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My very best thanks are due to Dr. G.S. Middleton
who so kindly placed at my disposal his two cases of
Beri-Beri, as well as their clinical histories contain-
ed in his ward journal.

I am also much indebted to Dr. Stevern, to Dr.
Workman, and two Dr, Rarlow, for the use of their
laboritories and apparatus.

With this thesis I submit a series of Microscopic
specimens which will serve as illustrations to sone

of the points referred to throughout its pagess
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That the symptoms and signs of beri-beri are due
' to-a Mﬁltiple Peri?heral Neuritis, is I think‘now arn
accepted fact. And the question which remains at
issue, if indeed it has not yvet been settled, is -
What is the cause of this Neuritis?.

A Multiple Neuritis is symmetrical and being so
.the Parenchymatous degeneration of the affected nerves
must be due to some irritant circulating in the blood,
this irritent having a special affinity for the merve
protopla.su. And the peripherél parts of the nerves
are the parts most affected bhecause fhese beihg?farthestA
from their source of rourishment, their vitality will
be proportionately iess, and they will therefore the
more readily undergo degeneratidnﬁ

We are familiar with many examples of Multiple
Nearitis caused by poisons circulating in the blood.
Alcoholic Neuritis, Arsenical neuritis, the neuritis
of small pox, of enteric fever, and certain aspects of
diphtheritic paralysis, may all be cited by way of
illustration. In the first two cases, alcoholic and

arsenical/



arsenical neuritis, the poisoné‘get into the circulation:.
from without by means of the digestive systemn. In the
other cases, or at least I may say without fear of
contradiction, in the cases of diphtheris =znd enteric
fever, the toxins are manufactured in the blood or
tissues, the result of the vital activity of certain
specific microorganisms.

Early in the study of beri-beri it was recognised
that its symptoms must be due to some deleterious if mot
actually polisonous substance present in the circulation.
With this in view many and various causes were mentioned
by way of explaining the etiology of the disease...

It was thought to be allied to rheumatism, to scurwy,,
to be a form of iMalaria. Wernich exsmined the blood
in many of his patients and concluded that the disease
was similar to permicious ansemiz. This theory he
m2intained, would explain the cardiac failure, the
aropsy, and the nervous and other symptons. RBut it

was fomnd that the changes he described in the blood
were by no means common to0 all cases of beri-~beri,

and that indeed msny of these changes did not in reality
exist, but only in his preparations, the result of his

feulty methods of examination. -

Diet/



- biét aéain; wasiélaimedwtb be:the cause:, ‘Iﬁ waé
said th&t many of thé'sUffergrs lived entirely qﬁ'riéé;
- andithat on:. substituting a mbré'nijrogqnous fobd; they
‘shdwed marked gigns of improvementm Others mointained
that the diet was too rich in nitrogénous material and
claimed an imprbvement on giving less. Impure water,
overcrowding, gases from organic decoﬁpositidn,were

all given an- important place among the causal factors
of the:diseaseﬁ

- Bﬁt 2, more édequate explanation than any of these
had to be‘foundjfor not ome of them was convincing or
satisfactory. In some of the other infective diseases
a miCro—organiSm had been found in the bloodwtiésues

of those affected.: These organismg in growing produced
certain poisons called‘tOXinsg and it had been shown
that the poisons so produced, were the causes of the
| -éﬁaracteris*bic symptomns of the disease. The task

. therefore which presented itself was to find in the
blood or tissues of people‘suffering‘from beri-beri;
2 specific micro-organism with characters analogous
to the organisms of such diseases as diphtheria or
entefic fever, Some idesz of this kind was evidently
in Simmoné’s nind twelve vears aQo; when hé wrote as

follows:~



folbhows:~ "TPen years study and observation of the
malady (beri-beri) under a great variety of circum-
shbances and conditiomns, have led me to the definite
conclusion that its excitinmg cause is a specific poison
or germ, having many striking resemblances in its mode
of production to paludal or Marsh miasm, though entire-
ly distinct and separate from it."

Various investigators have discovered micro-
organisms in the blood and tissues of patients suffering
froh beri-beri, but unfortunately the variety of these
organisms is very considerable. Pereirs in 1874,
reported the presence in the blood of micro-organisms
which he described as micrococei in rapid motion. He
says he also found these in rormal blood, and so he
considered them as of no importance.’ Iﬁﬁs therefore
probably De Lacerda who deserves the credit of being
the first to describe anvorganisvahich he congidered
10 be the cause of beri-beri. This was a bacillus,
the same, he says, as he cultivated from rice, and the
same as’he found in the blood of rats which had died
after eating the rice. Some years later however, (in
1887), De’ Lacerda’ cultivated cocci from the blood of
his beri-beri patients, and produced by *jnoculating
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‘rabbits the symptoms of that disease.

In 1885.0gat$:found in the spinal cord of one who
had died of beri{beri;'a bacillus something like the
Ahthrax baoillus.w‘ Growing in gelatine it had a
"tree-~-like appearancé\and on agar—agar a "vellow grey-
white‘colourf On injecting:.cultures of phis bacillus
into mice and dogs he says there wézug;veloped in them
the symptoms of beri-beri. He cultiﬁated the organ-
ism on a medium of gelatine and grape sugar, and found
that thé fluid resulténg from this growth on being
injected into animals caused paralysis. He found his
bacillus in the intestines of beri-beris and cbnoluded
that it was the toxins of these bacilli,which being
absorbed into the cifculation;caused the paralvtic
synptons,

In 1887 Van Eecke' reported that he had cultivated
ﬁxféur different kinds of orgamismsfrom the blood of his
vatients.y Thepe were as follows:-

(1) "Mierococcus albus", a micrococcus which was
immobile, aerobic and liquified gelatine,

(2) "Micrococcus tetragonus flavus", coccli arranged
in tetrad form. '

(3) "Micrococcus flavus", also aerobic and liquifyving
gelatine,

(4) "Racillus/



(4)1"Bacillus flavus", short rods in pairs and chains,
in ac¢tive motion, aerobic and with spore formation.

On injecting animals with these growths three of
them, the firét, thifd and fourth, each produced
paralysis. No result was obtalned with "Wicrococcus
tetragonus flavus," |

However important a1l the above observations
might be, it was not till Pekelharing and W:lnkle:r:‘s
took,thé'subject in hand that anything like a satisfactory
account of the Bacterioldgy of beri-beri was given.

In the first place, at pogt-~mortem examinationg, an
organism was sought for in the tissues and cerebro-
spinal fluid, but with no conclusive result. On-
investigating however the blood bf their patients while
alive, the result was much more satisfactory, For in the
blood were found numerous micro-organisms, both cocci
and rods,and .‘therse were demonstrated in fresh bloody
as well as in stained specimens, An extended ingquiry
as o the condition of the blood in pmople residing.

at Atjeh and at Batavia, was next undertaken, In

the farmer place where beri-beri is very prevalent;
most of the inhabigtants had"cocci and Racteria" in

their/



their blood whether they were actually suffering from
the disease or not. At Baytavia on the other hand,
where beriAberi wa.s almost never met with, the blood
of its residents showed total absence: of thesorganisns.
As regards the micro-organisms in the blood of the
so~called healthy people in Atjeh, it was pointed outl
that almost mo one enjoved éood health there. Most
of its inhabitants complained of a feeling of heaviness
lassitude, palpitation, pains, and oftemn loss of tactile
sensation in the legs, The' doctors who were carrving
on the investigation, also experienced thesé symptoms
and theyv were not free from them till thev removed to
Batavia. Fresh arrivals at Atjeh had no micro-organisms
in the circulation but these could almost always be
demonstrated after a short residence, disappearing
‘however on removal from the infected neighbourhood.’
Thus all these observations gave confirmation to the
surmise that beriAberi was due to the micrb—organisms
present in the blood.

The next step was to cultivate the organism or
organisms outside of the hody. This was found 0o be
ﬁE matter of considerable difficulty. Cultures were
waken from the blood of 80 patients7in 21l of whom
the organisns were known to be present, O0f the 80
tubes only 1E of them showed any growth and not all

of these growths were alike, O0f the 1%, twelve were




were micrococci and 3 were rods, O0f the 12 micrococci
9 seenmed alike and they showed a close wesemblance
“in many of their dharacters4to“Staphﬁgococcus Pyogenes
Albus.: '»Two?mbfe were‘Yellow gfowths; the twelfth
was not well made out. The growths in the three tubes
with rod-shaped organismi,; differed considerably from
-each other, It is to be noted that of the 9 white
micro'cocéi,s liquified @@lstine and two did not; the
ninth was lost. In addition to cultivating these
microboccirfrom.the blood Pekelharing and Winkler
had ro difficulty in growing a similar organism from
the air of houses invAtjéh.:

It was next neceésary to test the pathogenic
characters of these micro-organisns. Singile injections
of cultures produced no effects on the animals. But

this was quite to be expected for the disease beri-beri

"°7{,4differs from other infective diseases im that whilse

>5ﬁost of the others require but one exposure to their
infecting agent, it is nedessary 1o have a prolonged
contact with the virus of feri4beri, to insure the
developmerntt of that disease. And so the infections
were gilven at intervals, and were continued over periods
extending from 9 to 48 days. Seven rabbits smd two |

dogs /



dogs were treated in this way with cultures.of the
white micrococcus. Six out of the Seveﬁjgga one of
the two dogS~shoWed on post-mortem examination well
marked degeneration of thelr nerves. From the blood
of these animsals the same micrococcus was cultivated,
and this in its turn produced a nerve degeneration in
other rabbits. Cultures of the white micrococcus
were given to rabbits among their food, and @#iffused
in the alr thev breathed, with results similar to those
obtaired on injecting- this virus. Again, saline
solutions impregnated with the air of a room in Atjeh,
were injected into a rabbit. This animal died and
the post-mortem showed a degeneration of its nerves.
Micrococci too werecultivated from this rabbit’s blood
and these produced degeneration of nerves in other
animals. Control observations were uwade, the control
animals being kept under circumstance exactly similar
1o those receiving the injections. No nerve degeneration
was found in the foruer. A rabbit was injected with
a culture of Staphylococcus pyogénes albus. The
rabbit died in five days, Abscesses were found in its
liver and kidneys but no degeneration in its nerves.

The/
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The pathogenic properties of the three rod forms and
the two yellow cocci cultures obtakned from the blood,
were in a similar way invegtigated, but thewe was no
certain evidence to show that these caused a nerve
degeneration.,

“The conclusion therefore that Pekelharing and
Winkler arrived at ﬁas that the "whité micrococcus"
they cultivated from the blood,is the cause of beri-
beri.

As to its liquifying gelatine or not, that they
thought to be a matter of no moment,but to depend
uostly on the culture medium on which the organism
was grown. The rod forms were suppoged to he
extraneous probably impurities.: The"vellow cocci"
they seem to think in some way related to the"white
cocci", but on this point they are not very clear.

They believe that the'"white cocci" impregnate
the air of the infected hduses; ships and districts.
These cocci éet into the human circulation through the
alr passages and when absorbed in suffigient amount-—
some week’s exposure to the infection being necessarys—
they ﬁroduce in the blood;toxins in such guantity and
of such a nature,as to bring about a paren@hvmatous

degeneration/
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degeneration of the peripheral nerves.,

Follbwing on these observatioris of Pekelharihg
and Winkler, came Ebdnmuﬁf (1888), but he could not
confirm their cohclusions. He himself got ohly
negative results from the study of the Bacteriology
of beri-beri. Neither could Mendeswagree as to the
specific nature of the cocci of Pekelharing and Winkler.
I 1887 Sternberg whem in Rio de Jameiro, tried to
cultivate an organism from the blood of four typical
cagses of beri-beri, but his results were also quite
negative;- Leopoldniﬁ 1892,isolated four micro-organisms
from the blood of his patient. These were as follows:-

(1) "staphytococcus pyogenes albus,"

(2) "Micrococcus of chain form".

(3) " A small Streptococcus, colourlessof unknown
character and difficult cultivation®,

(4) " Micrococcus, with by intoculation in animals—
guinea pigs and dogs-causes a degenerative Nenritis"y,
and is described as the typical micrococcus of heri-beri.
But the account by Leopold of his observations is other-
wise so indefinite and unsatisfactory that one cannot
give much heed to it. |

In 1898 iusso and Morellfgcultivated from the

blood/
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blood and-ascitiq fluid of two casés of beri-beri
a micrococcus which when injected into rabbits pro-
duced syuptons ofvberi—beri{

- Scheube (1894) in his "Die PReriberi-Krankheit'",
while recogrising the importance of the observations
of Pekelharing and Winkler, takes great excepltion
t0 many of themn. He maintains that they did not pro-
duce beri-beri in the animals they injected and that the
cocci found by them are not the cause,and not even oﬁe
of the causes of the disease, He- says 1f organisms
are present in the blood, why, in 6F out of 80
cultures were no growths obtained? He says their
results do’noﬁ COnfirm‘each othef and that some of
them 4o riot seem trustworthy. He does not think it
probably that heri-beri can be préduoed by several
organisms as was suggested by Pekelharing and Winkler,
and again he thinks they treat the bacilli and vellow
cocéi;they ouiiivated.too*lightiy; He wants t0 know
how thewe could get into the test tubes 1f not from
the blood. He lays much stress on the ligquifaction
of gelatine,and indicates that the cocci which did

liguify gelatine seemed more virulent and more ceritain

in/



in their pathogenic characters than those“that did not.
He asks'why no result was obtained by giving injections
of the blood from beri-beris. He maintains that the
cause of beri-beri has not yet been d1800vefed.

Lastly;.Fiebiébaréues that the micrococcus cul-
tivated by Pekelharing arid Winkler is the samé organisn
2.8 Staphybococcus Pyogenes albus.: He says the two
have many resemblances, and that they have no
differences which could not be explained by alterations
produced by growth on certain culture media at certain
'temperatures.‘

From this account Whicth have given of the
observations made,and the bpinions held,as to the
etiology of beri~beri by those who have been specially
engaged in its investigation, one will readily
appreciate that all are not agreed as to the nature of
its specific micro-organism. And in this cohnection
I may quote Dr. Spencerf who no later thanm 2 month ago,
wrote as follows:-

"In spite of the ardﬁous researches of Pekelharing
Vinkler and others, the organism which is the cause
of beri-beri has not been satisfactorily or certainly
determined, "

At/
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At this stage of the discussiom therefore, all
fresh observations which are carefully made and
honestly recorded, cahnbt but?be received as evidence
of sone value. And so I'think'I need ﬁrge no excuse
for presenting the résults of a bacteriological

examination of the blood, in even only two cases of

beri~beri,

-
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Shaki Shual, aet. 2%, and Abdul Kadar, aet, 23,

two firemen from the Anchor Line S.S.”Britanmia",

were admitted into Ward XI, of the Glasgow Xoyal
Infirmary, on 26th, February. 1896, complaining of being
“affected with beri-beri". Their 1last port had been
Rlewfields, Nicar@gua; and so far as could be made outb
they wére two of seven lascars all affected with the
same syvmptoms and presumably the same disease, Three’
of the seven had heen sent to hospital in America,
other two died on board ithe ship and the remaining two,
our‘patients,oame on to Glasgow.

When admitted into the ward each gave almost

exactly the same clinical history and both showed

very nuch the same physical signs., The syvoptons

they said were of three weeks duration and had set in
with ayfeeling of great weaknesé, lagsitude, and loss
of power in the legs. The gait in each was unsteady,
especially so in Abdual, who zould not walk at all
without support. The knee reflexes in hoth patients
were absent, but the plantar and abdominal were guite

active, No distinct muscular atrophy could be said

to/



+t0 be present; although there was certainly some loss
of power in both the arms and in the legs. The
reaction of degeneration was not fully developed,
Most of the muscles in the ;imbs‘showed much tessened
excitability to faradic electricity, vel some response
was almost always obtained with a sufficiently strong
current.

The patients complained of pains, and feelings
of tingling and swelling in the feet, legs, and arms.
The limbs were tender and painful to the touch and
there was a sense of constriction at the ankles,
kneés and wrists, Jjust as if a cbrd had been tied round
these parts. Some degree of anaeéthesia and analgesia
was noticeable especially in the legs.

There was oedema of the legs, arms and trunk in

both the patients,but it was much more marked in the case

of Abdud who also had some cardiac complication, No
nurmur wa.s tb be heard over his precordial area but the
sounds were feeble;and the second sound; and sometimes
the first sound, was reduplicated. Abdul moreover,
had signs of oedema at the base‘of both lungs and

possibly/
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possibly there was also some ﬁleUral effusion.

The spleen and liver were normal in both the cases,
and in both there was a trace of albumen,and also
sarcinae,in the wrine,

An examination of the blood showed the following:-

Shaki - Heemoglobin 68% : Red Corpuscles 114%.
Abdul -~ Haewoglobin 76% : Red Corpuscles 12i%,

These two patients remained in hospital Tor two
and a2 half months and their clinical history during
that time is pretty much an account of their gradual
recovery, Abdul had one had attack of synoopeyfnur
days after admission, and two daoys after that, each
had o considerable rise of temperature, lasting two
or three days, and for which no explanation could be
found., Otherwise, the oedema gradually disappeared,
the motor and sensory troubles passed off,and the
patients were dismissed well,

During the residence of these patients in hospital
T had the opportunity of examining their blood on four
different. occasions Viz:- March 6th, March 1lth, April
2tth, lMay 9th; amd the avppearances which presented
thengelves were the same on each occasion and in each

patient. /



0.

patient, The blood was examined with a 1/1§koil—
immersion lens, hoth in the fresh state as well as in
dried specimens stained with eosin and methylblue, with
fuchsine, and with Biondi’s stain: It was noted that
the red blood corpuscles ran together into Tonrleaux,
and the white were slightly increased in number, many
of them containing large black granules. There also
seemed 10 be an ircrease in the plates of Rizzozzero.
On addition to the above ordinary constituents
of the blood, there were present small granules or
nicro~-organisms in wvery active motion, These little
bodies were seen as single "granules" or cocci, or as
two coccli (diplococcl), or more rarely as seversl
cocci joined together. Sonetimes as’ in the latter
case, they were very similar to "rods", but this
appearance I was convinced, was caused umore by two or
three cocci in 22 shorit chain than by‘a rod shaped
organgsm, That the movements observed were not a
brownian movement, but diie to the organism itself, T
am quite convinced; and on this point Dr.- Middleton,
En'SteVen and Dr, Workmax, who were good enough to
look at my preparations, were all agreed,
In the stained specimens the organisms appeared almost
-inveriably afcocci in pairs, lving over, or attached to,

the /



the red blood corpuscles. Never were any rod shaped
organisns seen in these preparations. But it must be
confessed that although I stained meny specimens of the
blood, the results obteined were riot satisfactory; for
the number of cocci in the stained preparations was never
anything like so numerous as in“those of fresh blood,

and indeed they were sometimes very difficult to find.
‘(slides Nos., 1 & 2.)

I next directed my attention to cultivating these
orgenisms on artificial media, Tfubes of agar-agar,
serun-agar and gelatine were inMoculated with the bhlood
of our patients on the following dates and with the

following results:-

4 tubes of Agar-agar.
4 " "  Serum-agar.
2 " " gelatine,
Growth appeared on two tubes only —
one agar-agar(growth A.) and one serum-agar(growth B, )—

both from the blood of patiert No., 1. (Shaki)

March 14.
4 tubes of agar-agar.
4 " " gerum-agar.
2 " " gelatine.

The only growth here (growth C.) was on the gelatine




tube~ from patient No. 2. (Abdul),
This tube had by nmistake been placed in the incubator

at 37 C. and so of course liguified.

April 26.

4 tubes of agar-agar.
4 tubes of serum-agar.
Growth appeared in two agar-agar (growths D.&E.) and

one serum-agar tube (growth F.),all from case No, 2.

April 27.
6 tubes of agar-agar.
6 tubes of serum-agar.

Growth on one agar-agar tube (gfowth &) from case No, l:

6 tubes of agar-agar
6 " "  gerum-agar
4 n " gelatine,
Growth on one agar-agar tube (growthH) from case No.l.
From the above it wili be seen that of £8 tubes
inoculated at various timés from the blood of our two
patients, unequivocai growths were obtained onlyv in 8.

or/
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Of these eight tubes five were agar-agar, 2 serum-agar,
and one gelatine (at 37°C.) Four of the growths were
from patient No. 1, and four from patient No. 2.

Throughout this investigation every care was
observed o that no organism from without should get
into the tubes, special attention being given to the
cleansing of the patient?s firger from which the blood
wags drawn. |

On further investigating the eight growths obtained
from the blood,it was found that only three (E, F & H)
were pure cultures., These three seemed to0 be the same
organism for their characters were almost exactly alike.
They grew rapidly on agar-agar there being in 24 hours
(2t 37°C.) arn almost continuous growth along the streak.
In from two to three dasyvs this had increased to an
abundant pearly-white club-shaped growth with slightlyv
scalloped edges (Fig. VI.), presenting an appearance
almost identical with a similar growth of Staphyloccus
pyvogenes albus, Coveg;glass preparations stained
with fuchsine, showed the organisms to be cocci,grouped
0 as to form staphylococci, These also stamed well
with grain’s method. (slides,Nos., 3. to B )

Plabe/
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“Plate cultures were made both with agar and with
gelatine and these both showed the growths to be
guite pure; With a 1QW power the colonies on the
agar plate were noted to consist of light-yellow or
straw coloured discs, finely granular,with well
defined edges and small dark centre, There were also
other forms to be seen, much smaller, darker in colour,
round or lozenge shape&,\and in appearance rather like
an uric acid chkystal.. These were usually separate
from the larger discs but sometimes they overlapped.
them, seeming to grow out of them, giving an appearance
as 1f the darker growths were the stalk, and the lighter
growths the bell,of a mushroom-shaped colony. (Fig. 1.)
On gelatine plates of five days growth, the Coloﬁies
had much the same appearance as the above larger discs,
only they seemed thicker.and more granular. There
were very few of the dark uric acid-looking plaqgues
to be seen., (Fig.: 2.)

On examining a hanging drop preparation, cocci
solitary and in pairs, were seen ﬁo be in very active
notion, The appeararnces here reminded one of the
appearance these organisms presented in the fresh blood;
the kind of movement was almost exactly alike in both
cases and the movement certainly was not a movement in

the /
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in the fluid,but inherent in the cocci themselvesy

As to whether orbnob these cocci had flagella I cannot
say definétely; but if they had I was guite unsuccessful
in ny atteupts to stain themn.

The micrococci grow rapidly in Bdﬁillon Rroth
giving in 2% hours a muddy appearance, The reaction
of this'oulture medinm after a few days was strongly
acid. It was also demonstrated that & small anmount
of sulph@retted hydrogen was given off from this
nediun during the growth of the organismns,. The

addition of potassitm nitrite and sulphuric acid to
the Bouillon” Broth,showed the indol reaction though
faintly, tvyﬁﬁﬁ<quite distinctly.

When grown on milk a coagulation is developed
in from two to three days and the fluid which separates
has a strongly acid reaction and a distirctly sour
smell.; This fluid added to solid gelatine does not
liquify the gelatine.
is Stab-cultures in gelatine develop slowly and
liguifaction does not seem to be constant. When it
does take place it does so very slowly sometimes alomg
the streak, sometimes transversely at the upper part
of the gelatine(Fig.7 & 8).. Each of the three
cultures we are now considering at first did liquify
gelatine but growing them on gelatine seemed to lessen

e———tal._oven destrov this cavacitive -
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The growthe E & F. are examples of this,for now after
seven or eight months growth partly om gelatine and
partly on agar, I cannot get.them to liguify gelatine.
At no time, even in summer, did liquifaction take’
place in less than a fortnight and sometimes it did
not develop till six weeks had elapsed. In the tubes
where liguifaction took place the organisms,which fell
to the lower part of the fluid ,developed a dirty orange-
colour pigment. The fluid itself had a neutral re-
action.

The remaining five growths A,B,C,D, & G, were
impure but on making plate cultures and isolating their
componant orgarisms,it was found that each of the five
contained a staphylococcus similar-to thet of B,F,& H,
whose characters we have just been considering, From
each there was in addition isolated a rod-shaped
organism,; but not in any two of the growths was this
rod the sanes

Thus in growth A, where both cocci ard rods are
to be made out in the cover glass preparatiOn»(slidé
No. 9)3 a staphyvlococcus (slide No; 10) was isolated,
whose appearances on plate cultures, in agar tube,
in Bouillon Broth, in its power of liquifving gelatine

etc. /



etc, showed it to be the same as the growths E,Fy& G.
The other organismi,on agar plate cultures fommed light
brown or wvellow colonies, quite round, granular in
appearance,with fairly well defined edges. tTheré
were also some plaques to be seen, light yellow in
colour, and usually overlapping each other (Fig.3).
The appearances on gelatine plates were much similar,
Growth was seen on an agar tube in 24 hours,as pearl-
white rounded colonies, tending to run into each other
along the streak. On- staining this growth it was
seen to consist of thim short rods,not staining
uniformly, These stain well with Gram’s method but
every attempt to stain spores was unsuccessful (slides
11 & 12). Hanging drop preparations showed rods in
active motiomn, Gelatine liquifies slowly.

Growth B, also contained a staghylococcus of the
type I have already described except that it never
liguified gelatine (slide 14). The rod organism
isolated had very distinctive characters., On agar
plates a colony appeared,under a low power,asS a more
or less rounded body of ahber colour, with several
processes, giving in all an appearance as like as

possible/
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possible, to that of the itch insect - acarus scabiei
(Fig. 4). After four or five days growth on agar
tube ,the culture which was white, began to spread
out at its edges into brahches, presenting an
appearance like that of a fir-tree (Fig. 9).
Cover-glass preparation showed short thick rods,many
of which only stained at their two ends, These
rods stain well with Gram’s method and show: spore
formation when stairied for spores (Slides 15, 16 & 17).
A hargingdrogd reveals large strong rods all in active
motion, Growth in gelatine stab~cultures is very slow
and when it dbes take place,it ig in the form of whibe .
fluffy discs deep down in the culture medium,
There is no 1iquifaétion‘of the gelatine,

The next growth, O, contained a staphvlococcus
the same as in the other tubes ( slide 19). This
organism grew well in gelatine but did nhot cause
liguifaction, The other growth isolated from tube Cy
was a rapidly growing backllus which readily liquified
gelatine,and in ite plate culture appearances and other
characters,showed itselfl to be BACILLUS MESENTERICUS
VULGATUS (Slides 20, 2% & 22).

Growth/
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Growth D. (Slide 23) also contained the white
staphylococcus which in this case liquified gelatine

in three weeks, TThe other organism present here

.was a bacillus, which on agar plates presented darkish-
broWn)haifynlookiﬂg colonies,with rather irregular
outline (Fig." 4). The agar tube taken from this,

in two dawvs had a thin skum-like growth over part of
its surface,and on being stained it‘was seen to consist
of long strong rods somewhat swollen at their ends
(Slides 26 & 27).  They stained by Gram’s method

and in the hanging drop preparation were seen to be
actively motile, The growth on the agar tube. was &low
and not at all abundant as wad akso the case in the
gelatine stab-culture, The gelatine did rot liquify,
Spores were made oubt to he present.

In the last growth we have to consider-— growth G,
(slide 28) — the staphylococcus present did not liquify
gelatinie but otherwise corresponded in everv detail
to the type so often mentioned. The rod-form here
consisted of short bacilli which stained with Gram.

But it was very difficult to cultivate either on agar

or/



or on gelatirie,and as it died soon its characters were

not completely made out(Slide 31).:

We have now to cénsider the pathogenic characters
of these growths from the blood of our Weri-beri
patients. So that I shall proceed to give an account
of the results obtained by injecting 6 rabbits with
some of these organisms,

The plan pursued in every cagse was to grow the
micro-organism in Bouillon Broth for 48 hours,and then
to inject a certain guantity of this culture, either

full-Strength or deluted with an equal quantity of

30

sterilised water, into the abdominal cavity of the rabbit,

Svecial care was taken in every case to make the syringe

enployed aseptic, and to cleanse thoroughly the skin of
the rabbit before giving the injection::

Rabbit Iy a fairly large animal, was injected
with the pure staphylococcus growth E.

11 injections Were‘given in 26 days i.e. three

injections per week, The first five injections each

consisted of 3 c.,c, of the Broth culture, the,gixth of 4

C.C., seventh and eighth of &fc.c., and the ninth,
tenth, and eleventh, each of 12 c.c.,
The dav after the last injectiom the rabbit

showed/



showed signs of paralvgis, It could not starnd but

lay on its side panting for breath. The faber legs and

hind legs were extended and it seemed quite unable to
draw them up. The ahimal was killed at once and an
examination made a few minutes later;but nothing
abnormal could be maée out in any of the organs,
There was very slight induration at the part of the
abdominal wall where the injectionshad been giver,
but no appearance of effused lvmph or inflammation
of any of the peritoneal membranes. Liver, kidneys
and spleen seemed guite healthy, The nerves of the
hind legs were kept for microscopic examination,
Cultures were takenm from the blood in the heart,
in the spleen and from the liver, Eighteen tubes
in all were inoculated and in exactlyv half of these
wa.s a growth obtained, Cover-glass preparations were
made, and in every tube the organssm presemt was found
10 be a staphylococcus.: Four of the tubes were
examined in detail and these were all demonstrated
to have the same characters as the coccus which had
been originally injected into the rabbit (Slide No,.32)

Tabbit 2

3/
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Rabbit 2, A small rabbit, injected with
staphyvlococcus growth F,

In this case ¥ injectiohs each of 2-E c.c. oFf
a Broth culture,were given in 10 days. On the
twelfth day the animal was seen to be dying, its head
being much retracted and the hind legs fully exterided.
The rabbit was killed and examined at once. The
appearances which now presented th8mselves were exactly
the same as in rabbit 1,except that on the surface of the
liver there were several small white spots,about the
size of half a millet seed,and which must have been
smail.abscesses;: They contained many staphvlocotdci.
Tubes wére inoculated from these abscesses and with
the blood of the heart and spleen, There was a white
growth in the heart culture and in the abscess culture,
and both of these were shown to have the characters
of the white staphylococcus which had been injected
into the rabbit (slide 33).

Rabbit 3, also a small arnimal,was injected with
growth H,

Three injectiohs of the Bouillon culture each of
6 c.c. were given in five days. About a guarter of an

hour/



T E—r A A L4 Ty S s A T

hour after the last injection the arimal was found

dead. It had heen noted before giving this injection
that the animal seemed ill, However, it could sit up
gquite well,although it made practically no movement and..
gave a;most no'résistance when one was injecting the
fluid.:

The post-mortem here was guite negative at least
as regards naked eye appearances. There was no sign
whatever of any inflammatory process in the abdominal
cavity. Owing. to an accident no growths could be
obtained from the blood of this animal.

Rabbit 4, a much larger animal than the last,

—

was injected with the same growth H. In this case

-it took six injections each of 3 c.c., extenied over

12 days,to kill the rabbit. Although it had seemed
guite well at the last injection, the rabbit was found
dead the next morning. The post-mortem appearances
corresponded to those of rabbit 2 in their being
several abscesses or collections of cocci scattersd
over the surface of the liver, Otherwise the
macroscopic examination was negative,

A growth was obtained in only two of the cultures takenw

and./
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and both of these were from an abscess in the liver.
In this rabbit however only eight tubes in all were
inoculated and this may quite well accoumt for there
being no cocci grown from the blood., The two growths
from the liver were guite pure and contained the white
staphyldcoccus,the sawe as had been injected into
the abdominal cavity (Slide 54).
Rabbit V., was swall,simidar to rabbit 2. It was injected”
with growth A, which contained both white staphylocobei
and bacilli,

Five injections of 2486 c.c. were given in 10 dayvs,
The rabbit died on the twelfth day with limbs exterded
and head retracted. The post-mortem appearances
were exactly similar to those in the last rabbit, there
being here also small white abscesses‘in the liver,
White s¥aphvlococci were grown from the blood of the
heart and spleen but no bacilli were found in any of
the cultures (Slide 358).
Rabbit VI, was injected with growth G.-— both cocci and

bacilli,

Four injections each of 6c.c. were given in 8 davs.
Five hours after the last the animal died with well
marked signs of paralvsis. The post-mortenm wos negatives

no/
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no abhscesses were present in the liver, Four

. tubes were inoculated ,two from the bhlood in the heart
and two from the spleen. Growth presented itself

in three of these, Iwo were pure staphyvlococci;

(slide 36) but the third in additiom to the same staphy-
lococcils, contained a rod-shaped organism(slide 37).

This bacillus however, on plate culture and otherwise,
showed itself to bhe quite a different organism from
that conteined in growth G, and so I take it to he an

impurity, and to have no relation to the subject in hand.

Nerves from the hind . legs:of these six rabbits
were removed,stained and examined miscroscopically,

In doing this great care was taken so as in no wa¥ to
stretch or otherwise bring about an artificial amppearance
in any of the nerve fibres.

The nerves were fixed and stained at the some timeim
osmic acid (1%),and most of them counter-stained with
alum-carmine, Portions of the nerves were next cleared
in a mixture of’aniline oil and xylol,and then in xvlol
alonejand while in the latter the individual rerve
fierS'were as much @s possible separated the one from

the /
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the other,; The specimens were mounted in Carada,
. Balsan,

To make sure that this process had nothirg to do
¥ith the altered appearance in the nerves under consider—: . .~
ation, I prepared in exactly the same mahner,nerves
from a. Realthy. * rabbit,and found them to remain ,
perfectly normal,:

A careful microscopic exanination of the nerves
from our six rabbits readily convinces onre that a
parenchymatous degeneration is present in every case
(slides Nos, 38 to £f ) This certainl¥ is much more

arked with some than with others.

For exanmple in Rabbits 2,3,E,& 6, the deggnmration
is so complete that there is difficulty in finding
2 hormal nerve fibre. In cases 1, & 4, on the other
hand, many healthy fibres are to be seen.

In the degenerated fibres the myelin is sometimes
seen as a series of frothv-looking masses filling up
the sheath and giving a segmented appearance to the
fivbre,- Sometimes the mvelin is in the form of amall:'™
rounded balls,stained black or brown,in the centre of
the sheath. Sometimes agairn, the sheath seems empty

except/



empty except for its muclei which in some of the
specimens are seen to be much ircreased in rnumber,
Some of the nerve fibres have a spindle shape,one
vart of the sheath'béing filled and swollen up with
frothy myvelim,while an adjoining portion has its walls
in élose apposition,the myelin at this part having

disappeared.
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ITIy

. The importance of micro-organisms aé factors

in the causation of disease is now well recognised,
But so often has been claimed for a certain disease,
the discoverv of its "specific microbely) and so often in
turn has this claim been found to be Talse;. that the
scientific world is veryv slow to recognise any such
discovery without its being bhacked by the strongest
proof.

The conditions which are now considered necessary
to prove that a‘certain'micro—organism is pathogenic
and the cause of a disease, have been laid down by
¥aeme They are as follows:-

(1) Micro-organism must be found in the blood, tissues,
or secretioris of the animal affected with,or dedd the
result of the disease.

(2) The organism must next be cultivated on media
outside the body and this $6r several generations
of the organism.

(3) This culture in turm, must be shown to produce

on inmoculation,the same disease in a healthy animal, -

(4) In/



(4) In this animal.the same micro-orgaiiim must again

be found .

To these four conditions have been added1(sx that
the same micrO—organism nust be found in all cases
’of the'péfticﬁlarJdiseasevunder consideratiom and (6),
that this organism must never be found in any other
‘disease. |

The first four conditions were certainly fuirfilled
by Pekelharing and Winkler before they claimed their
white staphylococcus to be the specific micro-organism
in beri-beri. And in view of 4ll the critieism their
observations and conclusions evoked, it is a great
satisfaction to me to find that my result§, be they
only from two cases, correspond to,and if I mgy say
~corroborate, in almost every detail,the work of these
two mqét diStinguiéhed men,

I found a micrococcus to exist in the blood
of our two patients on every emaminationm, A
lmiOTOCOCOuS was demonstrated to be present in all the
cultures oObtained from the blood. These cultures
irijected into rabbits were followed by signs of '
paralysis,and,/ at the post-mortem examination
Peripheral meuritis— the characteristic lesion of

beri-beri/
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beri-beri—was a constant appearance., Lastlv, the
same micrococcus was found in the blood or tissues

of the rabbits so treated. So that I too, have
fulfilled Koch’s four postulates and indeéd the fifth,
for the same orparism was present in all cases as
well ag in all the cultures examined, And therefore
my conclusion also gust be that this white staphylo-
coccus is Thecanse of heri-beri,

On considering again for a moment the opiniors of
the former writers on this subjectywe find that the
great majority of them also seemsto be in favour of
the micro-organism being a white staphylococcus,
Pereira found micrococci in active motion in the blood.:
And the reason doubtless that he Hadil#gd’to obbaihiregults
with injections of these micro-organisms, is that he
did not understand, that not orie only but manyv inject-
ions,are required to develope the disease. His
observation as to the presence of these micrococci
in 21% of healthy people corresponds in a8 measure to
that of Pekelharing and Wirikler who as we have seerm,
explain that in an affected district the so called
healthy are seldom really healthy, but suffer in-

some /
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some cdegree from the presence of the micrococci inm

their circulation% The later observations too, of

:De Lacerda,the conclusions of Van Fecke, of Leopold,

of Musso and Morelli, all are in favour of a micrococcus.
It is true that much from these last cannot he token

as sound evidence,for they have not in manyv cases
fulfilled Koch’s"Laws" before making their conclusions.
Yet be its value what it mayv,this evidence is in gavour
and certainly not agalnst a micrococcus being the speci-
fic cause of beri-beri,

Ogata on the other hand, c¢laimed a bacillus to he
the organism, This however as far as I can make out,
was nrever cultiVvated from the bhlood of his patients
but from the alimentary canal; and after death fron
the fluids or tﬁgsues‘of the body; Now one understands
that it would not be difficult to cultivate from a dead
body,and this I+ éspecially in a warm climate, an organ-
ism whose toxins,injected into a mouse,would cause the
symptoms of beri-beri". And wmav not the same be said
of a culture taken frém the alimentary tract, especially
in patients not in good health? I think therefore

we need give this evidence of Qgata in favour of a

bacillus, little consideration,

As/
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As to explaining the presence of the bacilli
found by me in Tive cultures, and bv Pekelharing and
Winkler in their cultures and so often in the fresh blood,
considerable difficu1t§ presents itself. That none
of ‘the bacilli in my five grdwths is 1likely to he the
cause of beri-beri‘seems pretty certain. In the first
place they were never seeh‘in the blood either in fresh
or in stained specimens., Theyv are all different
organisms, One of them, Bacillus Mesentericus, has
well known properties of its own, Two of them, each
associated with thé white staphylococcus, on being
injected into rabbits, could not be found in their
circulation,and therefore they probably did not live
in the blood of the rabbits. Certainly to have
completed the argument I-Shouldbhave tested the pathogenic
character of pure cultures of these bacilli. But as
no one of them occurred twice, their presence did not
seem of sufficient impbrtance to necessitaté this
- proceedingy . And here it is to be remembered that
Pekelharing and Winkler proved the non-pathogenic
character of the bacilli they isolated.

What/
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What then is the meaning of these bacilli in
growths taken from the blood and how do they gét there?
They must either have been in the blood; on the skin
of the finger, or have otherwise got into the tube from
without during the process of inoculation. It
from either of the two lattér sources,why have they only
grown when assoclated with a staphylococcus, an organism
almost certainly grown from the blood, and why never
in any of the 48 tubes that remained sterile?

If again they are from the air why only in one case-—
bacillus'Mesentericus—~was it a well known micro-organ-
isnm?

The remainirig explanation which presents itself
is that the bacilli exist in the circulation as
saprophytes. And in favour of this view it might be
pointed out that the presence of the staphylococcus
of beri-beri must lower the vitality and resisting
pdwer of the hlood and tissues. In this condition
therefore would be possible the existance and growth
‘'of saprophytes. That saprophytes however are not
common’ in the blood in disease I can affirm,for
during the past two yvears I have examined the blood
both in staindas well as in fresh specimens, of some

80/



80 patiehts, chosen from the general wards of the
hospitals. Only in very few cases, some prieumonias
and casges of_endocarditis, were micro-organisms of-aMy
kind to be found. But on the other hand,it is well
known that certain pathogenic organisms have not
umcommonly present With_them others which are non-patho-
Beriic, As an example of this one may cite the frequent
associption in pus of the micrococci’ cereus albus arnd
flavus,with the streptocodci and staphylococci
pyvogeres,’

But even if these bacilli in our cultures were
not saprophytes but had well known pathogehié char-
acterg,that in no way need be an argument against
our white micrococcus beinéﬁsPecific microQorgénism
of beri-beri. The presence of staphylococci and
streptococci in diphtheria, associated with the hacillus
of diphtheria,does not.lessen the claim of that bacillus
to be the specific cauée of the diseasej even
although it has been shown that the toxins from the
cocci when injected into guinea pigs caused paralysis?
The important thing is,that in diphtheria the bacillus
of diphtheria is found constantly present while the

coccli are noty and the bacillus .too,is known to produce

diphtheria/
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diphtheria whehever injected into animals.

What I wish to brinmg out therefore in regard to
beri-beri, is that the great mass of evidence so far
seens to be in favqur of the micrococcus of Pekelharing
and Winkler beihg-present in all cagses of beri-beri.
And as this micro-organism had been shown to have the
property of producing,when injected into animals,
an neuritis similar to that in beri-beri,the conclusion
to be drawn is that this micrococcus is the cause of
beri-beri, |

That the bacilli and cocci seem in the blood by
the Dutch writers, and that the suggestion by then
that these are just two different forms of the same
orgdnsim,—~ is an explantion which does not
commend itself to one’s mind, For as far as I know
there is in Bacteriology, no analogy for such explantion.
It is much more likelv that the Dutchmen were dealing
with impure growths, containing both cocci and baoilli,
and which as I found, often required repeated plate
cultures to0 be made before each could be isolated.

As regards’theé wariety of micro-organism found
in the blood by Leopold ani Van Eecke, thelr descriptions

are/
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are not sufficiently definite to let one recognise

them, nor is the account of the pathogenic properties
given by Vam Eecke of his,at all satisfactory,

Besideg, moat of what has alfeady been daid on the bacilli
found in the blood,will also applv to these organisms,
And one more point I wish to note here,is that in my two
cases,the micrococci did not completely disappear from
the blood on the patients leaving the place of their
infection, For these micro-organigms were still

t0 be seen and were cultivated after two and a half
month’s residence in hospital, and after practically
all signs of the disease had disappeared.

Ve nmust now consider Scheube’s critism of the Witeh
writers. Jfuch that he sayvs is doubtless small and
petty and requires no answer, but there are-some
points raised by him which may well demand our consider-
atior.

(2) Sbheube asks why are the micrococci of beri-beri
so difficult to cultivate from the blood; Pekelharing
and Winkler onlv obtaining 15 growths out of 80
inoculations,and not all of these containing cocci.,.—
I do not know that anmv very satisfactory answer can be
given t0 this question otherwise than that thev are
difficult to grow. And I think that this does not applw
t0 beri-beri alond.but also to the micro-organisms found

in the blood in other diseases where the difficulty
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difficulty is often gquite as great. Tgis is the onlwy
explanation I can give for the negative results
obtained bv Sternberg. and other observers.

(b) He thinks they treat too lightly the yeilow
micrococci and he wants to know how these get into the
cultures.— To this I can add nothing more than I have
already daid on the subject.

(c) He asks why injections width the blood of béri-beri
patients does not cause the disease in animals. -
The reason doubtless is that up to a certain point
the blood has the oapaoity of destroyingumicro—ofganism,
either byv its phagocytes or By an"antibkoxin" which it
seens to contain in its serum. When too manv organisms
get into the oi?oulation,the blood is not able to
deal with them,and so they grow producing their toxin,
which being no longer neutralised, gives rise to the
svmptoms of the disease.

(d) Scheube seems to consider it impossible that
the Pekelharing and Winkler staphvlococcus mayv at one
time liquifyv gelatine and at another not. be able to do
§0._.— But is it not the case that such a well known
micro-organism as the Staphvlococcus Pyvogenes Albus
sometimes shows this character? And the observations

extendihg/
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extending over ten months, whichflaxve made on this point,
entirely confirm those of the Dutch writers. I found
the liquifaction of gelatine to be alwavs slow,

I found that some of the growths which liquified gelat~
ine at first did not do so later on. This as far as

I cauld make out was in those organisms which had been:
grdwing fior a considerable time on gelatine.

Three of the growths at no time liquified gelatine;

but these were separated from impure growths, and
possibly the presence of the other organisms had
lessened the virulence of our micrococcus. As Tar

as I could make out the virulence of the micrococcus
was in direct proportiom to its power of liguifying.
For example growth H alwayvs liguified gelatine and

when injected into rabbits it killed them rapidly

and with small doses (rabbits 3 & 4). GrowthE on the
other hard,which had lost the power of liquifving
gelatine before being injected into rabbit 1, did not
kill for many days more,and; even then reqguired

much larger doses of the culture. Nor did the cultures
grown from these ahd the other rabbits inoculated,

“liquify/
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licuifyv gelatine any more rapidly. This seems strange
for one expects the virulence of an organifm to be increased
oﬁ passing it through an animal that is not immune.

| I have vet to refer toRlebig’™e objection to the
gtaphvlococcus of Pekelharing and Winkler, He sayvs

it has the same characters as Staphvlococcus Pvogenes
Albus and he maintains that it is the same organism,

It certainl¥ has much the same morphological
appearances but the pathogenic characters of the two
are verj different. For would a culture of the
Staphyvlococcus Pvogenes Albus injected into the
abdominal cavity of a rebbit,produce no sceptic
result? In not one of my six rabbits did an abscess
form as the segt of inoculation and in not one was

anv inflammatory condition of the Peritoneum to be
made out. Certainly. in some of the rabbits minute
abscenses were found in the liver, but these I take it,
mayv- be looked upon as collections of cocci growing

in a part of the circulation where the blood tends to
stagnate.  As to whether the Staphylococcus Pyogenes

Albus/



Albus may under certain circumstances become the
staphyloccus of beri-beri, of vice versa, I cannot say;
buﬁ at present there seems to be as much difference
between the two ag there is between the pseudo-bacillus

of diphtheria,and a bacillus of diphtheria itself,

And now in conclusiom It mayv be asked—TIs it finally

settled that the staphyvloccUs of Pekelharing and
Winkler is th®: specific micro-~organism in beri-beri?
Lhe replv is difficult. VWie Enow that medicide is

not an exact science,and that its conclusions cannot
therefore be drawn with the absolute certairnty of

a propogition in Buclid. The methods of medicine

are those of obgervation and inductior, and only

when very numerous observations have been made,can

the conclusion he drawn with even a degree of finality.
But where a finding cannot be absolute it mayv sometimes
be comparative: when our observations are only few
then our conclusions card ohly be comparatively true.
And in medicine this latter position is one we often
find ourselves occupg’,” and it would seem to be the

one we are now standing in as regards the causationm

of beri-beri. A certain number of data have been

furnished/
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furnished as to the etiology of this disease,and from
these the conclusion to be drawn dis as I have contended
in: the foregoing pages, that the stanhvlococcus of
Pekzelharing and Winkler is its specific micro-organism,
Thig doubtless is only a'"conmparatile"conclusiom for

we have not vet data to draw one more certain. Many
more observations are required,and it is with this inm
view that I hbve presented mine, For them I have to say,
that if they add only in a very slight degree,to the
building up of our knowledge of this disease,it will

be to me an erddless satisfaction,
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No,1.

No.2.:

No, 3.

MICROSCOPIC SPECTVENS.

BLOOD. Fixed with heat and alcothol and ether.
stained with fuchsine,

Shows cocci, mostly in pairs and attached to the

red blood corpuscles,.

The same as No. 1l.,but fixed with heat onlyv.

Here the red blood corpuscles do not stained,

but only the nuclei of the white.

GROWTH E., S8tained with fuchsine.

Staphvlococci

No. 4., Same as No.d. stained with Gram.

No. 5.

NO. 6."

No.7.

No. 8.

No., 9.

No. 10.

No, 11,

GROWTH F. Stained with fuchsine.

Staphvlococci.

Same as No.b stained with Gram.

GROWTH H., Stained with fuchsine.

Staphvlococeci.

Same as No.7., Stairned with Gram.
GROWTH A. Stained with fuchsirne,
shows both rods and staphylococci.
GROWTH A, Stained with fuchsine.
Staphylococci pure,

GROWTH A,Stained with fuchsine

thin slender rods not uniformly stdined.



No,1l2. Same as No, 11 stained with Gram,
No.1ld. GROWTH B Stained with fuchsine.
contains rods and cocci,
No,14. GROWTH B, Stained with fiachsine,
Staphyvlococci pure,
No. 1t . GROWTH By Stained with fuchsine,
Bacilli only.
No.16, Same as No,1l! Stained with Gran,
No. 17, Same as No, 1'!. Double stained for spores.
No,18., GROWTH C. Stained with fuchsine
contains both rodsand cocci.
NO., 19. GROWTH C, Stained with fuchsine,
Staphvlococci pure,-
NO. 20, GROWTH Cz Stained with fuchsine,
Bacilli only.
NO. 21. The same as No.20. Stained with Gram.
NO. 228, The sanme as NO. 20. Double stained for spores.
NO. 23. GROWTH D. Stained with fuchsine.
coritains rods and cocci,
NO. 24, GROWTH., D, Stained with fuchsine.
Staphvlococci pure.
NO, 2t, The same as No,24, Stained with Gram.
NO. 26, GROWTH DZ Stained with Fuchsine, . S

Bacilli only.



NO. 27.

NO, 28.

NO. 29,

NO. 500'

NO, 31,

NO.32.

- NO. 34.
NO.5E.
NO. 36.
NO.37.

NO. 38

The same as NO, 26, Stained with Gram,
GROWTH, G. Stained with Fuchsine,
contains both rods and cocci,

Growth., G, Stained with Fuchsine,

Staphvlococci only,

‘The seme as No,29., Stained with Gram,

GROWTH Gg Stained with fuchsine.

Bawilli.,

Growth from blood of rabbit i; fuchsine,
Staphwvlococci.

Growth from blood of rabbit 2, fuchsine & Gram,
Staphyvlococci,

Growth ffom'blood of rabbit 4. fuchsine,
Staphquifcci.

Growth from blood of rabbit k., fuchsine & Hram.’
Stephvlococci.

Growth from blood of rabbit 6. fuchsine;
Staphvlococci,

Growth from blood of rabbit 6. fuchsine & Gram.

Bacilli, _

to 41, Nerves from rabbit 1. Stained with osmic acid.,

Mariv of the nebve filibres quite normal,

Many qthers where the lyelind ingide the

-

sheath is inglobules. In some fibres no Myvelin”

remains,

NOS., 42 & 43, Nerves from tabbit 2. Stained with osmic acid,



Nearitis well marked, few fibres seen to have escaped;‘
The- frothy swelling or coagulation well shown,In places
increase of nuclei.

NOS. 44 to 47, Nerves from rabbit 3., Stained with osmic,acid.
also show well marked degereration. In many places
the iyeliri has entirelyv disappeared from the sheath,

NOS.48 to §1. Nerves from rabbit 4., Osmic Acid,
nerve ;.degeneration not do well shown as in rabbits 2.

& 3, It is however quite distinct.

NOS, §2 & 53, Nerves from rabbit §. Osmic acid.
degeneration well marked.

NOS. 54 to 5§, Nerves from rabbit No.B., Osmic Acid.

_ Gegeneration well marked,
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