent lymph.
Date of Cultivation—June 22, 1855.

Primary CuournTtrvaTioN IN KocH'S NUTRIENT
(GELATINE.

No. 34 showed commencing white cocoons on the
fourth day, which had increased in size on the eighth
day. Four weeks afterwards, the growth was still
white, and at the end of three months the jelly had

liquefied.

PrimMARY CULTIVATION IN AGAR AGAR.

No. 35 showed a white growth on the fourth day,
which had changed to dull orange or brown on the
eighth day. After a month, the colour of the growth
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Analysis of dagy. The appearance of primary cultivations in Koch's

table of
vaccine
cultiva-
tions.
Eighth
day.

subse-
nquently.

Primary
colours.
White.
Yellow.
Orange.
Brown,

Puare culbi-
vations.

Clolours.

nutrient jelly was invariably white on the fourth day.

On the eighth day, half of the primary cultivations
in agar agar were still white ; while the other half had
become yellow or yellowish-green, and dull orange or
brown. Some of the primary cultivations in Koch’s
jelly were still white; others were white and yellow;
while, in one 1nstance, white, yellow, and orange colours
appeared. Subsequently, primary cultivations in agar
agar showed either a distinct white or a distinet yellow
growth; and a few showed a white and yellow, or a
white and dull orange or brown colour.

In Koch’s jelly, the colours were chiefly white and
yellow, and only one or two showed a distinet pure
orange colour. Three of the primary cultivations in
agar agar (Nos. 35, 37, and 42) showed a brown colour.
This brown colour appears to correspond to the orange
colour in Koch’s jelly. The orange and brown colours
invariably occurred on the surface of the growth ex-
posed to the air, while the white and yellow colours
appeared also in the masses growing beneath the
surface. Certain of the tubes containing primary
cultivations were opened for the purpose of making
microscopic preparations, and from these secondary
cultivations were made at the time. No. 12, from
No. 1, a yellow growth in agar, produced a dull orange
cultivation. No. 13, from No. 4, a yellowish-green
growth in agar, produced a white and yellow cultivation.
No. 14, from No. 8, a white, yellow, and orange growth
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in Koch’s jelly, produced a bright orange cultivation A!ﬁlgs}s of
only. No. 15, from No. 9, a white and yellow growth Emfnz
in Koch’s jelly, showed no change. No. 16, from No. 7, L

a yellow cocoon m Koch’s jelly, produced a bright Pure aultis
Yallons.

orange cultivation. The original cultivation, No. 7, ¢ ours.

showed an orange growth on the surface, and separate
white and yellow cocoons below it. No. 17, from
No. 7, a white cocoon below the surface mm the same
test-tube, also produced an orange cultivation. Con-
tamination with the orange growth on the surface
was avolded by chipping a piece out of the bottom of
the test-tube and withdrawing the culture materials
by different tracks through the aperture.

Change of colour during growth was thus observed to Change of

. . 5ud fs colour

take place both in primary and secondary cultivations, durin
and the question arose whether this change was due to i
growth of a mixture of organisms, or whether it occurred
during the natural process of growth of a single organ-
1sm. Further pure cultivations, made by Mr Hare,
showed that the white, yellow, and orange growths can
easily be cultivated separately. But even in these
change occurs; a tinge of colour appears in the white,
while the yellow and orange pure cultivations lose their
brightness, and become duller in hue. As it is main-
tained by some bacteriologists that the colour of a
miero-organism is distinctive of species, we must con-
clude provisionally from naked-eye examination that Provi.
the cultivations detailed show the mode of growth of iiigﬂn““
three separate germs. To these must be added a fourth,



38 EXAMINATION OF

f;ﬁ!f;;s of viz., the brown growth described in cultivations in agar.

vaceine None of the organisms produces liquefaction of Koch’s
CILITIV =

tions, gelatine.

The primary cultivations were made by Mr Hare,
with aseptic precautions, from clear vaccine lymph, and
contamination was prevented. That is to say, the

Oclows grnwths were produced by the organisms pre-existing

ent sources, 11 the lymph, just as an ordinary vaccination produces
a vaccine vesicle. The lymph was taken from eleven
different sources and an analysis from this point of view
1s very instructive.

Source No. I. = Nos. 1, 2, 5, 7, 8, 12, 14, 16, 17.

Here the most definite colour after the eighth day

was orange in Koch’s jelly, and dull orange or brown
N agar.

Source No. II. = Nos. 3, 4, 6, 9, 10, 11, 13, 15.

Here the prevailing colour was yellow, but three
tubes showed white and yellow.

Source No. IIL = Nos. 18, 19, 20, 21.

We got here a white and dull orange growth in agar
agar, No growth appeared in Koch’s gelatine.

gource No. IV. = Nos. 22, 23, 24, 25.

Gave no reaction. The lymph was opaque, and
taken from a vesicle surrounded by areola.
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Source IT.

Case B—E. M‘D.,, female; 12 years. Between
papular and vesicular stage. Admitted to Hospital
Ships, September 13, 1885. No visible marks of vac-
cination. Blood from papule inoculated. Date of cul-
tivation—September 14, 1885,

PRIMARY CULTIVATIONS IN KocH'S NUTRIENT
(GELATINE.

No. 11 showed, on the eighth day, a small white oval
growth, or cocoon, in the substance of the jelly. At the
end of the second week this had become larger, and two
months afterwards there was a large pure white cocoon
without colour.

No. 12 showed a small white growth in the surface of
the jelly on the eighth day, which had increased in
size on the fourteenth day. Two months afterwards,
there was a large pure white cocoon on the surface.
Neither of these growths produced liquefaction of the
gelatine,

No. 13 showed no reaction.

PrRIMARY CULTIVATIONS IN AGAR AGAR.

No. 14 showed a small white cloudy growth on the
eighth and fowrteenth days. Two months afterwards,
there was an indistinct white growth on the surface.

No. 15 showed a white cloudy growth on the eighth
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Vnﬁininun vesicular stage. Not vaccinated, but vaccinated on
Cultivi-

tions. admission. Date of cultivation—September 14, 1885.
Source V.

PriMARY CULTIVATIONS IN KocH'S NUTRIENT
GELATINE.

Primary. No. 24 showed small white cocoons on the eighth and
fourteenth days, without liquefaction of the jelly. Two
months afterwards the growth was unchanged.

No. 25 showed, on the eighth day, several cocoons,
and an oval liquefied globe about the size of a pea, in
the substance of the jelly, with a white precipitate at
the bottom. On the fourteenth day the liquefaction
had increased, and #wo months afterwards the jelly was
liquefied, and the white growth had sunk to the bottom
of the test-tube.

No. 26 showed no reaction.

PrRIMARY CULTIVATIONS IN AGAR AGAR.

Primary. No. 27 showed a small white nodule on the eighth
day, which was small and indefinite after two months’
growth.

No. 28 showed no reaction on the eighth day, but on
the fourteenth day there was a cloudy white growth
on the surface of the gelatine, which still existed, with
a trace of growth below in the track of the wire, two
months afterwards.

No. 29 showed no reaction.
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No. 38 showed a small white cocoon growth, without
liquefaction.

No. 39 showed a white cocoon growth on the eighth
day, which was much larger on the fourteenth day.
Two months afterwards, the growth had increased
considerably, and remained pure white.

No. 40 showed a small white cocoon, without lique-
faction, after two months” growth.

No. 41 showed a white growth on the surface, and
minute white growths below it, on the eighth day. On
the fourteenth day, there was a liquefying globe, with
precipitate. Two months afterwards, the gelatine had

- liquefied, and there was an orange precipitate at the

bottom of the test-tube.

No. 42 showed, after two months, a faint white
growth.

No. 43 showed, on the eighth day, cocoons and
separate small liquefying globes, which had increased
and coalesced on the fourteenth day. Two months
afterwards, all the gelatine had liquefied, and a yellow
precipitate occupied the bottom of the test-tube.

PriMARY CULTIVATIONS IN AGAR AGAR.

No. 44 showed a cloudy white growth after two

months.
No. 45 showed a thick white growth on the surface

on the eighth day, which was unchanged after two

months.
No. 46 showed no reaction.
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PRIMARY CULTIVATIONS IN AGAR AGAR,

Nos. 60, 61, and 62 showed an opaque white growth
on the surface, and an indefinite cloud below it.
Nos. 63 and 64 showed no reaction.

CULTIVATIONS IN Sorid Broop SERUM.

Nos. 65 and 66 showed a large white cloudy growth
after two months,

Source No. VII.

Case G.—C. H., male; 19 years. Decline of
pustular stage. Lymph taken from bullee on wrist.
Vaccinated. Admitted to Hospital Ships, September

 7,1885. Date of cultivation—September 14, 1885.

Primary.

PRIMARY CULTIVATIONS IN KocH'S NUTRIENT
(FELATINE.

Nos. 67, 68, 69, and 70 showed separate minute
white cocoons in the track of the wire. There was, on
the eighth day, on the surface of the gelatine, an area
of liquefaction, shaped like an inverted cone, at the
bottom of which there was a white deposit. This had
increased on the fourteenth day, and had swallowed up
the remaining cocoons, becoming funnel-shaped, with a
white deposit at the bottom of the liquid. After ¢wo
months the liquefaction had increased, but so slowly
that the whole of the gelatine had not become fluid.
It did ultimately liquefy entirely.
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PRIMARY CULTIVATIONS IN AGAR AGAR. Vﬁriﬂlﬂuﬁ
cultiva-
Nos. 71 and 72 showed, on the eighth day, a white "
‘ source VIIL

cloud in the track of the wire and a dull orange growth p;,..
on the surface of the gelatine. After fwo months, the
growth was stronger, but its character remained un-
changed.

No. 73 showed, on the eighth day, a cloudy white
growth, with minute nodules in it. There was a faint
orange tinge on the surface. This growth was also
unchanged after two months,

No. 74 showed a thick, cloudy, dull white zone on
the surface, after fwo months’ growth.

No. 75 showed a thick cloudy white growth, with a
commencing orange tinge, on the eighth day, which
was distinctly increased and orange-coloured after fwo
months’ growth,

SECTION I1I.
ANALYSIS OF TABLE oF VARIOLOUS CULTIVATIONS.,

An analysis of the table of cultivations of variolous Analysis of
lymph shows that they were successfully obtained from tamicor.
five out of six sources, and that the prevailing colour Joiv
was white. They may be conveniently divided into

three classes :—

1. Where no reaction or growth occurred. Three
2. Where growth occurred without liquefaction. S
3. Where growth was accompanied by liquefaction.
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Selseiniof The first class is of value as showing the care with

vatiolous which contamination of the media was prevented. The
tions. third class was excluded from present comparison with
the vaccine cultivations by the occurrence of liquefac-
tion in Koch’s nutrient gelatine.
Second The second class may be fairly compared with vac-
class com- . : : " .
pared with ¢ine cultivations, both in Koch’s nutrient gelatine and
onltivh agar agar. But it had been found that the most definite
Boms: and easily-recognised form of artificial vaccine growth
was the cocoon, in Koch’s nutrient gelatine, so that the
series was reduced to cultivations of variola showing this
distinet mode of growth. The cultivations in serum were
rejected on account of their indefinite naked-eye ap-
pearance. Those in agar agar corresponded closely with
vaccine cultivations in the same nourishing medium.
%05.11,12, The cultivations, numbered 11, 12, and 39, showed a
' large definite white cocoon growth, without liquefaction,
and they were therefore selected as parallel and pro-
bably identical with vaccine cultivations of the same
Histolo- appearance. The histological investigation of this
S white variola, and the definite results obtained when it

vestigation

on """ was inoculated experimentally, confirmed this opinion.
To all appearance the primary cultivation was perfectly
pure, without mixture with any other organism, and
pure cultivations showed no change in colour. Its
action was found to be quite different from that of
variolous lymph.

Parallel- The parallelism between cultivations of variola and

e vaceinia was further established by the study of the
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third class of cultivations. It was found that, where .Euﬁ-.l:,'sfiﬁ of
able O

liquefaction of Koch’s gelatine had taken place, the variolons
colour of the precipitate was generally white, but the ﬁfﬂﬁ;‘”
liquefaction usually took place so early that no change

was observed in the colour.

Nos. 35, 37, and 38 are examples of liquefaction Sources of
with a white precipitate. No. 41, however, which was Seeny
originally a white growth, produced an orange precipi-
tate, and No. 43 produced a yellow precipitate. No
attempt was made to secure a pure orange and yellow
variola, as the liquefaction was understood to show
contamination. All the pure white cultivations of
variola were obtained from the vesicles, at a very early
stage of their progress, when the lymph was clear.

The white cultivations, Nos. 67, 68, 69, and 70, Probable
from the lymph in the bulle, were spoiled by lique- ﬁﬂﬂ;nf
faction of the gelatine occurring; but they are very
inteiesting, as it seems to be probable that these .
secondary bullee are produced by re-absorption of the
smallpox virus, from the pustules, during the decline of
the disease. If so, then it appears as if the skin may
be affected by the poison a second time, the local

effects being manifested differently.
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CHAPTER V.

THE DEMONSTRATION OF MICRO-ORGANISMS
IN LYMPH AND ITS CULTIVATIONS.

SECTION L

PRESENT STATE 0OF KNOWLEDGE REGARDING THE
NATURE OF THE YACCINE AND VARIOLOUS VIRUS
oR CONTAGIUM.

FIrTEEN years ago the essential nature and com-
position of vaccine lymph were unknown. ¢ True
vaccine matter,” or “lymph from a characteristic
vaccine vesicle,” is “quite clear” or “very nearly
limpid.” ¢ Admixtures of imperceptible minuteness
can be imagined,” which are not dangerous unless
visible (Simon). “It is swi generis altogether; it has
no microscopic or chemical character, but I should
judge it by its effects, just as I should judge that two
seeds were different, although I could not examine
them, one producing an oak and the other an elm™?

1 Report of the Sclect Committee of the House of Commons on the
Vaccination Act, 1867, 1871.
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(Sir W. Jenner). Keber, however, before the expres- Prosent
sion of these opinions, had, in 1868, investigated the knowledge.
microscopic constituents of vaceine lymph, in which he Keber
found bacteria. He filtered it through paper, and n-
oculated both the residue and the filtrate. The former
produced pustules when inoculated, while no result

was produced by the latter. Chauveau and Burdon Chauveau.
Sanderson have obtained similar results. Weigert, in S;;&E&nn,
1871, described bacteria of the smallest form, which he Weigert.
found in the vesicles, and tissues surrounding them, of

persons who had died of smallpox. Cohn, in 1872, Cohn.
made a most exhaustive and exact research regarding

the development of organisms in both vaceine and vario-

lous lymph. He demonstrated the presence of minute
spheroidal corpuscles in fresh vaccine and variolous

lymph, and, by continuous observation, made oul their

gradual increase in size and number, and he deseribes
sarciua-forms, and bodies like oil drops,in stored lymph.

Klebs describes this sarcina-form, or regular quadripar- Kiebs.
tite arrangement, as a peculiarity of the micrococei of

variola and vaccinia. In common with other miero-

cocci, they resist the action of acids and alkalies.

Klein, in 1874, also demonstrated micrococel and my- Kiein.
cellum in sheep-pox; but, in 1876, he acknowledged

that the appearance of mycelium was due to the
method of preparation of the specimens. Pohl-Pincus, Eﬂgﬁs,
In 1882, examined fresh lymph taken from the pock of

the calf (from the fifth to the sixth day after vaccina-

tion), and found epithelial cells, white and also red
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blood - corpuscles and microcoeci. Other forms, de-
scribed by Bohn, Gruenhager, he considers as not
essential constituents, as he has not found them. The
micrococel in fresh lymph are almost always isolated,
He has not seen balls of micrococei in fresh lymph.
He has not found active lymph free of micrococei.
The diameter of a single micrococcus measures about
1 w. The micrococei are introduced along with the
lymph, and their number increases in the tissue of
the inoculated amimal. The author (Proc. Roy. Soc.
Edin., 1886) has attempted to show that clear vaccine
and variolous lymph contain not mierococei but the
spores of micrococel ; that opaque vaceine and variolous
lymph are natural cultivations of the spores contained
in clear lymph; and he has attempted to prove, by
experimental vaccination, that these materials and
cultivations of them outside the animal body differ
in potency. Clear lymph was alkaline, while opaque
lymph was acid in reaction. He considers also that
the organisms found in cultivations of variola and vae-
cinia are developmental conditions of the spores in
fresh lymph. Pfeifer! found always, in calf lymph,
certain torula forms (“Sprosspilzformen”), which he
considers to be not true yeast forms, and which, he
thinks, are derived from the dust in the cowstalls. He
has not found them in human lymph. The author has
found these in opaque vaccine and variolous lymph,
and in liquefied cultivations of both in Koch’s nutrient

1 Baumearten, Jahresbericht, 1886, p. 146.
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gelatine. He considers them to be probably resting- Present
stages of the organisms in fresh lymph. Similar pecu- knowledge.
liar bodies (Eigenthiimliche Korper) have been found s

by Pohl-Pincus in the tissues of the calf, whose signi- Pincus.
ficance neither he, nor skilled pathologists whom he
consulted, have been able to explain to their satisfac-

tion. He, however suggests, among other hypotheses,

that they are resting-spores.

SECTION II.

DEMONSTRATION OF MICRO-ORGANISMS IN VACCINE
AND VAriorLovs Lywmpw,

Koch (“ Zur Untersuchung v. Pathogenen Organis- Demon.

men,” Cohn’s Beitrige, Bd. ii.) has well described the 5f aion
difficulties attending the demonstration of bacteria in A

animal fluids. These difficulties are much increased
when the blood, pus, lymph, or sputum contains a large
amount of albumen, and when the organisms are very
minute and of indefinite form. His remarks upon this Difficulties.
subject apply in a very especial manner to the inves-
figation of fresh vaccine and variolous lymph. Both
kinds of lymph contain albumen in large quantity;
the organisms they contain are very minute; and,
further, they stain with difficulty.  Cultivations of
such lymph, on the other hand, are stained with the
greatest ease. I have been taught, by painful experi-
ence and repeated disappointment, the result of
neglecting Dr Koch’s simple instructions as to the
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avoldance of watery solutions of the dyes used for
staining such fluids. In the first place, drying the
lymph on the cover-glass is not sufficient, it requires
to be fixed, either by heat or by hardening in absolute
alcohol, The albumen i1s thus rendered insoluble, no
precipitate is formed with the dye, and decolorisation
can be effectively carried out. Simple staining with
aniline dyes for a few minutes, and then washing away
the excess of stain by His's method, are very unsatis-
factory. The organisms require a long time to stain,
some hours, unless the stain is warmed, when a shorter
time is sufficient. The staining solutions should be
aleoholic. The lymph should be taken directly from
typical vaccine vesicles, without areola, and dried on
cover-glasses immediately. A comparative trial of
different stains leads me to prefer, for fresh lymph, the
aniline methyl-violet employed after the Ehrlich-Koch
method. The difficulty experienced in staining vaccine
and variolous lymph is the same as that found in
staining tubercle-bacilli in sputum, and 1is easily over-
come in the same way. It is unnecessary to decolorise
the preparations by dilute nitric acid, washing in water
and alcohol being sufficient. In cases where there is a
doubtful or indefinite knowledge of the size and form
of very minute organisms, it is advisable to confine
ourselves to a single staining fluid. For demonstra-
tion of these organisms, therefore,in fresh lymph, I
prefer the aniline methyl-violet or fuchsin.
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A summary of the method is as follows :—

1. Cover-glass preparations are made directly from
typical vaccine vesicles, and kept till required,
after being passed three times through the
flame of a Bunsen.

9. Stain for twelve hours in freshly prepared
Ehrlich-Koch solution of aniline methyl-
violet.

3. If quick staining is required, the solution must

be warmed. Half an hour to an hour is then

sufficient.

Wash in distilled water.

Then in 60 per cent. alcohol.

Dehydrate in absolute alcohol.

Mount immediately in balsam and benzol.

If desired, the dried preparation may be labelled
and kept unmounted, or 1t may be examined
merely 1n water.

00 =1 T OV e

9. Contrast staining is usually unnecessary, but, if
desired, a solution of vesuvin or chysoidin may
be used after washing in 60 per cent. alcohol.
Dehydrate in absolute alcohol, and mount.

This method is also sufficient for the examination of
lymph which has been stored in tubes for a short time
only.

When the lymph has been kept for several months
- it is well to examine it without staining, by which
means large globular oil-drop-looking bodies are easily
demonstrated. These bodies stain easily with the

Demon-
stration
of micro-
organisms
in lymph.

Summary
of method
of staining.
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methyl-violet, but are very delicate, and preparations
containing them should not be heated. It is best
simply to dry them, and use the stain very much
diluted. When the preparation is made by simply
mixing a drop of the diluted stain with the undried
lymph, the globules can be seen crowding the field and
moving in the direction of the currents. When these
preparations are allowed to dry, the air, as it enters
below the cover-glass, collects them into groups, which
lose all structure when the drying is complete. Deeply
stained apparently budding masses are thus produced.

SECTION IIIL

DEMONSTRATION OF MICRO-ORGANISMS IN VACCINE
AND VARIOLoOUS CULTIVATIONS.

Cultivations in solid media, which have not under-
gone liquefaction, are extremely viscid, and are most
easily spread by a needle. If the usual method of
pressing a small portion of the cultivation between two
cover-glasses be adopted, this should be done rapidly
and very gently, to avoid drying and gluing of the
two surfaces together, as the organisms become rolled
together into masses in the act of separating the

covers. Itis best to mop, as it were, one of the cover-

glasses with the cultivation to be examined. In this
way the thinnest films can easily be obtained, and the
units are best displayed. The cover-glass is then dried,
passed through the flame three times, and stained with

























PLATE IIL

- PRIMARY WHITE VACCINE CULTI‘ETATIDN;

SoUuRrcE, No, 7. Koch’s nutrient gelatine, The preparation shews
diplococci arranged in chains, The size of the units varies from .3 & to 1 g,
Gentian violet.

Zeiss, Obj. K. Water immersion. Oec. 3. Magnification, 1045

diameters.
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out definite arrangement in chains or tetrads. The o
size of the units, measured by Zeiss, Objective K,
Water immersion, Eyepiece micrometer No. 2,1s 3 p
to 5 u. The chromo-lithograph was drawn by camera

under a power of 1045. Zeiss, obj. K., oc. 3.

2. PRiMARY BrowN VAccCINE CULTIVATION.

This was found in cultivations in agar agar, and Brown
corresponds apparently to the orange cultivation in T
Koch’s nutrient gelatine. The growth is not so dis-
‘tinctly defined, and the difference in colour may
depend on the different culture medium.

The preparation shows swarms of micrococel, without .
definite arrangement, exactly like those seen in orange
vaccine.

The size measured by Zeiss, obj. K., oc. mic. No. 2,
15 4 to'Sp to 1 u. The larger organisms also represent
units. The camera drawing was made by Zeiss, obj. K.,
oc. No. 3. Magnification, 1045. Stain, gentian violet.

3. PRIMARY WHITE VAcCINE CULTIVATION.

The preparation was made from a pure white growth white
in Koch’s nutrient gelatine. It shows single and ™
-dumb-bell micrococei, with a few sets of four, here and
there. The micrococei are almost universally arranged
n chains of various lengths.

The size measured by Zeiss, obj. K., oc. mic. No. 2,
varies from '3 p to ‘1 w in diameter. The camera draw-

- ing was made with Zeiss, obj. K., oc. No. 3, Magnifica-
| tion, 1045.  Stain, gentian violet.
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4. YELLoWw VaiccIiNE CULTIVATION.

This preparation was taken from a pure growth in
agar agar, and shows simple and compound sarcina-
forms. Different parts of the preparation show the
developmental stages:—(a) Primitive sarcina-forms ;
(D) larger simple tetrads; (¢) compound sarcina-forms,

The units, measured by Zeiss, obj. K., oc. mic. No. 2,
are ‘1, ‘2, ‘4, °5 u to 1 g in diameter. The sarcinz vary
in size, being from 5 u to 2 in diameter. The camera
drawing was made by Zeiss, obj. K., oc. No. 3. Magnifi-
cation, 1045. Stain, gentian violet.

5. YELLow CocooN FROM ORANGE CULTIVATION.

This preparation was taken from a yellow cocoon
below the surface of the gelatine. The left half of
the drawing shows small lozenge-shaped sarcine, or
sets of four, and the right half larger sarcine from
another part of the slide, the units of both being
apparently simple. The size of the units measured
by Zeiss, obj. K, oec. mic. No. 2, 1s *4p on the left,
and ‘8 4 on the right. The camera drawing was made
by Zeiss, obj. K., oc. No. 3. Magnification, 1045.
Stain, gentian violet.

6. WaiTE CocooN FrROM ORANGE CULTIVATION.

This preparation was made from a white cocoon
growing beneath the surface of the gelatine. It shows
simple tetrads made up of very minute units. The
size of the units, measured by Zeiss, obj. K., oc. mic.
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No. 2,1s ‘1 to ‘2. The camera drawing was made by :»Elcg‘l;;
Zeiss, obj. K., oc. No. 3.  Stain, gentian violet.

7. ORANGE VAcCINE, PURE CULTIVATION.
Plate VIL(A.) Left half shows, in Koch’s nutrient gela- Pure

tine, single micrococei and diplococei. The preparation vasciie
also shows groups, which contain three, four, or more
micrococel. Where four organisis are seen together, they
assume a lozenge shape, different from the true tetrad.
Those look like two pairs of dumb-bells placed side

by side. Short chains are also seen. The larger
groups and chains are probably made up of diplococei.

The ground substance appears faintly stained betwg ,[,en

the individual organisms.

The size of the units, measured by Zeiss, obj. K., oc.
mic. No, 2,18 5 . The camera drawing was made
with Zeiss, obj. K. oc. 3. Magnification, 1045.
Stain, gentian violet.

8. WHITE VAcciNE, PURE CULTIVATION.

Plate VII (B.) Right half, shows single and dumb- Pure white
bell micrococei. The groups and chains of three and i
four are composed of these placed close together. They
are indistinguishable in size and arrangement from
orange, pure cultivation. The size of the units, measured
Zeiss, obj. K., oc. mic. No. 2, is 5 p in diameter. The
camera drawing was made by Zeiss, obj. K., oc. No. 3.

Stain, gentian violet.
E



Clear
vaceine
lymph.

Opaque
vaccine
lymph.

Pure white
variola.

66 HISTOLOGY OF LYMPH

9. CLEAR VAcCCINE LYMPH.

This cover-glass preparation was taken directly from
a typical vaccine vesicle, and dried immediately. Tt
shows minute spherical spore-like micrococei, mostly
1solated. A few pairs of organisms are seen. The size
measured by Zeiss, obj. K., oc. mic. No. 2, varies from
‘1 w to *5 u. Stain, aniline methyl-violet. The camera
drawing was made by Zeiss, obj. K., oc. No. 3.

10. OPAQUE VACCINE LyMPH.

This preparation was made by Dr Francis Troup
from vaccine lymph stored for some time in an ordinary
commercial vaccine tube.

It shows—(a@) chains of micrococei; (b) diplococei
and tetrads; (¢) large single torula-looking bodies ;
(d) large deeply stained masses showing swarms and
chains of micrococei ; (e) ground staining of film.

The size of the microcoeci is 1u and that of the
torule 3 u, measured by Zeiss, obj. K., oc. mic. No. 2.
The camera drawing was made by Zeiss, obj. K., oc. 3.
Magnification, 1045. Stain, aniline methyl-violet.

11. WHITE VARIOLA, PURE CULTIVATION.

This preparation was taken from a pure cultivation
of white variola in Koch’s nutrient gelatine. It shows
almost universally dumb-bell micrococei arranged in
various ways. There are a few tetrads, probably not
true. The size of the units measured by Zeiss, obj. K., oc.
mic. No. 2, varies m “4u to ‘Su.  The camera draw-

























PLATE XI

CLEAR VARIOLOUS LYMPH.

a (Left half).

- SOURCE, Cover-glass preparation from early vesicle of a case of variola
in the Hospital Ships, Purfleet. Shows spores of micrococei. Size, .2 &
to .3 g Gentian violet.

Zeiss, Obj. K, Oc. 3. X 1045.

OPAQUE VARIOLOUS LYMPH.

& {Right half.)

SovkcE, Cover-glass preparation from contents of pustuwle of a case of
variola in the [ospital.Ships, Purfleet. Shows—a larger micrococei and
diplococei, 4 Torula: variole.  Size of micrococei, .§ ¢ 3 of torulae, 3 «
to 8 & (entian violet and chrysoidin.

Zeiss, Obj. K, Uc. 3, x 1045
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ing was made by Zeiss, obj. K., oc. No. 3. Stain l’ll{el‘hvllite
Varmla.

gentian violet.

12. (A.) CLEAR VARIOLOUS LYMPH.

The left half of the drawing was made from a cover- Clear
1 B b P variolous
glass preparation taken directly from a variolous vesicle 1ymph.
of a patient in the Hospital Ships, Purfleet. It shows
very minute spore-like micrococei embedded in the
film :—(«) isolated spores; (b) pairs of organisms. The
size measured by Zeiss, obj. K., oc. mic. No. 2, is '1 .
The camera drawing was made by Zeiss, obj. K., oc.

No. 3. Stain gentian violet.

(B.) PustuLAr VARrIOLOUS LyMPH.

The right half of the drawing was made from a cover- Pustular
glass preparation taken from a variolous pustule of a Eﬁlﬂj}?m
patient in the Hospital Ships, Purfleet. It shows—(a)
single and dumb-bell micrococei stained with gentian
violet ; (b) large torula-looking bodies stained brown
by chrysoidin ; (?) pus cells; (¢) altered cell.

The size of the micrococei measured by Zeiss, obj. K.,
oc.mic. No. 2,is 1 u. The camera drawing was made by
Zeiss, obj. K., oc. No. 8. Stains, gentian violet and
chrysoidin.

13. (A.) ToRULE VARIOLE.

The left half of the drawing shows—(a) numerous Torule
torule of various sizes, 4 to 8 u ; (b) deeply stained burst b
cell. The size was measured by Zeiss, obj. K., oc., miec.
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No. 2. The camera drawing was made by Zeiss, obj.
K., oc. No. 3. Stain, aniline methyl-violet.

(B.) TorULZE VACCINZE.

The right half of the drawing shows perfect torul
others which have burst ; and i1solated microcoeci. The
preparation from which the drawing was taken had
been kept a considerable time. (a) Perfect torula ; (b)
pale irregular bodies which are the remains of spherical
cells; (¢) deeply stained micrococci. The size of the
torulee measured by Zeiss, obj. K., oc. mic. No. 2,
varied from 2 to 3 u. The camera drawing was made
by Zeiss, obj. K., oc. No. 3. Stain, gentian violet.

SECTION II.

1. MICROSCOPICAL APPEARANCES OF DRIED
YEAST.

14. PUrRE DRIED ALCOHOLIC YEAST.

This preparation was unstained. It shows yeast cells
containing large nuclei and nucleoli. The nucleus in
many of the cells is pressing aside the protoplasm, in
which numerous refractive corpuscles, like spores, can
be seen. Some nuclei have single nucleoli, others
have two, and in some cells two nuclel with nucleoli
are seen. The size of the cells measured by Zeiss, obj.
K., oc. mic. No. 2, varies from 3 u to 8 u.
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MICROCOCCI FROM YEAST SCATL
a (Left half).

Source, Yellow cultivation from blood of monkey after fermentation with
dried yeast. Koch’s nutrient gelatine. Single micrococei and diplococei,

arranged in chains and groups, Size of umits, 1 .

& (Right half).

SOURCE, White cultivation from blood of monkey after fermentation with
dried yeast. XKoch’s nutrient gelatine. Single and dumb-bell micrococci in
chains and swarms. Size of units, varies from .5 u to I .

Zeiss, Obj. K. Water immersion. QOc. 3. Magnification, 1045

diameters. Gentian violet.







CHAPTER VIL

PURE CULTIVATIONS OF VACCINIA AND
VARIOLA.

Cause of IN order to establish the assertion that bacteria are

Vacoinia = . gl n

and variols. the cause of variola and vaccinia, it is absolutely neces-
sary to prove—

Proof “ - : - ; .
e 1. That bacteria are present in these diseases with-

out exception.

2. That they exist in sufficient number in both,

to account for the symptoms,

3. That they possess a well-marked and easily recog-

nisable form.,

4, That a specific significance can be attributed to

this form of bacterium.

It has been proved by various able investigators that
micro-organisms are present in great numbers in the
contents of the vesicles of both variola and vaceinia ;
and that they possess a specific significance is proved
by the fact that they have a definite physiological
Dificult. action when inoculated. But the chief difficulty in
accepting the view that these micro-organisms cause
variola and vaceinia, lies in the fact that they are so
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minute that their form is neither well-marked nor ?:’3{1:,; proo
easily recognisable ; and that bacteria of the same form

and minuteness occur in other vesicular and pustular
diseases of the skin,

Koch (loc. ¢it) maintains that “a distinet bac- Opinions of
teric form corresponds to each disease, and this fe}rﬁg:l:n
form always remains the same, however often the e
disease is transmitted from one to amnother.” In
estimating, therefore, the differences between such
minute bacteria, “which border on the invisible,” he
takes into account the conditions of their growth and
their distinctly characterised physiological action, and
provisionally regards different forms of bacteria, e.g.,
spherical and rod-shaped, as different species. He con-,
siders that pure cultivations of very minute bacteria
in apparatus are subject to unavoidable sources of
fallacy, owing to the absence of distinet morphologieal
characters. Failing these, however, he advocates the
tracing of the whole history of the development of the
bacterium from spore to spore regarded by Brefeld as %?é?ﬂlﬁ{l of
necessary to justify the formation of distinet species. ;
His opinion is, that pure cultivations of pathogenic
bacteria are best carried out in the animal body, which
may be regarded as completely isolated, with respect to
other forms of bacteria than those intentionally intro-
duced. Koch regards the successive transmission of Koch's
artificial infective diseases as the best and surest method ﬁfﬁi‘ﬁﬂuﬁf
of pure cultivation. It can further claim the same i

power of demonstrating the existence of specific forms
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Pure culti- of bacteria, as must be conceded to any faultless culti-
vations. : :
vation experiments.

Variola.
Inoculation for smallpox may be considered as a

pure cultivation of the variolous contagium, but it

does not appear, as a rule, to have been trans-

mitted successively from one person to another, the

virus being always derived de novo from a case of

Vaceinia. variola. Successful vaccination at present depends on
due selection of subjects, choice of proper material, and

method of operating, and it may be regarded as the

pure cultivation of the vaccine contagium obtained em-
pirically. A skilful vaccinator, under favourable condi-

tions, has no great difficulty in obtaining uniform re-

.sults in this empirical manner, and these must be
regarded as pure cultivations of the contagium m the

animal body. If, now, the bacteriologist uses the same

material for starting artificial cultivations outside the

animal body, the growths obtained should be recognis-

Artiicial  able by definite characters. Each artificial cultivation
By represents a vaccination of inoculation, and the re-
sults obtained should not differ, more than one vaccine

or variolous vesicle differs from another. Definite
growths of this character can only be obtained in

solid media, and these must be carefully studied.

The first thing to be done is to ascertain whether

lymph grows in the medium, and then the mode

of growth must be carefully described. As a matter

of fact, we find that lymph may be grown in various

media, so that a selection has to be made from
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these of the medium in which the lymph-growth 1s Pure culti-
vations in

most definite. artificial
: - : - Sl media.

Careful vaceination and variolation of different
nourishing materials, and observation of the growths
from day to day, lead me to the conclusion that Koch’s
nutrient gelatine is the most convenient for the arti-
ficial cultivation of variola and vaccinia. Character-
istic appearances are seen in it, such as growths of
various colours, white, yellow, and orange, which do not
liquefy the gelatine. The circumscribed cocoon form
of growth 1s a valuable diagnostic. The colour of the Diagnosis.
surface growth 1s the most 1mportant, and when these
are examined, we find that some vaccine vesicles pro-
duce a white growth, others a yellow, and others again
an orange growth. That is to say, that lymph culti-
vated outside the animal body, in Koch’s nutrient gela-
tine, produces white, yellow, or orange vaccination,
according to the source from which it is derived.
These varieties retain their characters in pure cultiva-
tions, the only modification being a certain loss of
brightness in the pure orange cultivations.

That the results obtained cannot be regarded as due Results
to accidental impurities, is proved by the remarkable ;‘E:}.}{;m_
agreement as to these among skilled bacteriologists.
There is, however, by no means the same unanimity
among bacteriologists as to the explanation of these
forms of growth, and the difficulty is increased when
we consider that, so far as is at present known to me,

1o bacteriologist has succeeded in reproducing vaccinia
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by pure cultivations in solid media. Quist has suc-
ceeded in cultivating lymph in a fluid medium, but his
cultivations are not pure, according to present ideas.
His results, however, are remarkable, and it is possible
that they may succeed in producing some modification
of these ideas. I have not seen Quist’s own explana-
tion of his success, and I have no experience of artificial
cultivations of lymph in fluids. In order to arrive at
a correct explanation of the true nature of vaccine
cultivations, the subjeet must be studied from several
points of view.

It is almost as easy, in my opinion, to produce an
artificial cultivation of the vaccine material, as it is to
produce a pure cultivation of the material in the animal
body. How is it, then, that they differ? When we
compare clear lymph with any of the vaccine cultiva-
tions, we are at once struck by the remarkable fact
that their histological appearances are totally different,
Also, opaque lymph has a very different appearance
from clear lymph. It is evident that there is a distinct
difference in the composition of the materials. Experi-
mental vaccination proves that these materials differ
not only in the form of the organism, but also in
physiological action. The conclusion, then, is irre-
sistible, that these bacteria are not in that form the
cause of either local variola or vaccinia. But 1t s also
manifest that, if lymph can be cultivated at all arti-
ficially, it must be genetically connected with the
growths produced. It is nearly impossible to conceive
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of aceidental contamination in the many thousands of Pure culti-
imoculations of artificial media, which have doubtless e
been performed by skilled specialists. If they have

erred, it 18 inconceivable that all of them have com-

mitted the same blunder. For a rational explanation

of the failure to cultivate lymph, we must look to the Faulty
faulty method, and not to the mistakes of investigators. gftﬂ?ﬁ i
While, therefore, a bacterium of constant form, to be e
found in clear vaccine and variolous lymph, is probably
the cause of variola and vaccinia, it appears to be
practically impossible to reproduce the same bacterial
form by artificial cultivation of lymph in solid media
outside the animal body. If this be admitted, how are
the results to be explained? Each artificial cultiva- Explana-
tion of variola and vaccinia must be regarded as a i
vaccination. The lymph is implanted in the nour-
ishing material, in precisely the same manner and
amount as in the animal body. Under suitable con-
ditions of temperature its active prineiple multiplies,
producing in the one case a vaccine vesicle, and in

the other a white, yellow, or orange growth, as the

case may be.

According to this view, white, yellow, and orange Colour of
vaccine cultivations grow directly from the organisms e
in the lymph. T regard the colour of the growth as
quite immaterial, and dependent probably on circum-
stances connected with the source from which the
lymph used for the special cultivation was originally

derived. This view is supported by the different



Pure culti-
vations.

76 PURE CULTIVATIONS OF

appearances which are presented by growths of vaccine
lymph, derived from the same source,in Koch’s gelatine
and agar agar gelatine. The colour of the growths in
agar agar 1s dimmer than that of the growths in Koch’s
gelatine. For example, orange colour in the one is
brown in the other. This is proved, on histological
examination, by their identical size and arrangement.
Then, again, all the growths in the early stage were
white, no matter what the source or the nutrient
material might be; and I therefore regard white vaccine
and variolous cultivations as the most typical. The

Varieties of orange and yellow are, in my opinion, mere varieties of

the same
organism.

Growth-
forms or
develop-
mental
conditions.

the same organism. When we examine these varieties
of vaccine cultivations, we find very different appear-
ances. These vary in size and arrangement according
to the age of the cultivation, its purity, and its mode
of preparation. But however much these may vary,
none of them can be demonstrated in clear lymph.
The units are almost without exception larger, none
under ‘5 u, frequently they measure 1 u, while the
units in clear vaccine and variolous lymph are only
about ‘15 u. We are thus forced to conclude that the
organisms in vaccine and variolous cultivations are
growth-forms or developmental conditions of the organ-
isms in clear lymph. I regard the organisms m clear
lymph as spores, which develop by artificial cultivation
in solid media into the larger forms. Clear vaccine
and variolous lymph, therefore, contain spores of bac-
teria in suspension, which are distinguished from the
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I 1 ivati ir characteristic differ- Pure culti-
microcoeei of cultivation by their Paresy

ence n size.

Much the same views must be held as to opaque ﬂﬁgﬁt
lymph, which is an imperfect material for vaceination.
When we examine opaque lymph microscopically, we
find that there is a great increase in the number
of organisms, and that they are distinetly different
in size and arrangement. The units are at least 5 u,
and often larger; they are aggregated in masses, and
form also rows or chains and sarcina forms. On com-
paring the plates it will be seen at once that opaque
lymph differs so much from clear lymph that it is im-
possible to mistake one material for the other.

Peculiar spherical bodies, like oil drops, are frequently Torule.
almost invariably, found in lymph which has been stored
for a considerable time. They vary in size from 1 p to
2 u to 5 p, and their nature is difficult to make out.
After a careful study of these peculiar bodies, I have
come to the conclusion that they are either true yeast
cells, or a species of torula. They differ from the micro-
coccl in staining with great ease, and they are very
delicate, for which reason they are difficult to preserve
in mounted preparations. They thus differ from red Their char-
and white blood corpuscles; and, besides, they are i
much smaller. When present in large numbers, they
cannot be mistaken for blood corpuscles. They are
also easily seen in fresh preparations, so that they can-
not be produced mechanically. They also oceur in
opaque variolous lymph, and in cultivations of both
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vaccine and variolous lymph which have undergone
liquefaction. They are isolated bodies, and I can come
to no other conclusion than that they develop in
opaque lymph from organisms pre-existing in clear
lymph.

The chemical reaction of opaque lymph appears
to throw some light on the essential nature of these
bodies. Clear lymph is distinctly alkaline in reac-
tion. If, however, lymph from a vesicle with much
areola be tested, as it 1ssues from the vesicle, it will be
found to have an acid reaction. Further, when opaque
lymph is stored its opacity increases in proportion to the
length of time it i1s kept. It is also acid in reaction.
It is thus evident that stored lymph undergoes acid
fermentation. It is quite possible, though not probable,
that stored lymph is always accidentally contaminated
by the same ferment, and that the acidity is produced
in this way. But how are we to account for acidity in
lymph issuing from a newly-opened vaccine vesicle ?
We can only do so by regarding the cause of the
acidity as intrinsic in the lymph itself. Then acid
fermentation is produced outside the body by the
growth of an organism, so that we naturally cnncllude
that acidity of lymph within the vesicle is also pro-
duced by the growth of an organism. Microscopic
examination of opaque lymph shows that a great de-
velopment of organisms has taken place in if, so that
the acidity must be due to this.

Another question is, What is the cause of opacity

e i

e
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of lymph? When we consider that clear lymph be- Pace onlti
comes opaque within the vaccine vesicle, and that o ... ¢
fresh lymph, clear when stored, also becomes opaque ; °Pacity:
that the opacity gradually increases in amount; and

that ultimately the alkaline lymph becomes acid, we

are forced to conclude that opacity of lymph is due

to a natural cultivation of the organisms in clear
lymph, both inside and outside the animal body.

The sudden appearance of opacity within the vesicle

in a fluid which we know contains germs, can only

be satisfactorily explained in this way. Degenera-

tion of the fluid or migration of the leucocytes does

not explain the appearances which invariably take
place, for I have not been able to find leucocytes in
opaque lymph. Then the opacity gradually increases
outside the body, and this can only be explained by the

view that the organisms in lymph are capable of de-
velopment, so long as the material is suitable for their
nutrition. They are not dead in stored lymph, they

are only quiescent, or in a resting stage, produced by
exhaustion, for the time, of their nourishing material.
When re-inoculated, a new cycle of life commences. I

regard opaque lymph, then, as a pure cultivation of the Pure culti-
vation of

spores in clear lymph. If it is desired to prevent the spores
dmrellupment of ‘the spores, the lymph must be dried. }?rﬁﬁ'l
Partial prevention may be secured by storing the
lymph in well-filled sterilised tubes, from which the air
has been expelled before they are hermetically sealed. 5

rigin of

The discovery of yeast forms in opaque lymph raised the spores.
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Nearly five weeks after the operation, 1t was discovered,
incidentally, that an eruption had appeared on the top of
the animal’s head, between two and three weeks before,
Just after my daily visits had ceased. It was being
rubbed with vaseline. On examination dry scabs and
thinness of the hair were noticed at the affected part.

Experiment II,

Vaceinifer—Calf B.  Date of Vaccination—
September 8, 1885. Vaceine Material—
Opaque variolows Lymph.

A case of smallpox having occurred in Edinburgh,
the opportunity was taken to secure some variolous
lymph on the eighth day of the eruption. Mr Ceely
and Mr Badcock have succeeded in producing vaccinia
with variolous matter, and I desired to repeat their
experiments. With the assistance of Mr Reginald
Bowman, M.B., New South Wales, fifty insertions were
made in the usual manner. After the operation the
animal was said to “pine.” Next day the scratches
looked red and slightly inflamed. Four days after the
operation, all traces of it had disappeared. Z7en days
afterwards, the animal was apparently quite well.
Observation was then interrupted for nearly a week,
during my visit to the Hospital Ships, Purfleet, to
obtain cultivations of variola. Three weeks after the
operation, a patch of hair on the animal’s back, which
looked thin, attracted my notice, and, on examination,
I found tHe remains of an eruption. It covered an
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clean, and a series of cross scratches were made, into
which the material was rubbed. Two days afterwards,
the scratches were slightly inflamed. ZThree days
afterwards, there was a scab at the seat of Inoculation,
with slight redness round it. On the eighth day, a
scab, leaving a very superficial cicatrix, was removed.

Experiment VI

Vaccinifer — Guanea-pig.  Date — October 24,
1885. Vaccvne Material— White vaccine.

This guinea-pig was inoculated in the same way with

white vaccine cultivation. On the eighth day,no local

result had been produced. No eruption could be dis-
covered.

Experiment VII.

Vaccinifer — Guinea-pig. Date — October 24,
- 1885. Vaecine Material— Yellow vaccine.

No local result was produced, and no eruption was
observed on the eighth day.

Experiment VIII.

Vaccinifer — Monkey A. Date— November 2,
1885.  Vaccine Material—Clear wvaccine
lymph.

Both arms were shaved, and arm-to-arm vaceination
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was performed. Two Insertions, by a series of cross Experi-
: mental

scratches, were made on each arm. On the eighth day, vaccina-
: 2 : . tion.

four typical plump vesicles, with a scab in the centre Exp. VIII

and raised circumference, resulted. Lymph taken from Monkey.
the vesicles was clear like human lymph. On the tenth ff;‘,:m
day the vesicles had scabbed. Cultivations of the Lymph vesicles.

showed a white growth.

Experiment IX.

Vaceinifer—Monkey B. Date— November 16,
1885. Vaceine Material— White variolous
cultivation, No. 12.

This was a dark-haired, grey-faced, healthy animal. Exp. IX.
Both arms were first shaved, and then four insertions f‘:;]':ff
of white variola were made, two on each arm, by a variola.
series of cross scratches. The material was well rubbed IE;%’QE
m.  No local result was expected to follow ; but I pre-
dicted an eruption of smallpox of a modified, and pro-
bably mild kind. Next day all the marks were scabbed,
and the animal was quite well. Two days afterwards,
it was found asleep, covered up with a blanket. When
roused, it looked up quite bright, and scolded me in
monkey language. The marks did not look inflamed.

On the fowrth day, a red spot, from which the top had
been scratched, was observed on the left cheek, There
was another vesicle on the right cheek. There was also
a larger vesicle close to the right nipple. The animal

was quite well. On the fifth day, the vesicles were
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Experi-  counted. There were eight in all—one on each cheek,
mental - !

vaceina- tWo on the front of the neck, one beside the right
e nipple, one on the left wrist, and one on each instep
Exp. TX. 4 * P

Monkey. On the swwth day, six cultivations from uninjured
white — vesicles were made by Mr Hare, in Koch’s nutrient
Cultiva-  gelatine. The cuticle had been scratched off those on

tions.
e the cheeks and insteps. The temperature was 100°.

No. IL. cultivation showed a white growth, without
liquefaction, as seen in Plate XV. Two or three minute
orange nodules can be seen also. Nos. 1 and 5 showed

Result. @ white growth, with ultimate liquefaction. No. 3
showed an orange growth, with liquefaction, and No. 6
a yellow growth with liquefaction. No. 4 gave no
reaction. The micrococei were identical with white
variola.

Experiment X.

Vaccinifer— Monkey €. Date— November 22,
1885.  Vaccine Material — Exposure to
infection from monkey suffering from
modified variolation.

Exp. X. To determine whether modified variolation, as de-

E?:j:n scribed in Experiment IX., is dangerous to the public
health, by producing an infectious disease, a third, mon-
key C, was sent to live with B for a time. ~ After living
together for a month, C remained quite well.
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PLATE XV

EXPERIMENT 1X
WHITE CULTIVATION OF VARIOLA,

ir
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Vaccinifer— Monkey.  Vaccine Material—White variolous cocoon
Result—Eight pocks.  Time of Cultization—Sixth day of eruption

Both sides of the growth are shewn in the plate,

a White cocoon. a White cocoon.
& Deep cadmium or orange & Orange cocoon.
growth, ¢ Diftuse white growth.

¢ Diffuse white growth. d Yellow cocoon.
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third day, the marks appeared moist. On the fifth
day, a vesicle appeared on the left cheek, and another
on the left arm near the elbow. On the twelfth day,
there was a distinct scab on the left cheek, while the
scab on the elbow was disappearing. On the eighteentl
day, the scab on the cheek was still very distinet, that
on the elbow had disappeared.

Experiment XIII.

Vaccinifer—Monkey D. Date—February 19,
1886. Vaccine Material—Alcoholic wort.

The object of this experiment was to produce
fermentation of the blood. Two insertions were made
on each arm. No local result was produced. Un-
fortunately the temperature was not taken.

Experiment XIV.

Vaceinifer—Monkey D.  Date—February 26,
1886. Vaccine Material—Pure dried yeast.

This monkey was again inoculated at the same
points with dried yeast, which was well rubbed in.  On
the fourth day, the animal was feverish, the skin being
hot to touch; temperature, 10176 Fahr. Raised scabs
covered the points of inoculation, and there was
apparently some local irritation. On the ﬁfth day,
temperature 102°, there was a papule on right arm,






PLATE :

EXPERIMENT XIV.

APPARENTLY SUCCESSFUL YEAST INOCULATION.

Time—Eleventh day. Faccinifer—Monkey. Faccine Material—Pure
dried yeast. Aesau/t—Raised circular scab.

Note that three other insertions, one on the same arm, have not taken.
The lancet may have been accidentally charged with dried vaccine lymph.

a Upper insertion, & Lower insertion.
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On the fourth day, temperature 1014 ; doubtful scab
on right arm. Sizth day—Temperature 101°, the scab
has dropped off.

Experiment XVII.

Vaccinifer — Modified wvariolated Monkey C.
Date—Mareh 20, 1886. Vaceine Material
— Pure dried yeast.

Two insertions were made on each arm. Fouwrth
day—One raised papule was seen on each arm. Siath
da,y—There was a raised and prominent scab on each
arm. The temperature was 101°. Two cultivations
were made from the serum beneath the scabs on the
seventh day.

No. 1 showed separate white, yellow, and orange
growths. No. 2 showed white and yellow cocoons
without liquefaction. The histological appearances of
the white and yellow growths are seen in Plate XIV.

Experiment XVIIL

Vaccinifer—Monkey E. Date—April 3, 1886.
Vaccine Material—Pure dried yeast.

Two insertions were made on each arm. ~ Third day
_Right arm, both marks apparently taking; left arm,
doubtful. Fourth day—Marks distinct on both arms ;
they look like scabs formed of dried blood, but they
differ from these in being somewhat raised, probably
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the left thigh, where the scratches were lighter, have
died away. Fifth day—Five small vesicles, about the
size of a millet seed, were observed on the right thigh.
Certain of the scratches in this situation continue in-
flamed. The marks on the left thigh and abdomen
are healed. FEighth day—Miliary vesicles have disap-
peared. The temperature was not taken.

Experiment XX,

Vaccinafer—Calf D. Date—April 10, 1886.
Vaceine Material—Pure dried yeast.

In order to get a better local effect, the insertions,
fifty in number, were made by numerous cross
scratches. Second day—Marks inflamed. Third day
—Marks still irritable ; temperature, 100°.  Fourth
day—Marks still inflamed.  Fifth day—Inflam-
mation subsiding, temperature 99°. Seventh day—
Temperature normal. Three or four raised scabs
left. Ninth day—All the marks have disappeared.
Eighteenth day—>Small indistinet miliary eruption on
thighs and abdomen.

Experiment XXT.
Vaccimifer—Fermented Calf C.  Date—April 10,
1886. Vaccine Material—Pure dried yeast.
Thirty insertions were made by numerous cross
scratches ; temperature, 100°.  On the third day, the
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marks looked irritable. On the siwth day, seven or Exp(;ril-
INENnNTR

eight scabs were left, which disappeared by the eighth yaccina-
day ; temperature, 99°. On the seventeenth day, the Exp-. XXT

Calf,
Refermen-

miliary eruption. tation.

shaved portion of the abdomen was covered by a

Both calves were then sent to London to be vaccin-
ated from ecalf-to-calf by Dr Cory, to whom I feel
much indebted for his kindness.

Experiment XXIV,

Vaceinifer—Fermented Monkey E. April 22,
1886. Vaccine Material — Arm-to-arm
vacevie lymph.

Four insertions were made on the left arm. Fifth Exp.
day—One insertion appears to be taking ; tempera- %'{argl‘;hted
ture, 102°.  Seventh day—Beautiful typical Jennerian E:::ii
pock, circular, plump, and umbilicated. It had developed "™

completely in forty-eight hours. Thirteenth day—Dry
black scab. The other three insertions did not take.

Experiment XXXIIT,

Vaccimifer—Twice fermented Calf C. Date—
May 4, 1886. Vaccine Material—Calf-to-
calf vaccime Lymph.

i 3 Exp.

This calf was vaccinated by Dr Cory at the National 2 Kmt— I

- ¢ ErInenue
Vaccine Establishment. Its weight was 124 lbs., and Calf

its temperature, 102°, on the day of operation. Tharty- .E::Tim
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SIX insertions were made in the usual way, and it was
then returned to me. Fourth day—All the marks
vesicular.  Fifth day—Calf lymph taken. Sizth day
—Vesicles much larger and drying. Seventh day—
Vesicles scabbed.  Cast taken in plaster of Paris by
Dr Caird.

Experiment XXXIV,

Vaceinafer—Fermented Calf D.  Date—May 4,
1886. Vaceine Material—Calf-to-calf vac-
cime Lymph.

This anmimal was also vaccinated by Dr Cory at
the National Vaccine Establishment. Its weight was
105 1bs., and its temperature 102°, on the day of opera-
tion. Thirty-seven insertions were made in the usual

manner.
Fourth day—All the marks successful. Fifth day—

Lymph taken. Seventh day—Vesicles scabbing. Cast
in plaster of Paris taken by Dr Caird. At the end of
a fortnight both calves were quite well, but the scabs

had not come off.

Experiment LI
Vaceinifer—Monkey R. Date—June 12, 1886.
Vaccine Material—Clear variolows lymph
Jfrom Case H.

Confluent smallpox (unvaccinated); sent by Mr Bott

B . e SCa
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EXPERIMENT LL
VARIOLOUS INOCULATION.

Time—Eighth day.  Faccinifer—Unprotected Monkey.  Paccine
Material—Clear variolous lymph from Case H, Hospital Ships, Resuit—
Four large vesicles, with areola. No secondary eruption.

a Central umbilication,
& Pale raised zone.
¢ Areola,
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EXPERIMENT LIL
VARIOLGUS INOCULATION,

Time—Eighth day.  Faecinifer—Unprotected Mnnke]r. VPaccine
Material —Opaque variolous lymph, Case E, Hospital Ships, AResuli—
Four Vesicles. No secundar}r eruption.

« Central dark umbilication.
4 Raised zone of paler colour.
¢ Areola,
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normal, 98°5. Fourth day—Temperature 101°; all
the marks taking, and scabs raised above the surface of
the surrounding skin. Sizth day—Temperature 101°.
Seventh day—Cultivation of blood. Ninth day—Scabs
on right arm becoming indistinct: scabs on left arm
still raised. Siaxteenth day—Two scabs removed from
left arm, leaving indistinet cicatrices.

Result of Cultivations—Eleventh day.

1. Tube of Koch’s nutrient gelatine showed sepa-
rate white, yellow, and orange growths.

2. Tube of Koch’s nutrient gelatine showed white
and yellow cocoons.

Microscopic examination of the white growth showed
numerous spherical micrococel, arranged in chains,
pairs, packets, and groups. The organisms were ap-
parently undergoing rapid fission.

The yellow growth presented appearances very
similar to the white, but the organisms were some-
what larger.

Unfortunately, cover-glass preparations were not
made from the fresh blood.

Experiment XXIII.

Vaccimifer — Unprotected . Monkey G. Date—
April 10, 1886. Vaccine Material—Puwre
dried yeast.

Temperature 9875. Four insertions were made, two
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Experiment XXVIL

Vaceinifer— Unprotected Monkey K. Date—
April 27, 1886.  Vaceine Material—Pure
dried beer yeast.

Two insertions were made on the left arm. Sizth
day—Slightly raised scabs; temperature 100°. Eighth
day—All scabs off; animal well.

Experiment XXVII,

Vaccinifer— Unprotected Monkey L. Date—
April 27, 1886. Vaceine Material—Pure
dried beer yeast.

Two insertions were made on the right arm. Second
day—Indistinet scabs. Fourth day—Temperature
102°; all scabs off. Siwth day—Temperature 102°
Eighth day—No further notes of temperature ; animal
apparently well.

Experiment XXVIII.

Vaceinifer— Unprotected Monkey M.  Date—
April 27, 1886. Material — Pure dried
beer yeast.

Fowrth day— Indistinet scabs, temperature 102"
Sizth day—Arm well; temperature 101°.  Eighth day
— Animal apparently well.
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Fowrth day—Temperature 99°; four vesicles. Fifth
day—Temperature 101°; vesicles somewhat larger.
Siwzth day—Vesicles flattened, and not so pruminént.
Seventh day—Temperature 101°5 ; all pocks show a
red areola. Eighth day—Pocks well raised and dis-
tinct, containing purulent material. Ninth day—Scab-
bing; temperature 101°. Eleventh day—All scabs off,
leaving ulcerated surfaces. Thirteenth day—Secondary
scabs have formed ; no secondary eruption.

Experiment XXXI,

Vaccinifer—Fermented Monkey G (Exp. 23).
Date—April 27, 1886. Vaccine Material—
Arm-to-arm variolous lynmph (Confluent).

Four insertions were made, two on each arm.
Second day—Temperature 100°.  Flifth day—Distinet
vesicles of considerable size on each arm; there was
a scab in the centre of each, surrounded by a raised
white zone ; temperature 101°5. Fifth day—Zone not
so distinet ; vesicles flatter and larger. Seventh day—
All the pocks show a red areola; temperature 101%5.
Nimth day—=Scabs. Eleventh day—All the scabs re-

moved except one, probably by scratching. Thirteenth -

day—No secondary eruption was discovered.!

1 Monkey O died before being inoculated.

e e -












EXPERIMENT XXXVIL

VARIOLOUS INOCULATION,

Time—FEighth day.  Vaecinifer—Fermented Monkey. Vaecine
Material— Arm-to-arm  variolous lymph.  Aewdt-—Four vesicles, with
slight arecla, No secondary eruption.

a Central part of vesicle.
4 Pale raised zone.
¢ Areola.
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Experiment XXXVII,

Vaceinifer— Fermented Monkey L.  Date—
May 6, 1886. Vaccine Material—Arm-

to-arm variolous lymph.

Four insertions were made on right arm; tem-
perature 100°. Fowrth day—Temperature 101°; all
marks quiet, and apparently not taking. Fifth day—
Temperature 102°; still no appearance of taking.
Eighth day—Only one vesicle ; much modified. Tenth
day—All marks distinctly vesicular. Twelfth day—
Four pocks exactly like modified vaccine vesicles; no
secondary eruption. Fowrteenth day—Vesicles dry and
scabbed ; scabs off ; quite well.

Experiment XXXVIII,

Vaccinifer—Fermented Monkey K. Date—May
5, 1886. Vaccine Material—Arm-to-arm

variolows lymph.

Four insertions were made on the left arm. Tem-
perature, 99°. Fourth day—All marks taking. Eighth
day—Four modified vesicles. Tenth day—Four fairly
good vesicles, without areola. Twelfth day— No
secondary eruption.
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PLATE XXII

EXPERIMENT XXXIX,
VARIOLOUS INOCULATION,

Time—Eighth day.  Vaceinifor—Fermented Monkey,  Faccine
Material—Arm-to-arm variolous lymph. Aesudi —Two small vesicles,
without areola. No secondary eruption.

a Central umbilication.
4 Pale raised zone of vesicle.
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PLATE. XXI

EXPERIMENT XLVI. -
VARIOLOUS INOCULATION,

Time—Thirteenth day. Vaceinifer—Unprotected Monkey,  Faccine
Material—-Clear variolous lymph from Case I, Hospital Ships. Resudt—
Four dark oval scabs at the points of inoculation. Three secondary
vesicles, two days old, on elbow,

a Primary local scabs.
& Secondary vesicles.
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Experiment XXXIX ﬂtﬂ:;.l
Vaccinifer—Fermented Monkey I. Date—May tion,
5, 1886. Vaccine Material—Arm-to-arm

variolous Lymph.

Two insertions were made on the right arm.  Eighth Brp
day—Two modified vesicles. Tenth day—Good vesicles. Monkey.
Twelfth day—No secondary eruption. Fourteenth Yariola-

day-—Scabs quite dry. Twenty-first day—All scabs
off.

Experiment XLVI.

Vaccinifer— Unprotected Monkey P. Date—
May 29, 1886. Vaccine Material—Clear
variolous lymph from Case 1., Purfleet.

Four insertions were made on right arm. Tempera- Exy.
ture, 99°5. Fourth day—Temperature 100°5. Ves- E‘&I;E;},._
icles forming. Highth day—Distinctly formed vesicles. Variola-
Tenth day—Temperature 101°. Vesicles increased,
with pink areola surrounding them. ZTwelfth day—

Four small secondary vesicles on right elbow. Thirteenth
day—Areola has disappeared, and vesicles are scabbing.
Secondary vesicles are drying up. Fifteenth day-—

Temperature 100°; marks dry; secondary scabs have
nearly disappeared.
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Experiment XLIII.

Vaceinifer—Fermented and Vaceinated Monkey
E. Date—May 23, 1886. Vaccine Material
—Arm-to-arm variolous lyanph.

This monkey had been successfully vaccinated a
month previously. Four insertions were made on the
right arm. No result was produced.

Experiment XLIV.

Vaccimifer—Twice fermented and vaccinated
Monkey M. Date—May 23, 1886. Vaccine
Material-—Arm-to-arm variolous lymph.

This monkey had been vaccinated ten days previously.
Fowrth day—Variolous marks papular. Vaccine marks
scabbed. Eighth day—No further result.

VACCINATION AFTER FERMENTATION AND VARIOLATION.

Experiments XLI. (May 19, 1886), XLIL. (May 20, 1886),
XLVIIL, XLIX,, and L. (May 30, 1886).

Vaccinifers—Monkeys F, G, N, I, and L, were
vaccinated with stored vaccine lymph, after fermenta-
tion and variolation, without result.



















Results
of experi-
mental
vaccina-
tion.
Vaceini-
fers.

108

EXPERIMENTAL VACCINATION,

Results of Vaccination—continued.

No.| Date. Vaccinifer. Material. Result.
562 | 12/6/86. | Monkey 8. | Opaque stored var- | Four local pocks.
iolous lgmph.
22 | 10/4/86, | Monkey F. | Pure dried yeast. | Fever and raised
local scabs.
23 | 10/4/86, | Monkey G. Do. Do.
25 | 27/4/86. | Monkey I. |Pure dried beer yeast.| Slight scabbing.
26 | 27/4/86. | Monkey K. Do, Do.
27 | 27/4/86. | Monkey L. Do. Faverh and slight
scabs,
28 | 27/4/86. | Monkey M. Do. Fever.
29 | 27/4/86. | Monkey N. Do. Feverb and raised
scabs,
47 | 29/5/86. | Monkey Q. | Pure dried yeast. | Local raised scabs.
30 | 27/4/86. | Monkey F. | Arm-to-arm vario- | Four local pocks.
lous lymph. No  secondary
eruption.
31 | 27/4/86. | Monkey G. Do. Four local pustules.
85 | 5/5/86. Monkey M. | Pure dried yeast. | Slight fever.
3bal 13/5/86. Do. Stored vaccine | Successful vaccina-
Iymph. tion.
86 | H/5/86. Monkey N. | Arm-to-arm vario- | Four local vesicles.
lous lymph. No  secondary
eruption.
3¢ | b/b/86. Monkey L. Do. Four modified
pocks. No see-
ondary eruptiol.
.38 | 5/5/86. Monkey K. Do. Four modified vesi-
cles. No secon-
dary eruption.
39 | 5/b/86. Monkey T. Do. Two local vesicles.
Small secondary
vesicles.
46 | 29/5/86. | Monkey P. | Clear stored vario- | Four local vesicles.
lous lymph.
43 | 23/5/86. | Monkey E. | Arm-to-arm_vario- No result. Pro-
! lous lymph. tected.
44 | 23/5/86. | Monkey M. Do. No result.
41 | 19/5:86. | Monkey F. | Stored vac. lymph. | Protected.
42 | 20/5/86. | Monkey G Do. Do.
48 | 80/5/86. | Monkey N, Do. Do.
49 | 30/5/86. | Monkey I. Do. Do.
50 | 80/5/86. | Monkey L. Do. Do. )
53 | 10/7/86. | Monkey R. Do. Eu;gnessful vaccina-
101,
45 | 28/56/86. | Man. Pure dried yeast. Rsi.ised scabs. No
aver.
54 | 22/8/86. | Monkey R. Do. Fever.
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Results of Vaceine Materials—continued.

‘White variolous infec-
tion.

Pure white variolous
cultivation.

Aleoholic wort.
Pure dried yeast.

Do.
Do.

Do,
Do.

Do.
Do.
o,

Do,

Pure dried beer yeast.
Do.
Do.

Do.
Do.

Do.
Pure dried yeast.
Do.

Do,

Do. monkey C.

‘Monkey C.

Unprotected monkey D.
Monkey D.

Modified variolated mon-
key B.
Modified variolated mon-
key C.
Unpmtec:t&d monkey E.
Dao. calf C.

Dao. calf D.

Fermented calf C.
Unprotected monkey F.

Do. monkey G.
Do. monkey L

Do. monkey K.
Do. monkey L.

Do. monkey M.
Do. monkey N.

Do. monkey Q.
Fermented monkey M.
Variolated and vaccinated

monkey E.
Vaccinated man.

Vaccine Material. Vaccinifer. Result.
White cultivation. Guinea-pig. No local result.
 Constitutional ?
Yellow do. Do. No local result.
White variolous culti- | Unprotected monkey B, No local result.
vation. General erup-
tion.

No infection.

No local result.

General erup-
tion,

No result.

Fever and loecal
vesicle.  Acci-

dental vacecina-
tion.
Fever and local
scabs.
Dao.

Do.
Local miliary
eruption.
Do,
Do,
Fever and raised
local scabs.

Do.
Slighii}smbhing.

0.
Fever and slight
scabs.
Feaver.,
Fever and raised
scabs.
Local raised scabs,
Slight fever.
Do.

Raised scabs. No
fever.
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fresh condition, so that any fallacy arising from the mode
of demonstration is thereby avoided. They also stain
very easily, and possess a very delicate envelope or cell
wall.  This evanescent characteristic distinguishes them
from the red and white blood-corpuseles, and when
we take into account their gradual development, as
observed by Cohn, and their numbers and smaller size,
there can be no doubt that they are different from
blood-corpuscles. Ihave never seen blood cells in such
numbers in any specimen of lymph I have examined.
The hypothesis that these forms simply follow, and do
not develop from mierecocel, involves the admission of
the contamination theory advanced by Pfeifer. I think
that this is negatived by their constant occurrence, as
described by independent observers.

That some micrococei may be embryonic forms of |
yeast is rendered probable by the appearances observed
when we cultivate yeast artificially. Pure yeast does
not liquefy Koch’s nutrient gelatine, and the growth is
white. When examined microscopically, the yeast cells
are much smaller than those used for starting the
growth, and resemble large micrococel. If the gelatine
liquefy, however, the cells become larger, and this
increase of size also takes place in pure cultivations in
more suitable soil. Then, when a well-fed organism 1s
suddenly starved (which is the moment of reproduction),
variations are observed to take place in other cases.
Analogous developmental conditions occur also in the
course of the life history of bacteria. I may mention
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nutrition, can occur at any temperature between zero
and 55° C. (131° F.), although a temperature between
15° C. and 30° C. (59° and 86° F.) is the most favourable
to its occurrence. He holds that “the fermentative
character is not an invariable phenomenon of yeast life.
Yeast is a plant which does not differ from ordinary
plants. It manifests its fermentative power solely
in consequence of particular conditions under which it
is compelled to live. It may carry on its life as a
ferment or not, and, after having lived without mani-
festing the slightest symptom of fermentative char-
acter, it is quite ready to manifest that character
when brought into suitable conditions.

“The fermentative character, therefore, is not a
power peculiar to cells of a special nature. It is not a
permanent character of a particular structure, like, for
mnstance, the property of aeidity or alkalinity. Itisa
peculiarity dependent on external circumstances, and
on the nutritive conditions of the organism " (p. 266).

With regard to the resting stage of bacteria, Koch
(T'rawmatic Infective Diseases, p. 47) says:—“It is
very probable that these micrococeti (i.e., in spreading ab-
scess of rabbits), like other bacteria, form resting spores
after the expiration of their vegetative life,” and also
that “the assumption (made by himself) that the micro-
cocci in the cheesy contents of abscesses are dead, does
not appear in keeping with the result of inoculation.”
Ewart (Proc. Roy. Soc. Lond., xxvii.) concludes “ that
Billroth was probably right in believing that miecro-
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cocei were the spores of ordinary bacteria.” Ziegler Resting
states that it is not yet certain whether or not the bashitti
micrococei produce spores. Klein is certain that f{i]ﬂi“-
“ micrococei propagate always by simple division, never '
by any other means, e.g., gemmation and spores. All
assertions to the contrary are based on incorrect obser-
vations.” T conclude, therefore, that a difference of
opinion exists among bacteriologists as to the mode of
reproduction of mierococei.

Koch is probably right when he says that a parti- Bacteria

forms.

cular form of bacterium corresponds to each infective . o

disease, and that opinion is quite consistent with the
view that such a bacterium may present growth-forms
or developmental conditions in the course of its life
history. Under the same conditions, i.c., at the same
stage of the disease, its form is always the same. The
form of bacterium present in clear vaceine lymph is a
very minute spore, ‘15 x in diameter, and if the lymph
be dried immediately the further development of the
spore 1s prevented. Its activity can be revived by
moistening the dried film of lymph with water, and
this material, when properly employed, produces perfect
vaccination. Between this minute body and the large
torula (2 w to 5 w) cell in opaque lymph, there is
apparently no more connection than there is between an
acorn and an oak, but there are certain close analogies
between vaccine lymph and yeast.

I am indebted to Mr Duncan M‘Glashan, Caledonian
Distillery, for much practical information about yeast.
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The manufacture of yeast is an important branch
of trade, both on the Continent and in this
country. In the moist condition it soon “goes bad,”
but, if carefully collected and dried by compres-
sion, it may be kept for weeks, if protected from
the atmosphere, without losing its power of exciting
fermentation. Mr M‘Glashan informs me that the
smugglers in the Highlands in former times were
aware that yeast, if protected from damp, could be pre-
served in a dry state. When about to stop their illicit
distillation for the season, they collected a quantity of
dry heather, which was tied into bunches. The fer-
menting wort was then stirred with these, till as much
yeast as possible adhered to the small branches of the
heather, and the bunches were then dried and hung
up in their cottages during the winter. Next season
fermentation was started again by simply throwing
these into the wort. Pasteur (op. eit.) states that
yeast is able to grow fairly well at the temperature of
the body, and it was therefore a suitable vaccine ma-
terial, it only being necessary to obtain it in the dried
state. The appearance of the material used for inocu-
lation 1s seen in Plate XIII. Yeast, therefore, like vae-
cine lymph, can be stored dry; it can be revived by
suitable moisture and temperature ; it soon undergoes
putrefaction if stored moist; it can grow in the body
when inoculated, producing a febrile condition in mon-
keys; and cultivations of micrococel have been obtained
from the blood of monkeys after inoculation with dried
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yeast. This last result is impossible a fortnight after Inoculation
the inoculation. I have been prevented from carrying PR
out experiments on the acclimatisation of yeast m the
animal body by a dearth of monkeys. It would be
interesting to know whether the lymph exuding from
the fresh surface beneath a growing yeast scab, would
produce a vesicle if inoculated in another animal.

Yeast also agrees with vaccine and variolous cultiva- Its effects.
tions in producing a constitutional result, the temporary
febrile condifion being probably due to the growth of
the ferment in the blood. The febrile condition
invariably occurred after inoculation. Does fermenta-
tion of the blood of monkeys, by means of inoculation
with dried yeast, protect them from vaccination and
variolation ? My experiments show that 1t does not do Fermenta
so entirely, but it certainly has a remarkable effect, in E;iﬁ?
monkeys, in modifying the action of both the vaccine "™
and variolous virus. My first experiment appeared to Monkeys.
show that inoculation with dried yeast is perfeetly
protective from arm-to-arm vaccination. But repeated
control experiments led me to the conclusion that the
first monkey (Plate XVI.) was, perhaps, vaccinated
accidentally with a lancet charged with dried lymph.
The other experiments were performed with a new
lancet, and this was never afterwards used for any other
purpose than yeast inoculation. When a monkey was
vaccinated in four places with arm-to-arm lymph, eight
days after fermentation, only one insertion “took.” The
vesicle was remarkably retarded till the sixth day,
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when the first appearance of the vesicle was observed.
It increased with such rapidity that, on the eighth day
1t was typically Jennerian, perfectly circular, plump, and
umbilicated, about the size of a sixpence. In a third
monkey, although all four insertions of arm-to-arm
lymph “took,” they did not develop typical vesicles,
but scabs only. From these experiments, therefore, I
concluded that, though yeast has some protective power
against vaccination, it is less powerful as a fermenter
of the blood ; but the same may be said, as is shown
elsewhere, of pure cultivations of variola.

The experiments on fermentation of calves resulted
In total failure to protect them, by yeast inoculation,
from calf-to-calf vaccination. Dr Cory succeeded in
producing typical vaceine vesicles in both the fermented
calves which I sent to the National Vaccine Establish-
ment to be tested. I used the lymph taken from these
vesicles for the purpose of vaccinating six children, and
admirable results were produced. I am unable to say
whether fermentation produced a rise of temperature
in calves, and I have not repeated the experiments to
ascertain this, chiefly owing to the serious expense
they entail. I attribute the failure to protect to the
difficulty of grafting or planting the yeast in calves, so
as to obtain a sufficient growth.

With regard to protection by yeast inoculation from
variolation, I have found that, although local vesicles
can be produced with smallpox lymph in fermented
monkeys, it is impossible to obtain a secondary constitu-



TO VACCINIA AND VARIOLA. 121

tional eruption. The local effects were never more f;gll;n:f&:ﬂ.
severe than ordinary vaccination, and the fever was variolation.
mild, although arm-to-arm inoculation was practised.

When an unprotected monkey is inoculated with
confluent variolous lymph, the disease proceeds, locally,

in exactly the same manner as an ordinary vaccination,

and the secondary eruption of a few vesicles appears on

the eleventh day. Indeed, the result is so mild that

I am unable to see, from my experiments, how com-
pulsory variolous inoculation with carefully selected
lymph, after fermentation, can be more dangerous than
vaceination. Good inoculators warmly defended the
practice of variolous inoculation. Might not compul-

sory variolation be quite a safe proceeding? This
question has been already answered in the negatiev by Monkeys.
authorities in this country. I am informed, however, by

Dr W. Aitken,! that the Chinese still prefer variolation

bo vaccination. Its value as an alternative proceeding

in smallpox epidemics, where vaccine lymph cannot be
obtained, is unquestionable, and in such circumstances

I believe it could be used quite as safely and freely as
vaccine lymph. In fact, the constitutional eruption

may, apparently, be very much mitigated, or even
entirely prevented, in proportion to the number of good
vesicles produced locally. The mild result of variolous
mnoculation in unprotected monkeys impairs its value

as a control experiment, and renders it impossible to

say whether yeast inoculation is sufficient to prevent

! Tientsin, North China.,
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the secondary eruption in artificially induced variola.

variolation. But this result has been obtained indirectly. If we

Results.

vaccinate fermented and variolated monkeys with
vaccine lymph, I have found (Exps. 41, 42, 48, 49, 50)
that they are, without exception, completely protected
from the vaccine disease. On the other hand, a simply
variolated monkey was found to be susceptible of the
vaccine disease (Exp. 53), a good scab larger than that
i Plate XVI. having been produced. It is convenient
to note here that inoculation of white cultivation of
variola does not produce any local vesicles; but an
eruption during the first week. This variolous material
is also imperfectly protective from the vaccine disease.

On carefully studying the results, combined in
various ways, of successive fermentation, variolation,
and vaccination of monkeys, I have come to the con-
clusion that yeast inoculation modifies the action
of both the variolous and the vaccine poisons. Further,
yeast inoculation can be safely carried out in the
human subject, as is shown by Exp. 45; and I have
also succeeded in producing, by it, a febrile condition in
a monkey which had been both successfully variolated,
and successfully vaceinated afterwards. Lastly, cultiva-
tions of the blood of monkeys appeared to show that
yeast life n:{ay be carried on in the animal body in the
form of minute spherical organisms, which are in-
distinguishable from micrococel.
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inactive, This has led to the conjecture that some
opalescent lymph which is now rejected, although
supplied from the best vaccinating stations, may be a
perfectly good material for vaccination, but the nature
of the difference between them has not been satisfac-
torily made out.

Vaccine lymph is said to be clear when it shows no
opalescence by reflected, or obliquely transmitted, light,
and when it is free from blood or other impurities. It
is said to be opaque when it appears slightly milky, or
opalescent, when tested in the same way. One of the
great difficulties of vaccination is the propagation of
a material which remains perfectly clear for a time
after being stored. The successful propagation of clear
vaccine lymph for storage depends on a chain of
circumstances, one of the links of which may fail at
any point, and vitiate the desired product. FEither of
the children, though not positively unhealthy, may be
slightly below par; the vesicles may be irritated or
injured during their progress; or the operation may
have been unskilfully performed; or some inter-
current complaint may have come on; and any one
of these is fatal to the production of clear vaccine
material.

It is found that vaccine lymph is most certain in
its action when transferred directly from the arm of
one child to that of another, good vesicles being easily
produced by a single or double scratch thus, / //.
If this same material be stored in a tube for even
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carefully stored in well-filled sterilised tubes, from
which the air has been expelled during the sealing
process, must be regarded as an imperfect material for
vaceination. It is generally produced by children who
are below par, from vesicles surrounded by areola, or
which have been injured or irritated. When such
lymph is stored the opacity gradually increases, even
in sterilised tubes; and even clear lymph gradually
becomes opalescent. The opacity is observed also at
the moment of its exudation from the vesicle, and
opacity of clear lymph is not prevented, even when
stored in sterilised tubes under shelter of carbolic
spray. After observation of thousands of tubes of
vaccine lymph, and some hundreds of sterilised and
commercial vaccine tnbes, containing sterile and non-
sterile fluids, used to imitate vaccine lymph and the
conditions under which it may be stored, I have come
to the conclusion that it is impossible to prevent the
occurrence of opacity in vaccine lymph stored in the
fluid state. Tyndall and Pasteur have shown that only
sterile fluids remain clear when stored, even when
access of impure air is prevented. Fluids which con-
tain germs or spores of any kind become turbid from
the growth of these spores. I am indebted to Pro-
fossor Chiene for the suggestion that the cause of
opacity of lymph is a “ germ,” but my experiments
appear to demonstrate beyond doubt that the « germ =
which grows in vaccine lymph, and produces 1its
opacity, is the “ germ” of vaccinia itself. The sudden
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Opaque variolous lymph may be regarded in the
same way as a cultivation of the spores in clear vario-
lous lymph, but its action in producing secondary
eruptions when inoculated is more powerful, as I gather
from the old records of smallpox inoculation. It pro-
duces a more severe, and undoubtedly infectious, disease
when inoculated, and it should not be used under any
circumstances. I have not examined calf-lymph micro-
scopically, and can only therefore refer to the admirable
work of Pohl-Pincus on Vaccination for details of its
composition in the fresh condition. He finds that the
micrococel are isolated, and 1 u in diameter. They do
not oceur in balls or groups, but fresh lymph always
contains them.

Calf-to-child vaccination is as successful as arm-to-
arm vaccination with human lymph, the results of
Dr Cory’s practice at the National Vaccine Establish-
ment being most satisfactory. He first charges a lancet
with the material, and makes five insertions by five
separate punctures (twenty-five in all), into which the
lymph is well rubbed while the skin is kept on the
stretch to prevent bleeding. Vaccination with stored
calf-lymph, supplied by Dr Warlomont, requires to be
done very carefully to obtain successful results. Scari-
fication, thus j, is performed with an ordinary sewing-
needle in as many places as desired, and the lymph is
well rubbed in. Unless the lymph is rubbed into the

scratches there is a danger of the vesicles being retarded

and abortive. This material is convenient when arm-
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to-arm lymph cannot be obtained, but not unfrequently L
secondary papules are observed during the second week. materials.

The local results are perfect.
Yeast-forms are found in both human and calf lymph Yeast-

forms.
when stored.

SECTION IL
ARTIFICIAL VACCINE MATERIALS.

In order to obtain a material for vaccination, reliable Artificial
under all circumstances, great attention has been paid, Rt
not only to its propagation in man and animals, but
also to its storage. Dr Husband’s method of preserving
vaccine lymph fluid and active in capillary tubes, well
filled and hermetically sealed, has been adopted by the
National Vacecine Establishment, which insists that the
material shall be clear, in which proviso the whole
difficulty lies. A non-sterile fluid stored in such tubes Storage.
invariably becomes opalescent after a time. Dr Seaton
regards dried lymph as an inferior material to fluid
lymph, but if my explanation of the cause of opacity
be correct, this cannot be the case. It is only a little
more difficult to make it take,and this can be overcome
by varying the method of insertion. If a sufficient
surface be abraded, and the lymph carefully rubbed in
afterwards, a very small quantity only of dried lymph
is sufficient to produce a good vesicle. If dried lymph
fails to take, the fault lies with the operator, not with

the material. It has been supposed that quantity as
I
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well as quality of the material is necessary for success;
but in my opinion, if the quality of the material is
perfect, the quantity of the operation is of more import-
ance.

Miiller was the first to discover that vaccine lymph,
when mixed in certain preparations with glycerine
and distilled water, does mnot lose its active pro-
perties (Ziemssen’s Encyclopedia). He mixes one
part of vaccine lymph with two parts of glycerine and
two parts of distilled water, and finds that this material
produces good vaccine vesicles. When clear lymph is
employed, and when the mixture is declared, I can see
no objection to this proceeding. It is, however, some-
times used fraudulently as clear lymph. The treat-
ment of opaque lymph in this way is objectionable, but
is easily recognised by its optical properties and a
regular white streak of opacity in the tube. It also
takes longer to dry on the arm. It is unlikely that
further development of opacity takes place in lymph
treated in this way, this being prevented by the anti-
septic property of the glycerine. The material cannot
therefore, be looked upon as a cultivation of lymph, as
there is probably no increase in the number and size
of the organisms such as takes place in opaque lymph.

Quist? (Berlimner Klimische Wochenschrift, No. 52)
has succeeded in arfificially multiplying lymph in a
flnid medium composed of equeﬂ parts of blood-serum,
glycerine, and distilled water, which 1s rendered alkaline

1 Trans. by Dr Francis Troup, Edin. Med. Jour., 1884, p. 1052,
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by the addition of z}sth part of carbonate of potash. Artificial
The liquid is inoculated, after being sterilised by heat- e
ing it to 60° C. for an hour and a half on three succes-

sive days, by a minute piece of sterilised sponge soaked

i clear lymph, or by a piece of crust from a vesicle

which has been washed in distilled water and then
carefully dried. The growth on the surface consists of

very minute scales, which are inoculable after a few

days. Below the surface a finely pulverulent sedi-

ment falls to the bottom. The micrococel are very
minute, the scales being composed of swarms of them.

When preserved in capillary tubes the fluid retains its

power for weeks, It protected from a second vaccin-

ation in one case, Quist considers that the propagation Quist’s
of lymph outside the animal body depends on two iﬁ?xﬁﬁi,
things, the presence of oxygen and a suitable cultivation
medium. Apparently he has still to show whether the

fluid retains its active properties after any number of

such generations in his cultivating fluids, and how long

1t can remain active and unchanged when stored. I

have no doubt that the micrococei he describes cor-
respond very closely indeed to the spores in clear
lymph, but I have not yet repeated his experiments
successfully. His observations, however, prove the

value of Miiller’s discovery, and his nutrient fluid can
apparently produce the bacteric form associated with

true human vaccine material. I agree with Quist in
thinking that pure cultivations of lymph require free

access of oxygen.



Artificial

132 THE COMPOSITION AND ACTION OF NATURAL

The nearest approaches to the micrococei grown in

materials, Quist’s fluid which I have seen in solid media are the

and brown

orange and brown vaccine. The orange growth occurs
in Koch’s nutrient gelatine and the brown in agar agar.
Both (Plates I., IL.) show swarms of micrococei '3 u to
‘4 p in diameter. They are thus larger than the spores in
clear lymph. Inoculation with orange vaccine produced
no local effect in a calf, but in a guinea-pig a local scab
was produced, similar to that produced by yeast in-
oculation in monkeys. Pure orange cultivations (Plate
VII.) show slightly larger organisms, '5 u to 1 u, as if
the vegetative growth was more active. I cannot dis-
tinguish these from pure white vaccine or variolous
cultivations, either by size or arrangement (compare
Plates VII, X.). The conclusion from the guinea-pig
experiment is that orange vaceine is more active locally
than either white or yellow vaccine. No experiments
were made with brown vaccine, but I consider it very
nearly the same as the orange growth.

Yellow vaceine is characterised by its regular arrange-
ment of the units in dumb-bells forming fours which
resemble sarcing. The sarcina-forms may be smmple,
when the units are very minute, ‘2 x4 in diameter; or
multiple, when the apparent units are larger, 1u 1
diameter. Its action in a calf and guinea-pig was not
local, but probably constitutional. In my opinion, 1t is
a true vaccine, being derived from a source which pro-
duced a pure yellow growth (see Plates IV., V.).

White vaccine occurs as dumb-bells and single

LS.

b e

o e e 9t
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micrococel, in diameter *5 u, which are the true umits, Artificial
and these may be arranged in fours, which differ from nbialE
true sarcina-forms by their lozenge shape. They also White
form chains when the dumb-bells are placed end to

end. I have also seen it, apparently, as an early stage

of the yellow vaccine. Pure cultivations show larger

units, 1 u in diameter, and the dumb-bell arrangement

1s more distinct (see Plates 111, VL, VIL). It produces

no local effect either in a calf or a guinea-pig, but

all three cultivations, white, yellow, and orange, being
derived from different sources, must be regarded as
having assisted in producing a constitutional eruption

in a calf.

When human vaccine lymph is used for inoculating Their
cows or calves, the production of vesicles is limited i
entirely to the points of inoculation (Seaton’s Hand-
book, p. 16). The discovery, therefore, that mneither
white, yellow, nor orange vaccines produced local
vesicles, but that all three combined produced a
general eruption, led me to the -conclusion that
modified vaccine materials, produced by growing
lymph in solid media, were unsuitable for vaccina-
tion purposes; because, if vaccine lymph be really
modified variolous lymph, then modified vaccine
materials were further modifications of a modifica-
tion, and success in this direction was impossible.

It appeared more probable that variolous lymph
might be easily modified by artificial cultivation,
otherwise than in animals, and that this cultivation
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of variola would be a true modification of the specific
virus, having properties of a much milder character
than the original. This led me to undertake the
cultivation of smallpox.

The only artificial material derived from smallpox
with which I have experimented is white variola, the
mode of growth and histological characters of which
are, apparently, identical with those of white vaccine.
Pure cultivations occur chiefly as dumb-bells, the
smallest units of which measure ‘4 u in diameter, and
the largest '8y to 1w in diameter. Its action in
monkeys is exactly the same as that of vaccine cultiva-
tlons in a calf; no local vesicles, but a constitutional
eruption, being produced when it is inoculated. Culti-
vations from these vesicles produced a white growth,
consisting of organisms, identical in character and
mode of growth with that which furnished the material
for inoculation. Similar, if not identical, organisms
are also formed in opaque variolous lymph, which also
produced an eruption in a calf, without local vesicles
(see Plate XL.).

The natural variolous material, however, differs re-
markably from the artificial. It produces local vesicles
exactly like vaccine vesicles, and the first appearance
of the secondary eruption does not take place till the
eleventh day (compare Hennen). (Plate XXIII.). White
variola produces no local vesicles, and the first appear-
ance of eruption is on the fifth day from inoculation
(Exps. 9, 12). The time, therefore, of incubation

'J
]




AND ARTIFICIAL VACCINE MATERIALS. 135

of variolous cultivations is about half that of the Artificial
natural virus. The whole course of the disease is materials.
milder than that of smallpox inoculation in un- YWhite
protected monkeys, but neither material is completely
protective against the action of the vaccine virus

(Exps. 11, 53). If, however, a monkey is first inocul-

ated with dried yeast, and then successfully inoculated

with natural variolous material, the vaccine virus pro-

duces no effect (Exps. 41, 42, 48, 49, 50). I have not been

able to obtain pure cultivations of yellow and orange
growths from variola, but the table of cultivations

shows white, yellow, and orange precipitates, and these Yellow
are interesting as showing the possibility of obtaining 32?,;’1‘;*‘“*
growths of variola from different sources, which agree

in character with those obtained from different vaccine
vesicles. As already indicated, I regard these different
vaccine and variolous materials as developmental
conditions, growth-forms, or variations of a single
micro-organism, and not as different species, having

no relation to each other.

The presence of yeast-forms in acid lymph suggested Original
that a yeast ferment, which had become acclimatised E?JL"’E?JJL
in man, might be the original cause of smallpox, and
might explain the universal occurrence of the disease
in unprotected persons. Although the experiments
are still imperfect, I am of opinion that they clearly
show that, when dried yeast is inoculated in monkeys,
1t has both a local and constitutional action, producing

raised scabs, beneath which there is a production of



136 THE COMPOSITION AND ACTION OF NATURAL

Artificial lymph, from which I have obtained cultivations of

materials, T0icrococei. It is unfortunate that no cover-glass pre-

ﬁﬁﬂ parations were made and dried, as these would have
shown the bacteric forms from which the cultivations de-
veloped. The acclimatisation should also have been car-
ried further by arm-to-arm inoculation with this lymph,
to ascertain whether the local effect became increased.

Its effects. 1 have no doubt, however, as to the occurrence of
febricula in monkeys after yeast inoculation, and my
conclusion from the experiments is that yeast has the
power of growing in the tissues when introduced into
the body in a potential form, such as dried yeast,
which is a material not easily destroyed, as is shown
by the smugglers’ method of storing i1t. When inocu-
lated it is absorbed, and compelled to grow in the
absence of free oxygen, and it requires to abstract this,
probably from the blood-cells. In this way it may
act as a true ferment within the body, and set up
a febrile condition.

Compari-  On comparing, therefore, the natural and artificial

R vaceine materials, we see that the bacterie form which

vaccine
materials. oot certainly produces local vesicles is the spore in

clear lymph, and that the larger organisms in opaque
lymph have been proved, by experience of such material,

to act locally more violently, and even to produce erup-
tions. Many instances of this are to be found in the

older works on vaccination and inoculation. We must
therefore regard opaque lymph as more energetic than
clear lymph.
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IMMUNITY AND ATTENUATION OF VIRUS.

SECTION L
IMMUNITY.

SIMON says that “ to the present time (1871) it remains
one of the most interesting and least explained facts in
pathology, that the specific contagion or ferment of
smallpox, so uncontrollable in its operations when it
enters a man in the ordinary way of his breathing an
infected atmosphere, becomes, for the most part, dis-
armed of 1ts virulence, when it is artificially introduced
to the system through a puncture of the skin.” He
defines cowpox as “the smallpox of the cow,” and
adopts Jenner’s view, that “smallpox and cowpox are
modifications of the same distemper, so that, in em-
ploying vaccine lymph, we only make use of means to
impregnate the constitution with the disease in its
mildest, instead of propagating it in its virulent and
contagious form, as is done when smallpox is inoculated.”

I have tried to show that the vaccine and variolous
contagia are not dissolved in the lymph, but are sus-
pended in it, in the form of very minute particles, which

— e ———— e
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I look upon, from their size, as spores of micrococel, Immunity.
Standard vaccine lymph is alkaline, and contains spores
in suspension, and these must be regarded, when judged
by the effects of their pure cultivation in the animal
body, as the true vaccine contagium. Good vaccinators 33&: mate-
vaccinate with spores. Opaque vaccine lymph repre-
sents developmental conditions of the spores in clear
lymph; and, when judged in the same way by its
effects, the conclusion has been arrived at, by authori-
ties on the subject, that it is an imperfect or inferior
material for vaccination, Good vaccinators, accordingly, Tmperfect
do not vaccinate with cultivations of spores. But this et
development of organisms in lymph produces acidity,
not only in the tubes, but within the vesicles, so that
it may be fairly deduced that the contagium of vaccinia
1s a ferment producing acidity of alkaline fluids within
the body. This conclusion is strengthened by the
appearance of yeast forms in opaque lymph, distinguish-
able by their size from other cells of animal origin.
Vaccination 1s, in my opinion, the artificial growth of a Nature of
ferment on the human skin, the products of which are Ha
absorbed, and grow in the blood until the whole of the
blood is affected, after which it is impossible, for a time
at least, to repeat the process in the same person, who
1s then said to be protected.

Various theories have been advanced to explain
immunity, that of a contagium vivum being now
generally accepted. It is said that the growth of the

virus uses up or exhausts the whole of the material
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necessary for its subsistence, and it then dies a linger-
ing death from starvation—the Exhaustion Theory.!
Another theory is that the virus secretes or excretes
another poison which is fatal to its present and future
existence, but which is tolerated by the human system
for a long period afterwards—the Ptomaine or Antidote
Theory.! Lastly, it is supposed that, in abstracting from
the blood or tissue-cells material for it subsistence, the
cells themselves are transferred, and acquire the same
power as that possessed by the virus—the Theory of
Metabolism.2

Considerable light is thrown upon these leading
theories by what is known to take place during the
process of malting, and during alcoholic fermentation,
about which I am indebted to Mr Duncan M‘Glashan
for the following interesting information. In malting,
a heap of barley is well moistened with water, and
then kept at a certain temperature until the grain
commences to sprout. The bud, however, is not al-
lowed to burst through the husk of the grain. Before
this takes place, the barley is spread out in a thin
layer in the barn and dried, the product being malt.
It is well known, from chemical research, that during
this process the starch of the grain is converted by the
action of diastase into dextrin and grape-sugar. It is,
not, however, generally known that malt has a peculiar
power of its own. When distillers are preparing a
saccharine solution for distilling purposes, they find

1 Klebs. * Grawitz.
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that it is unnecessary to employ malt entirely. They Immunity.
mix one part of malt and nine parts of unmalted feaTng
barley in the “backs” with a large quantity of warm Malting.
water, which is kept constantly stirred for some time,

at the end of which it is found that the whole of the
starch in the unmalted barley has become converted mto
grape-sugar. Practically, it is found that malt can con-

vert the starch contained in nine times its weight of
barley into grape-sugar. Its action is the same as the
original action of the diastase, and the fact suggests the
inquiry whether diastase is not really an organised vital
ferment,capable of indefinite multiplication. The essence

of the process is that the mixture is kept constantly
stirred at a warm temperature, and the product is a
solution of grape-sugar, which is used for fermentation.

If a quantity of yeast is now sown in this saccharine permenta-
solution, which is alkaline, it grows very rapidly, and R
produces alcohol and carbonic acid. In practice, how-
ever, it 1s found that fermentation stops, either when
all the sugar 1s converted into alcohol, or when there
is more than a certain percentage of aleohol in the
solution. In either case, if the solution is left to 1tself,
the material become acid, and this acidity takes place
somewhat suddenly. It does not appear to be neces-
sary, in my opinion, to invoke the aid of another
bacterium to explain this acidity, as is usually done.
Before acidity takes place, however, if either the sugar
is exhausted, or if the solution contains too large a per-
centage of alcohol, the yeast cannot continue to multiply,
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and the addition of any quantity of fresh yeast fails
to excite further fermentation. Before this can take
place, the alcohol must be removed by distillation, or
more sugar must be added to suit the circumstances.
The process of fermentation, therefore, is strictly
analogous to the multiplication of morbid poisons in
the blood, and affords a satisfactory explanation of the
so-called Exhaustion, and Antidote or Ptomaine Theories
of protection. It fails, however, to explain the last-
mentioned theory, because the nourishing material
does not possess any intrinsic vital property similar to
that possessed by the blood. The saccharine solution
1s entirely passive; the blood is actively vital; and
experience shows that 1t becomes changed in a remark-
able manner by the action of the poisons of infective
diseases. The process of malting appears to afford a
satisfactory explanation of the metabolism of the blood,
produced by infective poisons. The diastase may be
taken as amalogous to the vaccine material, and it
multiplies and exhausts the starch till it is all trans-
formed into sugar, when its action is stopped by heat.
This is the stage of exhaustion produced artificially.
If, now, fresh unmalted barley be mixed with malt and
constantly stirred, the same process continues until the
stage of exhaustion is again reached, and apparently
this might be continued indefinitely so long as fresh
material was added, The original quantity of malt may
be looked upon as analogous to vaccinated blood, and
the unmalted barley as analogous to unvaccinated blood.
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When we vaceinate infants, we introduce into a fresh Immunity.
or unexhausted nourishing soil a minute quantity of EEEI:?'
a ferment, which possesses the power of multiplying theories.
within the body, both locally and generally. During
this process a febrile condition is produced, presumably
by fermentation of the blood, and finally the stage of
exhaustion is reached. This is shown by the failure to
infect the infant a second time with vaccine material.

In this state the blood may fairly be compared to malt,
and its action on fresh material is probably similar.
Vaccinated blood, stirred up by the circulation with
fresh material, bears the same relation to it that malt
does to unmalted barley, and experience shows that 1t
possesses the same power of communicating its pro-
perties to fresh material. In the case of malt, it 1s
assumed that the transformation is produced by a
chemical, not a vital action; but I confess that this
view is to me an unsatisfactory one, as I incline to the
belief that the process may depend on the action of a
vital ferment. The same difficulty does not exist in
accepting the view that the whole mass of vaccinated
blood possesses the properties of vital ferments to un-
exhausted mew material, It is, in fact, the antidote
against the recurrence of the disease through the con-
tinued exercise of its altered vital power. Experience
shows, however, that in course of time this metabolic
power becomes weaker, and individuals gradually
acquire a renewed susceptibility to the vaccine disease.
This change is best explained by the view that the
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constant waste and renewal, which the blood undergoes,
at last reduces its metabolic power to the lowest ebb,
and then the period of protection comes to an end.
The blood returns in great measure to its first estate,
when it 1s analogous to a saccharine solution, and
favourable to a second growth of either vaccine or
variolous virus. The wonder is, not that vaccination
wears out, but that its protective power endures so
long, in many cases for a lifetime. For the full ex-
planation, therefore, of the immunity afforded by vac-
cination, it is necessary to combine the Exhaustion,
Ptomaine, and Metabolism Theories.

SECTION IIL

ATTENUATION OF VIRUS.

The mitigation or attenuation of the virus, quoted
from Mr Simon’s paper at the beginning of this chapter,
is a subject of great interest and importance, and, in my
opinion, like immunity, depends on various factors, any
one of which is insufficient for its explanation. Pasteur
insists that in anthrax it depends on the temperature
at which the organism grows, and on the action of
oxygen. Chauveau thinks that attenuation nt'" anthrax
poison is not produced by the oxygen of the aur, but'b}r
spore-production. Creenfield thinks that att-euuat.mn
is produced by the antiseptic action of a chemical
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by pathologists and other scientific observers; and there
has been such an accumulation of literature on the
subject that it has been thought necessary to revise
and extend Cohn’s classification, so as to include the
new discoveries. Hueppe! and Baumgarten,® who follow
Cohn’s classification, give a good account of these
modifications. The new classifications, e.g., those of
Zopf and Fliigge, are based, like that of Cohn, chiefly
on morphological and physiological characters; but, as
they are stated to be only provisional, I prefer to em-
ploy Cohn’s original classification,which is still substan-
Cohn believes that the bacteria are
Owing to their

tially accurate.
capable of exact specific classification.
minuteness, it is in some cases impossible to make out
any structural differences, and in these eircumstances
he takes into account the size and shape of the cells,
and the appearances of the colonies, as the erteria of
specific differences. The shape of bacteria is a more
reliable character than size, which he considers may
vary within certain limits. He has not hitherto been

able to discover differences in the mode of reproduc-

tion of these very minute bacteric forms, so that his

genera and species are characterised by the characters

of their vegetative cell-forms, and not by their mode

of reproduction. He considers his method defective

in this respect, as it 1s probable that some of such

1 Die Formen der Bakterien und thre Beziechungen zu den Gatlingen

wnd Arten, 1886. .
2 Lehrbuch der Path. Mykologie, 1886.
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above classification of Zopf is a good example, and
indicates his strong opinion that nomenclature should
depend on the capability of micro-organisms for further
development. On this ground, I think, Zopfs nomen-
clature open to objection, as the name “coceus” is
common to developmental conditions of bacteria be-
longing to his other three main groups, and this is apt
to lead to confusion. Cohn’s nomenclature is much
simpler and more elastic as regards the inclusion of
growth-forms. :

From the above 1t is easily seen that botanists are
keenly alive to the defects in their classifications of
bacteria, and one of them (Brefeld) even goes the
length of demanding cultivation from spore to spore,
before deciding as to specific differences between differ-
ent forms of bacteria. In mentioning this demand of
Brefeld’s, Koch dismisses it as impossible to fulfil at
present, as regards the pathogenic bacteria, although
he admits that it is theoretically correct.

In Koch’s opinion, founded upon his researches on
traumatic infective diseases, a distinet bacteric form
corresponds to each infective disease at a certain stage.
When this form is found for any disease, its culti-
vation from spore to spore may be undertaken. Koch
further maintains that the same bacteric form is found
in each disease, however often the disease be trans-
mitted from one person or animal to another. He also
calls attention to the difficulty attending the recognition
of specific forms of bacteria, when such forms are very
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minute and indefinite. He considers that when infec- Classifica-
tive materials, with the nature of which we are not yet bacteria.
precisely acquainted, for example, variolous and vaceine
matter, remain active in a dry state for a long time,

even for several years, these cases depend on the
existence of a real resting-stage of the organism.
While, therefore, Koch insists on constancy of the :1T-ﬁ1iim
bacteric form in a certain stage of each infective dis- '
ease, he frequently, in his writings, shows that he
tacitly admits the probable existence of growth-forms
different from such a form. For example, if the
bacteric form were proved to be a spore; by histological
examination, successful inoculation of the disease, and

the invariable discovery of the same bacteric form or Koeh's
spore in the diseased tissues after any number of inocu- "
lations ; Koch would regard it as proved that it is the
proximate cause of the disease. If pure cultivations of
these were made, he would probably regard these as
vegetative conditions or growth-forms. According to

the present mode of classification these growth-forms
would be regarded as different species, especially if it

were to be found that they did not produce the disease

when inoculated. In my opinion, supposing the true
contagion to be a spore, and the growth-forms to be

true vegetative conditions of the spore, failure to
reproduce the disease in the same form does not neces-
sarily indicate total failure of the inoculation. The
spore may exert an evident local action, while the

vegetative form may act constitutionally in a manner
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difficult to discover and define, so that failure to pro-
duce a disease by inoculation may depend on a differ-
ence 1n physiological action between the embryonic
and the more mature form of the organism. I should
not, however, regard this as true mutation of a species,
as the pathogenic properties of the organism would
still be exerted, but would differ only in degree of
potency. The admission of developmental forms of a
micrococeus, therefore, i1s not equivalent to the ad-
mission of mutability of species of micrococei. The
physiological action of such developmental forms may
differ in many cases, within certain limits, from that of
the bacteric form which i1s the true cause of the dis-
case,

The researches of Dr Douglas Cunningham upon the
micro-organisms found in the intestinal canal, clearly
show that they have an active and a resting stage. In
a suitable medium the “zoospores” multiply till the
material for their growth is exhausted, and the miero-
organisms cannot develop further. When transferred
to an alkaline medium they at once become active.
The mode of reproduction of a “minute septic organ-
ism” has been well described by the Rev. W. H.
Dallinger, in a remarkable paper communicated to the
Royal Society of London in 1878 by Professor Huxley.
He finds that the bacterium grows to an ovoid body of
very delicate nature, which bursts and gradually eol-
lapses, scattering very minute spores. By continuous
observation, he has seen the spore grow again into the
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fructification forms of micrococei, which may be de-
seribed as ascococel (bladder-cocei). If these conclusions
are rejected, for the sake of argument, then the forms
of bacteria, described as having been obtained from
vacecine and variolous lymph, must be regarded as
different species; and we arrive at the curious result
that we have succeeded in cultivating from lym]jh five
forms of micrococei, each of which may be included in
one of Zopf's five genera of Coccacez, Therefore lymph
contains five kinds of micro-organisms, which is mani-
festly absurd; and I prefer to regard the five chief forms
described, as developmental conditions or growth-forms
of a single species of Spharobacteria. The wview
that vaccine lymph contains more than one specific
organism, 1s contradicted by the comparative ease with
which pure cultivation of the vaccine and variolous disease
can be carried on in the human body. Also, its power
of resisting the action of other germs for an indefinitely
long time, after being dried, shows that 1t 1s more likely
to contaminate than to become contaminated. Then
Quist has been able to multiply the material in his
fluid, the essential constituent of which is the glycerine,
which prevents drying of the serum and consequent
stoppage of the growth. The glycerine also appears to
prevent luxuriant vegetation of the spores, which are
unable to develop much in size, and thus retain their
power of producing a local disease. But, even in Quist’s
fluid, the difficulty appears to be,not to grow the spores,
which is easy enough, but to prevent them from de-
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veloping into more powerful growth-forms. If this {;:‘; I;ifs-
difficulty has already been found n the natural material, vaccine
it is probable that it will be found to even a greater — ~
extent in cultivations, either in solid or fluid media.

The fact that clear lymph becomes opaque and “ sour,”

when stored in tubes, and that experience shows it is

an imperfect material for vaccination, appears to me to

show that it is best to preserve it in the dry state. In

this way it would be independent of the action of heat

in warm climates, which must act like an incubator on

fluid lymph stored in tubes. It appears, from one of

Dr Buchanan’s reports to the Local Government Board,

that it has been found best to store calf lymph in the Preseera;
dry state. It seems, therefore, as if serious objection its true
might also be taken to any method of lymph cultiva- i
tion and preservation in fluid media.

Miiller’s pure glycerine method of multiplying lymph
must not, however, be overlooked, and it may still be
found useful as a preservative of lymph, either natural
or artificial.

I have consequently preferred to look for a substitute Substitute
for vaccine lymph among the ferments, and my experi- {;;E:mme
ments have been confined to aleoholic yeast in the form
found by distillers to possess the power of exciting
fermentation in the dry state. These experiments have
been inconclusive ; but they appear to show that the
alcoholic ferment, when inoculated, has the power of
producing a temporary febrile condition in monkeys,

which I have deseribed as fermentation. Fermentation
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there is no doubt that it does do so. In my opinion, Chemical
this, however, only represents the stage of vegetation, garding
in which there is no true reproduction, and this view is ;
taken by Cagniard de Latour, who thinks that multi-
plication also takes place by bursting of the cells and
scattering of their contents in the fluid, in fact by
spore-production. Then, although young cells are said

to be homogeneous, yet it cannot be said that dried

veast cells present this appearance (see Plate XIIL),

since they evidently contain what must be regarded as Pure yeast.
reproductive elements in their interior. In wvarious

ways, it has been distinetly proved that drying does not

deprive yeast of its vitality, so that it is probable that Its vitality
spore-production takes place during the process. It g?%;;rﬁle
would be interesting to know from chemists whether SR
the acidity of opaque vaccine lymph is due to the pre-

sence of phosphoric acid, which is said to favour its
development. If, therefore, Cagniard de Latour’s view

as to the reproduction of yeast by spore-formation be

correct, we must admit that such spores, being much

more minute than the vegetative yeast cells, may exist,

much more universally than is at present admitted, in a

form which cannot be distinguished by size or arrange-

ment from the Sphwerobacteria. Koch has found that

no other bacterial forms give the same colour reaction Its staining
as the tubercle bacilli ; but spores may, if fresh., Dr FALiO
Gaffky discovered that the spores of moulds became

deep blue, and a certain kind of yeast also seems to

stain in the same way. This observation is of extreme
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the supposition that we have three different organisms
to deal with,

2. Hustological Examination of Vaecime Cultiva-
tions.

A. Orange cultivation showed swarms of minute
spherical “mierococei” without definite arrangement.

B. White cultivations showed single, double, and
triple micrococel, and in one case a sarcina form. The
micrococel were larger in cultivations which had been
incubated.

C. Yellow cultivations showed dumb-bell and sarcina-
form micrococei. Here also the incubated cultivations
showed larger torula-form mierococei.

We could not explain these different appearances.
It was supposed that we had three different organisms,
any one of which might be the immediate cause of
vaceinia. Other preparations of vaccine lymph, clear
and opaque, were now made.

In clear lymph certain minute badly stained spherical
bodies were recognised, similar to those of the orange
vaceine cultivation, but I am indebted to Dr Francis
Troup for the first clear demonstration of them in vac-
cine lymph. I then saw that the “micrococel ” in clear
lymph and orange “vaccine” were identical. Opaque
lymph, after being kept some time, showed large
spherical transparent bodies like oil drops, but their
nature was a mystery. Even after examining vaccine
cultivations, we were as far off as ever from being
able to explain the nature and cause of opacity in
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These were selected as parallel, and probably identical,
with vaccine cultivations of the same appearance. The
questions to be decided were, as to their histological
appearances, physiological action, and contagiousness.

2. Histological Investigation of Variolous Culti-
vations.

A. White “ variola ” showed single, double, and triple
micrococel, identical with white © vaccine,”

B. Clear variolous lymph showed minute spherical
bodies, similar if not identical with those of clear vaceine
lymph and orange “ vaccine.”

C. Opaque variolous lymph showed large torula-look-
g “ micrococel,” as well as smaller forms.

IV. ExAMINATION OF CLEAR AND OPAQUE VACCINE
AND VARIOLOUS LYMPH.

On comparing clear and opaque variolous lymph with
clear and opaque vaccine lymph, the micro-organisms
in each appeared identical. My observations are thus
in accordance with the -deseription given by Cohn,
quoted by Burdon Sanderson in his Report on the
Intimate Pathology of Contagion. Cohn was unable
to say whether there was any connection between the
bodies in clear and opaque lymph ; but Zopf, in his
work Die Spaltpilze, 1885, states that the opacity
“ consists in cell-rows and masses resulting from the
continuous division of the cocci” He recognises no
other modes of development.
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does not appear to be contagious to another monkey.
No local result is produced at the points of inoculation.
Protection is afforded from the poison of variola by
previous variolation and vaccination with vaccine
cultivations. White and yellow “ vaccine ” produce no
local result in guinea-pigs. They probably produce a
mild constitutional result. The experiments appear to
show that different vaccine materials possess different
degrees of potency.

CLASSIFICATION OF MICRO-ORGANISMS.

In attempting to trace the life history of the vaccine
and variolous organisms from the preceding observa-
tions we are confronted by a preliminary difficulty. At
present the fission-fungi are undergoing the most
minute investigation, and the result has been attempts
to improve upon the classifications of Cohn and Naegeli.
Naegeli held that the bacteria were allied to yeasts,
and should therefore be included in the class of fungi.
The difficulty in accepting this view arose from the
fact that fungi were supposed to be destitute of colour-
ing matter. Owing to this, Cohn placed them among
algee, but the tendency mow is to amalgamate the
colourless fungi (bacteria) and the colour-producing
algee (bacteria) into one group, the Thallophytes (Sachs).
The latest classifications of Flugge, 1883, and Zopf,
1885, appear to me to be unsatisfactory, and I prefer
to follow the classification of Cohn into four tribes,
including six genera. He believes that the form or
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shape characteristic of each tribe is adhered to through-
out the life of the organism. Thus, a micrococcus can-
not be transformed into a bacterium or bacillus, but
retains its spherical shape. We have only to do at
present with Cohn’s first group, the Spherobacteria,
comprising one genus, the micrococei. While, however,
Cohn has settled the main lines upon which the classifi-
cation of Schizomycetes should be based, he admits that
his classification of the genera into species is defective.
Thisis due to deficient knowledge of their physiological
action and modes of reproduction. Thus, micrococei
having the same appearance may have different effects.
Cohn divides his genus, Micrococeus, into three physio-
logical species—(1) Chromogenic, (2) Zymogenie, (3)
Pathogenic. He places the Micrococcus Vaccinge
among the pathogenic micrococei, but the record of the
cultivations just detailed shows that the vaccine organ-
1sm is also chromogenic, so that it might equally well
be classed among these coloured micrococei. At the
same time, he admits that differences in arrangement
and size are unreliable data upon which to found
the classification of species. A necessity, therefore,
arises for the acceptance to some extent of the theory
of pleomorphism (Tulasne), 4., that the same plant
can occur under two or more forms, as well with respect
to the organs of vegetation as to those of reproduction.
Applying this theory to the bacteria, we find that a
single species may show various forms in the course of

its life-cycle. This has been shown by the researches
N
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of De Bary, Zopf, Dallinger, Douglas Cunningham,
Ewart and Geddes, and others.

The propagation of fungi takes place asexually in
three ways—1. By free cell formation (asci, thece,
spore-pouches). 2. Constriction (basidians). By cell-
fission or gemmation. Spores are the chief means of
the spread of fungi (Wagner).

Surrounding media modify the form and mode of
fructification of fungi, some increasing and others
diminishing spore-formation, or we may have the fungus
dividing into yeast forms. Schwann, Pasteur, and
others consider the yeast fungi as organisms swi generis,
arising in fermentable liquids from their own specifie
germs.

Hallier, Hoffman, and others consider that they are
only conditions, especially of mould fungi oceurring in
fermentable liquids, particularly the spore forms, which
fructify in the atmosphere in other forms, They origi-
nate likewise from spores or from yeast cells themselves
when they reach a liquid. Hoffman thinks that the
genera of Schizomycetes, described by Ehrenberg,
Pasteur, &c., pass into one another, peculiarities which
are to be held as characteristic of the species, and
which change in the course of development according
to the change in the external conditions of life
(Wagner). As we have seen, Cohn maintains that
such genera are distinct throughout life. Species
may show various sizes and different pigments be-
sides differing in their effects. Zopf is a warm
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supporter of the theory of pleomorphism. Crook-
shank (Bacteriology, 1886), who adopts Zopf's classi-
fication, says that in classifying species of bacteria
we must take into account—I1. Macroscopical appear-
ances in various nutrient media. 2. Character of their
colonies under a low power, in plate cultivations. 3.
Microscopical appearances of the organisms themselves.
4. Their physiological action. These desiderata, how-
ever, scarcely satisfy the requirements of the case, and
I beg leave to add—>5. The study of their modes of
development and reproduction in each species.

In this way we may be able to make out the life
history of an organism. Recent observations by Lister,
Neelsen, Zopf, Van Tieghem, Klein, and Hauser, are
said (Crookshank) to show that the orders of Cohn pass
into one another. It is due to Lister to say, however,
that he retracted his first opinion with regard to the
bacillus of black milk, and expressed a doubt as to
whether he had not got a mixture of organisms. If
this were true, of course, Cohn’s classification of genera
would fall to the ground. Cohn’s strong point is that
he opposes change of shape in genera. He admits
differences in size and arrangement and colour as well
as physiological action, in the different species of each
genus. The truth appears to be, that while the various
genera retain their globular, oval, rod-shaped, or spiral
form throughout life, the different species deseribed as
cocel, rods, threads, and spirals may be merely stages
of growth of a single organism. At the same time



196 APPENDIX A.

these various forms may produce different physiological
effects. We find so-called “ cocci” described as growing
into torule or rods. But we find that rods are spore-
bearing, so that it appears rather a misnomer to call such
spores coccl.  Should they not be called spores of bacilli?
It is evident that a gap has to be filled up between
the higher torula-form and the spore. The researches
of Dr Douglas Cunningham upon the micro-organisms
found in the intestinal canal show that they have an
active and a resting stage. In suitable media, the
“ zoospores ” multiply till the material for their growth
1s exhausted, when the medium i1s acid, and the micro-
organisms cannot develop further. When transferred
to an alkaline medium they at once become active.
The mode of reproduction of a “minute septic organ-
ism” has been well described by the Rev. W. H.
Dallinger, in a remarkable paper communicated to the
Royal Society of London in 1878 by Professor Huxley.
He finds that the bacterium grows to an ovoid body, of
very delicate nature, which bursts and gradually col-
lapses, scattering very minute spores. By continuous
observation, he has seen the spore grow again into the
ovoid body, which was seen to burst again as before.
Mr Dallinger worked with very high powers, x 3000.
Similar observations with regard to the life history of
bacteria have been made by Professor Cossar Ewart,
but he does not emphasise the resting stage. Mr P.
Geddes points out that this occurs in many instances

in the cycle of cell-life.
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LirE History oF THE VACCINE ORGANISM,

In tracing this I shall follow the method recom-
mended above by Crookshank, as my observations fall
naturally under his headings.

1. Macroscopical Appearances of Vaccine Cultiva-
tions,—We found that the best medium for making
observations was Koch'’s jelly. Here we obtained three
definite coloured growths. The colours on the surface
of the jelly were white, yellow, and orange. Below the
surface they were white and yellow. No orange colour
appeared below the surface. The shape of the colonies
was oval or like a cocoon. Sometimes these were
aggregated together, and irregular on' the surface.
They grow from inoculations of clear lymph only.

2. Character of their Colonies—The “colonies”
have been well described by Cohn, in 1872, in preserved
lymph. He saw the minute spherical corpuscle of
fresh clear lymph succeeded by “simple corpuscles,
double corpuscles, rows and heaps or masses of cor<
puscles.” He saw the corpuscles become larger, until
at last the lymph contained separate large globular
homogeneous transparent bodies like oil-drops. I can
confirm those observations as correct, and I agree with
Zopf (1885) in thinking that they can only proceed
from continuous division and growth of the organisms
in clear lymph. Opacity of lymph is produced in this
way. I observed, however, that the large torula-look-
ing bodies disappeared from fresh preparations within
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was more favourable for spore-production. It would
be interesting to know whether coloured growths of
vaccine lymph are alkaline or acid in reaction. If the
orange growth 1s composed of spores, 1t should corre-
spond to the alkaline clear lymph. At the same time
the white and yellow should show an acid reaction
similar to that given by opaque lymph. We may
suppose the yellow colour to be produced by a mixture,
of vegetative and spore growth, z.e., white and orange.

3. Microscopic Appearances of the Organisms—
My observations show that the size of the organisms
ncreases with the age of the cultivations. Incubation
has also some effect, and one medium may be more
suitable than another for its growth. Thus in Koch’s
jelly the micrococei were smaller than those in agar after
incubation. As the material was the same, this could
only be explained by more rapid growth. Thus we find
that the same organism, derived from the same source,
presents different appearances according to the environ-
ment and other favourable circumstances. It does not
follow, however, that the same forms will produce the
same effects, Nor does it follow that different-sized
organisms will not produce similar physiological effects.
The truth seems to be that the larger organism is the
more powerful. The embryonic form is milder in
action.

4. Physiological Action.—The results of experi-
ments, although few in number, appear to show that
the embryonic form is milder in action than the more
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SUMMARY OF RESULTS.

The following conclusions appear to be warranted
by the results of the inquiry just detailed. Bacterio-
logists are still at variance as to whether bacteria spring
from higher forms, and grow into them again. So far
as the globular or spharo-bacteria are concerned, the
only mode of reproduction at present recognised is
fission occurring in one or more directions. Differ-
ent morphological appearances and colours are held
to be distinctive of different species of microcoeci,
but it appears probable that a careful study of the
physinlﬂgiﬂé.l action and mode of reproduction is re-
quired before a satisfactory classification can be obtained.
Continuous observation of each organism from its em-
bryonic to its mature form is necessary. Cultivation
of the organisms, in both solid and fluid media, also
appears to be imperative. It is also necessary to dis-
tinguish between local and constitutional results of
experimental inoculation with cultivations,

We conclude, then,

1. That commercial vaccine tubes contain germinal
matter, but in small amount, and that it assists in the
production of opacity in lymph.

9. Clear vaccine lymph, clear variolous lymph, and
orange “vaccine” contain probably, not micrococel,
but the spores of micrococci. Inoculation with these
materials produces local irritation by the growth of the
“ spore ” into a more mature form of organism.
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5. White variolous cultivations in solid media appear
to represent stages of growth between the spore in
clear variolous lymph and the torula in opaque variolous
material. When inoculated, a mild eruptive fever was
produced in a monkey. This was not contagious to
another monkey. The organisms correspond to the
refractive corpuscles of Cohn. Cultivations of variola
and vaccinia in solid media appear to produce mild
eruptive fever. They do not produce a local result.

6. Inoculation with vaceine and variolous cultiva-
tions protects from a subsequent attack of variola in
calves.

7. The best or perfect material for vaccination
appears to be that which contains spores only. This
1s probably due to the small quantity of the virus,
and to its slower rate of increase.

8. Inferior or imperfect materials for vaccination are
more powerful in their action. Thus opaque vaccine
and variolous lymph not unfrequently produced erup-
tions, with a modified imperfect local effect. Cultiva-
tion of clear lymph in solid media appears to increase
its potency, as shown by its production of an eruptive
fever in a calf. Cultivation of vesicular variolous
lymph in solid media does not appear to differ in
potency from vaccine cultivations, as shown by the
effect of inoculation on a monkey. The action of the
material containing spores is probably milder.

9. Vaccination probably protects from smallpox, by
producing a mild form of fermentation in the blood.
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At the Council Chamber, Whitehall, the 1st day of Decem-
ber 1859, by the Lords of Her Majesty’s Most Honour-
able Privy Counecil,

To the Guardians of the Poor of all Unions and Parishes,
to the Wardens and Overseers of all Parishes, Town-
ships, and places in which the Relief to the Poor is not
administered by Guardians, in England and Wales, and
to all Medical Practitioners.

Wiugereas by the Public Health Act, 1858, and by an Act
since passed to perpetuate the same, it is enacted that the
Privy Council may from time to time issue such regulations
as they think fit, for securing the due qualification of per-
sons to be thereafter contracted with by Guardians and
Overseers of Unions and Parishes in England, for the vacei-
nation of persons resident in such unions and parishes, and
for securing the efficient performance of vacecination by the
persons already or thereafter to be contracted with as afore-
said :—

Now, therefore, it is hereby ordered, by the Lords and
others of Her Majesty’s Most Honourable Privy Council (of
whom the Vice-President of the Committee of the said Privy
Council on Education is one) that on and after the lst day
of January 1860, the following regulations shall be in force,
ViZ, :—

1. Except where the Privy Council, for reasons brought
to their notice, see fit in particular cases otherwise to allow,
no person shall in future be admitted as a Contractor for
Vaceination, unless he possess the same qualifications as are
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contractor of the same union or parish acting for him, or by
a deputy, duly admitted as above :

But, at any station where the contractor is authorised (as
above) to grant certificates, pupils and other candidates,
aged not less than 18 years, may, in his presence and under
his direction, take part in vaccinating.

All vaccinations and inspections under contract shall be
performed in accordance with the annexed ¢ Instructions
for Vaceinators under Contract.” !

4. Until some new form of Vaccination Register be duly
prescribed, the person who performs any vaccination under
contract, shall, on the day when he performs it, legibly
write in his register (as now provided) the letter R (for re-
vaccination) against the name of every person, adult or
adolescent, who, having in early life been successfully vacci-
nated, is re-vaccinated ; and shall also enter in some column,
or in the margin of the register, the source whence the
lymph used in the vaccination was obtained ;—

Thus : the name, or number (if any) in the register, of
the subject from whom the lymph was taken ; or “ N.V.E.,”
if the lymph was sent by the National Vaccine Establish-
ment ; or the name or description of any other source ;—

And where the vaccination or the inspection is done by a
person acting as deputy for the contractor, the deputy shall
write the initials of his name in the register side by side
with the entry of the case; viz., in the left margin of the
page, if it be a vaccination which he performs, or in the right
margin of the page, if it be an inspection which he performs.

5. Guardians and overseers, in their respective unions
and parishes, shall forthwith take measures to bring the
performance of public vaccination into conformity with these

regulations.
WM. L. BATHURST.

1 For these instructions, see annexed order of February 28, 1887,







216 APPENDIX C.

Article IV.—In this Order,—

The word “Union ” includes any Union of Parishes
incorporated or united for the relief or maintenance
of the Poor under any Act of Parliament ;

The term ¢ Separate Parish ” means a Parish or Place
which is under a separate Board of Guardians ;

The word “ Guardians” includes any Governors,
Directors, Managers, Acting Guardians, Vestrymen,
or other Officers appointed or entitled to act in
the distribution or ordering of relief to the Poor
from the Poor Rates under any Act of Parliament.

Given under the Seal of Office of the Local
Government Board, this Twenty-eighth day
of February, in the year One thousand eight
hundred and eighty seven.

CHAS. J. RITCHIE,

President.
S. B. PROVIS,

Assistant Secretary.

INSTRUCTIONS FOR VACCINATORS UNDER
CONTRACT.

(1) Except so far as any immediate danger of smallpox
may require, vaceinate only subjects who are in good health.
As regards infants, ascertain that there is not any febrile
state, nor any irritation of the bowels, nor any unhealthy
state of skin; especially no chafing or eczema behind the
ears, or in the groin, or elsewhere in folds of skin. Do not,
except of necessity, vaccinate in cases where there has been
recent exposure to the infection of measles or scarlatina, nor
where erysipelas is prevailing in or about the place of
residence.

(2) In all ordinary cases of primary vaccination make
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adopt any other method of vaccinating. To provide against
emergencies, always have in reserve some stored lymph ;
either dry, on ivory points, thickly charged and constantly
well protected from damp ; or liguid, in fine, short, uniformly
capillary (not bulbed) tubes, hermetically sealed at both
extremities. Lymph, successfully preserved by either of
these methods, may be used without definite restrictions as
to time. With all stored lymph caution is necessary, lest
in time 1t have become inert, or otherwise unfit for use.

(6) Consider yourself strictly responsible for the quality
of whatever lymph you use or furnish for vaccination.
Never either use or furnish lymph which has in it any, even
the slightest, admixture of blood. In storing lymph, be
careful to keep separate the charges obtained from different
subjects, and to affix to each set of charges the name, or the
number in your Register, of the subject from whom the
lymph was derived. Keep such note of all supplies of
lymph which you use or furnish as will always enable you
to identify the origin of the lymph. Do not employ lymph
supplied by any person who does not keep exact record of
its source.

(7) Never take lymph from cases of re-vaccination. Take
lymph only from subjects who are in good health, and, as
far as you can ascertain, of healthy parentage ; preferring
children whose families are known to you, and who have
clder brothers or sisters of undoubted healthiness. Always
carefully examine the subject as to any existing skin disease,
and especially as to any signs of hereditary syphilis. Do
not take lymph from children who have any sort of sore at
or about the anus. Take lymph only from well characterised,
uninjured vesicles. Take it at the stage when the TESi[.:l{E’E
are fully formed and plump. Do not take it from a vesicle
around which there is any conspicuous commencement of
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