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vl PREFACE TO THE FRENCH EDITION.

aid to the work, but also for the valuable help given by our
colleagues, military and civil, and a number of friends quite
strangers to the study of medicine. It is true, we had allowed
ourselves to count a little on their interest, but never for one
moment on support so largely and generously given.

Amongst those to whom we are under the greatest obliga-
tions we may name Colonel van Teyn, Civil and Military
Governor of the province of Atjeh and its dependencies.

We owe, too, special thanks to MM. C. Eykman and M.
B. Romeny, military doectors, who were associated with us
in our work, and who showed not only great talent but devotion
in the performance of the task allotted to them.

We have endeavoured, in as concise a manner as the subject
will allow, to give a deseription of the information gained by
these researches.

Every one who has made any study of Beri-beri, will readily
understand that the task committed to us was both an exten-
sive and a difficult one. Our chief aim was to try and obtain
a practical result, and in this we hope we have succeeded, and
think we are able by the researches made to establish a clearer
idea as to the nature of the malady than any hitherto known.
As will be gathered from a description of the cases in the
chapters on both the clinical and pathological phases of the
disease, we believe we have proved the truth of the hypo-
thesis, until now only considered as probable, that Beri-beri is a
multiple peripheral neuritis. We had, however, a keynote,
which allowed us to confirm a theory, which, if in keeping with
the origin of Beri-beri at all, might be considered as the cause
of the disease. In faet, the micrococel found in the blood of
Beri-beri patients, and cultivated by us, produced in animals a
multiple peripheral neuritis.

Besides, our experience has given us strong reason to believe
in the opinion already advanced, that a living organism is the
cause of Beri-beri, and is found in the air of the districts where
the malady actually exists.

We thus acquired the convietion that it would be necessary to
find the sure means of combating the malady by the destrue-
tion of these living organisms, or that, in other words, by
the employment of disinfection, we might expect the best re-










































4 CLINICAL OBSERVATIONS.

~means great weakness, but only in the combination Seon-bhayree.

Herklots,! for his part, thinks it quite possible that the Hindu-
stani word bhar-bari, signifying swelling, has become corrupted
into beri-beri, but adds that the great objection against these
derivations from Hindustani is, that in no writing in that
language can one find any trace of a deseription of this disease.
Finally, Carter 2 assures us that asthma is the prineipal symptom
of beri-beri, and derives it from the Arabic, in which language
bhur means dyspneea, and bhari a sailor ; consequently beri-beri
would mean “sailor’s asthma.”

We believe that what we have just said as to these ety-
mological derivations will be sufficient, although it would be
easy to increase the number. It seems impossible to settle
the question, and by reference to it we only wished to call
attention to the fact, that if the name of beri-beri might
sometimes indicate stiffness or paralysis, sometimes weakness,
swelling, or dyspncea, it would clearly show that the prominent
symptoms vary; thus in some cases difficulty in motion, in
others general weakness, and yet again cedema and dyspncea, are
the most salient points in the clinical aspects of the disease.

In opposition to those who with Bontius consider paralysis
the prinecipal symptom and often do not make the least mention
of cedema, are those who mention acute cedema (Fayrer, 1873),
progressive angemia, asthmatic dropsy, and sailors’ asthma, and
who relegate a secondary place merely to the troubles relating
to motion.

Considering the foregoing statements, one cannot be surprised
that the various authors who have treated of this subject have
been so long in agreeing. When one sees that some have regarded
it as relating to difficulties of movement only, whilst on the
other hand some have regarded it as an affection of the
respiratory organs, and others again referred the seat of the
disease to the heart or circulatory system generally, the marvel
1s that such a heterogeneous group of symptoms should ever
have come to be recognised as constituting one disease.

1 Herklots, Compare Leroy de Méricourt. Diction. encyclop. des sciences
médicales, p. 129, Art. Deri-beri, 1868,

® Carter. Beri-beri among the Marines of the Indian body of H. C. surveyi
vessels, Palinurus and Nerbuddha, Transactions of the Bombay Medical an
Physical Society, No. 8, 1847.






6 CLINICAL OBSERVATIONS.

few observers who admits a convulsive form of beri-beri, a form
which, according to our opinion, is of some importance. When
in 1868 Leroy de Méricourt wrote his celebrated article in the
Dictionnaire de Médecine, he had abandoned his previous notions
of there being two diseases under one name. Agreement was at
last arrived at when it came to be understood that the beri-beri of
our East Indian Colonies, the barbiers of Mauritius, the morbus
innominatus or sugar-works-sickness of Bahia, the “bad sick-
ness ” of Ceylon, were only different names for the same disease ;
and that they comprehended all the varieties described under
the names dropsical asthina and pernicious cedema.

Some observers in Japan, Wernich,! Scheube? Baelz? and
others, afterwards showed, in spite of the important opposition
of Hoftinann,* that the disease kakké of that country is identical
with beri-beri.

We are bound to make this digression into the field of history,
because it was necessary to fix the point which previous observers
had reached before we started for the East to investigate still
more closely this terrible scourge of the Dutch Indies. There
has been, so to speak, a halt in our knowledge of the disease
since 1868.

Our starting point, therefore, consisted in this, that the
symptomatology was well nigh exact, and that a clear definition
was before us.  Beri-beri, we learnt, was a disease characterised
by difficnlties in movement, frequently associated with an
atrophic paralysis, especially of the lower limbs, by some slight
disorders of sensibility, by cedema beneath the skin and of the
muscles of the lower extremities, to which might be added
dropsy of the serous cavities. In one series of cases nervous

! Wernich. Klinische Untersuchungen iiber die Ja.[lamsche Varietit der Beri-
Beri-Krankheit. Virchow's Archiv, vol. xxl 290, 187

Ibidem. Ueber die Bezwhungen zwischen gogenannt-er perniciisen An@mie

und Beri-Beri-Krankheit. Deutsches Archiv fiir klinische med., vol. xxi., p.
108, 1877. .

? Scheube. Die Japanische Kakke. Deutsches Archiv fiir klin. med., vol.
xxxi., p. 140-202. Ibidem, vol. xxxii., T 83-119, 1882,

Ibidem. Weitere Beitrige zur lmtha ogischen Anatomie und Histologie der
Beri-beri.  Virchow’s Archiv, vol. xev., p. 446, 1882,

* Baelz.  Mittheilungen der deutschen Gesellschaft fir Natur- und Volker-
kunde Ostasiens, 1882.

4+ Hoffmann, Mittheilungen der deutschen Gesellschaft fiir Natur- und Vilker-
kunde Ostasiens, Fase, 2, p. 16, 1873,












10 CLINICAL OBSERVATIONS.

number of faintly coloured minute bodies of new formation.
Finally, one meets with large, peculiarly brilliant masses, the
anatomical and physiological signification of which is not
clearly defined.

Wernich, from these modifications of blood, draws the con-
clusion that they are owing to some obscure error of nutrition.
He believes he can thus explain, on the one hand, the drop-
sical symptoms and the changes in the activity of the heart,
and on the other, the nervous phenomena, which by the way
have by no means escaped him. A secondary affection (drop-
sical) of the central organ is, according to him, the primary
cause of the paralysis, the lack of sensation, &e., that beri-beri
presents.

Beri-beri would, therefore, from Wernich’s showing, partake of
the nature of pernicious ansmia. But there are many grave
objections to be made against his theory, although many
observers have followed him.

In the first place, the alleged changes in the blood of those
suffering from beri-beri, described by Van Meedervoort, and
upheld by Wernich, do not occur—at least not to the extent that
he makes out. From the numerous specimens of blood that we
have examined in our bacteriological researches, and examined
too with the necessary precautions, we conclude that the blood
corpuscles of those suffering from beri-beri are generally arranged
in rouleaux. One does not notice more spinous-edged forms than
are always found in blood which is allowed to dry rapidly.
The presence of supposed “microcytes” has no pathological
signification. The large brilliant masses that we found, were
composed simply of agglomerations of blood corpuscles; and
although we do not wish to deny that sometimes anwmia or
poikilocytosis was present, there were a great number of cases
where it was not so.

In order to make more certain as to this, we asked Eykman
to count the blood corpuscles of those suffering from beri-beri,
and to fix the proporfion of hwemoglobin contained. We
give a table (see page 11), setting forth the results of these
researches. The red corpuscles have been counted by means
of Malassez’'s apparatus; the proportion of haemoglobin
has been determined by Hayem’s picro-carmine method.
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Seeing the results of this examination, there will no longer
remain any doubt as to the correctness of our statement,
that in beri-beri we can have very marked aneemia, but that
anemia is by no means a constant symptom of beri-beri
Some other observers (Scheube and Baelz) had already formed
this opinion on clinical grounds alone, without examining the
blood.

But even had we found that beri-beri was always anwemie, as
it often becomes when the disease has lasted a long time, we
should not have been able to agree with Wernich. Before we
can pronounce the nervous symptoms as proceeding from the
exudation of serum into the subeutaneous tissues, the museles,
or the spinal cord, it is necessary to ask whether the drop-
sical symptoms precede those which are found in the nervous
system ; whether the disturbances of movement and sensibility
precede the effusion, or wice werse. The recognised fact
that some atrophic forms end almost without cedema, or
even without cedema at all, is unfavourable to this opinion;
on the other hand, disturbances of the nervous system,
more especially of voluntary movements, are constantly present.
These generally precede cedema; at least, one never finds
diffuse anasarca, or dropsy of the serous membranes, without
the nervous troubles of which we have just spoken being
present.

The supposition of Wernich cannot, however, be true, as when
progressive anemia occurs in Europeans, as in scurvy for example,
on making a thorough search, some nervous symptoms similar to
those met with in beri-beri would no doubt be found. On
Wernich’s supposition it would be as correet to count seurvy as
a disease of the nervous system, because it exhibits some
nervous disturbances, as it is to place beri-beri amongst the
blood diseases, because it happens to exhibit some secondary
vascular phenomena. In beri-beri, nervous disturbances are
present from the commmencement ; and if, after the observations
of Scheube and Baelz, he continue to defend his opinion, it
would mean that he had not paid attention to the initial
symptoms of beri-beri.

Wernich contends that it is not sufficient to merely demon-
strate the anatomical degeneracy of the peripheral nerves. In












16 CLINICAL OBSERVATIONS.

the crest of the tibia; a puffy, pasty face; difficulty in certain
movenents,observable onlyat first when the patient walks quickly
or attempts to go up stairs; some parmsthesia or anwesthesia
of the lower extremities; palpitation of the heart; a slightly
quickened pulse, or rather a pulse which remains within normal
limits whilst the patient is at rest, but which upon the least
movement goes up to 90 or 100 beats per minute ; a slight increase
of dulness of the heart’s area to the right; a marked contrast
between the violent impulse of the heart and the small and
feeble pulse ; a prolonged first and a reduplicated second sound
of the heart. These symptoms form a complete summary of
knowledge of the symptoms of beri-beri in the early stage.

The sad experience that one acquired, with regard to very
severe cases, was the reason that the presence of one of these
symptoms was sufficient to establish a suspicion, if not a
diagnosis, of the commencement of beri-beri. With the excep-
tion of some slight anwesthesia, of which we will speak
presently, as a rule hardly any of the soldiers sent to us for
examination presented symptoms of the nature mentioned above.
What we had seen at Batavia, however, taught us the great
value of electrical examination. We already knew from ex-
perience that in beri-beri the visible disorders of motion do not
always agree with the results obtained by examination of the
electrical reaction of the muscles and nerves. As we must
treat this subject more in detail further on, we will only say here,
that almost all those suspected of shamming presented some,
and at times very strongly marked,! deviation from the normal.

1 We will here give some idea of the apparatus we made use of in our ex-
periments :—We had a Hirschmann's resistance coil registering up to 5000 Siemens
units, also one of his induction batteries provided with a soft iron cylinder, When
this eylinder was removed, and the secondary coil withdrawn as far as ible
from within the primary, the strength of the current, as indicated by the scale
reading, was zero. If now the secondary coil was slid right in again, without,
however, having its iron cylinder inserted, the coil must altogether have moved
through a distance of 100 mm., and the strength of the current, as indicated by
the scale reading, was 100 ; and finally, if the iron cylinder, which was 140 mms.
in length, was now introduced into the seccmdary coil, the current reached its
maximum value, or 1004+140. During these experiments we were careful to
maintain the primary current as constant as possible, by means of frequmt.];
renewing the Leclanche elements employed. We had also one of Hirschmann's
absolute galvanometers of the vertical type, but the registrations of this were never
quite correct, more particularly after our arrival in the East—they were always too
high. MM. van der Stok and Figée, Director and Vice-Director of the Batavian
Observatory, kindly lent us their aid in the management of this instrument.
The particular placing of the instrument only rendered its control possible by
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TABLE oF PERSONS SUSPECTED OF SHAMMING BERI-BERI, AKD RECOGNISED AS REALLY
SUFFERING FROM THE DISEASE BY MEANS OF VARIATIONS IN THE ELECTRICAL RE-
ACTION OF THE MUSCLES SUPPLIED BY THE EXTERNAL POPLITEAL NERVE.

1. The minimum foree of the current is generally given in milliam
electrode of 10 centimetres square,
contraction is observed it is thos noted oo.

If An Beis greater or equal 1o
Resistance is not indicated in olims, but in Siemensunits. b
2, After having been examined, this patient declared that he was not suffering frem beri.beri, but really wis

a He it is shown,

to go to Padang. ‘Ten days later, however, he returned to hospital with his legs swollen.
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This initial phase of beri-beri is characterised by quantitative
alterations, consisting of a diminution of irritability generally,
for the two kinds of currents; very often also there is to be
made out some qualitative modifications of the electrical re-
actions of the dorsal muscles of the foot; this phase, character-
ised further by an augmentation of the diameter of the tactile
zones at a fixed spot in the leg, has not been observed by any
previous authors. It was not possible they could perceive it,
because the most striking symptoms could only be distinguished
by the aid of a galvanometer, which they had never thought of
trying.











































34 CLINICAL OBSERVATIONS.

ceeding further. Erb and Ziemssen have taught us that when a
complete section of a nerve is made, one can ascertain, along with
the qualitative modifications of the direct irritability of the
nerves, an augmentation of this irritability for the continuous
current. 'We have, however, recorded amongst the first
symptoms a diminution of irritability. Therefore we might be
accused of not having carefully observed the initial symptoms,
or, at any rate, it might be objected that the modification
in the state of the tissues, such as a slight «dema, &e.,
had so altered the distribution of the currents, that our
definitions lost their value. This is why it has been peculiarly
agreeable to us to point out that, in the true subacute form of
beri-beri, some conditions, which, however different they may be
from the preceding, are, to speak truly, a solid support to the
conclusions which we have arrived at.

The symptoms observed in subacute and so called acute beri-
beri, one would naturally consider, should present a different
variety of nerve lesion to that met with in the purely chronie
form; and it seems probable that the former, owing to the
rapidity of its development, would more nearly resemble the
condition met with as the result of the cut nerve.

In works on beri-beri, here and there mention is made of
cramp in the limbs. Although it might almost be expected
from the nature of the disease that cramps should oeccur, more
especially during the exacerbations of the disease,we have only met
with one case of real cramp in our experience, but this was a
very well marked one. One may, it is true, in many beri-beri
patients, come across some threatenings of cramps; but we have
only once seen beri-beri of the convulsive type that Overbeck de
Meyer has so carefully deseribed. We record this case becaunse
of the great value we attach to it, as affording an excellent
example of beri-beri of the subacute type.

Case IV. (Subacute type)—R., a European, born in Fries-
land, aged 24 years, had resided for the last sixteen months
in Sumatra. As a boy, in Holland, he had often had fever,
but otherwise enjoyed good health. After staying a few days
at Meester-Cornelis he left for Padang. In June 1886, he
was sent to Atjeh, where he had very laborious duty at one of

]
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but in spite of their extraordinary size, which seems still greater
on the left than on the right, the muscular force is much
diminished. The dynamometer marks on the right 27°5, on
the left 14° only. The patient walks very badly, although the
muscles of the thigh, especially the quadriceps extensor and the
tensor of the fascia lata, stand out like cords under the skin.
The patient moves the right leg more easily than the left. He
cannot remain standing with the legs together, he can neither
bend down nor get up again. Romberg's symptom is present.
‘When the patient has his eyes closed he knows how the museles
of the upper and lower extremities are disposed, and can easily
imitate the position that one gives them.

(d) The appreciation of pains is almost everywhere sup-
pressed ; the pricks of a needle are felt only on the inner aspects
of the hands and shoulder joints, and over the hypogastrium
as far as the umbilicus.

(¢) The sense of touch has disappeared over the whole surface
of the body except at a spot above the right groin; except at
this spot, likewise, the patient can no longer distinguish the
sensations of heat and cold.

(/) The reflex movements elicited by tickling the sole of the
foot are present on both sides; cremasteric reflexes are present;
abdominal reflexes are strongly marked ; reflexes of the knee
tendons are on the right feeble, on the left very strong; reflex
movements of the triceps tendons are strong on both sides; no
periosteal reflexes can be elicited.

While we are examining the sick man he is seized with
cramp. The hand cannot voluntarily be supinated, flexed, or
extended, and but feebly pronated; it is maintained in a
position midway between flexion and extension, and owing to
spasm of the muscles on the radial aspect of the forearm it is
strongly abducted. The fingers are kept widely apart, especially
the little finger. The fingers are bent upon the metacarpus in
such a way that the respective phalanges are in a straight
line. The thumb lies across the palm in a state of forced
flexion, with the phalanges straight. The forearm is flexed
upon the arm, whilst the latter is closely pressed against the
body. The muscular spasm is stronger in the right arm than
in the left. It is impossible to straighten the arm, or to replace
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The patient succumbs to angina, or to over-action of the
heart ; or perhaps the cardiac symptoms are less acutely
aggravated, and instead we may have general cedema, alteration
of the urine, and the usual train of symptoms consequent
thereon. All these are followed by, if not immediate, at least
almost certain death. To this series of phenomena belong
perhaps also vomiting, which is considered to be of bad augury,
diarrheea, and a number of acute troubles often observed—
gastric, laryngeal, and other erises.

Side by side with perfectly chronic cases, although the
exacerbation might make one mistake them for acute or sub-
acute cases of beri-beri, are those which really have a more
rapid progress. Acute cases may prove fatal in five or six
weeks; we have never seen death occur sooner, and we doubt
whether beri-beri ever terminates more rapidly.

The initial phase, as seen in those patients who apply early
to the doctor, differs from the preceding in these respects: (a) the
partial reaction of degeneration is much better marked; (b)
the qualitative alterations are more pronounced; and (¢) the
direct irritability of the muscles for the continuous current is
never much diminished—ordinarily it is found to be much
increased.

Noting the advance of the disease, one observes this initial
phase of beri-beri transform itself, with or without an accession
of fever, into beri-beri completely developed. Then the atrophies
follow more rapidly; the danger of sudden death from heart
failure is much greater—so great even that it might appear that
it is for this reason that the development of a frue dropsical
form is rare, the patient being carried off before the dropsy has
time to show itself. Armed with this knowledge of the matter
we can now speak of “classic” beri-beri, and of its consequences.
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We have already seen that in the initial phase death may
happen without there having been any serious troubles as
regards movement. We have found one group of cases which
might have been considered as examples of acute beri-beri, but
which are really exacerbations of subacute beri-beri proving
fatal. We have observed the heart dilate in an hour’s time,
from the size of the hand until it reached beyond the border of
the right side of the sternum; and in the autopsies we made in
these cases we always found, besides the hypertrophy of the
right side of the heart, dilatation of this organ, and generally
slight dropsy of the pericardium, which was certainly secondary.

These cases naturally never form part of the extremes that we
shall now consider.

For the production of atrophie beri-beri two conditions are
wanting :—(1) The destruction of the nerves of motion is only
partial, when the patient dies of heart disease. (2) Should this
happen at the last moment, the nervous degeneration has
been of too short duration to produce atrophy. The rapidly
fatal course the disease ran is also the reason that dmp-mca.l
phenomena have not time to develop.

Meanwhile it is clear that, when the disease has lasted longer,
when it has made very great ravages in the nerves, a consider-
able atrophy of the muscles ought to result from it; but, on the
other hand, degeneration may be very advanced in the nerves
distributed to muscles without one finding any muscular atrophy;
and yet again, in a certain number of cases an apparent muscular
hypertrophy is not rare.

The polysarcous form of beri-beri described by Oudenhoven
has been taken too little into consideration. In the mixed
forms of beri-beri, the swelling of the museles is never absent;
it may result in part at least from an effusion of serum between
the muscular fibres, but it depends certainly as well upon an
enlargement accompanied by degeneration of the muscular
fibres. These degenerated fibres which one finds at the autopsy
are associated with fibres which are simply atrophied. It is
probable that the swollen muscles atrophy more slowly, but we
have not confirmed this point clinically. The reasonof this is clear.
Either the musele becomes atrophied very rapidly when the
nerve is completely destroyed, or else the patient dies from
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position :—the hand is slightly flexed on the forearm; the
proximal phalanges are bent over the metacarpus, the middle
phalanges are flexed on the proximal, and the distal on the
middle ; the thumb is flexed and adducted. The patient cannot
separate the fingers; he can easily flex them on the hand, but active
extension of the fingers and the hand is altogether suppressed.

The dynamometer marks 2° in the hand. Flexion and
extension of the elbow joint are possible, but have little force.
Movements at the shoulder joint are possible, but excessively
feeble. All the muscles are atrophied ; those least affected are
the deltoid, the biceps, and the pectorals. The left upper
extremity is similarly affected with the right, but is still more
feeble, the dynamometer marked 0. Muscular atrophy is
strongly marked. The comparative measurements are as
follows :—

Right. Left.
Round the hand over the heads

of the metacarpal bones, . 19.2 centim. 18.8 centim.
Round the wrist, . : M if 7 R 154
Circumference of the thickest

part of forearm, . : L . 935,
Circumference round the belly

of biceps, . : 3 . 246 23b =

In the lower extremities the muscles are in a state of extreme
atrophy. The limbs, as the patient lies in bed, are straight and
slightly inverted. The soles of the feet are maintained in
slight flexion, and he appears to be knock-kneed. All move-
ments of the lower limbs are suppressed, with the exception of
a slight power of flexion of both the knee and hip joints; the
patient cannot straighten his legs when they have been bent.

Measurements round various parts of the lower limbs:—

Right.  Left.
Round the foot over the heads of the

metatarsal bones, . ; ; , 285 235
Round the leg above the ankle, . |
Circumference of calf at the thickest part, 32 31.6
Round the thigh, . : ; ‘ . 425 422

He is unable to rise from a sitting position, he cannot turn on
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action of degeneration,—provided that one takes the last in its
broad sense, as Stintzing has done.

The muscles supplied by the external popliteal nerve were
always diseased, and almost always, and even more seriously, the
flexors of the toes; then follow the extensors of the knee and
the gluteal muscles. We have never seen any beri-beri patient,
even amongst those more completely paralysed, who was not able
to bend the knee. The flexors of the knee, the adductors, and the
flexors of the thigh attached to the pelvis, remain healthy,
relatively speaking, the longest. However, if the lower extremity
has suffered so much that one already perceives electrical varia-
tions in the muscles of the thigh, the disease has generally made
great progress, and we may be sure to find the extensors of the
hand and fingers, and the long supinator of the forearm, also
affected. The aspect of the hand is similar to that presented in
lead poisoning. Succeeding the extensors of the hand, the
triceps, the flexors of the hand and finally of the fingers, and the
interossel muscles, are added to the list of those affected.

Once these muscles just mentioned are severely affected, there
is no longer any question of regularity of sequence. The
abdominal muscles, the diaphragm, and the intercostal muscles,
may also suffer. In some cases we have met with paralysis of
the diaphragm ; in others paralysis of the intercostal muscles ; in
a third group both sets have been found affected simultaneously.
We have often been able to ascertain that the paralysis of these
vital muscles has been the direct cause of death. A large
number of beri-beri patients succumb to paralysis of the
respiratory muscles.

We have npever found the sterno-cleido-mastoid or the
trapezius paralysed, and we conclusively proved that the great
pectoral and the biceps are amongst the musecles last affected.
The cerebral nerves are not spared; of the eighty observations
we have made, we have five times found the muscles supplied by
the facial nerve attacked—four times the muscles around the
angles of the mouth, and once the orbicularis palpebrarum.
Even the muscles of the eyeball may not be spared, as we have
observed one case in which the external rectus of the right eye -

was paralysed.
On the other hand, paralysis of the muscles supplied by the
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tation of the cedema partly explains the peculiar appearance
which the swollen leg presents in beri-beri patients. One might
compare it to a pear, of which the stem would be formed by the
non-swollen ankle. The swelling of the belly of the calf museles
from hypertrophy meanwhile also contributes to give the leg
this pear-shaped appearance.

This initial cedema is not only found along the inner aspect
of the tibia, but is also met with on the face, where it gives the
puffy, pasty look that is so characteristic: it is probable that
the vasomotor nerves have to do with this also.

We again cite here a peculiar series of symptoms that one
only sees occasionally. Van Eecke drew attention to the fact
that in a certain number of cases, shortly before death, an acute
swelling of the sub-maxillary and of the parotid glands appears.
This must be considered a very grave symptom. The swelling
does not proceed from an intra-glandular cedema, nor from a
congestion of the blood vessels, but is associated with a swelling
of the epithelium lining the acini and ducts of these glands. It
is in all probability dependent upon nervous influence.

(1) Symptoms of Disease of the Heart.—The heart is affected
early in an attack of beri-beri, and hence arise a series of circu-
latory disorders, which constitute a very important train of
symptoms. In addition to such subjective ailments as palpita-
tions, spasms, and the like, an enlargement of the heart’s area
towards the right and a reduplication of the second sound, best
heard at the apex, are frequently met with. The antopsy shows
us marked hypertrophy of the right heart, accompanied by a
dilatation still more considerable.

Later on it is notified that the nerves of the heart are
pathologically affected, a conclusive proof that the heart symp-
toms should be attributed to the degeneration of the nerves.
It i1s not possible to explain this hypertrophy satisfactorily,
but it is easy to comprehend that the affected heart may at any
moment cease to act. A clinical resemblance between over-action
of the heart and angina pectoris is hereby brought home to one.
It is also easy to understand that a chronically dilated heart,
which empties itself so imperfectly, presents some difficulties to
the flow of the blood from the veins—even the cardiac veins.

In consequence, it can be understood how dropsy of the peri-
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incision reveals the yellowish brown colour characteristic of
atrophied muscles, and stamps the disease as atrophic beri-
beri. In only two cases out of eighty-five autopsies did we find
serous fluid. This is but an additional proof,if such were needed,
of the slight boundary line between the two types of the disease,
and when we remember that cedema has always existed at some
period during the life of the beri-beri patient, the continuity of
the two types is conclusive. We shall soon see that those cases
where the quantity of serous fluid in and between the muscles
and under the skin was considerable are in one point, and that
too the most salient, in accord with those where the quantity was
very slight, and in which for this reason atrophy was more appar-
ent. This point is nervous degeneration.

Anasarca and the accumulation of serous fluid in and between
the muscles are not the only symptoms which have a certain
constancy in beri-beri. Almost all authors have mentioned
dropsy of the pericardium as one of the characteristic features
in the body of a beri-beri patient.

In our autopsies we have rarely found dropsy of the pericar-
dium absent. In 64 autopsies we found

Little or no serous fluid in 2 cases
From 20 — 50 grammes A
, 90—100 i
10— 250 . o [riag o
More than 250 i Ly Tl

Although one generally assumes that the death of a beri-beri
patient resulted from dropsy of the pericardinm, this opinion
must be frequently wrong. The figures given conclusively prove
that in most cases the quantity of fluid contained in the peri-
cardium is much too little to have any signification as the imme-
diate and mechanical cause of death; and we repeat, that even
in those cases where one had ascertained during life that dropsy
of the pericardium existed, the clinical symptoms very rarely
showed evidence of compression of the heart. DBesides, there is
no doubt that the serous fluid in the pericardium, in a large
number of cases, is the result of an effusion declaring itself a
short time before death, or even during the death struggle.

However, the existence of dropsy of the pericardium is an
important phenomenon, which, in a certain number of patients,
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plain the formation, more or less slow, or more or less rapid, of
hydropericardial effusion, and the dropsy of other serous cavities.
For it is evident when the right heart can no longer fulfil its
functions, and empties itself incompletely, effusions in the serous
cavities must follow, and in the pericardium most likely of all.

Accounted for in this way are the acute dilatation of the heart;
the cedema of the lungs; the venous stagnation in the large veins
of the neck, with or without deficiency of the valves; the true
venous pulse; ecchymoses on the heart and in the pleurz, even
in the conjunctivee; in a word, every symptom typical of the
terrible death of a beri-beri patient. Beyond engorgement of
the large veins of the right auricle and ventricle which one almost
always finds at the autopsy, there is not much to say about the
blood itself. To be sure it is of a dull red colour, it is saturated
with carbonic acid, but we have not seen that tarry condition
of the blood which is often spoken of.

As death is generally sudden, it is not surprising that no coa-
gulated blood is met with in the ventricles, but it is incorrect to
say the blood of beri-beri sufferers cannot coagulate. On the
contrary, clots are met with, white or mixed, both in the right
heart and the pulmonary arteries.

If we are asked whether a beri-beri patient might suffer from
a progressive ansmia, we go back in the first place to what we
have already said above. To this we add, that we have never
found in beri-beri patients the well-known alterations in the
marrow of the bones, although we have made special researches
as to this point on ten bodies. On the other hand, besides the
numerous ecchymoses of which we have already spoken, haemorr-
hages into the muscles and between the muscles are found from
time to time in different parts of the body. We have also ob-
served them in the sheath of several nerves, amongst others the
sciatic nerve.

In the large vessels of the arterial system we have never
found any pathological changes other than slight symptoms of a
commencement of endo-arteritis of the aorta, which are met
with usunally after a certain age in all bodies.

We have not remarked any important changes in the viscera
peculiar to beri-beri. The spleen was often enlarged, and
weighed more than the normal mean weight, but the experi-
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four occasions, hemorrhage more or less circumseribed in the
sciatic nerve, and considerable local hyper@mia has not infre-
quently been recorded. We have very often been tempted to speak
of a swelling or a discolouration, but microscopic examination has
usually negatived the conclusion made from naked-eye observa-
tion, and taught us to be prudent, as fancy had here a large
field in which to stretch its wings. In consequence we have
not ventured to describe some peculiar signs which one meets
in the nerves, although seemingly greatly degenerated. The
organs of the central nervous system appeared as follows :—

Except for a very considerable hyperemia, easily explained
by the general venous congestion, we have not found in the
brain or its membranes any modifications visible to the naked
eye ; neither the arachnoid nor the ventricular fluid was in-
creased in quantity.

On exposing the spinal cord by dissection, nothing peculiar
was generally observable on the dura mater; if a hydrorachis
were present, it could not be considerable, as it was often diffi-
cult for us to gather, with a Pravaz syringe, a sufficient quantity
of the spinal fluid for our bacteriological experiments. We did
not find on the arachnoid or pia mater any thickened patches.
All the natives of these regions have the pia mater covering the
medulla oblongata, and the cervieal portion of the cord, deeply
stained with pigment. Often, it is true, some large tortuous
veins, along the whole of the dorsal surface of the cord, struck
the eye, but not more so than might be caused by the position
of the body stretched on its back, and by the resulting venous
subsidence. The cord is generally firm when it is examined in
a sufficiently fresh state; we have never found any softening.

We ought here to observe, that the post-mortem phenomena
in the East due to putrefaction have often been greatly exag-
gerated. Ten or twelve hours after death a useful autopsy can
still be made, and excellent material can be obtained for miero-
scopic researches.

Numerous authors have mentioned local softening in the
spinal cord. Several of these descriptions rest simply on an
ignorance of normal anatomy. When Huillet,! following the

! Huillet. Contribution i la geographie médicale de Pondicheér. Archives de
médecine navale, viii., December 1867, pages 420-425,
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axis cylinder of the nerve is to be found only in the vicinity of
Ranvier’s nodes, where the medullary substance has often dis-
appeared over a large space.

If these figures are not always met with in the lower extremi-
ties, it is because clinical experience teaches us that the malady
has been of too long duration. If an observer wishes good speci-
mens, we would recommend that they should be looked for in the
nerves of the larynx and the phrenic nerves. These nerves are
not generally affected until a later stage of the disease, and their
function is so important to life that it is not necessary that a
large number be diseased in order to cause death. This phase
of degeneration info masses we have often exclusively found
there, as we have also not infrequently found it in the nerves of
the extremities. By the side of these nervous fibres degenerated
into masses, there is always found in the nerves of the extremi-
ties some other nervous fibres in a phase of more advanced de-
generation. We have delineated some of them (Plate IL., figs. 6
and 7).

It is no longer a question of nervous segments properly so
called, as the medullary sheath has almost entirely disappeared.
Here and there only vestiges of it are found in little masses,
coloured black by osmic acid, and with Schwann’s nuecleated
sheath stretched over them. Still more characteristic is it to
find, at certain places, that the nerve fibres are filled with a
number of little globules coloured black, brown, or dirty yellow,
mixed intimately with a frothy mass, which becomes a clear rose
colour when stained by carmine. Upon a superficial examina-
tion, these areas appear as fusiform thickenings of the nerve
fibre. In this mass, or by its side, one always finds a nucleus;
generally several are seen. Except at these enlargements filled
with this frothy mass, the nervous fibre is everywhere very
slender.

The nucleated sheath of Schwann, of which one always ascer-
tains the presence round the fusiform swellings, has reduplicated
upon itself, because of the absence of the medullary substance
in the fibre. The contents of this fibre, for the most part very
delicate, are stained by carmine a pale rose colour; they consist
of a peculiar mass, upon which are seen numerous longitudinal
lines, as though there were several very fine fibrils in Schwann'’s
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annular nucleus ; at this point also the medullary sheath is very
thin, but the nucleated sheath of Schwann is normal. It ap-
pears, moreover, that Schwann’s sheath is very closely united to
the endoneurium, at least one scarcely succeeds in seeing the
interposed segment without adherent endoneurium. When
these segments touch the larger fibres, the latter frequently
show a row of globules with a double contour, coloured a deep
black by osmie acid.

A little further on these give place to a continuous med
sheath, which exhibits a double contour, coloured black, and
often with a corroded aspect. In some very slender fibres it has
happened that we have not observed any medullary sheath in
the interposed segment (Plate II., fig. 8); but in the thicker
fibres it is never wanting. The interposed segment is not only
finer, but it is also shorter, than the normal segment. If several
fine segments are met with side by side, the finest is always the
shortest. Numerous transitions are met with: short segments
with very fine medullary sheaths throughout, segments which
up to the middle have a fine medullary sheath, and further on
have a thicker layer. It is evident that in some conditions we
have no attempts at regeneration present.

Whenever we met with this segmentary neuritis we found it
almost exclusively in those parts of the nerves which were nearest
to the spinal cord. In two external popliteal nerves, which we
examined bit by bit, throughout their whole length, we found
in the branches furthest from the centre the two phases of de-
cgeneration we first described ; and in those which were nearer
the centre we found a number of interposed segments amongst
some fibres which were in a phase of lumpy and frothy degene-
ration. The nearer one approaches the centre, when the disease
has not lasted a very long time, the more difficult it is to ascer-
tain degeneration or regeneration by means of osmic acid; and
we have not succeeded in finding any degenerated fibres in the
anterior and posterior roots of the lumbar enlargement of the
cord (compare also Plate IIL, figs. 1, 2, and 3).

Five peripheral nerves submitted to immediate examination
in glycerine, with a solution of potash, showed an enormous in-
crease of granular nerve-corpuscles; and on treating with me-
thylene blue or with gentian violet transverse sections of the
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tive tissue of the nerve is also frequently found to be thickened,
and increased at the expense of the nervous elements.

One sometimes finds, especially alongside of a branch of one
of the popliteal nerves, instead of a blood vessel, those peculiar
bodies, with concentrie structure, which Rosenheim?® has deseribed
as existing in multiple neuritis. Like him, however, we believe
that these are peculiarly obliterated vessels, and are simply the
product of an acute attack. They are not met with in sub-
acute beri-beri. (Plate V., fig. 1.)

We have rarely found any hwxmorrhages, large or small, in
the nerve.

Some very interesting objects are obtained when the nerves
are treated by Weigert’s hematoxylin method.

Sometimes (compare Plate IV, fig. 2, and Plate VL, fig. 1) one
can show that almost all the nerve fibres have lost their sheath.
Some rings, coloured black, have alone been left; these rings have
a very beautiful effect on the yellow ground, and by enlarging
the drawings of the preparations the condition is readily demon-
strated. (Plate IV., fig. 2.) It is only in proportion as one
approaches the centre of the nerve, of which the periphery was
so greatly altered, or in proportion as one observes some nerves
which have not suffered so much, that one perceives how much
this method, otherwise so excellent, is inferior to that with osmie
acid and the dissection of the nerve. It is difficult to give a
precise signification to what one sees on the transverse seetion.
This difficulty is not so great when the changes are far advanced.

If the black ring, which betrays the presence of the medul-
lary substance, has altogether disappeared,if a granular lump
fills Schwann’s sheath, and has taken the place of the axis
cylinder, and of the medullary sheath, these symptoms are
very significant. Even when one finds a swollen axis eylinder,
which in its transverse section touches immediately on a black
ring of variable thickness, one finds oneself again in the domain
of pathological modification and transition.

The test by means of longitudinal sections, in connection
with the preparations obtained by dissection and teasing, always
shows the degeneration described by Waller. The swelling into

! Th. Rosenheim. Zur Kenntniss der acuten infectiosen multiplen Neuritis.
Arch, f. Psychiatrie, vol. xviii., fasc. 3, p. 782, 1887, -
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{Er.) OTHER NERVES. NERVES OF THE HEART.

The degeneration that we have described, and which we
have constantly found in the motor nerves of the lower ex-
tremities, exists also in the branches which lead to the skin of
the leg. One generally finds it in the parts supplied by the
saphena nerve. Nor is it confined to this region; in fact, the
question rather is, “ Do any nerves escape degeneration?” One
point we can positively assert, and that is, that in all cerebro-
spinal nerves examined we found in one case or other not only
degeneration but advanced degeneration. The enumeration of
all the degenerated nerves, and of the number of times we have
come across them, can fulfil no useful end.

One point only deserves closer examination, owing to its great
importance. If one carefully detach the nerve bundles, which,
starting from the cardiac coronary plexuses, pass under the
pericardium and into the muscular substance, and subject them
to treatment by osmiec acid and careful separation, one finds in
the middle of the finer non-medullated fibres, other fibres, also
more or less fine, with medullary sheath, which may present all
the phases of degeneration. It is not rare to find there the
phase of frothy degeneration; and more than once, on seeing
this degeneration in nearly all the fibres provided with a medul-
lary sheath, we failed to understand how the heart had been
able to act so long. (Compare Plate IL, fig. 11.) The small
nerves of the heart are, however, so numerous, that the number
of those examined, although actually great, was relatively
small.

We will not pronounce any judgment with regard to the non-
medullated nerve fibres met with here in such large numbers,
because as yet there is very little known as to the degeneration
of these nervous fibres.

We have systematically examined in five persons the dif-
ferent terminal branches of the vagus nerve. In the nerves
of the larynx, which contain so many large fibres, this task
was easy. In two cases we found an almost complete degene-
ration of the recurrent laryngeal nerve (compare again Plate
II., fig. 4); twice also the superior laryngeal nerve was
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very distinet swelling of the axis eylinder in form of globules.
From such an observation if would be rash to conclude that
this slight swelling is the first sign of commencing degeneration.

It must not be forgotten that the axis cylinder is a very
delicate tissue, that the autopsies are always made some hours
after death, and that the hardening and other manipulations
may easily alter the form of these delicate organs.

THE POSTERIOR R0OOTS have given us much more trouble, and
the best way of deseribing them will be to commence by an
account of the ganglia associated therewith.

The anterior root passing from the spinal cord lies in nﬂntaﬂt
with the anterior aspect of the ganglion, and joins the posterior
root beyond the ganglion to form the nerve trunk. The poste-
rior root springs from the ganglion of the root, and passes out
to join the trunk; for convenience sake, however, we will term
the posterior root all that tract from the nerve trunk up to the
spinal cord. That part between the trunk and the ganglion is
termed the peripheral portion, the part between the ganglion
and the cord the central portion. We doubted many times as
to the presence of a slight increase in the number of the fine
fibres in the central part of the posterior root, but we found un-
expectedly, in a case of transverse section of all the roots of the
sacral plexus, a total loss of fibres at the 5th lumbar and the 1st
sacral roots. This total destruction was accompanied by a
secondary degeneration in the posterior column of the spinal
cord ; a degeneration that could be followed up the column of
Goll. We give an illustration, because it appears to us to be
important to know the place and extent of degeneration follow-
ing the destruction of two lumbar nerves.

The roots were obtained from the case of a man who, some
years before, had suffered from beri-beri, and who had sue-
cumbed to a so-called relapse. We did not examine the spinal
ganglia; but this discovery induced us to carefully examine
the spinal ganglia in subsequent cases.

We examined those of three patients, both by longitudinal
and transverse sections; in one of these, the difference between
the peripheral and central parts of the posterior root was very
great. In the peripheral portion, there were some sections which






CHAPTER XI.
CENTRAL NERVOUS SYSTEM.

It is not without hesitation that we now pass to a description
of what an examination of the spinal cord and of the basal
ganglia has taught us.

We possess a series of preparations from ten spinal cords.
Of two of these cords, we have made preparations of the part
corresponding to the exit of each root, except in the dorsal
region, where we have only done so for every third root. Of
the other eight cords examined, we have only submitted the
lumbar parts to a regular examination. In addition, we arranged
a consecutive series of the whole of the 9th, 10th, and 11th
cerebral nerves ; and from three cases we have made numerous
transverse sections of the medulla oblongata.

We have already mentioned in our macroscopic deseription
that no changes are to be notficed in the membranes. Some
transverse sections of the cord, with the membranes in sifu,
when examined by the microscope, confirm the absence of morbid
changes.

Hyperzmia of the spinal cord, which is also visible to the
naked eye, can be confirmed microscopieally. The vessels
always contain blood, more or less considerable in quantity, and
best marked in the grey substance. Otherwise, there is not
generally anything remarkable to be observed in the walls of
the blood vessels.

Granular cells are not met with either after hardening, or upon
an examination of the cord in glycerine and a solution of potash.

In all the cases we examined, the central canal of the
cord was closed by a development of cells around its lumen.
The cells had their origin in the epithelial lining normally ex-
isting there. In the periphery of the spinal cord, on the central
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in which many of the fibres were destroyed, approach, as they
ascend, nearer to the central region of the cord.

In the cervical enlargement, the right and left tracts have
assumed a triangular form, and touch each other behind the
central canal of the cord. Here one could still recognise, but
in an irregular form, the presence of degenerated fibres, and
could even trace them up the funiculus gracilis to the nuclei
thereof (compare Plate VIIL, fig. 2).

The study of preparations which had been coloured with
carmine, after having been hardened by means of bichromate of
ammonium, has not modified the opinion we had formed from ex-
amination of the specimens made according to Weigert's method.
If any pathological changes were worthy of note, they existed in
the posterior columns. A slight increase in the connective
tissue of the cord was noted, and in some specimens a few axis
eylinders had disappeared here and there, producing some true
cavities, especially in the cords where we considered a slight
degeneration of the radicular zones had taken place. The nerve
cells of the anterior cornua sometimes presented slight modifi-
cations.

We found in all the spinal cords, and in every section, a great
number of intact nerve cells, with well marked processes, large
nuclei, vesicular in form, and with well coloured nuecleoli,
but we also always found some nerve cells which presented
slight deviations from the normal.

In the first place, the pericellular spaces appeared to us much
enlarged ; naturally, no absolute value could be attached to this
variation. We also found a certain number of nerve cells desti-
tute of processes, no nuclei existed in some, and in others the
nuclei occupied lateral positions, or actually lay against the
linings of the cells.

A nucleolus was often wanting, and the whole cell assumed a
less vesicular form than normal (compare Plate VIIL, fig. 1, e, d,
e). In a certain number of sections of the spinal cord we also
found a few unfilled cells—possessing vacuoles in fact. The
number of these was from one to four in a preparation which
contained sixty visible cells. Finally, we sometimes saw in
these cells a large quantity of pigment.

It may be that these modifications in the nerve cells are due
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yellow streaks, visible to the naked eye, that the muscles of
most beri-beri cases exhibit.

By steeping a musele which is not too atrophied in a physio-
logical salt solution, and using a high microscopic power, one
can always determine the changes brought about by beri-
beri.

In those fibres which are not too impaired one still sees the
transverse striee, but they have a clouded appearance. The
completely degenerated fibres reflect the direct light more
strongly than the normal fibres; they appear of a brilliant
white colour. The minute molecules, which are the cause
of this strong reflection of light, disappear to a great extent
when the specimen is treated with acetic acid, and at the
same time a multitude of nuclei appear. When the musele is
treated with osmic acid, one sees that these molecules are,
only very exceptionally, black in colour. In conjunction with
these molecular changes, a less common condition is found,
in which a fibre presents the appearance of a waxen thread
with crenate edges. What mostly strikes the eye is the
great difference in the thickness of the fibres. It is easier
to judge of this difference when transverse sections are
made; then, if a muscle which is not too atrophied be
chosen, there will be found to be but a slight increase of
the connective tissue of the musele, no multiplication of
nuclei, and but an insignificant modification in the walls of the
blood vessels.

In the same field with the very fine fibres some very thick
fibres are met with. In these fibres at times characteristic
vacuoles are met with. We give here some measurements.

L

Muscular fibres of a swollen fasciculus of a gastrocnemius
muscle :—

Average thickness of 50 fibres, oo el B BEGE
Thickness of the largest degenerated fibre, 222.6 pu.
Thickness of the finest fibre, : . 94.4 u.

Of these fibres, twenty-one exceeded the average, twenty-
nine were below it.
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If beri-beri be due to a parasitic organism,it is certainly ne-
cessary to search for it among the microbes.

Granting this dilemma, poison or infection, the researches eould
be made in two different ways. Each of these two possibilities
might serve as a point of departure. Onece commenced in one
of the two directions, the researches, whether they gave a posi-
tive or negative result, must help in elucidating the other side
of the question.

The physicians who have of late studied beri-beri have generally
come to the conclusion that, in all probability, the disease is of
an infectious nature ; and numerous observations on the propa-
gation and the extension of the disease are cited in support of
this opinion. We were uncertain, however, as to how far one
could depend on what is narrated concerning the propagation
and the presence of the disease, and this rendered it difficult
for us to choose the direction we ought to take in our researches.

The choice was determined, however, by another consideration.
If we wished to commence by seeking an answer to the ques-
tion, whether beri-beri be due to a poison, we were immediately
met by a great difficulty. Where and what sort of poison should
be searched for? Experience threw no light whatever upon
this ; true it is, that some authors have supposed that fish and
rice, the prineipal articles of food amongst the natives of the
Netherlands East Indies, must be the vehicle of a poison caus-
ing beri-beri; but no serious support in favour of this opinion
has been given ; and even if we had wished to start with the sup-
position that beri-beri is caused by some poisonous substances,
in rice for example, we had no means of knowing in what
way we ought to conduct our researches, to arrive at a result
of any value.

The difficulty concerning any deleterious gas in the air
breathed was just as great as that concerning a poison intro-
duced into the stomach with food. If we had decided to start
from the hypothesis of poisoning, there was just as much reason
to attribute it to a poison existing in the atmosphere, as to any
deleterious substance contained in food or water.

Upon the other hand, our way was temporarily clearly indi-
cated when we put to ourselves the following question :—

Is beri-beri a disease caused by living organisms ? Were we

e T S ——






CHAPTER XIV.
PRESENCE OF BACTERIA IN THE BLOOD.

WE first asked ourselves the question, whether in the body of a
sufferer from beri-beri any organisms could be met with which
might be considered the cause of the disease? Our researches
were at first made both on the dead and the living.

We commenced by examining sections of organs hardened in
alcohol. Sections of the heart, kidney, spleen, liver, spinal cord,
of several muscles, and of several nerves, derived from sixteen
dead bodies, were systematically made. From each of these
organs some specimens were coloured with fuchsine ; others with
alkaline methylene-blue in conformity with Loiffler's method, a
neutral solution of gentian-violet, and by Gram’s method.

Never, in spite of observations made with the greatest care,
by means of systems of homogeneous apochromatic immersions
of 1% and 14 of Zeiss, did we succeed in seeing any micro-organ-
isms, except in two cases, in which the antopsy was made about
twenty hours after death. In these two cases we found large
bacilli in the heart.

Afterwards, some cerebro-spinal liquid, taken from ten dead
bodies, was put in some peptonised broth, with agar-agar. This
was accomplished in the following manner:—After having
washed the skin of the back with a solution of bichloride of mer-
cury 1-1000, the vertebral column was exposed for part of its
length with scalpels which had been previously disinfected by
heat. The cut tissue was washed anew in the same solution:
and then having removed the laminz of two vertebra very care-
fully, the dura mater was exposed to view for a short distance.

A little plate of metal, at a red heat, was applied to the dura
mater, then, by means of a Pravaz syringe, we sucked up from
the blister made, some drops of cerebro-spinal liquid, which
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sence of bacteria in the blood, or, at least the presence of
minute bodies, which, as far as form and the absorption of
colouring matter are concerned, had altogether the aspect of
bacteria. At first the attempts at discovery gave only nega-
tive results ; later on we found the reason.

At the commencement of our career at Batavia, with scarcely
any exception, we only examined patients who had been brought
away for some time from the place where they contracted
the disease. The exceptions were two sailors, who had only
fifteen days before left the vessel upon which they became ill.
In their blood granular and rod-like bodies were found, which
coloured with methylene blue. When we examined at Padang,
and at Kajoutanam, the blood of those suffering from beri-beri
lately arrived from Atjeh, we almost always found in them
some bacteria, and at Atjeh itself none of the patients’ blood
was exempt.

Later on we recognised that at Batavia also bacteria could be
found in the blood of those suffering from beri-beri, provided
that the subjects were chosen from amongst those who were
still living in the place where the disease originated, or who at
any rate had only just left it.

As we have already said, we found both granules and rods,
but amongst the latter neither the length nor thickness was uni-
form. Frequently the rods would only absorb colouring matter
at the ends; sometimes also they had a form a little irregular,
were unevenly coloured, or only slightly tinged. Generally
the rods were more numerous, but sometimes the granules pre-
dominated. By the side of perfectly spherical granules some
elongated granules were constantly met with, rendering it diffi-
cult to clearly distinguish between granules and rods. Granules
and rods were often found united in little groups, and it was
not unusual to see some granules resembling diplococei. In the
fresh blood it is natural that the micrococei should be indistin-
guishable from granules of fat, or from other round corpuscles,
which do not absorb aniline colours. Rods were often found
divided into two by central constrictions. It was impossible to
ascertain with certainty whether these rods were endowed with
any movement of their own; but it must be admitted that it
often seemed to us to be the case. It was impossible to come






110 INVESTIGATIONS AS TO CAUSE OF BERIBERI.

and some said they had noticed a swelling of a dropsical nature
in their legs, without considering themselves as suffering from
beri-beri.

For several reasons it was not desirable to go and search for
symptoms of beri-beri amongst men who believed themselves
to be in good health. On ourselves, however, and on our assist-
ants, we were able to ascertain, besides the presence of bac-
teria, some symptoms which, however insignificant, were not
altogether without pathological value—a feeling of heaviness,
pains in the lower extremities, and palpitations. One of us
developed a characteristic cedema of the leg, which declared
itself at the end of the first fortnight of our stay at Atjeh, and
did not disappear until he returned to Batavia. In all of us a
diminution of the tactility of the skin of the leg was perceptible,
which only disappeared at Batavia, and even then very slowly
(see page 20).

We think, then, that some importance can be attached to the
discovery we have made of the presence of bacteria in the blood
of those suffering from beri-beri. That, in the tropies, bacteria
are not found in the blood of healthy persons who are living
under favourable circumstances, we have seen to be the case at
Atjeh, in a person who was examined the day after his arrival ;
but more especially marked was this point at Batavia, where
no bacteria were found even in the blood of those suffering from
beri-beri, unless the patients had lately stayed in places where
the disease was raging.

If at Atjeh, where the cause of the disease is undoubtedly
very diffused, these bacteria were also found in the blood of per-
sons who presented no striking symptoms of the disease, it is
no reason why these bacteria should not be considered the cause
of beri-beri, more especially now that it appears that even, in the
case of people apparently healthy, some slight variations are
present which accord with the symptoms of the disease.
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Although bacteria were always found in the blood employed
for inoculation, the tubes for the most part remained sterile.

In fifteen cases, however, we obtained some growths of
bacteria; from twelve patients growths of mierococel were de-
veloped in the tubes, and from three some growths of rod-like
bodies. The rods differed from each other in every instance.
Twice there were some bacilli, with a characteristic movement,
although in one of the two cases they were much smaller than in
the other. The third species of rod was very peculiar. In all the
growths, in those which developed on a solid substance as well
as in those which developed in a liquid, these rods, which were
of very different lengths, and which were often not perfectly
cylindrical but a little swollen in the middle or at one of the
extremities, alternated with some spherical granules, which pre-
sented considerable differences in their diameters. Cultivated
on some agar-agar, these bacteria formed a thick bed, with a
shining surface,—at first of a white colour, which soon com-
menced to take a reddish tint, and which at the end of a few
days was of a brick-red colour. The gelatine was not liquefied by
these organisms. The same bacteria were once cultivated in
some dust obtained from the air of barracks at Oleh-leh.

In the twelve other cases the tubes inoculated with blood
showed micrococei. These developed best on the solid sub-
stances, where they formed a white bed with a shining surface.
This phenomenon obtained in ten cases, but in two of the
cultivations a yellow colour developed. Amongst the ten cases
in which white growths were obtained, there was one composed
of a single colony of micrococei, the members of which differed
greatly from each other in size, and from which we did not
succeed in obtaining further growths.

Sometimes from the same blood different bacteria were
developed, but this did not happen when agar-agar and blood
serum were used as the media. If in either of these a growth
of bacteria took place, one could readily recognise by a plate
cultivation that they consisted of one kind of bacterium only.

In the later days of our researches, the blood was mixed
with nutrient gelatine, which was then poured on a eultivation
plate, or dealt with in the way advised by Esmarch, namely,
run on -to the inside of a test tube held obliquely, and there
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then, to discard the supposition that it is the presence of other
bacteria in the growths which gives rise to the phenomenon
of transition.

Some further researches will be necessary to decide whether
the different forms of micrococei that we obtained in our
attempts at culture with the blood of sufferers from Leri-beri,
are of different species, or whether they are not some varieties
of the same species. If we reflect that out of about eighty
sufferers from beri-beri, in whose blood bacteria were found
with the aid of a microscope, and were used for the purposes
of growths, positive results were only obtained in fifteen cases;
and when, still further, we consider that even in these cases the
same kind of bacteria were not always obtained, a grave objec-
tion is necessarily raised against the value of the results that
we have arrived at.

It may further be objected, that it is very possible that in
any of these fifteen cases the bacteria did not oceur in the
blood, but arose from an accidental pollution during manipula-
tion, and so entered the nutrient jelly. This possibility cannot
be excluded with perfect certainty, unless one takes into con-
sideration what we have just said. The danger of an accidental
pollution in the growing of bacteria is great, especially in the
tropics, where a laboratory will not easily be found in which
the wind cannot penetrate by more than one opening, and
where a puft of wind may not suddenly come to raise a crowd
of living germs. Nevertheless, by extensive precauntions, this
danger can be obviated within sufficiently narrow limits. This
has already been shown from the number of inoculations
which we made, and which were followed by negative results.
Besides, this objection loses something of its force when we
see that in two of the fifteen cases where we obtained growths
of bacteria, we found growths of micrococei which, although
they were not all exactly the same, did not present, as we are
about to show, anything but very insignificant differences.

These cultures were obtained partly at Atjeh and partly at
Batavia. From the air of several rooms at Atjeh we could
always readily cultivate similar miecrococei, but never from the
air taken in our laboratory at Batavia. So the supposition
that these micrococei might not have proceeded from the blood
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slight wounds. The wound made by the introduction of the
nerve was perfectly healed, and the embedded nerve itself,
enveloped by a tissue of new formation, was recovered with
difficulty. No degeneration in the nerves was met with. As
only repeated experiments could cause the disease, we did not
further pursue this kind of test. To often make inocu-
lations with parts of dead bodies in the same animal seemed an
unsatisfactory method of experimenting, and the repeated injec-
tion of blood taken from the living was contrary to the interests
of the patients. From time to time it may happen in the case
of a sufferer from beri-beri, who has sensations of suffoca-
tion, that bleeding is not only harmless but may be useful;
however, as a general rule, the blood of a beri-beri sufferer is
generally of too much value to the patient to allow it to be taken
for the purpose of experiments. The injection of cultivated
bacteria under the skin or in the abdominal cavity can, how-
ever, be made and repeated without great inconvenience.

We provided ourselves at first, for purposes of injection, with
micrococei from the white growth variety. These were ob-
tained nine times,as we have said above, except in the case, also
mentioned, where a single white colony developed, composed of
micrococei ranging greatly in size, of which it was impossible to
continue the cultivation. Of these nine growths, there was still
another which could not be examined, because the tube of
agar-agar, inoculated with some blood in which micrococei were
developed, was lost.

The eight remaining growths did not, however, completely
resemble each other. Whilst six possessed the faculty of liquefy-
ing gelatine, the two others did not.

We think that this difference ought not to be considered as
of a specitic nature, as we shall attempt to show further on. Pro-
visionally, however, we shall only speak of the micrococei pro-
ceeding from the six growths where the gelatine was liquefied.
Inoculations with fhis micrococcus were made on rabbits and
dogs. The bacteria were cultivated in simple broth or on
peptonised broth with agar-agar; in the latter case, they were
held in suspension in a neutral solution of sea salt for injection;
this was done subcutaneously, or in the cavity of the abdomen,
with a small Pravaz syringe previously disinfected with a solu-
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not increase until they receive a sufficient quantity of oxygen.
Thus it is that in cultivations by stabbing the medium scarcely
anything is developed in the canal of the prick, whilst at the
surface of the jelly a bed of milky whiteness is seen to extend.
¢. If the culture by pricking be made in nutrient gelatine, a
narrow funnel is lightly formed on the surface, terminating by
a rounded end in the canal of the prick, so that it appears as a
little turbid spot in the lower layer of the gelatine.

Sometimes a turbid liquid is found in the funnel-shaped
growth ; at other times it contains air, according as the gelatine
becomes liquid more or less quickly, and as the drying, which
depends as well upon the temperature at which the growth is
made as upon the composition of the jelly, operates more or less
rapidly. The rate at which the gelatine is liquefied in the same
jelly, and at the same temperature of cultivation, is always slow,
but it is not always equal. In the growths on plates, the round
opaque colonies, presenting a granular aspect when slightly
magnified, are sometimes found in a depression of transparent
gelatine ; at other times they are surrounded by a white ring,
perfectly circular, leaving between it and the colony a clear
space ; at other times, again, they are surrounded by a turbid
border, white, and of a circular form, which touches the outer
rim of the colony. If new cultures be made on plates with
any one of these three varieties, the same forms are almost
always found again.

The cohesion of the growth on agar-agar generally increases
a little with the faculty of rendering the gelatine liquid.
Sometimes the micrococecus leaves the gelatine quite solid.
Some silk threads which had been soaked at Batavia with a
pure broth culture of the micrococcus, which liquefied the
gelatine, were dried afterwards over some sulphuric acid and
carried to Europe in sterilized tubes. The cultures obtained
therefrom produced micrococei which in every respect resembled
those we have described, with the difference that they did not
render the gelatine liquid. Some following generations of the
micrococei, however, liquefied the gelafine, sometimes very slowly,
sometimes rather quickly, and this variation could not be
solely attributed to dirt or contact with foreign matter of
any sort.
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broth culture of bacteria which did not liquefy the gelatine.
As soon as the piece of stuff was dry, the bacteria were able to
spread in the air of the case, a thing we assisted them to do
from time to time by tapping the lid. We made certain that
there was a crowd of bacteria in the air of the case, by placing a
plate covered with a thin layer of peptonised broth thickened
with agar-agar, and by rapping a couple of times on the lid. A
few moments afterwards the plate was taken away, covered, and
placed in the warm chamber; the following day the jelly was
seen to be covered with crowds of colonies, amongst which
the white colonies of the micrococei predominated. Of these
three animals one died speedily without any assignable cause.
In this animal nothing was found except here and there a
degenerated fibre, such as might be met with in a rabbit in the
normal state. The second rabbit was killed after having lived
three months and a half in the infected surroundings that we
have described. Latterly it became lean and its movements
visibly slow. Of the nineteen nerves of this animal which
we examined, eight showed signs of degeneration, but they were
very slight. The third rabbit was killed five months after the
commencement of the experiment. Seven out of the sixteen
nerves which we examined were in a state of degeneration, and
the degeneration was advanced. In a muscular branch of the
right crural nerve, which supplies the extensors of the leg, a
fourth part at least of the nervous fibres were in different
phases of degeneration, while in the right external popliteal nerve
about twenty-five degenerated fibres were found.

The only difference between these micrococei and those which
were used in the experiments in the KEast Indies consisted in
this, that the latter dissolved the gelatine slowly, and that the
former were variable in their power of liquefaction. Omnce for
all then it may be said, that the apparent difference in the
power of micrococei to liquefy gelatine is of no importance as a
differential feature. With this fact prominently before us, it
becomes apparent that in the eight cultures derived from the
blood of beri-beri patients mentioned above, the attention paid
to the fact that two did not liquefy the gelatine, whilst six did
do so, was a futile consideration. We remarked nothing con-
cerning the pathogenic peculiarities, either positive or negative,
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we believed transition forms existed, there had been a pollu-
tion of the growths during manipulation. There remain only
three cases out of the fifteen to be accounted for in which
the cultures used for inoculation did not produce nerve
degeneration in animals. The supposition is very probable that
in these cases foreign organisms penetrated by accident into the
tubes which had been inoculated with blood.

But even when we leave on one side these cultures, of the
pathogenic value of which we cannot speak except with a greater
or lesser degree of probability, it still appears to us of great
importance that in six cases it has been possible to culti-
vate from the blood of beri-beri sufferers bacteria which, in
four rabbits and two dogs, have been able to produce a degenera-
tion in several peripheral nerves.

There is no doubt that in most of the animals which have
served for the experiments the nerve degeneration ought to be
considered as a pathological symptom.

It is true, as Mayer especially has shown, that a degeneration
of nerve fibres may also be found in healthy animals, but this
degeneration, physiologically speaking, is only present in a very
restricted sense. If in a rabbit, immediately after it has been
killed, the nerves are carefully removed and examined atten-
tively, here and there a single degenerated fibre will be
met with, but as a rule they are of a perfectly normal strue-
ture.

In our experiments the nerves were always isolated with a
great deal of care, cut and fastened to small pieces of wood,
such as matches for instance, hardened and coloured in a
solution containing one per cent. of osmic acid, teased and
examined in Canada balsam. Then the most minute nerve
fibres could alone present any difficulty in the diagnosis of
degeneration. We have never, however, admitted any pathological
degeneration except when, even by a superficial examination, a
certain number of degenerated fibres could be immediately
recognised by their rounded lumps of myelin or some small
and large dark globules.

We have inquired with the greatest care into the possibility
whether the pathological modifications of the nerve fibres,
upon the existence of which our preparations leave no doubt,
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opinion the micerococcus which we were able to cultivate from
the blood of beri-beri patients is capable of producing in animals
the characteristic symptom of beri-beri, namely, a degeneration
of the peripheral nerves. In other words, that the micrococcus
must be considered as the cause of beri-beri.

Now, is this micrococcus the only bacterium that can produce
a nerve degeneration? We shall return to this question by
and by. We will only say here that we have tried on three
rabbits, and each time with negative results, injections with two
forms of bacilli, which we obtained in our growths from the blood.
We have not experimented with a third kind of bacillus, obtained
from a beri-beri patient who had suceumbed to acute pneumonia.

We further made experiments with microcoeei found grow-
ing alongside of those which we have described in the growths
from the blood of a beri-beri patient (see p. 112). Two male
rabbits each received in 21 days sixteen injections of an oblong
micrococeus (@), which in some growths became true rods but
in others assumed a spherical form.

This micrococcus liquefied gelatine, and upon agar-agar took
a yellow brown colour. During their lives nothing abnormal
was noticeable in these aninals. In the smaller rabbit, which was
also the weaker, after death a degeneration of nerves which
seemed more than normal could be ascertained; in the other,
nothing abnormal was found. In a rabbit during 14 days, 13
subeutaneous injections were made of a growth of large miecro-
cocei (b) of the tetrad form, which liquefied the gelatine and
formed a citron yellow layer on agar-agar. No nerve de-
generation was found in this animal.

Another rabbit during 15 days received 13 injections of a
mierocoeeus (¢), which was very like mierococcus (), but which
was distinguished from it by being developed on agar-agar, and
by a feebler tendency to form tetrad groups. Again no nerve
degeneration was found in this rabbit.

Lastly, a fifth rabbit in 14 days received 12 subcutaneous
injections of a micrococcus (), which differed from the two
preceding in the fact that it was of a little paler colour, and in
possessing a singular inequality in the size of the different cells,
otherwise it resembled (¢). In this animal there was no
nerve degeneration found.
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Some cultures of another white micrococcus, which liquefied
the gelatine and altogether resembled that from the blood, we
injected into a rabbit and a dog. The animals presented no
nerve degeneration, nor any other symptom of disease.

In order to ascertain by experiment whether there was any
foundation for the hypothesis that an infectious principle, cap-
able of producing the disease, is found in the air of the places
where beri-beri is endemie, we followed another plan.

In a barracks at Weltevreden, where latterly the recruits
had often been attacked with beri-beri, a gas meter was placed
in such a manner that the wheel could be moved by a weight
and so suck in the air. This aspirator communicated with a
small retort containing a weak sterilised solution of sea salt.
Through the eover of the retort were passed two tubes, forming
a Miiller's valve. When the wheel of the meter was made to
revolve, the air of the room passed slowly through the solution
of salt, so that the bacteria floating in the air were to a great
extent retained by the liquid. The meter showed the exact
quantity of air consumed in the experiment. The solution of sea
salt, charged with dust of every kind, and consequently also with
bacteria, was afterwards injected into the abdomen of an animal.
Now, if this animal suffered from degeneration of the nerves,
it might be admitted that the cause of the degeneration existed
in the air of the barracks. Two rabbits and a dog were treated in
this way. In the case of the first rabbit, during seven days 35
cubic centimetres of chloride of sodium solution, throngh which
580 litres of air had passed, were injected. Upon the morning of
the seventh day the rabbit was found dead, but still warm, in
its hutch. The autopsy was immediately made. Some filaments
of fibrin were found in the abdomen. No liquid was present in
the cavity of the abdomen, nor the least trace of inflamma-
tion of the peritoneum. The pericardium contained a consider-
able quantity of clear serous fluid. A degeneration of recent
date was found in several branches of nerves; the upper laryn-
geal nerve was rather far advanced in degeneration, the presence
of degeneration in the cardiac branches of the vagus was doubt-
ful: the great number of fine fibres normally present in this
nerve, makes it difficult to judge of degeneration unless it be
very great,
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stomach without undergoing any changes, it is more than pro-
bable that the infectious substance, which floats in the air, enters
the body especially by the way of the lungs; and that the micro-
cocei which enter into the digestive canal are generally soon
rendered innocuous.

Experience concerning the propagation of beri-beri in human
beings seems rather to indicate an infection by the air inhaled
than an infection by the cesophagus.

It has often been stated that beri-beri is caused by food,
but no one has ever shown any connection between food and
the genesis of the disease, except only in the sense that, amongst
those who live in a place where beri-beri prevails, it is the worst
nourished who are attacked. Better nourishment cannot alto-
gether prevent beri-beri from declaring itself ; and, on the other
hand, in a place where beri-beri does not prevail, bad nourish-
ment does not produce nerve degeneration. As far as we have
been able to ascertain, no case has proved, or even rendered
it probable, that the disease was caused by the use of food con-
taining any micrococei which brought about nerve degene-
ration. Neither did we find any connection between the propa-
gation of beri-beri and the use of water as a beverage. Amongst
the bacteria which we found in the drinking water at Atjeh, we
never came across the micrococeus which we cultivated from the
blood of beri-beri patients. But what does appear certain is, the
influence of locality on the presence of the disease. There are
some buildings, certain prisons, and especially certain barracks
and ships, where beri-beri always appears amongst those who
spend any time in them.

There are certain districts where, as at Atjeh, a considerable
number of those who stay in them for some time are attacked with
beri-beri. Amongst these, it is not only the private soldiers
living in the barracks who are attacked, but also, from time to
time, officers living in detached houses. The fault cannot be laid
at the door of the buildings, as many are roomy and perfectly
fitbed up, their surroundings leave nothing to be desired.
These phenomena are explained, better than in any other way,
when it is admitted that the bacteria which cause the disease
enter the body with the air inhaled. This supposition has re-
ceived a great degree of probability since it has been proved
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especially the inundations caused thereby, appear to have ex-
ercised a peculiarly unfavourable influence. The increase in the
violence of the disease at the commencement of the month of
February 1887, was preceded by violent rain and inundations in
the months of December and January (See in plates X1I. and XTI
the track delineated ; the progress of the disease in this year is
shewn by the broken line). The humidity of the surface layers
of the soil might be expected to influence the development of
bacteria, because so long as humidity continues, the growth of
bacteria favoured by the high temperature is luxuriant. When
the rains have stopped, and the river has returned to its bed,
the soil dries very quickly, and so gives the bacteria an op-
portunity of spreading on a large scale in the surrounding
atmosphere. Where the land is steeply ineclined, where the
rain water runs off rapidly, and where the soil seldom remains
soaked for long, even by the most violent rains, the chances of a
great multiplication of bacteria are certainly less favourable.

In dwellings, however, especially in those inhabited by a
large number of persons, the prisons, barracks, the normal
schools for the native teachers, and on board ships, there is
always plenty of food for the bacteria, upon which they fix
themselves and inerease; and when by the tropical heat they
become dried and shrivelled, they are spread by the air.
They may then enter human beings, or fix themselves anew on
a damp place to again multiply. The great power of resistance
possessed by the micrococei is sufficient to explain the transport
of beri-beri from one place to another, even from land to sea.
The bacteria can be carried from a building in an infected dis-
trict by clothes or otherwise, and where they fall they easily
find the conditions necessary for a new increase. These con-
ditions do not appear to be always met with, even in districts
that are hot and low lying. The military hospital of Padang is
an example of this. Some thousands of beri-beri patients have
been sent there from Atjeh, and it cannot be doubted that they
have frequently carried the cause of the disease with them.
Beri-beri, however, has not spread there, although the disease is
not foreign to the place. Not only have there been epidemics of
beri-beri at Padang, but we are assured that the disease at pre-
sent exists in the prisons there.
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The tendency to contract the disease is evidently augmented
by the cause of the disease continuing to operate; at least those
who have once had beri-beri show a great tendency to relapses
as soon as ever they come into places where the disease prevails.
But even amongst these the nerve degeneration generally
only progresses slowly. From this we must conclude that the
human organism presents a very strong resistance to the cause
of the nerve degeneration.

This power of resistance is greater in women than in men, in
infants and old men than in youths, in Europeans than in natives.
In addition, it depends upon all sorts of circumstances, of which
some can be controlled (bad food and excessive work, for example,
seem to diminish it), but others are of a nature so complicated
that we cannot at the moment give any explanation. It is
enough to draw attention to this singular fact, that at Atjeh
the Chinese, even the coolies, have remained almost without
exception free from beri-beri, whilst experience has faught us
in the most convineing manner that at Singapore, at Dehli, at
Banea, and at Billiton, the Chinese possess no immunity from
beri-beri, either as a race or from their way of living. But if
the reason for these differences in the resistance to the disease
is still obscure, the fact that in general the cause of the disease
does not easily gain ascendency over the human organism is
perfectly in accord with what we have observed.

We regularly found bacteria in the blood of beri-beri patients
as long as they remained in the places where the disease pre-
vailed ; but if the bacteria were not continually imported from
outside, they quickly disappeared altogether from the blood.
Even when the patients were not withdrawn from the infected
country, the number of bacteria found in the blood still dimin-
ished rapidly when they were placed under more favourable
circumstances. Thus the bacteria in the blood became daily
fewer in those beri-beri patients who entered the spacious and
excellent hospital of Panteh-Perak.

The presence of bacteria of irregular form and staining with
difficulty so frequently met with, and the fact that we could not
diseover microscopically bacteria in any organ, support the
opinion that the bacteria which have penetrated into the circu-
lation of the blood have at first been able to multiply, but that
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in the large majority of cases of beri-beri. It is true that to us
it scarcely seems possible that the micrococeus producing
nerve degeneration which we cultivated six times from the
blood of beri-beri patients, and which was also obtained from
the blood of a rabbit injected by a bacterial culture and suffer-
ing from a nerve degeneration—it seems scarcely possible to
us, we say, that this micrococeus can be rejected as the cause
of beri-beri. However, it cannot be undesirable to augment the
number of observations. This is why we have learned with
pleasure that van Eecke, without knowing anything of what we
had found, has cultivated, from the blood of patients at the great
establishment for beri-beri sufferers at Buitenzorg, two kinds
of micrococel. One gives a milk white culture perfectly
similar, as it appears, to ours; and the other shows cultures of
a yellow citron colour, and resembling, according to the deserip-
tion he gives of it, the large micrococcus forming tetrad groups.!
We shall hope soon to receive fuller communications on this
subject from van Eecke, who is now sub-director of the
Pathological Laboratory at Batavia® It is also absolutely
necessary to know whether the different forms that we, as well
as van FHecke, have cultivated from the blood of those
suffering from beri-beri, are not in fact, as we are inclined to
believe, only varieties of the same species.

The history of bacteriology has only too often taught us how
dangerous it is to consider several forms as belonging to the
same species, without incontestible proofs of the variability of
these bacteria. We must admit that we are not in a position
to resolve this question, which is so highly important to the
proper comprehension of the cause of beri-beri, or, at least, we
cannot give any sufficient reasons for or against the specific
difference of these micrococel. Yet another difficulty is
intimately connected with this subject. We have found in
the blood of beri-beri patients, in addition to the mierococei,
bacilli, sometimes even (see Plate IL, fig 1) almost nothing
but bacilli, while from that blood we could only cultivate
micrococel which exercised a pathogenie action.

Do these bacilli and micrococei belong to one family ? Do

' Geneeskundige Tijdschrift voor Nederlandsch-Indig, vol. xxvii., p. 71.
* See also vol. xxviil., p. 145, of same periodical.
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to a man’s height, and the furniture, were washed with a solu-
tion of corrosive sublimate (1-1000).

It must be admitted that this measure did not succeed in
making the disease altogether disappear from Atjeh, but beri-
beri greatly diminished in intensity there after this disinfec-
tion. The table we give proves this. (See Plates XI. and
XIL) The unbroken line gives, for each group of persons, the
progress of the disease for 1886, starting from the month of
February; in the same manner the broken line indicates the
progress during 1887 ; and the dotted line for the first six months
of 1888. The lines are traced in such a way that the ordinates
give the total of sick.

At the end of every month, the proportion of the beri-beri
patients from each group was obtained by adding the numbers
indicating the effective strength of the troops for each day of
the month ; then we multiplied by one hundred the number of
beri-beri patients entered at the hospital during the month,
and finally divided the product obtained by the sum of the
effectives of each day of the month. Consequently, the pro-
portion of the sick was obtained, as well of Europeans as of natives
and convicts, independently of the changes in the effective force
of the troops.

The disinfection commenced at the end of the year 1886, and
it is remarkable to see how the number of sick diminished
more and more during the first six months of the year 1887,
except for a large increase in the spring, more especially amongst
the natives. In the last months of the year 1887, and at the
commencement of 1888, a fresh recrudescence of the disease was
observed, which as the dotted line shows was again followed by an
amelioration. During the twelve months of disinfection the
number of cases was much less than that for the year when
disinfection had not yet been practised. The mortality after the
disinfection diminished in still greater proportion. It has been
caleulated for six consecutive months, in the same way that we
did it for the cases of sickness, as a percentage of the effective
force. Here are the totals:—

Furopeans,  Amboinicans. Natives, Convicts.
Jannary—July 1886 0026 0-25 0-035 0-126
July—December ,, 0:016 003 002 0.066
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be restricted to the extent absolutely necessary, so as not to
continually expose new surfaces of ground, which, being damp
and rich in food for these bacteria, offer them a propitious soil
for multiplying and afterwards spreading as dust in the air. It
is considered probable that the disturbance of the soil is inti-
mately connected with the presence in the air of the infectious
matter of beri-beri as well as that of malaria. One knows
generally, that marsh fevers augment in intensity, when earth
cutting takes place in the places where malaria prevails. At
Atjeh, beri-beri reached its highest point of intensity a short
time after we had established our lines of concentration, for
which it was necessary to execute in a short time a large amount
of earth cutting. The redoubling of the intensity of the disease
in the latter half of 1887, only declared itself after some very
considerable works had been commenced, in order to protect the
territory we occupy at Atjeh against inundations. It was to be
supposed from what we have said above, that these works would
lead to an aggravation of the disease, but this danger would be
only of a temporary nature, and should be more than com-
pensated for by the permanent utility of the improvement in
the embankments of the river. Besides, the aggravation was
not so considerable as the lines indicating the progress of
the disease show, seeing that other unfavourable ecircum-
stances, during the last months of 1887, might be taken into
account.

It was only amongst the conviets that the increase of cases
became considerable in the month of December 1887. The
number of those attacked, in proportion to the effective
strength, was large, although the total of the mortality was
really small. Besides, it must be remarked that the number of
sick among the conviets generally presents greater fluctuations
than amongst the military. This is probably owing to the fact,
that beri-beri is a very widespread disease amongst the conviets
in Netherlands India, and that amongst those who are sent to
Atjeh, the likelihood that there may be some who have already
suffered from the disease, or who, having the disease upon them,
develope it only after admission to prison, is much greater than
amongst soldiers.

However difficult a task it may prove, not only to put
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According to us, therefore, there is not much danger of a per-
son suffering from beri-beri carrying the disease from one place
to another, provided that care be taken that his clothes and
everything that he takes with him from the contaminated
locality be properly disinfected. The manner in which this dis-
infection is to be carried out for buildings, furniture, and clothes,
cannot always be the same.

Whenever a current of steam can be employed, this is the
best means of killing the bacteria. For buildings and for furni-
ture generally this means would not be applicable, and it is then
necessary to make use of a substance dissolved in the water
which has the property of destroying the bacteria. Amongst
these substances corrosive sublimate ought first to be taken into
consideration, as it is the most active.

After a thorough sprinkling with a solution of corrosive sub-
limate, the whole is well washed with water, in order to remove
the corrosive sublimate. Our experience at Atjeh has taught
us, there is no reason to fear that the people living in the houses
disinfected in this way will show any symptoms of mercurial
poisoning. Wherever it is possible, we recommend the employ-

ment of a solution of that mercurial salt, which contains besides

a free acid. Like other bacteria, the micrococeus of beri-beri is
more rapidly killed by a solution of corrosive sublimate that
contains some tartaric or hydrochloric acid than by a neutral
solution.

Some pieces of filter paper, impregnated with a broth culture
of micrococeus, and then dried over sulphurie acid, have to remain
at least five minutes in a solution of corresive sublimate of 1-5000
in order to be sterilised ; while one or two minutes in a similar
solution, but containing in addition 0-5 per cent of tartaric or
hydrochlorie acid, suffice to completely disinfect the paper. An
immersion for fifteen seconds in a solution of the following com-
position killed the micrococei:—Hg Cl, 1 part, HCl 5 parts,
H,O 1000 parts.

Of course some things which have to be disinfected cannot
stand contact with hydrochloric or tartaric acid. Besides, it is
not always possible to sprinkle buildings and things with a
solution of corrosive sublimate in such a way as to destroy all
the living germs, This is especially the case in the East Indies,



















156 DESCRIPTION OF THE PLATES.

PLATE VIIIL

Fig. 1. Diverse nerve cells, obtained from carmine prepara-
tions of the same spinal cord: @, normal nerve cell; b, ¢, cells
with vacuoles ; d, ¢, cells in which the nucleus is placed against
the cell wall, and with accumulation of pigment. Leitz. Obj. 8,
Oe. 3.

Fig. 2. Transverse sections at different heights of a spinal
cord, in the posterior columns of which some modifications were
found (Autopsy, No. 24). (a.) Section of the spinal cord at the
root of the fourth lumbar. Degeneration of the root and of the
radicular zone, also of the posterior column on both sides.
(b.) Section of the spinal cord a segment higher. The radicular
zone is still in a state of degeneration on both sides. (¢.) Section
of the spinal cord at the next segment. (d.) Section of the spinal
cord at a higher segment.

In ¢. and d. the place of the secondary sclerosis in the pos-
terior column is indicated by a dark spot. This gets nearer
and nearer to the median line.

(e.) Section of the upper part of the dorsal region of the spinal
cord. The spot of degeneration has reached the median fissure.
(f.) Section of the lower part of the cervical enlargement. Signs
of degeneration can still be seen here. Enlargement by mag-
nifying glass.

PLATE IX.

Fig. 1. Section of a posterior lumbar root (Autopsy, No. 42),
between the ganglion and the spinal cord. The fine fibres are
in the majority in this root, and are a little more numerous
than in the normal root. Leitz. Obj. 8, Oe, 1.

Fig. 2. Section of the same posterior root, between the nerve
trunk and the ganglion. Leitz. Obj. 8, Oc. 1. In this section
some large fields of atrophied fine fibres are met with.

Fig. 3. Section of a muscular branch of the recurrent laryn-
geal nerve (Autopsy, No. 33). (a, @) Spots where some small
degenerated fibres occupy almost the whole surface of the
section, coloured red with carmine.
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