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PREFACE.

—— —

[ DESIRE to express my indebtedness to Mr.
James Berry, for his helpful and wvaluable criti-
cisms during the ten years I have been engaged
in this research: to Sir Ronald Ross, K.C.B.,
F.R.S., for the encouragement which he has at
all times extended to me, and for permission to
use figs. 13-17, 24, 25, 52, 54-56, and 58, which
originally appeared in certain of my papers pub-
lished in the Awunals of Tropical Medicine and
Hygiene between the years 1909 and 1911; to
Mr. C. C. Garbett, I.C.S., for his assistance while
I was carrying out my Continental investigations ;
to Professors T. Kocher, Kolle, Langhans, and the
other members of the Swiss National Commission
on Goitre for their courtesy and readiness to place
their material at my disposal, and for their help in
the course of my researches in Switzerland ; to Dr.
Eugene Bircher, of Aarau, for so kindly permitting
me to examine his specimens and to see the con-
ditions under which his experiments were carried
out, and for the use of figs. 18 and 57 ; to Dr.
Répin, of the Pasteur Institute of Paris, for the use
of fig. 4; to Drs. Marine and Lenhart for the use
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of higs. 7, 8, 22, 23, 29, and 53; to NMr Ripere
Farrant for the use of figs. 20 and 21; to Dr.
Carlos Chagas for the use of fig. 19; and to His
Majesty's Secretary of State for India in Council,
and the Science Committee of the British Medical
Association for grants in aid of my researches in
Europe. But especially am I indebted to my wife
for her untiring help during the past six years, not
only in the laboratory but in the remote regions
where the main part of my researches have been
carried out.

It is my hope that by publishing these Lectures
in a considerably amplified form I may have pro-
vided a readily accessible record of the extent of
our present knowledge of the causation of endemic
goitre, and that the bibliography may prove of
assistance to those who desire to undertake further
researches on this subject.

R. McCARRIsON.

London,
December, 1912,
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LECTURE L

MR. PreSIDENT AND GENTLEMEN : Before I enter
upon a consideration of the etiology of endemic
goitre, permit.me to thank the College for the honour
conferred in electing me to address you on this
subject.

Having had the good fortune to reside for some
ten years in a part of India where goitre and
cretinism prevail with great intensity, and which is
probably one of the purest regions of endemic
goitre in the world, I have had exceptional oppor-
tunities for carrying out extensive observations and
experiments not only on animals but on man also.
Though my official duties as an officer of the
Indian Medical Service have often compelled me
to interrupt my researches, and the prejudices of the
people in some of the more backward villages
have not always been easy to overcome, I have
been able, with the help of the civil and military
officers, and the native chiefs and rajahs of the
district, to carry to a successful issue many observa-
tions and experiments which I venture to think
would not have been possible in any other part of
the world. Especially am I grateful to those men

I
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who came forward in response to my request and
offered themselves as subjects for experiment.
They have performed a service to humanity of
which there are parallel instances in the field of
medical research, but none more commendable.

The tract of country where my researches have
been mainly conducted comprises the districts of
Chitral and Gilgit, and is situated at the extreme
northern point of British India, in that part of the
Western Himalayas known as the Hindu Khush.
[t lies between the parallel of latitude 35° and 37°
and meridians of longitude 72° and 76°. The main
valleys of this district, through which the Chitral
and Gilgit rivers flow, are narrow, being rarely more
than one mile broad at any part. They are
bounded on either side by high hills ranging between
10,000 and 15,000 ft. The ranges bounding the
valleys are intersected at intervals by narrow nullahs
or valleys, each with its mountain stream derived
mainly from the melting of the snows on the hills
above. Atthe mouths of these nullahs, alluvial fans
stretch with a gentle slope towards the river. These
alluvial formations, composed as they are of a
porous soil, are the only habitable portions of this
mountainous country : on them we find villages and
a considerable amount of cultivation.

The climate is a temperate one, never excessively
cold nor excessively hot, except for a few months of
summer, Snow covers the ground in some parts
during the winter months, usually up to the end of
February. The rainfall is small.
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In many parts of these valleys the hills are poorly
wooded, and in consequence fuel is scarce. During
the winter months the people live crowded in small
stone-built huts, of which the only ventilation is a
hole in the roof. The average cubic space per
individual is 200 to 250 cubic ft. In summer the
people live for the most part out of doors. The
natives of this region are, as a rule, poor. Food is
plentiful, comparatively speaking, from July to
February, after which the people are often obliged
to live on the poorest grains, dried fruits, and the
greenstuffs of the spring. Their food is almost
entirely vegetable. Flesh meat is an articie of diet
far beyond their means, while in Chitral especially
salt is a luxury to all except the richest families.

There are certain local beliefs as to the causa-
tion of the enlargement of the neck which are not
without interest. Some of the people say that their
necks increase in size when food is scarce, that is,
in the spring months after February; others that
the increase takes place in the mulberry season
(May, June, and July), or when the water turns
grey from the presence of fine sediment, or when
the snows begin to melt (May, June, and July).
All local authorities agree as to an observed in-
crease in May, June, and July. Curiously enough,
it is only in certain villages that water is believed
to cause the disease. The water of the village of
Awi, in Chitral, for example, has a goitre pro-
ducing reputation, while it is affirmed that the water



4 THE ETIOLOGY OF ENDEMIC GOITRE

of Sanoghar, where the disease is equally common,
does not cause goitre. There is a belief in the
district that goitre is not so prevalent as it was.

But my observations have not been wholly con-
fined to this region. During my periodic visits to
Europe, and especially during the last year, I have
employed myself in studying the disease as it
prevails in the British Isles, Germany, Austria,
Bavaria, Tyrol, and Switzerland. [ have had an
opportunity, through the courtesy of Dr. Eugene
Bircher, of Aarau, and of Professors Kocher and
Kolle, and other members of the Swiss Goitre
Commission, which is at present sitting, of acquaint-
ing myself with the conditions under which their
experiments have been conducted and of examining
their results. In consequence of this unusual
experience of the disease, I am in a position to
assure you that the endemic goitre of Europe is the
same disease as the endemic goitre of Himalayan
India.

Before proceeding to an account of my own
work, which comprises the major part of these
lectures, it will be necessary for me to go over
ground with which most of you are doubtless
familiar. I must, therefore, crave your indulgence
during part of to-day’s lecture, while I present to
you facts, which though somewhat dull in their
narration, are essential to my argument.

The problem of the causation of goitre is one
which has exercised the minds of observers since
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the earliest days of medical history. There are,
indeed, few diseases about which so much has been
written and so many diverse views propounded.
For a student of the subject, perhaps one of the
most onerous tasks is the sifting of the enormous
mass of evidence which has been brought forward
by the supporters of these different theories. He
finds early in his study that the greater part of the
evidence is purely circumstantial, and that the
literature of the subject consists, to a great extent,
rather in records of impressions and opinions of
observers than in scientifically proven facts. The
separation of the wheat of fact from the chaff of
fancy i1s consequently a matter of considerable
difficulty.

My plan in these lectures is to bring to your
notice both such facts and deductions from the
literature of goitre as I believe to merit credence,
and also the experimental and other observations
I myself have made, as a result of which I am
convinced that endemic goitre is due to a living
excitant of disease.

TuE DistriBUTION oF EnxDEMIC GOITRE.

Endemic goitre is widely distributed over the
whole world. Few countries appear to be entirely
free from it. The disease is so common in certain
parts of England and Scotland as to be distin-
guished by the names, * Derbyshire neck” and
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“ Nithsdale neck ”; but the extent to which it pre-
vails in European countries generally and in the
East is seldom appreciated. Baillarger estimated
that about the year 1874 there were in France
alone no less than 500,000 goitrous individuals and
122,700 cretins and cretinous idiots. In Switzer-
land, during the six years between 1875 and 1881,
12,227 young men were exempted from military
service on account of goitre. In Italy, 3 per
cent. of the conscripts were rejected for the same
reason between the years 1859 and 1864. In the
provinces of Piedmont, Lombardy, and Venice,
there were, in the year 1883, 128,730 goitrous, and
12,882 cretinous individuals amongst a population
of nine and a half millions. In other words, one
in every sixty-seven of the inhabitants was either
goitrous or a cretin. In some of the villages of that
part of the Himalayas where my own researches
have been carried out, goitre is so common that
it is difficult to find a man, woman, or child not
suffering from the deformity. 1 estimate that not
less than 20 per cent. of the total population of
Gilgit suffer from goitre ; and I found amongst a
population of about 70,000 over 200 cretins. In
European countries the proportion of cretins to
goitrous individuals is still higher, so that when we
counsider the vast number of sufferers from goitre
in Himalayan India and Europe alone—a number
which cannot fall far short of 5,000,000—and that
the disease is capable of giving rise in the children
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of these sufferers to the grossest forms of physical
and mental degeneration, we are in a position to
realize the immense amount of disability and race
degeneration for which goitre is responsible, and
to appreciate the necessity for its extermination.

In the map which I now show (zide map), I
have indicated roughly in colour those parts of the
world where endemic goitre is known to prevail. It
doubtless occurs in many other places of which
there are no records. It has lately been found, for
example, in great abundance in the Abor country
by the medical officers with the expedition directed
against the people of that region. The map is
intended to do no more than represent graphi-
cally the very wide distribution of the malady, as
known at present.

Two main facts emerge from a study of this map;
the first, the very marked association of goitre with
regions of high mountains ; the second, the com-
parative limitation of the disease to temperate and
sub-tropical zones.

The association of the endemic with mountainous
regions is perhaps the most striking peculiarity of
the disease. The Alps, the Pyrenees, the Hima-
layas, the Carpathians, the Caucasus, the Andes,
the Cordilleras, the Ural and Altai Mountains, and
in our own country the valleys of the Pennine
range, the Cotswolds and the Mendips, are all noted
haunts of goitre. But while it is true that the
disease has its home in the mountain ranges of the
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world, it is not confined to them. St. Lager has
assured us that it is met with far away from the
hills, in the plains of Lombardy, of Piedmont, of
Alsace ; in the plains of the Danube, in Upper and
Lower Austria; in the plains of the Lena and Obi,
in Russia : of the St. Lawrence, in Canada ; and in
some of the oases of the Desert of the Sahara.
Macnamara records its occurrence in the plains of
the Ganges and the Bramapoutra, and of the
Chenab and Sutlej, in India. St. Lager enumerates
many other localities where the endemic is met
with outside mountainous regions, but those I have
quoted are sufficient exceptions to a very striking
rule.

Some mountainous countries, on the other hand,
are almost exempt from goitre, as for example
certain parts of Norway, and in the Highlands of
Scotland, where it appears to be almost unknown.
The hilly nature of a country, therefore, cannot
be regarded as a necessary factor for the develop-
ment of goitre.

Goitre is found at all heights above sea-level
where man can live and cultivate the ground. I
have met with it at as great an altitude as 10,000 ft.
On the other hand it is not absent from the sea-
coast, as is often erroneously stated. It occurs, for
example, in the delta of the Ganges, on the
coast near Manilla Bay, where Duncan has found,
at Macabebe, as many as twenty per thousand of
the inhabitants are goitrous. It occurs in the Island
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of Arran, and on the coast of Ceylon. Berry has
met with it amongst people who live and have
always lived close to the shore of the Burry Estuary,
in Glamorganshire. It occurs also in Algeria, on
the shores of the Mediterranean Sea.

Our map also shows us that goitre 1s most
prevalent in temperate and sub-tropical zones. It
is found, however, in regions of great cold, as in
parts of Siberia, in Finland, and in the Hudson Bay
Territory of North America. It occurs also in
regions of great heat, as in Tropical South America,
Borneo, Sumatra, Java, and India. While, there-
fore, temperate and sub-tropical climates are more
favourable to its development, neither great heat
nor great cold excludes its occurrence. In short,
though the disease shows a marked preference for
mountainous localities and prevails with the greatest
intensity in the deep-cut, narrow valleys which inter-
sect the mountain ranges of temperate and sub-
tropical zones, it can and does prevail in all countries,
flat or hilly, hot or cold, dark and dismal, or bright
and sunny, where man dwells and cultivates the
soil.

The association of endemic goitre with mountains
has led to the promulgation of the most diverse
views as to its causation. A causal influence has
been attributed to configuration of the soil, to
altitude, to the rarity of the atmosphere, to cold and
dry air, to air holding too little oxygen, and to air
holding too much, to the action of cold air on the
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neck, to air laden with sulphurous vapours, to a
want of iodine in the air, to air charged with
electricity, and many other such-like causes; the
evidence, however, now before us is sufficient to
demonstrate finally the error of all such hypotheses.

RAce, PrepisrosiTioN, OCCUPATION, SOCIAL
STATES.

All races suffer from goitre ; there appears to be
no such thing as race immunity to the disease.

It is stated by Bauer that persons of a lymphatic
temperament and those of a neuropathic constitu-
tion are especially prone to develop goitre.

There appears to be a family predisposition or
hervedary lendency to the disease; the children of
goitrous parents are more usually goitrous than
those whose parents or grandparents are goitre-free.
It is to be remembered, however, that this may
be in part accounted for by a greater liability to
infection on the part of those living in houses
where the disease occurs.

Occupation plays a part of considerable import-
ance in the development of the disease. Mackenzie,
writing of an endemic centre of goitre in Lanark-
shire in 1898, found that g8 per cent. of the cases
occurred in the labouring and mining classes. In
Gilgit and Chitral it is very noticeable that those
whose occupation brings them into contact with the
soil suffer to a much greater extent than those who
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employ themselves otherwise. It is comparatively
rare to find goitre in the families of any of the
ruling chiefs of the district, or of their relatives ;
these by virtue of their birth do no agricultural
work of any kind. The numerous clerks, shop-
keepers and merchants who come from various
parts of India and reside with their wives and
families for many years in Gilgit, suffer to a much
lesser extent than the indigenous inhabitants.
The fact of the much greater incidence of the
disease amongst cultivators of the soil and the
labouring classes generally is one of considerable
importance to the etiologist.

The hygienic conditions of life of all classes of
the native population in Gilgit differ in no essential.
Their houses are all insanitary, and are infested by
the same biting insects. Their water supply is the
same, and they suffer to an equal extent from
endemic diseases other than goitre. It is true that
the labouring classes are poorer than other classes
of the community, and that their food is almost
wholly vegetarian, but this difference in food-supply,
though it may contribute to the result, cannot be
considered sufficient to account for the greater pre-
valence of the disease amongst those who handle
the soil. The difference is due to the greater
liability to infection of the poorer and labouring
classes generally.

The Chitralis have an interesting belief that the
greater prevalence of goitre amongst the poorer
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classes is due to the fact that the poor are unable

to afford themselves the luxury of salt with their
food.

BEnaviour orF THE ENDEMIC.

The endemic of goitre prevails with diffevent
degrees of intensily, tn different countries, and in
diffevent parts of the same country—In France,
according to Baillarger, the endemicity reaches a
very high degree in certain departments, especially
those situated in mountainous tracts, whilst in others
the endemicity is so slight that the disease appears
to occur in the form of sporadic cases only.
Similarly in England, goitre is well marked in
certain counties, while others are comparatively
free from it, and some are said to be wholly so.

It is highly probable, as has been stated by
James Berry, that “ most goitres may fairly be con-
sidered to belong to the endemic class, but the en-
demicity is so widely spread over the whole country,
while at the same time it is so slight, that it easily
escapes notice, and cases of goitre are often con-
sidered to be sporadic, which should more correctly
be classed as endemic.” Thus, while the degree of
endemicity varies, it would be difficult to declare
any area to be wholly goitre-free.

In any locality in which goitre is well marked,
as in the Alps and Himalayas, it will be found that
the disease prevails with widely different degrees of
intensily in villages situated adjacent to one another,
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In one village there may scarcely be found a woman
who is not goitrous, while in another, within pistol
shot of the first, it may be difficult to find a woman
who has goitre. Macnamara noted that “in villages
situated along the banks of the Ravi, which are
subject to the same telluric, atmospheric and hygienic
conditions the difference in the endemicity of goitre
in villages quite close together was remarkable.”
Even in a goitrous village, occupants of certain
houses, groups of houses, or institutions may escape
the disease or suffer from it in such slight degree
that it is not noticeable.

Moreover, in an endemic area, Zke discase may
fluctuate. It is subject to periods of increase and
decline. Baillarger studied the variations of the
endemic in sixty departments of France on the
basis of figures afforded by the tables of recruiting
for the years 1816-1865. He divided these fifty
years into periods of ten years each, and in com-
paring the five periods he was able to arrive at the
definite result that the endemic had increased in
twenty-six departments, diminished in seventeen,
and remained stationary in the remainder. The aug-
mentation of the disease in the twenty-six depart-
ments was seldom uniformly progressive throughout
the whole fifty years, but took place mostly during
the last three or four decades. He also noted the
increase of goitre in some departments which had
previously been almost wholly spared. Fifteen of
the seventeen departments in which goitre was found
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to have diminished were amongst the most goitrous
in the whole of France. In these the intensity of
the endemic diminished by about one-third in the
filty years under review. I consider this investi-
gation of Baillarger to be highly important, and that
the results arrived at can most reasonably be ex-
plained on the assumption that goitre is due to a
living excitant. Progress in hygienic conditions
cannot provide a sufficient explanation ; for whereas
this was uniform throughout the departments, the
disease fluctuated.

Similarly in parts of Gilgit the disease is believed
to be much less common now than formerly, though
the conditions of life of the people have not altered.
My belief is that there is for each endemic centre
of goitre a point of maximum intensity for that
centre, Having attained to this point the disease
tends to diminish owing possibly to the acquirement,
after a number of generations, of a certain degree
of natural resistance to it. It was in fifteen out of
the seventeen most goitrous departments of France
that a diminution in the intensity of the epidemic
took place, and not in those which were only
moderately severely affected.

Goitre has made ils appearance in many places
where it was formerly unknown. Baillarger, writing
in 1873, quotes the Ardennes and the Haute-Savoie,
as departments of France, formerly almost free from
the disease, which had become relatively highly
affected. South America, especially Brazil, furnishes
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many instances of the spread of the disease. It
will be interesting to find whether these are
examples of the spread of the “ parasitic thyroid-
itis” of Chagas rather than of true endemic goitre.
My own experience has provided one example of
the appearance of goitre in a locality previously
exempt. As this case is of considerable interest, I
may be permitted to refer to it in some detail
Previous to the year 1893, goitre was unknown in
the hill State of Nagar. The ruling chief of Nagar,
his councillors, priests, and other reputable residents
in the State are most emphatic on this point. After
the Hunza-Nagar campaign, in 1893, the little State
began to enjoy freer intercourse with the outside
world. About the year 1898-99, four goitrous
individuals came to reside in the village of Nagar,
which is the capital of the State of the same
name ; of these, three were members of a priest’s
family. This family resided in a house which was
close to the head of the spring supplying the
village with drinking water. The fourth individual
lived in a house in a different part of the village.
About six years after these four subjects of goitre
were stated to have arrived in Nagar, I examined
the villagers for goitre. 1 found in the priest’s
family that there were séven goitrous individuals,
three being the imported cases, and four children
who had developed the disease in Nagar. The
fourth imported case was that of a man whose family
consisted of himself, his wife, his brother, and his
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son, aged two years. Neither he nor his wife,
brother, nor child, had been outside Nagar since the
date of his arrival, six or seven years previously.
This man’s brother and son were both found to
be goitrous ; the child was stated to have developed
the disease at the age of one year. He denied
that his wife was goitrous. I was not permitted
to examine her, owing to religious scruples.

Twelve other children in the village were goitrous.
The children were from different houses scattered
over the village. They were all under the age
of 10 years and none showed any signs of cretinism,
myxcedema, or nervous disorders. There were,
therefore, in the village, 23 cases of goitre, of whom
5 were imported cases and 18 had developed in
the village itself. Of these 18 cases all were in
young people, 17 being in children under 16 years;
the youngest case was in a child of 2 years of age.
All these 18 cases came from a part of the village
which was supplied by the spring at the head of
which the priest and his goitrous family lived.

Two years subsequently I made a further ex-
amination of the people of this village. It was
impossible on this occasion, however, to see the
whole population as harvesting was in progress.
Amongst about two-thirds of the male and child
population I found 23 cases of goitre ; of these 10
were old cases, that is to say, they had been taken
count of in my first examination, while 13 were
new cases, Of these 13 cases, 11 were in children,
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of whom 7 were boys and 4 girls. The remaining
two cases were in adults. All the goitres were
small uniform enlargements and there was no
evidence that the children were in the slightest
degree inconvenienced by the swelling, or that
it was accompanied with other symptoms. It is
important to note that none of the children had
developed myxcedema or showed signs of nervous
disorders. The second examination confirmed
the finding of the first with respect to the much
greater incidence of the disease in children than
in adults. It was found from a study of the
distribution of the cases over the village that they
were scattered here and there amongst the houses.
There appeared to be no definite line of spread of
the malady, nor were all children in the same house
always affected. It was found also that cases
occurred almost entirely amongst those who lived
all the year round in the village and who did not
go out and live in the fields during the hot months
of the year as is the custom amongst a certain class
of the villagers. It will be noticed that the disease
spread very slowly, only 31 new cases amongst
the male and child population having arisen in
seven or eight years out of a population of
approximately 1,500. Here we have an example
of the slow and steady spread of goitre amongst
susceptible individuals as a result apparently of
the importation of cases of the disease into a

locality formerly free from it. The difficulty in
2
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the case is that we are compelled to rely on
the statement of the elders of the village that the
disease was formerly unknown, and that its appear-
ance coincided with the importation of cases of
coitre from without. Personally, I regard their
evidence as sufficient. However this may be, there
is no doubt but that the disease is increasing in
Nagar and that this increase is chiefly amongst
the children. Whether goitre is spread by soil,
water, biting insects or other means, it is impos-
sible to explain such a case as this on any other
hypothesis than that which attributes the disease
to a living excitant.

The endemic of goitre may disappear almost
entirely from a place and only persist in isolated
cases. This is usually attributed to changes in
the water-supply.  We shall subsequently see
with what reason. In such localities, however,
“ sporadic” cases are not uncommonly met with,
and actual “epidemics” may occur. The goitri-
genous agent clings to certain places in a way
which is very remarkable, so that a locality may
be goitrous though the endemic may have ceased to
be a notable feature of the district.

The endemic prevails especially in rural districts.
Although goitre may be comparatively common
in many towns, as for example, in Innsbruck,
Vienna, Bern, and Bayreuth, it is never found to
prevail to such an extent as in country districts.

In concluding our consideration of the behaviour
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of the endemic, I would emphasize the fact that
a correct criterion of the endemicity of goitre
cannot be obtained by a mere reference to the
numerical ratio of thyroid enlargements, but regard
must also be had to the virulence of the disease as
manifested by the presence of cretinism, deaf-
mutism and its other sequel®. A proper index,
therefore, will include : (1) The number of cretinous
children, deaf mutes, and idiots; (2) the number
of susceptible newcomers who acquire the disease
within a fixed time; (3) the proportion of men
and women affected ; and (4) the size and character
of individual goitres. In regions where the
endemicity of the disease is not high the thyroid
swelling is, as a general rule, correspondingly
small, and although considerable numbers of the
inhabitants may have enlarged thyroids, the large
degenerated goitres are comparatively rare or
wholly absent. This is very noticeably the case
in certain villages of the Gilgit district and in
Switzerland and parts of Bavaria.

Cretinism, on the other hand, is usually met with
in villages where the endemicity is high; in such
villages the women suffer from large degenerated
goitres and the hygienic conditions of life of the
people are bad. :

SEASONAL PREVALENCE oF (GOITRE.

The disease exhibits a distinct seasonal pre-
valence. In Gilgit and Chitral new cases of goitre
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arise and enlargements of pre-existing goitres
take place during the spring and autumn months,
that is to say, during the months of moderate
heat. 1 have never known a case of goitre
arise during the winter months when the at-
mospheric temperature sinks to freezing point,
while there is a tendency for existing goitres to
diminish. Nor do new cases of the disease arise
during the hot months of the year from June to
September, when the temperature rises as high as
108° to 110° F. in the shade. In Chitral the
people of the country affirm that goitre develops
during the “ mulberry season” only, that is, during
the months of May and June, and at a time when
the water turns ‘‘grey,” owing to the large amount
of fine silt which is brought down from the hills by
the melting snows. In the whole of Himalayan
India where goitre is met with, ““it is during and
after the rains that the disease most commonly
begins and most rapidly develops”™ (Macnamara).
It is at this time, when the water-supplies become
flooded with the washings from cultivated fields and
when the people are usually attacked by other
endemic diseases that the goitrigenous influences
find the conditions most favourable for their action.
St. Lager has quoted Lettinis, who found in villages
on the banks of the Argis that goitre developed only
during the months of March, April, and May.
These observations correspond with the results
of recent experiments on rats, as published by
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E. Bircher, who appears to have convinced himself
that water is more potent to produce goitre during
the summer months, the potency being lost during
the winter time—the temperature of the summer
months of Switzerland corresponds to that of the
spring and autumn of the Himalayas. Hence it is
that in non-tropical countries the use of such terms
as “summer goitre” or ‘‘ goitre aigu” have become
frequent, and many examples of these so-called
‘““epidemics " of goitre are to be met with in the
literature.

EripeMmic (GOITRE.

The most striking feature of these epidemics is
that they occur only in endemic centres, in the
neighbourhood of such centres or in localities
where the disease has previously been prevalent
An interesting example was brought to my notice
some years ago by Colonel Macnab, .M.S. The
epidemic occurred amongst the boys of the Bishop
Cotton School, at Simla. Goitre was known to have
prevailed formerly in the school buildings but no
cases had been observed among the scholars for
many years. The epidemic appeared suddenly,
attacked a considerable number of the boys, and
even some of the masters, without any change
having been made in the water-supply and without
any appearance of goitre amongst the other residents
of Simla, who used the same pipe-supply. The

goitres were small uniform enlargements and were
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accompanied with no symptoms. They responded
readily to treatment or disappeared spontaneously
during the vacation when the boys went to their
homes.

This is a difficult case to account for. The water-
supply could not have been the source of infection,
nor is it known by what agency it could have been
conveyed ; all that can be deduced is that the
immediate cause of the epidemic was most probably
a living organism.

[t 1s also remarkable that young people are more
liable than old to these outbreaks. On a fresh
arrival of troops in Gilgit, for example, I have
noticed that it is the young soldiers who first
develop the malady. In regions of higher endemi-
city older men might suffer also, but not to the
same extent as those who are younger. Many
similar instances have been recorded among school
children, and it is possible that a contributing cause is
to be found in the fact that both troops and school
children not uncommonly are housed in buildings in
which the air space is inadequate. Under such
circumstances, the thyroid gland which is intimately
concerned with the regulation of the gaseous
exchanges of the body, may be abnormally taxed,
and the addition of goitrous influences may by
making a further demand on its functional activity
result in some cases in its visible enlargement. The
collected instances of ‘“ epidemics of goitre ” confirm
the statement which I have already made, that the
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disease shows a marked tendency to occur within
certain definite seasons.

All this amounts to little more than that
susceptible newcomers to a goitrous locality,
especially if they are living under non-hygienic
conditions, are very prone to develop goitre ; there
is no essential difference between epidemic and
endemic goitre.

You are possibly familiar with accounts of the
epidemic of goitre which appeared in mid-ocean
among the followers of Captain Cook in the year
1772. Having run short of fresh water, the crew
collected ice from the bergs among which they were
then cruising. The ice was melted in iron pots,
and in consequence apparently of drinking the
resultant water a number of the crew became
goitrous. It is stated by Forster, the ship’s
surgeon, that the disease did not affect those who
refrained from drinking this water. Assuming the
authenticity of this account and that the melted ice-
water was the vehicle for the excitant of the disease,
this outbreak indicates only that the excitant is
resistant to great cold—a fact already made clear
to us by the geographical distribution of the disease.

CoOURSE oF THE DISEASE.

It is my experience that goitre generally develops
in susceptible individuals in a period varying from
six weeks to three months after their arrival in a
goitrous locality. Cases have been recorded by
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Baillarger, St. Lager, Macnamara, and others, in
which the swelling made its appearance after an
exposure to goitrigenous influences for periods
varying from eight days to one month only, and I
myself have seen parallel cases, but believe them to
be exceptional. The goitre, which is soft in con-
sistency is, as a rule, a uniform enlargement, though
occasionally one or other lobe may be the more
prominent. In the latter event the more prominent
lobe is usually the right. There is not infrequently
considerable pulsation in the vessels of the neck.
The swelling does not, as a rule, progress in size in
a uniform manner but fluctuates considerably from
time to time. Very occasionally the gland may
return to its normal size without treatment of any
kind. The enlargement after it has attained to a
certain point usually subsides to a size at which it
remains stationary. Incipient goitres almost invari-
ably disappear spontaneously when the patient
leaves the goitrous locality, and I have noticed that
they may occasionally do so also from such slight
alterations in residence and water-supply as is en-
tailed by a transference of the sufferers from the
barracks to the regimental hospital. This is a point
which it is necessary to bear in mind in gauging the
value of treatment. Swellings at this stage are
rarely large. Such a train of events is what may be
called a “first attack ” of goitre. The tendency is
for the gland to revert to a condition approaching
as nearly to normal as is possible. In some few
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cases the reversion may be complete, but in the great
majority the “attack " leaves the thyroid larger than
it found it. With succeeding springs and autumns,
however, recurring attacks of thyroid hyperplasia
occur and the gland increases in size by a step-like
process which was also described by Lawson Tait
in the case of goitre associated with pregnancy.
The process is comparable to that which takes place
in- the spleen, as a result of successive attacks of
malaria. If the patient is subjected to goitrous
influences for any length of time degenerative pro-
cesses soon make their appearance and the large
cystic and adenomatous goitres which are so common
in goitrous localities are the result, while symptoms
of slight hypothyroidea are almost constantly present
in such cases. Should the subjection to goitrous
influences be intermittent the onset of degenerative
processes is much longer delayed, and these changes
are much less marked than in the case of the indi-
genous inhabitants,

- Men who have suffered from goitre in Gilgit
often lose all trace of the swelling within as short
a time as one month after their departure from
the district. But such men on their return in-
variably suffer again. Ultimately small cysts or
adenomata make their appearance in the gland
and these are unaltered by a change of residence.
The importance of this feature of the malady can-
not be overestimated. It emphasizes the markedly
place character of the disease, and the fact that
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continued subjection to goitrous influences is neces
sary to keep the thyroid in a state of enlargement
and to produce changes in the gland of a permanent
character. It seems clear that the goitre-producing
substance resembles in its action that of a poison,
which gives rise to the more marked results the
longer it is administered and the stronger the dose.

GOITRE IN ANIMALS.

[t 1s commonly believed that in all endemic
localities not only man but animals also suffer from
goitre. The disease is said to be most frequently
observed in mules, horses and dogs. Goitrous
localities, however, appear to differ very consider-
ably in this respect. I, on one occasion, examined
all the dogs in a village, where 45 per cent. of the
male population were goitrous, without coming
across a single animal which showed enlargement
of the thyroid gland. I have examined altogether
116 mules, 101 dogs, 150 cows, 100 sheep and goats
and 101 ponies belonging to the villagers of Gilgit,
but encountered no case of the disease amongst the
567 animals. In the course of ten years I have
seen the disease in two dogs, one horse, and one
goat, but these animals were recently imported into
the district from a non-goitrous locality. In the
case of oneof the dogs the swelling appeared under
experimental conditions, to be subsequentlydescribed.
In the other dog, the goitre developed within a
month of the animal’s arrival in the district from
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Thibet. The same fluctuations of the swelling were
observed in this animal as is the rule in man. The
goitre was less marked during the winter months
and attained to a great size in the spring. This
animal suffered much distress as a result of pressure
on the trachea. The horse, an Australian waler,
developed, in the autumn of 1909, a swelling of the
right lobe as large as a hen’s egg, which disappeared
very rapidly under treatment by the red iodide of
mercury ointment. The animal remained free from
goitre all the winter months but developed a swell-
ing of the same lobe the following spring.

It is asserted by some writers that horses, dogs,
pigs, goats, cats, and sheep, acquire goitre on being
brought into an affected district, but that the swelling
often disappears as the animal increases in age.

Marine, in his study of the disease in dogs in
Cleveland, has found that 9o per cent. of these
animals show some degree of hyperplasia of the
gland, and in some cases actual colloid goitre. He
regards the hyperplasia as a certain indication of
goitrous influences. By this test he also found 9o
per cent. of sheep and a lesser number of cattle
affected.

This observer has also brought into prominence
the most important fact of the occurrence of goitre
in fish, in endemic localities, and tells us that
carnivorous fish only are affected. Under natural
conditions the disease affects pike, for example, but
not carp. Trout, bred under artificial conditions,
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are peculiarly liable to the malady. Gaylord also
has shown that in certain ponds some of the fish are
severely affected, while others of the same species
are immune.

Epidemics of goitre amongst horses and dogs
have been described by Adam. Horses housed in
certain stables acquired goitre, whilst others stabled
elsewhere escaped the disease. He records also
that only a certain percentage of dogs acquired
goitre, whilst others living under similar conditions
were not affected.

I have never observed any condition in animals
bearing the least resemblance to cretinism. In this
respect I have been less fortunate than other ob-
servers. v. Kutschera in a recent paper gives an in-
teresting account of a puppy which became cretinous
under circumstances that suggested to him infection
by a medium other than water.

Marine records that in Michigan, fifteen or twenty
years ago, ‘‘ the failure of the sheep industry was a
serious consideration on account of the number of
cretin lambs.” Nowadays, however, this state of
affairs is gradually disappearing, owing, it is be-
lieved, to acclimatization——or the development of a
natural resistance to the disease—aided possibly by
the use of iodine-containing salt.

Marine has also found that well-cared-for dogs
show a greatly lessened percentage of glandular
hyperplasias. The greater incidence of the disease
amongst the poor would appear to apply, then, as
much to dogs as it does to man.
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The conclusion is that goitre which can be recog-
nized by inspection and palpation is not so com-
monly met with in animals as is generally believed.
[t, therefore, follows that in experimenting upon
these animals a greater power of resistance is to be
anticipated than exists in man.

SEx IncipeENcE oF GOITRE.

Goitre is more common in females than in males.
The proportion of the two sexes affected is, how-
ever, a very variable one, and differs widely in
different endemic centres of the disease. This
variability of the sex incidence depends in great
part on the degree of intensity of the endemic,
the proportion of men to women affected being
markedly less in those wvillages in which the
endemicity is low. [ have met with a village in
which the only sufferers were women, and St.
Lager also comments on this limitation of the
disease to women in regions of low endemicity.
In England the preponderance of females over
males affected was very marked at one time, and
varied between the wide limits of one man to seven
women in one goitrous locality, and one man to fifty
women in another. In France, in the year 1873,
the approximate proportion of men to women
affected was two to five, a figure which represents
fairly accurately the proportion for the Western
Himalayas at the present day. In villages where
the endemicity of the disease is very high the
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proportion between the sexes approaches one to
one. In one village of Chitral, I found seventy-nine
cases of goitre amongst 139 females of all ages, and
seventy-seven cases amongst 136 males of all ages.
In the chart which I now show the percentage
number of male and female sufferers from goitre in
the village of Awi, in Chitral, where the endemicity
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FI1G. 1.—Chart showing percentages suffering from goitre at
different age periods in the village of Awi in Chitral. Tetal popu-
lation examined, 426 ; children under 15, 269 ; adults, 157.

of the disease is very high, is shown at different age
periods ; the chart shows that both sexes are more
or less equally affected (fig. 1).

Baillarger's conclusions on the sex incidence of
goitre, based as they are on an analysis of 52,489
goitrous individuals in sixty-three departments of
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France, accord so closely with my own findings
that I can do no better than quote them :—

(1) The proportion of men to women affected is
very variable in different districts.

(2) The proportion is less as the severity of the
endemic is less, and greater as the severity of the
endemic 1s greater, approximately one to one In
regions of high endemicity.

Baillarger found that this rule was more marked
in regions of high mountains, and less so in the
plains.

AGE IncipeEnce oF GOITRE.

Endemic  goitre is considerably commoner
amongst children than is generally supposed. The
enlargement of the gland in children is usually
small, and it is for this reason frequently over-
looked. In considering the question of the sus-
ceptibility of children to goitre, a distinction has
to be made between children introduced into a
goitrous locality, or subjected to goitrous influences
for the first time, and those who have been
born in an endemic centre of the disease. In
the former case children are more susceptible to
the disease than adults. The spread of goitre in
the village of Nagar, to’ which I have already
referred, is a striking illustration of this fact
Amongst children born in goitrous localities the
numbers affected with goitre appear to vary greatly
in different villages. I have found in two or three
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villages of Chitral that the number of young
children affected was very high, and that even
breast-fed children were goitrous in some cases.
In contra-distinction to these villages, I have found
ooitre to be rare amongst the infants of the
villages of Gilgit, and to be practically never met
with before the second year of life (fig. 2). It
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F1G. 2.—Endemic goitre in Gilgit. Chart showing percentages
suffering at different age periods. Total population examined, 1,533 ;
children under 15, males 375, females 330; adults, males 447,
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is possible that this marked difference may to
some extent be accounted for by the gradual ac-
quirement of a natural resistance to the disease in
the children of villages where the endemic has
prevailed for centuries—a resistance which may be
sufficient to protect them until the critical period of

puberty is reached.
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The occurrence of goitre in breast-fed children is
perhaps the most interesting point connected with
the age incidence of the disease. I have met with
goitre in infants only in villages where the ende-
micity of the disease was high and the individual
goitres amongst the mothers of the infants particu-
larly large and degenerated. The disease is, as a
rule in these cases, congenital. There is experi-
mental evidence to show that the offspring of
partially thyroidectomized bitches are born with
thyroids as much as twenty times larger than
normal. The large degenerated goitres of some
women, which are functionally less perfect than
the normal gland, put them in a position which
is comparable to the partially thyroidectomized
bitches of the experiments. Animals operated
upon in this way have been noted to suffer from
tetany prior to whelping, a circumstance which
points to the inadequacy of the thyroid mechanism.
The mothers of cretins and of children born with
congenital goitre also very commonly suffer from
tetany in Gilgit and Chitral during pregnancy. In
these women then there is also a considerable
degree of thyroid insufficiency, and their children
may as a consequence be born with thyroid glands
larger than normal. Now while it is probable that
the great majority of all cases of goitre in infants
can be accounted for in this way, we must, till the
causal agent of endemic goitre has been discovered,
recognize the possibility that the disease may be

3
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capable of spread by means to which breast-fed
infants are as much exposed as the adult.

Congenital goitres are usually uniform enlarge-
ments of small size which disappear spontaneously
a few months after birth. The beneficial result of
change of residence apparently applies also to resi-
dence nz utero.

Comparatively prevalent as goitre is among
children, my own observations lead me to believe
that it is not so common as Professor Kocher's
school would have us think. Professor Kocher and
Dr. Vannod, of the Swiss Goitre Commission, have
kindly furnished me with some recent statistics
which show that in Lauterbriinnen, Sumiswald,
and Wassen, 59 to 87 per cent. of children between
the ages of 8 and 15 years are goitrous. In other
parts of Switzerland also they have obtained similar
results.

On the other hand, Bircher, a contemporary Swiss
observer, regards Kocher's figures as misleading,
since he has not been able to find that the disease is
so excessively common amongst the young men who
present themselves for military service. Commenting
on Kocher’s figures, Bircher has said: “ It appears
absolutely impossible that such an endemic should
appear amongst school children, whilst amongst the
guards on duty, who were but a little older, the
endemic must already have become so slight.” It
is clear that statistics of this nature will depend
entirely on what the observer regards as a goitre.
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If all cases are included as “goitre” in which the
gland is only palpable, but where it may not be
visibly enlarged, then the percentages will be
excessively high. I am of opinion that in the
compilation of statistics only such thyroid glands as
are visibly enlarged should be classed as *goitre.”
My own figures have been arrived at on this basis.
The size of the thyroid varies very greatly within
normal limits, so that what may be normal for one
individual may be abnormal for another. It also
varies for different localities and countries. Bayon
found that the thyroid gland of Londoners who
had died from causes wholly unconnected with the
organ were about half the weight of the normal
thyroid of residents in certain cities on the
Continent.

[t seems clear, however, that children frequently
develop some thyroid enlargement which disappears
with increasing age, a fact which may in part
account for the apparent disparity between the
numbers of goitrous children and of conscripts.

Goitre very commonly arises in both sexes about
the age of puberty; it is at this time more than at
any other that young people are most likely to
develop it. I find in the fact that the thyroid
gland is largely concerned with the functional
development of the generative system an explana-
tion of the greater susceptibility of young people to
goitre at this period. The thyroid gland at puberty
1s called upon to exercise to the fullest degree its
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functional activity, as it is also during the state of
pregnancy. The added strain of goitrous influences
may tax the gland’s resources to a degree which
will necessitate hypertrophy during these states.
Indeed, without the added factor of endemic
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goitrous influences, swelling of the thyroid is apt
to occur at puberty and during pregnancy.

“The relationship which has been known from
time immemorial to exist between the sexual organs
and the thyroid in man and other animals, and
has hitherto been a mystery without any explana-
tion, may possibly be the last reminiscence of
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a time when the thyroid glands were the uterine
olands of the paleostracan ancestor” (Gaskell).

With increasing age the susceptibility to goitre
diminishes in the case of men, but increases in
the case of women during the child-bearing
period of life. These facts are well brought out
in the chart which I now show (fig. 3). It
has been constructed from the figures given by
Baillarger, and takes count of over 13,000 cases
of goitre. Baillarger considered that in the case
of children only the more evident goitres were
noted in the documents from which he obtained his
figures, and that a very large number of incipient
goitres were not recorded. Certainly many more
children suffer from goitre than would appear from
Baillarger’s figures :—

From the chart it is seen: (1) That goitre is
rare in the early years of life; (2) that there
i1s no great disproportion between the number of
cases in the two sexes up to the age of 20 years;
males are less affected than females in the propor-
tion of 1 to 1'75; (3) that the proportion of cases
of goitre in the population below the age of 20
years is about half that in the population above this
age; (4) after the age of 20 there is a great
increase in the number of women sufferers, and the
proportion of men to women affected becomes 1 to
2'4. This fact makes clear the influence of the
child-bearing period of life on the development of
the malady.
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SeconpArRY FAcTOors IN THE DEVELOPMENT
oF (GOITRE.

The influence of secondary factors in favouring
the development of goitre is very great. They
may be classified as follows :—

(1) Factors directly influencing the thyroid gland
by which it is rendered less able to counteract the
action of the toxic agent of goitre without under-
going hypertrophy.

(¢) Hereditary influences: The children of goit-
rous women appear to be more likely to develop
enlargements of the thyroid gland about the age of
puberty, than the children of normal women.

(6) The marked influence of age, sex, puberty,
sexual activity, menstruation, pregnancy, on the
activity of the thyroid gland; the added strain of
these influences on the gland markedly favours
the development of goitre in endemic areas.

(¢) The influence of unhygienic conditions of
life : defective air space, improper food or defective
food supply, residence on damp soil, the * causes
multiples ” of the older French writers. Each of
these factors places an additional burden on the
thyroid gland’s functional activity, and to this
extent favours the action of the toxic agent of
goitre.

(d) The influence of certain infective diseases on
the thyroid gland : notably rheumatism, rheumatoid
arthritis, malaria, measles, &c. These, by inducing
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inflammatory states of the organ, and thereby limit-
ing its functional capacity, or by making undue
demands upon the organ’s functional powers, favour
the development of goitre, and the further enlarge-
ment of already existing goitres.

(¢) The influence of emotional states: The
development of goitre may be greatly favoured by
fright or continued mental strain.

Under all these circumstances it is the accumu-
lation of demand in the presence of the excitant of
goitre which determines the enlargement of the
thyroid gland.

(2) Factors which favour the entry of the excitant
into the body of man: A social status which in-
volves life under insanitary conditions and a means
of livelihood closely connected with the soil open
a ready avenue to infection.

(3) Factors favouring the action of the excitant
of the disease after its entrance into the body.

(@) Susceptibilty: Newcomers to an infected
district are especially liable to goitre, and also
persons of a lymphatic or nervous constitution
(Bauer).

(6) The nature of the water: We shall see that
an organically impure water favours the develop-
ment of the living excitant, and, it may be, increases
its virulence, and that water containing lime may
possibly act as a favouring influence by inducing
a state of increased activity of the thyroid gland.

It is possible, also, that very hard waters or
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water holding mineral matter in suspension may
aid in the development of goitre by producing
abnormal states of the intestinal mucosa.

These factors are those which I have found to
be of chief importance in the regions where my
researches have been carried out, but I believe that
any factor which throws a strain on the thyroid
gland’s power of compensation will favour the
development of goitre.

Some or other of these factors observers of the
last century considered to be the essential cause of
the disease. Their importance is undoubtedly
oreat, but, I believe, secondary only to the true
causal factor which still remains to be discovered.

THE INFLUENCE oF WATER.

From the earliest times popular belief has
attributed to water the causation of goitre. At
the present day there are few who doubt the truth
of this belief which is regarded as an established
fact. It is true that there is an enormous mass
of evidence in favour of it, but the evidence is not
always infallible and is indeed often of little scientific
value. “ All the world says such and such a water
causes goitre, therefore it must be so” is the gist
of much of the evidence on which the belief in the
goitre-producing properties of water is based. We
will now examine the evidence and determine for
ourselves whether or not the belief is well founded.
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Many authors, especially Billiet, Grange,
Chabrand, St. Lager, Collin, and more recently
Graf, have referred to the fact that men wishing
to escape military service have made a practice of
drinking the water of certain ‘“‘Kropfbriinnen,” with
a view to the production of a goitre sufficiently
large to secure their exemption. Grange has
asserted that he has known such individuals, and
St.- Lager also affirms that young men who have
succeeded in evading their duty in this way have
confessed their unpatriotic action to him. St. Lager
tells us also that he has confirmation of the fact
from doctors, clergy, and magistrates. Collin, in
1897, recorded that the water of Villard Clément,
in Bourneville, has been used for this purpose. Dr.
Graf, speaking on the subject of the etiology of
goitre, at Vienna, in January, 1912, said that “in
some places the recruits were in the habit of
drinking the water from certain springs, with the
result that after about four weeks of the practice
they showed a marked hypertrophy of the thyroid
oland which caused their rejection by the recruiting
authorities of the Army. When the manceuvre
was successful they drank the same water for a
second period of four weeks, taking the precaution
to boil it previously, and the goitre disappeared
as readily as it came.” In estimating the value of
this evidence and without in any way impeaching
its veracity we must not fail to remember, firstly,
that the men were not under control at the time
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when they drank the supposed goitre - producing
water, and secondly, that we have no evidence
whatever to show what proportion of malingerers
succeeded in producing goitre in themselves as
compared with the total number of those who made
the attempt.

More wvaluable are the instances of com-
munities who have access to two distinct sources
of water-supply, the one supposed to be goitre-
producing, the other not. A case of this kind is
referred to by Baillarger, where in the Commune
of Vanaillers in the Haute-Savoie, the inhabitants
have the choice between two waters, one of which
springs from calcareous soil and the other from
marly soil. All those who drink from the first
are exempt from goitre, while those who drink
from the second “pay a large tribute to the
endemic.”

My own experience has provided one striking
example of the freedom from the disease which is
enjoyed by communities as a result, to all appear-
ances, of drinking a peculiar water. Eight villages
of the Gilgit Fan derive their water-supply from
the Kirgah stream, and in all of them goitre is
to be found. A ninth village is supplied by a
spring issuing from amongst granite rocks and of
exceptional purity, chemically and bacteriologically.
All those who drink exclusively from the water of
this spring before it has become contaminated by
passage over the soil are exempt from goitre. Not
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only does the water not cause goitre but it is
popularly believed to have a curative action, and
sufferers from goitre are known to resort to it for
this reason. Some support is lent to this belief by
the fact that women who have suffered from goitre
frequently lose the swelling after marrying men of
this village and coming to reside permanently in it.
Such cases of goitre as I saw there amongst
women were imported cases, and were of such a
nature, cystic,” adenomatous, and the like, that
change of residence was not likely to result in
their disappearance. The curative action of some
waters is referred to by St. Lager and also by
Macnamara,

In the spring of 1912, I examined, with Dr. St.
George, an endemic centre of goitre in South
Antrim. The people of this district are of the
weaver-farmer class, and derive their water-supply
from shallow wells, which are very imperfectly
protected from sources of pollution. There are
three schools in the district, two of which are
National schools for the children of the villagers.
The third is a boarding school for middle-class
boys and girls. We found that in the National
schools 10 per cent. of the children showed well-
marked goitres, while in the boarding school the
children were free from any trace of thyroid swell-
ing. All the cases of goitre amongst the children
of the National schools came from three groups
of houses where the wells were grossly polluted.
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The boarding school children, on the other hand,
were provided with a spring water issuing from
chalk, which was thoroughly protected and pumped
into the school buildings by a windmill pump.
The children of the boarding-school are newcomers
to the district. They are of an age—12 to 153
years —at which goitre i1s especially liable to
develop. Considerable numbers of the children
sleep in the same dormitory. All these are the
ideal conditions for the development of goitre in
**epidemic " form, yet the children are wholly free
from goitre, and, I am assured, have always been
so. I can conceive of nothing which so readily
accounts for the freedom from goitre enjoyed by
these children as the perfection of their water-
supply.

There are many authentic instances where in-
dividuals or communities have remained free from
goitre while resident in a goitrous locality, as a
result, apparently, of drinking rain or cistern water,
or of boiling the water before use. Kocher has
recorded that he found the children of inn-keepers
who drink wine only, exempt from the disease,
while other children suffered severely.

Perhaps the most important evidence of the
influence of water in producing goitre is that
afforded by the effect on the endemic of changes
which have been made in the sources of water-
supplies to affected communities.

Goitre has been known to make its appearance
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in a town or village as a result of the introduction
of a new water-supply. The increase of goitre in
Vienna, which was observed about the year 1883,
has been attributed by Billroth, Graf, and others,
to the introduction in 1870 of a new water-supply
from Kaiserbrunn, in Styria, where goitre is endemic.
In other cases goitre has disappeared after the
sinking of new wells on the spot where the disease
has been endemic, and Ewald gives many examples
of such cases. In contra-distinction to these, we
must place the records of observers, who found that
goitre became much more common in the colliery
district of Nottingham after the deepening of the
wells. Chatin tells us that the people of the
villages of Saillon were formerly healthy, and
mentally and physically sound, in striking contrast
to the people of a neighbouring village who lived
amid precisely similar conditions of life with the
exception of their water-supply; Saillon changed
its water-supply and coincident with this change
goitre, and later cretinism, appeared amongst its
inhabitants.

The notable improvement in the condition of the
people of Bozel in Tarentaise, following on the in-
troduction of a new water-supply is much quoted,
and with reason, since the observations with regard
to this place have been so carefully made and so
accurately recorded. In the year 1848, the Sardinian
Commission estimated that there were in this village
amongst a population of 1,472 no less than goo



46 THE ETIOLOGY OF ENDEMIC GOITRE

goitrous individuals and 109 cretins. At that
time a pipe water-supply was introduced from the
neighbouring village of St. Bon, a distance of only
8oo metres. The condition of life of the people
of the two villages was in all respects identical,
with the single exception of the water-supply, yet
in Bozel the endemic prevailed with the greatest
intensity, while St. Bon was free from it. After
the introduction of the St. Bon water into Bozel,
‘““no more cretins were born amongst the families
who used the new water-supply exclusively.” St.
Lager narrates that in the main village he has seen
goitres only among some old men, and adds the
remarkable fact, ‘“that these tumours continue to
develop amongst those who live in the hamlets
where they are forced to use the old water; it is
there only that new cases of cretinism arise.” In
the year 1864, or sixteen years after the introduc-
tion of the new water-supply, Bozel was visited by
the Lombardy Commission, when only 39 goitrous
individuals and 58 cretins were found in the village.

Rupperswyl, near Aarau, changed its water-supply
in the year 1884, taking the new supply from a goitre-
free district. In 1885, 59 per cent. of the children
were goitrous; 1n 1886, 44 per cent.; in 1889, 25
per cent.; in 1895, 10 per cent. ; in 1907, 2'3 per
cent., while cretinism has wholly disappeared. The
disease continues to prevail where the old water is
used.

A similar improvement has been noticeable all
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over England and Wales within recent years, and
Ewald mentions that the beneficial result of im-
provement in water-supplies has been observed in
Geneva, Villidmé, Rheims, and many other places.
The Swiss National Commission for the study of
goitre has instituted extensive inquiries with regard
to this point. The opinion of the vast majority of
Swiss medical men practising in goitrous districts is
almost unanimous in attributing the notable decrease
in the prevalence of the disease to the introduction
of new and weHlpn}tected water-supplies, and to the
improved hygienic conditions of life of the people.
Many of these medical men record the fact that
formerly the water-supply was derived from surface
streams which were very inadequately protected, and
that the introduction of the up-to-date method of
conveying the water to the consumers in concrete
pipes is responsible for the great improvement in the
condition of the people. It is true that some hold
the opinion that the disease is not diminishing in
Switzerland, and certainly the high percentage
of goitre amongst school children recorded by Drs.
Vannod and de Mestral would seem to suggest
that it is not. But we have already seen, both
that their figures must not be accepted without
reserve, and that a true index of the endemicity
of goitre must include other particulars than
the mere enumeration of thyroid enlargements.
And it is a fact on which all Swiss observers are
agreed that the large goitres which were formerly
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so common are rapidly disappearing, or have
altogether disappeared, from many districts—a sure
sign, to my mind, of the diminished virulence of
goitre-producing agencies,

Such a mass of evidence as this appears to afford
conclusive proof that certain waters contain some
substance which is capable of giving rise to thyroid
enlargements. In the main it is of very great
weight, though being indirect in character it cannot
be said to be conclusive. Many of the facts con-
sidered apart are not wholly free from objection.
The statement that the water of ‘“ goitre-wells ” has
caused goitre in those wishing to escape military
service is a statement only, and is not supported by
controlled observations. The freedom from the
disease enjoyed by those who have made a practice
of drinking certain waters may be a circumstance
capable of explanaticn in other ways than that which
attributes the disease to water. Cases are on record
where goitre has been shown not to have any con-
nexion with the water-supply. Wohile it is true that
persons who have used boiled water, rain or dis-
tilled water, have escaped the disease, there are
equally authentic cases where like precautions have
failed to protect others. Considerable improvement
in the condition of sufferers from goitre has been
asserted to take place, and even cretinism to
diminish or completely disappear where the water
supply has not been changed. The Commune of
Saint-Avre, in Savoie, is an example of such a
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case. Fortunately within the last few years evi-
dence of a more direct character has been
forthcoming, which demonstrates that water is
undoubtedly associated with the development of
goitre.

The observations of Marine and Lenhart with
regard to goitre in fish, under natural conditions, is
of great importance in this connection.

These observers have also studied the disease as
it occurs in artificially bred trout. I shall have
occasion to refer to their work in some detail in my
next lecture, but here I may say that it leaves no
room for doubt but that water is not without influ-
ence in the production of goitre.

THE INFLUENCE OoOF WATER AS SHOWN BY
EXPERIMENT.

Many observers have endeavoured to provide
experimental proof of the goitre-producing proper-
ties of certain waters. The first attempt in this
direction was that of Hacquet, who in 1782, accord-
ing to St. Lager, drank the water of a goitre-
producing well, and “lived convinced of its action
on the thyroid gland.”

Bircher, about 1880, experimented on young
dogs with the water of Kropfbrunnen, and also
with the sediment therefrom, but with negative
results.

Lustig and Carle carried out experiments on a

4
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horse and several dogs in Turin. The animals
were brought from a non-goitrous locality, and the
experiments were conducted in a place free from
the disease. They were given the water of certain
infected parts of the Valley of the Aosta, in North
[taly. The horse, which was kept in fine condition,
thoroughly well stabled, fed, and groomed, de-
veloped after a few weeks a slowly progressive and
evident swelling of one thyroid. This was extir-
pated and the experiment continued. The other
lobe then increased in size, but after the discon-
tinuance of the water the swelling of the lobe
diminished to such an extent that it could not be
felt.

Thirteen dogs, mostly young, were given the
water of the Buthier stream, which was believed to
be goitre-producing ; one of these animals showed
unmistakable enlargement, first of the left lobe, and
one month later, after the left lobe had been
removed by operation, the right lobe was visibly
enlarged. The administration of the natural
Buthier water was then discontinued, and the same
water was given after it had been filtered. The
swelling of the right lobe, as a consequence,
gradually diminished, and ultimately disappeared.
These observers state that in perbaps one other
dog some swelling of the thyroid took place, but
they lay little stress on this doubtful case.

Ten young and healthy dogs were given the
same Buthier water, which was boiled and filtered.
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These animals remained goitre-free. A young
goitrous puppy was brought to a goitre-free district.
Water supposed to be capable of causing goitre was
given to it, and the goitre continued to grow.
When the animal was given the same water filtered,
the goitre disappeared completely after several
months,

In 1903, I carried out similar experiments on
dogs in certain villages of Chitral. Five of these
animals drank the natural water of the particular
village in which the experiment was conducted,
while five others had the same water boiled. One
dog drinking the untreated water of Awi showed a
swelling of the thyroid gland. No change was
observed in the animals drinking the boiled
water.

In 1905, I carried out a more extensive series of
experiments on dogs in Gilgit. Five puppies were
given the natural water of Kashrote, a village in
which there is a high percentage of goitre. Five
puppies of the same age had the same water
boiled, and five others the same water filtered.
The experiment lasted 130 days. No alteration
in size of the thyroid could be detected in any of
the animals by manual examination. Five other
puppies were given larger quantities of the residue
removed by filtration from Kashrote water, but in
these also no result was observed after 130 days.
These animals were not killed, however, so that
early changes in the gland which might have -been
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detected by microscopical examination may have
escaped observation.

In 1906, I gave five healthy young men and three
young monkeys the untreated water, which was
taken from a water channel supplying the goitrous
village of Kashrote, at a point about 200 yards
below the village. Five other young men were
given the same water boiled, and four others the
same water filtered. The men were encamped on
ground which had never been cultivated and were
under military guard. The results were wholly
negative, and the experiment was discontinued
after ninety days. Of six young recruits who were
selected as controls, and who lived the ordinary
life of the sepoy in barracks, one developed a
noticeable enlargement of the thyroid gland during
the period the experiment lasted.

In the spring of 1907, I gave six selected young
men the residue separated by filtration from the
very muddy water of Kashrote. Two of them had
suffered from goitre during a former visit to Gilgit,
but had got rid of the swelling on leaving the
district. They were subjected to the experiment
on their return to Gilgit. Both developed con-
siderable swellings of the gland. The other four
remained perfectly normal. The swelling in these
two cases made its appearance on the thirteenth
and fifteenth day of the experiment respectively.

In the autumn of 19o7, 1 produced an obvious
goitre in myself by drinking the Kashrote water
residue.
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In the spring of 1908, and again in 1909, I
repeated the experiments in a larger number of
men. The results showed that of thirty-six
individuals who drank large quantities of the sus-
pended matter, separated by filtration from a water
supposed to be capable of causing goitre, ten
developed a noticeable swelling of the thyroid,
while six showed a swelling which was of a tran-
sitory character only.

E. Bircher, in 1908, experimented on apes, dogs,
and rats, in Basle, giving them the water from
so-called goitrous springs in Rupperswyl. In apes,
no perceptible results were obtained. In dogs, the
results were positive, but as these animals suffer
very frequently from goitre in the neighbourhood
of Basle (vzde Wilms), these results were scarcely
decisive. Rats, after some months, showed manifest
hyperplasia of the thyroid gland, in the sense of
a true formation of goitre. Bircher, in 1909-10,
repeated his experiments at Aarau, and showed
that ‘it was possible to produce the formation of
goitre in animals from water derived from goitrous
springs, even when it has been conveyed to
a distance,”

Experimenting on rats, he succeeded in producing
goitre both by the natural water and also by the
filtered water of the goitrigenous springs. He
also experimented by giving rats the residue of
supposed goitre-producing water remaining on the
candle of a Berkefeld filter after filtration. For the
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first six months no result was observed, but on
continuing the experiment for twelve, fifteen and
eighteen months, a considerable development of
goitre resulted.

Wilms has also produced goitre in rats in the
same way as Bircher, and has satisfied himself
‘“that water filtered through a Berkefeld filter pro-
duced goitre in rats just the same as that which
was not filtered.” He has also concluded, as a
result of his experiment on white rats, that *“at
upwards of a temperature of 70° C. the noxious
substance is destroyed.”

Répin (1910-11) has produced goitre in rats by
giving them the water from a notoriously goitrous
locality in the neighbourhood of St.-]Jean-de
Maurienne. Not only was the disease produced in
the locality itself, but also in Paris, to which place
the water had been sent every other day from the
goitrous district. In contra-distinction to Wilms
he was not able to render the water innoxious by a
temperature of 99° to 100° C. for several minutes.
In Répin's paper, in which he details the results of
these experiments, he states that the water was
“boiled for several minutes.” He tells me, however,
that this statement is not quite exact, as the water
was not boiled but was placed in a flask and
immersed in boiling water and thereby “ raised to a
temperature of 99° to 100° C. for several minutes.”
The photograph (fig. 4) represents the changes
which Répin brought about in the size of the
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thyroid gland of rats as a result of giving them
ooitrigenous water for a period of nine months.
The first line shows the thyroid apparatus of
normal rats as seen from behind; the second,
the experimentally produced goitres; whilst the
third line shows the enlargement which resulted
from the consumption of water “raised to a tem-
perature of 99> to 100° C. for several minutes.”
He - reports that ‘“‘all animals which consumed
the untreated water developed a thyroid hyper-
trophy of such dimensions that the total volume
of the enlarged organ was at least ten times that
of the normal gland; the lobes were embossed,
hard, and of a very bright colour. The parathyroids
were equally enlarged in volume.” In the case of
the animals which consumed the water that had
been raised to a temperature of 9g° to 100 ° C., he
records that “the goitre is still very manifest but
much less voluminous than that of the animals
which had untreated waters.”

The Swiss Goitre Commission, appointed, I
believe, 1n 1909, has carried out very extensive
experiments with a view to the artificial production
of goitre in animals. Large numbers of rats, dogs
rabbits, guinea-pigs and monkeys have been em-
ployed. The Commission made use of the water
of Rupperswyl, as did Bircher. Drs. Vannod and
de Mestral, referring to the results observed in rats,
report as follows: ‘“Not only have we never
demonstrated any hypertrophy of the thyroid, but
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the animals which drank the water of Rupperswyl
for the longest time—seven and a half months—
were found to have thyroids smaller than the control
animals.  Microscopical examination showed no
trace of proliferation of epithelium.” They also
report that of the twenty-eight dogs experimented
on by the Commission, “ the only one which showed
an enlargement of the thyroid amounting to a pro-
nounced goitre was a very young dog, drinking the
water of Sumiswald Well.” And with regard to
the six monkeys employed, they state: ““ The weight
of the thyroid of the control monkeys varied
between 15 and *25 grm., while the weight of the
thyroid of the monkeys of the experiments varied
between 35 grm. (St. Imer water) and ‘22 grm.
(Lauterbrunnen water). They conclude that these
waters had no action on the thyroid gland of
monkeys.

Since the date of the report from which I have
quoted, the Commission have been successful in
producing the disease in rats, by feeding these
animals with the natural water of Sumiswald and
Lauterbrunnen. While in Bern, in the spring of
1912, and again in the autumn of the same year,
Professor Kolle was good enough to show me some
of these enlarged glands, and also some which had
been produced by E. Bircher. The enlargements
produced by Bircher were more marked and were
considerably darker in colour than those produced
by the Commission.
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Experiments on animals have also been carried
out by Grassi and Manaron (1903-04) and by
V. Wagner and Schlagenhaufer (1910) with results
which varied considerably. The former observers
concluded that the excitant of goitre can be con-
veyed to man in various media, of which water is in
all probability one.

While many points with regard to these experi-
ments remain to be discussed, we may at this stage
of our inquiry accept as certain at least that (1) with
the possible exception of rats, animals do not readily
acquire the disease under experimental conditions ;
and that (2) water s capable of conveying in some
manner, as yet incompletely determined, Zhe foxic
agent of endemic goilre.

In my next lecture, I shall deal with the nature
of the toxic agent, and endeavour to indicate the
source from whence it is derived.
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LECTURE II.

My previous lecture determined with the con-
clusion that water is capable of conveying in
some manner the toxic agent of goitre. It is
my intention to-day to examine more minutely
the nature of the goitrigenous agency in water
and to consider from whence it is derived.

Since the toxic agent of the disease exists in
water 1t must be present in a state either of solution
or of suspension. In either case it is derived from
the rocks or soil with which the water comes in
contact.

THE INFLUENCE oF SoIL.

An immense amount of most painstaking research
has been conducted in the hopes of finding in some
property or constituent of the soil an explanation
of the origin of goitre. Many observers have
attached much importance to lumidity of the soil;
especially Fodéré, who at one time regarded a
damp soil as the most essential factor in the pro-
duction of the disease. Macnamara also, in India,
laid such stress on the frequency with which goitre
was associated with damp and marshy soils, that
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he attributed to the disease a malarial origin, an
opinion which was also held by Tourdes, Morel,
and others. It is true that goitre does commonly
occur on damp, marshy soils, but it also occurs on
the driest soil and in some of the most arid parts
of the world. A damp, unhealthy sitvation may,
however, favour the development of goitre in the
same general way that it may favour the develop-
ment of many other endemic diseases. There are
many instances in the literature of the beneficial
effects of good drainage, as for example, in the
outskirts of Strasburg, where “as a result of
drainage and the disappearance of the marshes,
the disease was markedly reduced ” (St. Lager).

(GEOLOGICAL STRUCTURE OF THE SoOIL, AND ITS
ReLaTtionsuir To GOITRE.

It is to the geological structure of the soil, how-
ever, and its possible relationship to goitre, that the
greatest amount of research has been devoted.
Very great importance has been, and is, attached
to this aspect of the soil's connection with the
disease, an importance due largely to the work of
Billiet, McClelland, Grange, St. Lager, Berry,
Bircher, and more recently Rf.’:pin. But the results
arrived at by these observers, though they may
be true of the district in which the observations
were made, are not always applicable to goitre as it
is found to prevail in other countries.
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Billiet was amongst the first to investigate and
lay stress upon the distribution of the endemic
on definite geological formations. He found that
goitre was indigenous to the argillaceous calcareous
schists, especially those containing talc-schists,
mica, and deposits of gypsum. In villages which
were situated on Jurassic and Neocomian earths
he did not find goitre. His researches were carried
out at Chambéry, in Savoy.

McClelland found in Kumaun in the Himalayas,
in contra-distinction to Billiet, that villages situated
on the argillaceous schists were free from goitre,
as were those situated on siliceous sandstones,
amphibolites, granite, gneiss and mica slates. He
demonstrated the close connection between lime-
stone rocks and goitre. McClelland is so often
stated to have attributed goitre to the habitual
use of hard water—a statement which i1s not in
accordance with his teachings—that I may be per-
mitted to quote his conclusions in his own words:
“The exciting cause has been traced to certain
strata of the earth, under circumstances calculated
pointedly to suggest that water is the medium by
which it is conveyed to the bodies of men;
although the analysis of such water has proved in-
sufficient to detect any ingredient to which we can
directly ascribe their effects, except lime. Finally,
that having thus far traced the source of the
endemic, we have reached, in regard to the
exciting cause of goitre, the utmost limits of our

L .
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knowledge ; but whether there be any other strata
capable of yielding the particular contagion than
those we have described, and whether the water
is the only medium by which it can be conveyed,
are points which still remain to be determined.”

The extensive researches of Grange, in the Alps,
led him to the conclusion that while the endemic
prevailed in the marine molasse, it was most pre-
valent on the Liassic, and general on the Triassic
formations—the marls, limestones, and magnesium
limestones. He found the disease less marked on
the coal measures and very generally absent on
oranite formations. Alluvium was only affected
when the alluvial deposit was derived from goitrous
neighbourhoods. These findings led Grange to
believe that magnesium in the water was the
cause of goitre.

The general truth of Grange's observations for
the region in which they were made was confirmed
by the report of Elie de Beaumont in the year
1851, especially as regarded the association of the
endemic with the dolomite rocks of Triassic origin.

Grange's observations received additional sup-
port from the findings of Zambroni and Garrigou
in the Pyrenees; of Heidenrich in mid-IFrance ; of
Virchow in Lower Franconia. Baussingault, in
New Grenada, found the same association with
limestone rocks, though the disease was not confined
to them.

Next in importance to the researches of McClel-
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land and Grange, come those of James Berry, in
England, who showed that the endemic of goitre
coincided everywhere with calcareous rocks, and
that the disease prevailed not only on limestone but
also on calcareous sandstones. His present view is
that while much more common on these rocks than
any other, it is not exclusively limited to either of
them.

St. Lager sought to attribute to the metal-bearing
rocks, notably those containing iron and copper
pyrites, the causation of goitre. He attributed the
disease to the presence of iron in the water.

Bircher, as a result of extensive researches in
Switzerland, has concluded :—

(1) That goitre occurs only upon marine deposits
and especially upon the marine sediments of the
Paleozoic, Triassic and Tertiary periods.

(2) That the eruptive rocks, the crystalline rocks
of the Archaan groups, the sediments of the Juras-
sic, Cretaceous and post-Tertiary seas, as well as
all fresh-water deposits, are free from the disease.

He affirms that where goitre appears on the
rocks of the second group the affected outcropping
stratum has only a moderate density, and has as a
basis one of the formations mentioned in the first
class, so that the sources of the springs extend
down to them. Or, on the other hand, endemic
centres of goitre are to be found in isolated islands
composed of rocks of the first class, on which in
other parts of the world where these formations
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appear in large ranges, goitre is endemic. He
considers also that the influence of the rocks of the
first class is often weakened, or made to disappear,
through superimposed fresh water strata. Bircher,
by extending his studies to other European coun-
tries, convinced himself that goitre occurs especially
on rocks of the Silurian, Devonian, Carboniferous
and Permian systems.

Johannesen, in Norway, comes to the same con-
clusions as Bircher.  Hofler also, in Tolz, found
that while goitre was very commonly met with in
the marine strata, the fresh-water formations were
exempt. Researches in France, Germany, America,
Spain, Asia, &c., have, according to Ewald, fur-
nished further proof of the general truth of Bircher's
conclusions.

Now while there can be no doubt that goitre is
very much more commonly associated with lime-
stone and dolomite formations and with marine
deposits generally, this association is not a constant
one. It must be admitted that not only are these
formations often free from the disease, but also
that goutre can and does prevail on almost every
other geological formation from the most ancient to
the most mwodern. Bircher's teaching, that the
eruptive and other rocks mentioned in the second
class, are free from the disease, is erroneous. Goitre
1s undoubtedly rare on these rocks, but it cannot be
affirmed that they are goitre-free. As long ago as
1848, the Sardinian Commission found that no
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formation excluded the occurrence of goitre and
cretinism, but that endemics were to be met with
more frequently on the older than on the more
recent formations.

Berry has pointed out that Jurassic and Cretaceous
rocks are, in England, not wholly free from goitre.

Kocher, also, has shown that the Jurassic forma-
tions and fresh-water deposits are not exempt in
the neighbourhood of Bern.

Chatin has brought forward many illustrations to
show that goitre is found on volcanic earths, on
granite, on oolite limestone, on marl, on alluvial
deposits, &c., in short on soils of all kinds, while
St. Lager also has cited a great number of places
where goitre occurred without any connection with
dolomite rocks.

I.orenz has arrived at the conclusion, as a result of
his independent researches in the Canton Grisons,
that there is no valley, perhaps even no district, in
which goitre or cretinism, slight or isolated though
the cases may be, does not occur. He agrees that
the majority of cases are to be found on marine
deposits, but that villages on such deposits, and on
Trias, may be free from the disease. He finds that
the smallest number of cases occur on primitive
rocks, or non-marine deposits, and has met with the
disease in certain districts on crystalline rocks.

Hirsch also has been led to the conclusion that
goitre occurs on all geological formations, but that
it is met with on all the older formations, including




THE ETIOLOGY OF ENDEMIC GOITRE 65

the Trias, more frequently than upon the more
recent.,

Wellams, in West Africa, has described an en-
demic on metamorphic rocks, while in Bega, in
New South Wales, goitre occurs on granite.

My own experience in Chitral and Gilgit has led
me to conclude that no geological formation ex-
cludes the occurrence of goitre. In parts of Chitral
the disease is very much more common in certain
vil]ﬁges situated on limestone rocks, and the fact is
so striking that it is difficult to avoid the conclusion,
arrived at by McClelland in the Himalayas so
many years before my time, that it was almost
possible by studying the characters of the neigh-
bouring rocks to predict whether or not the inhabi-
tants would be afflicted with goitre. But more
extended acquaintance with the disease soon taught
me that not only were limestone rocks often exempt
from the disease but also that it prevailed in
abundance in villages situated on granite rocks.
In the eighty miles of country between Gilgit and
Astore there is hardly a village in which goitre
iIs not common, and often cretinism also, yet the
whole of this country is made up of an ‘“igneous
complex composed of several varieties of granite.”
(MacMahon.)

The iron-pyrites theory of St. Lager is open to
the same objections. The disease is not limited to
iron-bearing rocks, nor is it always found on such
rocks, Some of the most highly goitrous localities

5



66 THE ETIOLOGY OF ENDEMIC GOITRE

in the world are those in which the soil is practically
iron-free, while in many localities in which iron is
abundant, as, for example, in the mining districts of
France, the disease is frequently absent.

With the assistance of Mr. Hayden, of the
Geological Survey of India, I have made a minute
microscopical and chemical examination of the soils
of certain villages in Gilgit. It was found that the
amount of lime, magnesium, or iron, in these soils
bore no relationship whatsoever to the extent of
goitre amongst the villagers living on the soil. In
the soil of the most goitrous village, lime was found
in considerably less amount than in that of another
which was free from the disease ; while iron was
present in the soils of all villages in such small
amounts as to render it most unlikely to be the
cause of disease of any kind. Even in soils in
which iron was found in rather more marked
quantities, the excess did not correspond with any
excessive prevalence of goitre amongst the in-
habitants.

Baillarger, in his masterly review of the whole
subject in 1873, concluded that ‘it had not been
shown that goitre prevailed exclusively on any par-
ticular soil, but that it seemed to be proved that
the endemic is extremely common on the dolomite
formations and rare on others.” This conclusion
needs no modification even at the present day.

I S
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CHEMICAL SUBSTANCES IN WATER AND THEIR
RELATIONSHIP TO (GOITRE.

Analyses of goitre-producing waters—of which
there are probably thousands on record—have failed
to show that dissolved salts of lime, magnesium, or
iron, can be regarded as the essential cause of goitre.
I, myself, have been unable to trace any definite
relationship between the amount of goitre present
in any village and the amount of any single dis-
solved ingredient in its water which can be detected
by chemical tests. Goitre is found in villages
where the water is hard, and contains lime and
magnesium in abundance, and in villages where it
is soft and contains these mineral ingredients in
very small amounts. It is absent also in many
villages where the water is very hard, and the
literature provides many examples of this truth.
Indeed, it is affirmed by some observers that there
are springs containing chalk and magnesium in
large amounts which not only do not cause goitre
but under whose use goitre actually disappears.
Zschokke has recorded that this is true of the
Betherstein water ; and Christener that the Weis-
senberger hot lime waters possess a curative pro-
perty. I have, however, observed in Gilgit and
Chitral that amongst the inhabitants of goitrous
villages where the water was very hard the indi-
vidual goitres were, as a general rule, larger and
more degenerated than in neighbouring villages
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where the water was softer, a fact which may not
be a coincidence only. It may be that a hard water
will favour the action of the goitrigenous agency,
but such waters are not capable by virtue of their
hardness alone of causing goitre. It is interesting
to record the fact that Grange himself, who was the
author of the ‘“magnesium theory ” of the disease,
abandoned the view as a result of his more ex-
tended geological researches.

Baillarger, surveying the whole subject in the year
1873, arrived at the conclusion that * chemical
analyses do not support the view that goitre is due
to the presence of chemical salts in the water.”

Nor is this view supported by experiment. Goitre
is not observed to result from the administration of
salts of iron over long periods of time to anazmic
girls, nor can the salts of lime, magnesium, iron,
potash or soda, give rise to the disease when ad-
ministered to animals under experimental conditions.
The brothers Berry failed to notice any changes in
the thyroid glands of guinea-pigs, either by macro-
scopical or microscopical examination, as a result of
feeding these animals on the chemical salts men-
tioned, for a period of nine months.

Of late years, however, the view that goitre is
due to some substance dissolved in the water has
been revived, and the supporters of this view are
seeking to find in radio-active substances, especially
radio-thorium, fresh support for their theory. Ac-
cording to Répin, goitrigenous waters have a

il 3.
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high carbonic acid content, by virtue of which
carbonates and sulphates of lime and magnesium
are held in solution. He considers also that the
radio-activity of a mineral water may have an
influence in the production of goitre. He believes
that all goitrigenous waters are true mineral waters
of a peculiar kind, and holds that their points of
exit from the earth’s interior-—for such waters must
come from great depths—are to be found in the
lines of dislocation of the lithosphere, and by pre-
ference in the most recent or those which have not
yet had time to become obliterated. He considers
that these waters exercise on the general meta-
bolism a powerful action of which the thyroid
hypertrophy is only the reverberation. He bases
his hypothesis on the work of Senator, Leopold-
Lévi, de Rothschild, and others, who have shown
that the thyroid mechanism controls the metabolism
of lime. He explains the enlargement of the
thyroid as an effort on the part of the gland to
maintain, by augmenting its secretion, the chemical
balance of the organism in the presence of a state
of hypercalcification, induced by the use of water
containing lime. His experiments on rats have
confirmed him in this opinion (fig. 4). He has
recorded that even heating the water to 100° C,
for several minutes does not deprive it wholly of
its goitre-producing properties. He believes pro-
longed boiling, or expulsion of its carbonic acid
content, to be necessary to cause a precipitation
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of the dissolved salts on which, in his opinion, the
goitre-producing properties of the water depend.

The views of Répin may be summed up thus:
That goitrigenous water is invariably mineral water ;
that in this water exists some chemical ingredient
—possibly salts of lime and magnesium, possibly
radio-active substances—which is the active prin-
ciple in the production of goitre and resists a
temperature of 99° to 100° C. for several minutes.
Now Wilms has shown that water raised to a
temperature of 70° C. loses its toxic properties, and
this result is in conformity with my own findings,
and those of Bircher, Breitner, Lobenhoffer, and
others. But even if a temperature of 100° C. did
not destroy the toxic agent of the disease, the fact
would not exclude the possibility of an infective
agent as the cause of goitre. 1 have, for example,
isolated from the feeces of sufferers a spore-bearing
bacillus which not only resists boiling for several
minutes, but also exercises a curative influence on
the disease when employed as a vaccine. The fact
that Bircher has produced goitre in rats by means
of water filtered through a Berkefeld filter might
be quoted in support of Répin's views, but here
again such treatment of the water is not sufficient
to exclude the possibility of an infective agent, since
this method of filtration does not render the water
sterile. I am not prepared, therefore, to accept as
final Répin's view as to the effect of heat on goitri-
genous water.
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Nor am I able to agree with his view that the
goitre-producing properties of a water may be due
to its radio-activity. Répin holds that goitrigenous
waters are amongst the purest known, but he has
advanced no bacteriological observations in support
of a statement of such moment. The bacterio-
logical researches of the Swiss Goitre Commission
have proved that such waters almost invariably
show an infinitely higher bacterial content than in-
nocuous water, and we know that in radio-active
waters the bacterial content is low. My own ex-
perience is in direct opposition to that of Répin,
and exactly parallel to the results of the Swiss
Commission. I am also informed by Professor
Kolle that this Commission has failed to confirm
in Switzerland Répin’s supposition as to the radio-
active properties of goitre-producing waters.

The lime and magnesium theory has already been
dismissed as untenable ; and in answer to the claim
that goitre is due to the mineral character of the
water, | have the authority of Dr. Cresswell Howell,
of Bega, in New South Wales, for stating that goitre,
to his personal knowledge, occurs in this locality,
where the only source of water-supply is rain—while
Veichardt mentions the case of the people of
Eichstitt who are goitrous, though they drink
rain water only. Similarly, in other goitre-infected
regions, the only drinking water is derived from
snow, a fact responsible for the popular belief
whereby goitre is attributed to the consumption of
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snow water. There are also recorded instances
where the disease has arisen in persons drinking
distilled water only. In this connection, I would
refer again to the outbreak of goitre in the Bishop
Cotton School, at Simla, where whatever may have
been the cause of the disease it certainly was not the
water-supply, and this is only one of many similar
instances with which the literature supplies us.

While, therefore, I would not go so far as to deny
that the peculiar waters with which Répin is dealing
may possess some quality which tends to excite the
functional activity of the thyroid gland, it is
immediately obvious that the explanation offered
by him cannot be accepted as a complete and
satisfactory theory of the origin of the disease.

Two main facts emerge from a study of the
geological relations of the soil to goitre, viz.:
(1) That the disease appears to show a preference
for certain soils; and (2) that it can, nevertheless,
prevail on soils of any geological formation. Know-
ing, then, as we now do, that the essential cause of
goitre is not a dissolved mineral ingredient derived
from limestone soils, we must seek elsewhere an
explanation for the connection of the disease with
the soil.

THE NATURE oF THE Toxic AGeENT ofF GOITRE,

Such an explanation must involve some prior
determination of the nature of the toxic agent of
the disease.
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Now the arguments upon which are based the
explanation I have to offer, rest upon a con-
sideration of the behaviour of the endemic itself,
upon deductions drawn from authenticated outbreaks,
on my own observations in endemic centres, upon
the conclusions to be drawn from the valuable work
of Marine and Lenhart, who have studied the
disease as it occurs in artificially bred trout, and
finally upon my own experiments on man, and
still more recently Bircher's on rats.

In a previous section dealing with the behaviour
of the endemic we arrived at the conclusion that
the evidence pointed to the existence of a living
excitant. Nor can any other conclusion satisfy the
difficulties presented by the outbreaks at Nagar, and
in the Boys’ School at Simla, to which reference has
already been made. To these instances I am able
to add the experiences of Dr. Cresswell Howell, of
Bega, in New South Wales. He has been kind
enough to send me an account of an endemic of goitre
in his district. The affected area is a stretch of un-
dulating country about 3o miles long by 20 miles
broad, and lies in a depression among high hills.
The prevailing rocks are granite. The people
are all of the farming class. The water-supply is rain
water, which is collected from the roofs of the houses
and stored in tanks. These tanks are only cleaned
out on the rarest possible occasions. Dr. Howell
informs me that he has examined the deposit in
about one hundred of these tanks and found it
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swarming with bacteria and animalcule of all kinds.
A large number of young adults suffer from ‘“a
not very serious form of goitre.” The swelling is
invariably bilateral, gives rise to no pain, and rarely
gives rise to symptoms. The goitre usually de-
velops about the period of adolescence. Cretinism
is also met with, but it is not of a severe type.
Here we have an endemic which, if it can be
attributed to water at all, can only be due to the
drinking of rain water, which has become fouled
by the washings from the dusty roofs, and by its
storage in dirty tanks. Clearly in this case also the
disease is due to no dissolved ingredients, but to
some living excitant, which finds in these tanks
the necessary nutrient material for its life and
growth.

Of my own observations, I will now direct your
attention to those that deal with the village situated
on the Gilgit Fan.

PREVALENCE OoF GOITRE IN THE VILLAGES OF THE
GiLciT Fan.

The photograph which [ am about to show
will give some idea of the nature of the country
(hg. 5). The alluvial Fan which is seen on the
right bank of the Gilgit river is approximately
ten square miles in extent, and has a gentle
slope from its apex, in the nullah, from which
it derives its water-supply, to the river. Nine
villages or hamlets are scattered over this Fan;
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collectively they are known as ¢ Gilgit,” but each
has its own particular name. Eight of these
villages are supplied by water from the Kirgah
stream, which is mainly derived from the mel-
ting of the snows on the hills above. The
ninth village, Barmis, to which reference has

-
....
-

I-SII: ale ﬁf Milas

Fi1G, 6.—Diagrammatic sketch of Gilgit water-supply. 1, Basin ;
2, Umphris; 2a, Damyal ; 3, Majinpharri; 4 and 5, Ky K ; 34, 44,
Sonyar; 3, 34, 4, 5, Kashrote.

already been made, is supplied by a spring which
is not goitre-producing. We are at present only
concerned with the eight villages supplied by the
Kirgah stream. [ now show a rough diagram-
matic map of the water-supply of these eight
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villages (fig. 6). The water comes from a single
source and is conveyed to the different villages
in open kils or channels. From the diagram it
will be observed that there are two main channels
on the banks of which the villages are situated
one below the other. Each village in this way
receives the drainings of the village or villages
above it, till at the last village, Kashrote, the
drinking water has been polluted by the six
villages above.

The water in these open channels not only
supplies the inhabitants with drinking water but it
irrigates their extensive crops, serves as an open
sewer, 1s used for the cleansing of their bodies,
household utensils and wearing apparel. The
drainings from cultivated and manured fields flow
into it. It can readily be imagined, therefore, that
considerable organic impurities find their way
down to the lower villages; yet little organic
impurity can be detected by chemical tests.

The water at its source is clear and sparkling
during the winter months, but at the village of
Kashrote it is grey from the presence of fine
sediment, especially when irrigation is in progress.
During the summer, when the snows are melting,
much fine silt is carried down from the nullah.

In the following table I have indicated the
prevalence of goitre in these villages, as deter-
mined by me in the winter of 1904. The figures
are accurate, especially as concerns children and

e
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males ; but as concerns women I had often to rely
on the statements of their male relatives as to
whether they were goitrous or not.

P | 1ad 5 Per cent ﬂ?cr;;f;;; Per eent.
i opula- nfecte : £ B e f total
s ton | Houses | fouses |ofinfected | infected inl ,0piacion

houses H'Dltl'ﬂ'uh
I. Basin 3 15 9 6o* 21'2 11'8
2. Umphris ... | 385 66 42 636 28'3 20°
2A. Damyal ...| 1381 30 20 666 303 188
3. Majinpharri 718 108 68 632 24°2 20°
4 and 5. Ky-K | 220 33 23 71'§ 30 269

ﬁl
i&‘ :- Sonyar ...| 458 63 52 825 | 30 246
g j;} Kashrote ...| 128 | 24 | a1 | 80 | 360 | 456
| |

From this table it is seen that the percentage of
infected houses, of infected individuals in these
houses, and of the total population suffering from
goitre, goes on increasing from the highest to the
lowest village on the water-channels.

In a paper which I read before the Royal
Medical and Chirurgical Society of London in 1906,
when describing the prevalence of goitre in these
villages, I commented on the fact that where the
polluted water of the main channel was joined by
the purer supply from the Barmis spring the pro-
gressive increase of the disease was arrested.

The chemical composition of the water as it
flows through the villages i1s the same as at its
source. Only this difference could be detected in
the water taken from the channel at Kashrote: it
contained a larger amount of mineral matter in
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suspension, more vegetable debris, more amorphous
matter, more animalcule, and on plate cultures it
showed a much richer bacterial flora than the
water at its source or higher up the kal. It is,
therefore, obvious that the increase in the disease
bears a relation to the increasing organic impurity
of the water, and we are again driven to the
hypothesis that the toxic agent is a living excitant.

Enpemic GoiTtre IN ARTIFICIALLY-BRED TROUT.

Consistent with these conclusions are the deduc-
tions to be drawn from the paper written by Drs.
Marine and Lenhart, and entitled : *“Observations
and Experiments on the so-called Thyroid Car-
cinoma of Brook Trout, and its relationship to
ordinary Goitre.” These observers found that the
so-called thyroid carcinoma was “ severe endemic
goitre ” (fig. 7). Any peculiarity which the tumour
in fish shows is due to the fact that the thyroid
gland in fishes is not encapsuled, consequently as
it enlarges it tends to grow into neighbouring
structures.

[ shall now quote those parts of Drs. Marine
and Lenhart’s paper which have a special bearing
on the present subject :(—

“ Qur observations and experiments were made
during October and November, 1909, at a large
private fish hatchery in the mountains of Penn-
sylvania. The arrangements of the houses and



I'1G. 7.—Large external goitre in trout (Marine and Lenhart).
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retaining tanks is quite simple. This is shown in
the figure (fig. 8). The tanks are arranged in a
single series down the course of the brook. The
water-supply is likewise simple. There is but a
single spring supplying the upper six houses, while
the lower five receive the water that has passed
through the upper six, together with that from
a second small spring and a 6-in. pipe line from
a large stream about a quarter of a mile to the
left. On account of the increased water-supply,
and for the clearer understanding of certain obser-
vations to be mentioned later, it is best to divide
the series of tanks into an upper and a lower
division. Between the upper and lower division
of houses (that is between houses VI and VII)
the water follows the original brook for a distance
of about a quarter of a mile. Then it is again
collected by means of a dam and enters the lower
division of houses with the additions to its volume
above mentioned. The water coming from the
spring above all houses to the first house—a
distance of about fifty yards—is also allowed to
follow its natural bed. Apart from these two
exceptions, the water is carried in covered race-
ways made of lumber,

“Houses I, II, III and IV contain eight months’-
old fish. Houses V, VI, VII, VIII contain 13-year-
old fish, and houses IX, X, and the first pair of
tanks in House XI contain 23-year old fish. The
last pair of tanks in house XI contains 13-year-old
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fish. . . . the three most important localities
as regards the effect of water-supply and water
pollution are houses VI, VII, and the last pair
of tanks of house XI, which contain fish of the
same age, that is, 1§ years.”

As a result of their examination of specimens of
fish taken without choice from all the tanks, also
specimens of different ages from the raceways
above and below all houses, and lastly specimens
of the larger 3#-year-old fish from the trout stream
near by, the authors concluded that: * Fish which
lived in the raceway above all houses and which
have never been confined in the tanks maintain
normal thyroids throughout their lives. Then,
beginning with the series of tanks, it was shown
that the 8-month-old fish are markedly affected
even in the uppermost of all the tanks, and that
there is a gradual increase in the degree of thyroid
proliferation, which reaches its greatest extent and
severity in the last house (VI) of the upper division.
Beginning with house VII there is a marked
improvement and lessening of the active thyroid
proliferation coincident with the greatly increased
water-supply and the probable purification of the
water from the upper division in its passage for a
quarter of a mile along the original bed of the
brook. The improvement cannot be followed defi-
nitely throughout the remaining houses of the lower
division, for the reason that the 2§-year-old fish are
housed here, but the general impression is that
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this improvement is maintained throughout the
remaining tanks to a gradually lessened extent.
Lastly, the examination of the fish from the tail
race, living wild, but in the polluted water, has
shown that their thyroids are normal in type. Also
examination of older fish obtained from both the
tail race and the larger stream above the entrance
of the tail race into it, have shown that, although
the thyroid tissue has invaded all the structures
beneath the pharyngeal mucosa at some past period
of their lives, nevertheless, their stay of five to
six months in a natural environment has effected
a complete natural relief from the exciting cause
or causes of the thyroid proliferation, and that the
thyroids have resumed their resting or colloid
state.” The authors conclude that * overfeeding,
overcrowding, and a limited water-supply, are the
major factors in the production of filthy, unhygienic
tanks or ponds, and the unsanitary, unhygienic, and
filthy tanks are in a very important but still un-
known manner associated with the development of
thyroid hyperplasia.”

Gaylord’s observations on goitre in fish are in
complete agreement with the findings of Marine
and Lenhart. He also has observed that where
fish are confined in tanks situated one above the
other, and through which the same water flows from
one to the other, the prevalence of the disease
increases markedly from above downwards. He
gives the following table, which shows this increase:—



THE ETIOLOGY OF ENDEMIC GOITRE 83.

Water above the tanks... ) ... Fish goitre free.
,» 1n first tank ..« 3 per cent. goitrous.
,» 1n second tank ... i . o
» in third tank ... T 3 i
,» in fourth tank ... a5 i A

You will notice that the account of goitre in
artificially bred trout corresponds in a remarkable
way with my description of goitre in the eight
villages of Gilgit, written in 1905. There is the
same increased prevalence of the disease as the
water becomes more polluted, and a diminution in
the amount of the disease as a result of dilution of
the impure water with the fresh spring water. The
trout also conform to that striking characteristic of
endemic goitre, viz., the capacity of spontaneous
recovery on removal from the infected area. The
markedly place-character of the disease, even in
the case of these fish, is thus well illustrated.

Now it is clear in the case of the trout that the
influence of water in causing the disease cannot be
doubted, and that whatever substance caused the
disease remained behind in the tank. Anyone who
has watched artificially bred trout in tanks will have
observed their habit of ‘‘nosing ” about the walls
and bottom of the tanks. It is precisely in these
places that suspended matter deposits itself. This
deposit is made up of the remnants of food, and
forms a nidus for the growth of numerous bacteria
and animalcule. [ hold that it is in this deposit
we must look for the causal agent of the disease,
since it existed neither in the water flowing into
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the first tank, nor in that escaping from the last,
in sufficient quantity to cause goitre.

Let us see what further evidence we have in this
direction. [ have stated that young soldiers who
come to Gilgit frequently develop goitre within a
few months. [ have examined these soldiers for
goitre on three different occasions, about six months
after the biennial reliefs, On the first two occasions
it was noted that the recruits suffered to the extent
of 20 to 22 per cent. On the third occasion,
only 5 per cent. were found to be goitrous. Now
it is the custom of the men to cook their own
food, and for this purpose each man is provided
with a large assortment of brass vessels. These he
“ cleans” by picking up a handful of silt from the
bottom or sides of the open water channel, which
runs past the barracks. The vessel is polished
vigorously with the silt, and then rinsed in the foul
water of the channel. After the third biennial relief,
it was decided to introduce a system of * messing ”
amongst the men. This system involved one man
cooking the food of a number, instead of each man
cooking for himself. Consequent upon this change,
the number of cooking-pots cleansed in the way I
have indicated was very considerably reduced. It
may have been a coincidence that I found only
5 per cent. of the recruits amongst the men goitrous,
but I do not think so, and am inclined to attribute
the fall of the incidence of the disease from 20
to 5 per cent. to a lessened infection from the
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soil by way of cooking-pots and infected hands
which followed as a consequence of the “messing ”
system. This system was, however, not popular
amongst the men, so they reverted to their former
habits of cooking, when I found that the percentage
of goitre amongst the recruits again rose.

Marine and Lenhart believe, as a result of their
observations, that goitre is the symptomatic mani-
festation of a metabolic and nutritional disturbance,
and that food is the major factor acting to bring
about a fault of nutrition favourable for goitre
development. Comparing their results with the
conclusions to which we have already been forced,
we may admit that whereas a ‘ metabolic theory”
of goitre is not inconsistent with some of the facts,
it fails to provide an explanation for all. On the
other hand the ‘“micro-organism theory” not only
provides a satisfactory explanation of the develop-
ment of the disease in artificially bred trout, but
also of the experiments and observations which we
‘have hitherto discussed. While recognizing that
a limited water-supply in the case of fish, or a
limited air space in the case of man, over-crowding
and over-feeding with a highly artificial and incom-
plete food, are factors which markedly favour the
development of goitre, I am of opinion that these
factors are of secondary importance only, and that
the essential cause of the malady is a living
organism,

To the “micro-organism theory” further weight
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is added by a consideration of the results of experi-
ments directed to the production of goitre in man

and in animals.

ExPERIMENTAL Probuction ofF GoiTRE IN MAN.

The general conditions under which my own
experiments were conducted may be summarized
as follows: The men who volunteered for the
experiments were young, usually between the
ages of 18 and 25; they were newcomers to the
district ; they were under observation for some
time prior to the commencement of the experiment ;
they lived in a non-goitrous part of Gilgit, not far
from the village of Barmis, under the strictest
guard ; they were encamped on ground which had
never been cultivated ; they did no work and were
not permitted to handle the soil; they were pro-
vided with water for all domestic purposes which was
brought from the Barmis spring at its point of exit
from the hillside ; the water, as an added precaution,
was boiled. In no case was the restraint imposed
upon the men broken through. Water, purposely
made muddy by agitation while flowing through its
channel, was brought daily from the village of
Kashrote where goitre is very common. It was
filtered in large quantities through a Berkefeld house
filter. The deposit on the candle was washed off in
distilled water, and a quantity of the dark grey
mixture, equal to about 4 oz., was given to each






F1G. 9. — Davia. Shows appearance of neck at the time the
experiment was commenced. There was a small nodular mass in
the isthmus of the thyroid gland.

Fi1G. 10.—The same subiect. Photograph taken on the twenty-filth
day of the experiment.
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subject in milk every morning before the first
meal of the day.

The first experiment was carried out in the spring
of 1906. Six healthy young men, aged between
18 and 20, were the subjects. Two of these had
formerly resided in Gilgit and had suffered from small
enlargements of the thyroid. These swellings had
disappeared on their leaving Gilgit, with the excep-
‘tion of a small nodule in the isthmus of one of
them. It was thought that these men were likely to
prove more susceptible to goitrous influences than
men who had not previously suffered from the
disease. The other four men were in all respects
normal. A swelling of the thyroid gland made its
appearance in both of the men who had formerly
suffered from goitre. In one case it appeared on
the thirteenth, in the other on the fifteenth day of
the experiment. The swellings fluctuated con-
siderably from time to time, reached their point
of maximum size about the thirtieth day, and then
- retreated to a point of enlargement at which they
remained stationary. In two other cases an in-
creased pulsation in the vessels of the neck may
have been the evidence of an increased functional
activity of the gland, but no appreciable swelling of
the organ took place during the fifty-three days the
experiment lasted.

The photographs which I now show represent
one of these cases before and after experiment.

(hgs. 9 and 10).
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In October of 1907, I submitted myself to the
same experiment. My house was situated in the
Barmis village and my drinking water was the
innocuous water of the Barmis spring. The photo-
graphs indicate the change which was observed in
my thyroid gland as a result of the experiment,
which lasted one month. The circumference of my
neck increased by 2% cm. [ first noticed the
swelling on the fifteenth day of the experiment.
The enlargement fluctuated from time to time, as is
observed to be the case in all commencing goitres
(figs. 11 and 12).

In the spring of 1908, the experiment was repeated
in the case of six other young men in whom the
thyroid was perfectly normal. In two cases an
appreciable swelling of the thyroid gland occurred
which gave rise to an increase in the circumference
of the neck in both cases, of 14 cm. In a
third case the man was conscious of a sense of
“ fullness of the throat” at times: there was an
increase of 1 cm. in the circumference of the
neck and throbbing of the vessels was from time to
time observed. The other three cases showed
no appreciable change during the thirty days
the experiment lasted.

Coincident with this experiment six other young
men living under precisely similar conditions were
given, for a period of thirty days, the doiled
suspended matter which had been separated by
filtration from the muddied Kashrote water. It



F1G. 11.—Normal appearance of author's neck. Measurement, 4o cm

F1G. 12.—Photograph of author's neck taken on the twenty-fifth
day of experiment. There is an evident enlargement of the thyroid
gland especially noticeable on the right side. Measurement, 424 cm.
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was subjected to boiling for ten minutes. Neither
by manual examination, measurement, nor photo-
graphy, could an increase in size of the thyroid be
detected in any of the six individuals.

Similar experiments were carried out in the
autumn of 1907, with the exception that the residue
in this case was not separated from the water by
filtration, but the water was allowed to sediment and
the deposit administered as indicated. Thirteen
healthy young men were given this sediment, not
only before the first meal of the day, but also in the
afternoon, before the second meal. Of these nine
showed no change in the thyroid gland which could
be detected by clinical examination. In two others
a uniform swelling of the organ was observed on
the tenth day of the experiment. In both cases
the swelling gave rise to feelings of discomfort, and
complaint was made of throbbing in the neck and of
the tightness of collar bands which had previously
fitted well. The measurement of the neck showed
an increase of 1 cm. in one case, and of 11 cm. in
the other. The enlargement persisted up to the
2oth day of the experiment, and then gradually
disappeared ; the gland was observed to have re-
gained its normal size on the thirtieth day, when
the ‘experiment concluded. In the remaining two
cases a more marked reaction on the part of the
thyroid was observed. In these the right lobe was
the more swollen. The measurement of the neck
increased in one case by 1} cm. and in the other by
slightly over 1 cm.
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Simultaneously with this experiment thirteen
other young men were given the Kashrote water
sediment which had previously been éboi/ed for ten
minutes. It was administered at the same time
and in the same doses. In none of these men
could any reaction on the part of the thyroid gland
be detected. The experiments lasted for thirty
days.

In the Spring of 1910, large quantities of the
residue, separated from the muddied water of
Kashrote by means of a Berkefeld house filter,
were administered night and morning to ten young
men of the average age of 22. Of these, four
showed no reaction whatever on the part of the
thyroid gland during the fifty-five days the experi-
ment lasted. One developed a slight enteritis on
the fifteenth day, when the experiment in his case
was discontinued. Well-marked changes were
observed in the remaining five cases. In one of
these, in addition to the complaints of tightness of
the shirt collar and throbbing in the neck, the
measurement of the neck increased by 13 cm.
The swelling was first noticed on the sixteenth day
of the experiment, and the right lobe was more
prominent than the left. The degree of enlarge-
ment can be well seen from the photographs (figs.

3 and 14).

In a second case the reaction was more marked
and resulted in an increased measurement of the
neck of 22 cm. The photographs of the case are



FiG. 13.—G. M. Shows appearance of neck at the time the
experiment was commenced. Measurement, 334 cm.

Fi1G. 14.—The same subject. Photograph taken on the thirtieth
day of the experiment. Measurement, 35 cm.









F1G. 15.—S. A. Shows appearance of neck at the time the experiment
was commenced. Measurement, 33 cm.

Fi1G. 16. — The same subject. Fi1G. 17.—The same subject.
Photograph taken on the thirtieth Photograph taken on the thirtieth
day of the experiment. Measure- day of the experiment. Shows
ment, 3§ cm. subject’s method of fastening his

shirt-band, which buttoned com-
fortably prior to the commence-
ment of the experiment.
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especially good and show the subject’s method of
fastening his shirt-band, which had previously
fitted well (figs. 15, 16, 17). '

In a third case the swelling was more marked
in the isthmus, which was felt as a rounded boss
under the finger; it partially disappeared behind
the sternum when the trachea was at rest. 8

In a fourth case the circumference of the neck
increased by 11 cm., and in a fifth by 1 em. In
the first four cases the swelling persisted, in the
fifth case it disappeared spontaneously, and while
the patient was still drinking the residue.

Concurrently with this experiment ten other
individuals were given the same quantities of
Kashrote water residue which had previously been
botled. Five of these men were selected as having
small enlargements of the thyroid. The duration of
the experiment in this case also was fifty-five days.
In no case could the slightest increase in size of
the thyroid gland be detected by any method of
examination. In the five men who were the
subjects of small goitres the original and final
measurements of the neck were as follows :—

1XB. 34 33%
T.R. D i e 33
D.R. 32 303
K. 35 34}
R. R N

These results show that the tendency to altera-
tion in size of the thyroid was in the direction of
diminution and not of increase.
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All the cases of artificially-produced goitre were
rapidly cured by the administration of thymol.

The combined results of these experiments may
be summarized as follows :—

(1) Of thirty-six individuals who consumed the
untreated suspended matter of a notoriously goitre-
producing water, twenty-one exhibited no change
in the thyroid g¢land which could be detected
clinically, ten developed a notable enlargement,
while five showed a swelling of the organ of a
transitory character.

(2) Of thirty-one individuals who consumed the
same suspended matter, which had been previously
boiled, none showed any reaction in the direction
of increase in size of the thyroid.

In order to determine the effect of the adminis-
tration of fi/tered water to selected individuals
under the conditions of the experiments above
quoted, I gave seven men the filtered Kashrote
water at the same time that ten others were
consuming the suspended matter separated from it
by the Berkefeld filter. In four of these individuals
the thyroid gland was perfectly normal on the
date the experiment commenced ; the other three
were subjects of incipient goitres. All seven
drank only the filtered Kashrote water for fifty-
five days. At the end of this time and during
the course of the experiment, not only had no
increase in size of the thyroid taken place in any
of the individuals, but the existing goitres of the
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three men showed a considerable reduction in size.
It is to be remembered that the suspended matter
removed from the water by filtration had produced
a thyroid swelling in five out of ten individuals
who consumed it, while the subjects of the present
experiments were consuming the filtered water.

With the exception of the experiment with
filtered water—which, owing to the small number of
men employed, I do not regard as wholly con-
clusive—these observations have been repeated
sufficiently often and the results have been so con-
stant in character, that I feel myself justified in
drawing the following conclusions :—

(1) Thyroid enlargement can be experimentally
produced in man within a few weeks by the
administration of the suspended matter separated
by filtration from goitre-producing waters.

(2) Thyroid enlargement cannot be so produced
when the suspended matter is boiled.

(3) The goitre produced in this way must almost
certainly be due, not to the mineral, but to the
living component of the suspended matter.

(4) While it cannot be said to be definitely
proved by these experiments that filtration through
a Berkefeld filter wholly deprives the water of its
goitre-producing properties, water so treated does
not appear to be capable of causing goitre in man
within a period of fifty-five days.

The results of these experiments and the observa-
tions I have already quoted to you indicate that /e
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lLiwing excitant of goilre exists in grealest abundance
in the deposit at the bottom and sides of water-
channels, tanks, wells, and other receplacles of goitre-
producing walter.

E. BircHER'S EXPERIMENTS.

I propose next to consider E. Bircher’'s experi-
ments on rats. His results, published in various
papers since the year 1909 up to the present time,
may be summarized as follows :(—

(1) Goitre can readily be produced in rats by
the natural water of goitre-producing springs.

(2) The thyroid enlargement does not arise till
after several months' subjection to the toxic sub-
stances contained in the water.

(3) These toxic substances are destroyed by
heat (boiling).

(4) They are not removed from the water by
filtration through a Berkefeld filter.

(5) By centrifugalization it is possible to render
goitre-producing water innocuous.

(6) The addition of certain chemical substances,
such as hydrogen peroxide, to the water renders
it harmless. (Marine and Lenhart have shown
that the addition of small amounts of iodine, in
the form of Lugol’'s solution, to the water causes
a rapid disappearance of the thyroid hyperplasias
of trout.)

(7) Dialysis removes the goitre-producing sub-
stances from the water.
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(8) Substances separated from the water by the
membrane of the dialyser are capable of producing
the disease.

In his earlier papers, Bircher has stated that
the residue left on the candle of the Berkefeld
filter after filtration does not cause goitre, but in
his later papers (1911) he corrects this statement
and points out that while consumption of this
residue for a period of nine months fails to produce
any intense goitrous degeneration of the thyroid,
goitres are produced after twelve, fifteen, eighteen,
and twenty months’ consumption of this residue.

The photograph which I now show, and with
which Dr. Bircher has been kind enough to provide
me, illustrates these various methods of producing
ooitre in rats (fig. 18).

Bircher's latest conclusions, as a result of his
experimental work, appear to be that the water
of goitrous localities derives from certain soils an
organism which imparts to it a toxic substance
of a colloid nature, and it is this substance that
excites the thyroid enlargement. He further
believes that this organism is itself responsible
for the production of cretinism, while the colloidal
poison alone causes goitre. He bases this some-
what complicated conclusion on the fact that he
and Wilms have produced goitre by means of
filtered water. But, since the disease can also be
produced by the residue on the candle and by the
residue on the membrane of the dialyser, it appears
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Fi1G. 18.—The first line represents the appearance of the normal
thyroid gland of a white rat. The second shows the result of feeding
rats on non-goitre-producing water. The third the result of feeding
rats on goitre-producing water. The fourth the result of feeding rats
on a goitre-producing water passed through Jura earth and through a
Berkefeld filter. The fifth shows goitres produced in rats by the
residue left on the membrane of the dialyser and by the residue left
on the candle of a Berkefeld filter after the passage of goitre-producing
water. (By permission of Dr. E. Bircher.)



‘ . Ex p_e;h—er;é'te Erzéugung von _l —]I
| | KROPFEN(ibei RATTEN | |

bl il tolebdtin e |
[_ﬁﬁrrn_nl_as Hontrofltier |

|

’ Aarau dmiy_:ﬂrrﬁurmal_l Jura Wasser_j Iﬁe:atmnEupn.»:iawnlge!.w@l';

Aarauer Wasser Rupperswiler Wass.ﬂ Trias-Asp

LA ARELT

LduragesteinmiRppese Pssergeaunt
> nach Mé)nafen i

feg 91 0

Aarau Filterruckstand |

(Rugperswl durch Berkefeldrilter. |

Aarau Dialysatorriichsta nﬁ]

na
= 1E2h Mﬂpgten o
‘.
i -
‘ﬂ r;
n
o A
FiG. 18






THE ETIOLOGY OF ENDEMIC GOITRE 97

to me to be simpler to conclude that the organism
itself passed through the pores of the Berkefeld
filter in their experiments.

It is well known that the passage of a water
through a Berkefeld candle does not render the
water sterile, and that the smaller bacteria (Schmidt)
and ultra-microscopic organisms can find their way
through it. This is particularly likely to occur when
a filter is in constant use unless the candle is cleansed
with care, and frequently boiled and renewed. In-
deed, unless this is done it may become a source
rather than a preventative of infection. Dr. Bircher
has told me that a much longer period is required
in which to produce goitre in rats by means of fil-
tered water, a fact which appears to me to indicate
that this method of filtration removes only a part
of the goitre-producing substance. My experi-
ments have shown that while the candle of a
Berkefeld filter removed from the water a substance
which caused goitre in 50 per cent. of men within
a period of fifty-five days, the same water cleansed
by this method of filtration failed to produce the
disease in a limited number of men during the
same period. It i1s possible, of course, that an
organism living in water may impart to it toxic
products, which, being in solution, will readily
permeate the filter, but whether or not this is the
case the organism which gives rise to such products
must be regarded as the essential cause of the
malady. Bircher's water is, in my opinion, in-

7
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adequately filtered, and I must confess that for my
own part until it has been demonstrated in man that
adequate filtration fails to render a goitrigenous
water innocuous, I shall be unable to accept in
their entirety the deductions of Bircher.

Bircher had produced goitre in rats only after
the animals had been subjected for several months
to the action of the excitant of the disease, while
in men a reaction has been observed by me as
early as the thirteenth to the fifteenth day. Now it
is known that under natural conditions the disease
can make its appearance in a much shorter time
than several months, in a period in fact which
corresponds closely with my findings in the case
of the experimentally produced goitre of man.
But this apparent difference is to be accounted for
by the fact that the minute size of the lobes of
a rat's thyroid would make the recognition of the
earliest stages of the enlargement a matter of
extreme difficulty. Indeed, unless animals were
killed every day from the thirteenth day of the
experiment onwards, it would be impossible to
detect the beginning of the swelling. In man, on
the other hand, the larger size of the gland, and
the ease with which its changes in size can be
appreciated by measurement and photography,
make easy the recognition of the earliest signs
of enlargement. Bircher was able, in the case of
rats, to carry his experiments to a point which
is not legitimately possible in the case of man.
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His goitres in rats are, therefore, relatively as large
as those which are found in man after exposure
to goitrous influences for a period of twelve months
or longer. His results differ from mine only in
this respect that I have noted the earliest stages of
the disease in man, while he was able to prolong
the experiments sufficiently to give rise to volu-
minous goitres.

Bircher found, when experimenting with the
residue removed from the water by filtration
through a Berkefeld filter, that he was able only
to use a very few animals owing to the difficulty
of procuring from the candle sufficient residue.
In the case of my experiments in man I overcame
this difficulty by making the water muddy at the
time it was drawn, thereby obtaining a residue
which contained the excitant of the disease in
large amount. Considering the small amount of
residue used by Bircher, the results produced
thereby (fig. 18) are very marked.

[ consider, therefore, that Bircher's results in
rats substantiate my previous findings in man,
and that tke presence in suspension in goilre-pro-
ducing waters of a living agent, whick s the direct
ov indivect cause of the disease, has been demon-
strated ; and with this conclusion Dr. Bircher has
expressed to me his agreement.

The following are the characteristics exhibited
by experimentally produced goitre in men.

(1) It usually appears about the fifteenth day of
the experiment,
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(2) It shows a marked tendency to fluctuate in
size.

(3) It reaches its point of maximum size between
the twenty-fifth and thirtieth day of the experiment.

(4) The enlargement of the gland is not great,
nor is it progressive under the conditions of the
experiment.

(5) It is accompanied, as a rule, with certain sub-
jective symptoms of throbbing in the neck, feelings
of fulness and discomfort.

(6) It may completely disappear under the con-
ditions of the experiment.

SoiL A VEHICLE OF INFECTION.

Having, then, thus determined the toxic agent
of goitre to be a living excitant—there remains the
problem of the relationship of the disease to the
soil.

The following are the facts which it is necessary
to co-ordinate and explain :—

Firstly : The greater prevalence of the disease
among the poorer, and especially the labouring
classes, whose habits of life render them more
susceptible to infections that lurk in the soil.
McKenzie, as long ago as 1898, suggested the
presence of the toxic cause of goitre in the soil
in order to account for the prevalence of the disease
amongst the people of certain parts of Lanarkshire.

Secondly: It is a well known fact that the
inhabitants of country districts whose habits of life
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bring them into contact with the soil show a much
larger percentage of victims than inhabitants of
towns.

Thirdly : We have the authority of St. Lager and
others for the statement that the toxic agent of the
disease can be conveyed to long distances by
alluvial earths. I have myself had no opportunity
of corroborating or disproving its truth,

Fourthly : The extraordinary history of the dis-
appearance and recrudescence of the disease in
Martigny (Valais) requires some explanation other
than the water-borne theory. The facts of this case
as quoted by St. Lager are: “In the year 1818,
owing to a great flood, the soil of the valley, which
was moist and marshy, was suddenly covered by
plant earth, to a depth of one metre, which had been
carried from the mountains.” As a result of this
renewal of the soil, goitre and cretinism progressively
diminished. Later these diseases again increased,
due, it is stated, to the introduction of a new water
supply. It is not unlikely, however, that re-
infection of the soil was largely responsible for its
recrudescence.

Fifthly : We have the proposition of Baillarger
that vegetables grown in goitrous localities may be
a source of the disease. Though this is not a
point of evidence on which I wish to lay much
stress, I may remark that I have myself observed
three cases in which I was able to exclude all other
possible sources of infection known to me.
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Sixthly : There are the instances, quoted by St.
Lager and others, to the effect that the drinking
of water rendered innocuous by boiling or distilla-
tion is not in itself sufficient invariably to secure
immunity in the case of persons resident in goitrous
localities.

We have also the authority of New Zealand
physicians for stating that goitre prevails in parts of
the North Island, where the only water used by the
people of the district is that of the boiling springs.

Seventhly: I have the evidence of certain
experiments which I am about to detail, to show
that mere boiling or filtering the water is not
sufficient to prevent or cure the disease so long as
the possible avenues of infection from the soil are
not excluded. These experiments were conducted
in 1904 and 1905. I assumed that if water were the
only source of the disease, boiling and filtering
ought to place sufferers in as favourable a position
for cure as removal from the district, inasmuch as
boiling is definitely known to render the water
innocuous. Consequently, I selected a number of
goitrous and non-goitrous individuals, to whom
boiled and filtered water was administered for a
period of two months, A second batch of goitrous
and non-goitrous individuals was selected as con-
trols, and these were allowed to drink the untreated
water of the district. No restrictions were placed
upon the men whose habits of life exposed them to
continued infection from the soil. This experiment
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was carried out in one of the most goitrous villages
in Chitral, and I am satisfied that the men drank
only the boiled and filtered water provided for their
use. It was repeated in Gilgit. I found as a
result that neither boiling nor filtering the water
sufficed to protect from the disease, nor did pre-
existing goitres cease to increase in size.

The cumulative evidence of these experiments,
together with the other facts and observations which
have been dealt with in this section, affords, to my
mind, conclusive proof of the proposition which I
now lay down, that soi/ zs also a wvekhicle of the
contagium vivum of goilre.

Briefly, to recapitulate, we have now decided
that the toxic agent of goitre is a contfagium
vivum conveyed by certain waters and contained
in certain soils. I propose next to examine the
peculiarities of the soil which favour its prevalence.

We have already remarked that limestone
and lime-bearing rocks are those most commonly
- associated with the disease. Now these rocks
are among the most porous as well as the most
widely distributed of all geological formations, If,
therefore, my deductions as to the nature of the
disease are correct these widespread and porous
rocks would naturally provide its most normal
habitat. The suitability of the soil does not depend
upon its chemical composition, but rather upon its
organic constituents. Kocher has drawn attention
to the fact that in the neighbourhood of Bern,
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where goitre occurs, there is usually an abundance
of organic matter in the rocks. The opinion of
E. Bircher, expressed in 1908, that the nutrient
materials necessary for the life of the excitant of
goitre, are derived from the remains of the extinct
flora and fauna of marine deposits, though it points
in the same direction, is one that is based on the
slenderest of grounds. I believe that the presence
in the soil of animal or vegetable matter, whether
its deposition be remote or recent, may convert
any soil, no matter what its geological origin, into a
suitable habitat for the confagium wvivum of the
disease. A manure heap or a cesspit, for example,
is much more likely to afford the necessary nutri-
ment than the remains of the extinct flora and fauna,
and is indeed a common source of such nutriment.

I am confirmed in this view by studies I have
made of the topography of a large number of
goitrous villages in Gilgit and Chitral, where 1 have
observed that the presence or absence of goitre in a
given village is largely a matter of the ease or
difficulty with which the drinking water can become
polluted. Further illustrations of the fact are pro-
vided by the two following cases :—

The troops in Drosh (Chitral) are quartered in a
fort on the hillside some g4oo ft. above the village.
The water-supply of the fort is the same as that of
the village and is diverted from the main stream of
glacier water by means of a channel far removed
from all sources of pollution. It reaches the fort
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comparatively pure and is stored in a large cistern
through which the water is constantly flowing.
Goitre is very rarely met with amongst the troops,
though their habits of life render them peculiarly
susceptible to goitrous influences. The main stream
flows onwards to the village and is used to irrigate
the fields, the open water channels being subject
to the forms of pollution I have mentioned. Goitre
is common in the village.

The village of Niyat, in Chilas, is situated at a
height of 10,000 ft. above sea level. Ior a great
part of the year it is under snow. The drinking
water is conveyed from the main stream by means
of a channel which passes through cultivated fields
and the village street on its course to the consumers.
During its passage it is subject to the foulest forms
of pollution, for the people of Niyat are in their
habits not far removed from the lower animals.
There is scarcely an individual in this village who
is not goitrous, and water-borne diseases, especially
enteric fever and dysentery, are very common. Not
more than a mile further down the valley is a
hamlet which derives its water supply also from the
main stream. But in this case, more by good luck
than good guidance, the water reaches the villagers
comparatively pure. Goitre is very rare in this
village.

I do not suggest for a moment that pollution per
se is the essential cause of goitre, but I do suggest
that pollution provides the nutrient material which
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admits of the life of the contagium vivum of the
malady not only in the soil, but in the water
associated with it. I would venture to mention
in this connection that when in Switzerland last
spring, Mr. James Berry and 1 were shown by
Professor Kocher and Dr. Vannod the notorious
“goitre-well” of Sumiswald. The water pumped
from this well was quite clear and sparkling,
but apparently issued from the bowels of the
earth charged with goitre-producing properties. |
found, however, on making a careful search, that
within 40 ft. of the well a cesspit was concealed,
under the lee of an old house, which, from the
sandy nature of the soil, and its position with
respect to the well, must have for years supplied
the nutrient material for the bacterial flora with
which the water abounded. I believe that a source
of pollution of goitre-producing waters can always
be found if carefully sought for: this at least has
been my experience in those parts of the world
where | have studied the disease. With Bircher’s
view, as to the influence of the extinct flora and fauna
of the marine deposits, I am in entire disagreement.

On the other hand, a pure water is in itself
antagonistic to the life of the living excitant, for we
know that the addition of such a water to a goitre-
producing one diminishes proportionately its harm-
ful properties, while waters of known purity are
frequently used as curative agents by sufferers from
goitre,
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Richardson quotes the observation of Zschokke
that the inhabitants on the right bank of the Aar
were more subject to goitre and cretinism than those
on the left; the only difference that could be
observed being that the water on the right bank
was more contaminated with animal and vegetable
excretions than that on the left. Similar obser-
vations are recorded by St. Lager, Baillarger,
Macnamara, and others.

It may be-argued that if my contentions are
correct all polluted waters should be a source of
goitre. But this is no more a necessary sequence
than that all polluted waters should cause typhoid
fever. Indeed, the analogy between the spread of
goitre and of typhoid fever is not inapt, so far as
water, as a vehicle for both these maladies, is con-
cerned. For the conditions which favour the life of
the typhoid bacillus in water will favour also the life
of the contagium vivum of goitre, and those pre-
cautions which have resulted in a great decrease of
water-borne diseases, such as typhoid fever, have
resulted also in a decrease of goitre. One not infre-
quently meets with reports in which enteric fever and
goitre are bracketed together as having diminished
in prevalence as a consequence of adequate protec-
tion of water-su;;plies. But just as a polluted water
will not cause typhoid fever unless it contains the
Bacillus typhosus, so a polluted water will not cause
goitre unless it contains the living excitant to which
this disease is due. And as typhoid fever can be
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spread by agencies other than water—agencies
which even two or three years ago were wholly
unsuspected—so we must recognize the probability
of other sources of infection in goitre and not seek
lo explain every case by a slavish adherence to the
“water-theory” only.

How any WATER BEcOMES (GOITRIGENOUS.

It is now easy to provide an explanation of the
fact that a water which does not cause goitre in
one place may become goitre-producing, or that a
goitre-producing water may lose wholly or partially
its noxious property. Since water picks up the
causal agent of the disease from the soil it will
pick it up only from those soils which contain it.
A water which is organically pure may pass over
such a soil and become goitrigenous as a result.
The beneficial influence of adequate protection of
water from the soil is exemplified by those many
instances in which the simple canalization of the
supposed goitre-producing water has been followed
by the disappearance of the endemic. St. Lager
records that he ‘“has often seen cretinism dis-
appear and goitre diminish without the waters
having been changed, but only as a result of their
canalization.” He has observed ‘in Savoy, in
Switzerland, in Piedmont and in Dauphiné,
numerous examples of the amelioration in the
sanitary state of the population after pipes had
been established to conduct into the village waters
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of springs or rivulets which formerly flowed over
the soil.” St. Lager was at some pains to attribute
this result to the loss of the goitre-producing power
of the water consequent on a deposition of its dis-
solved salts in the pipes, while other writers have
endeavoured to explain the disappearance of the
disease in such cases on the ground that the
villagers had ceased to drink water and now drink
only wine. But such explanations as these are quite
inadequate. Waters which are apparently rendered
harmless by canalization have, in my opinion, never
been goitre-producing at their source ; their canali-
zation has but prevented the entry of the contagiun:
vivum of the disease from the soil.

On the other hand, a water which has become
goitrigenous may lose this property as a result of
dilution with a purer water, examples of which I
have brought to your notice, or by Nature’s usual
methods of purifying water : the action of air and
sunlight, and by subsidence. The importance of
the purifying action of subsidence and the rapidity
with which it renders a water comparatively harm-
less is well illustrated by the case of the artificially
bred trout. The water in the tanks was goitre-
producing, but not the water which flowed into the
first or escaped from the last tank.

A water may be conveyed in pipes for long
distances and produce the disease among the
consumers at a distance, provided it is goitre-
producing at its source. Flowing rapidly through
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pipes it is not subjected to these purifying influences
to the same extent. Thus the water-supplies of
towns which are derived from goitrous districts may
oive rise to the disease in the towns so supplied.

What then are the ideal conditions for the
development of goitre? They are to be found in
a country district with an agricultural population
living on a porous soil, which soil contains much
organic matter and by virtue of its porosity or slope
admits of the ready passage of organic matter into
the unprotected streams and wells that are the
water-supply of the people. It is in mountainous
countries where limestone rocks abound that these
conditions are most frequently found in combination.
Consequently, goitre is pre-eminently a disease of
the hills, and its relationship to the soil is clear.

Is InFECcTION BY CoONTACT POSSIBLE?

Before closing this section of my discourse, I
desire to refer to certain cases which are of especial
interest and importance to the etiologist. One
such case, in my own experience, is that of a party
of soldiers who were encamped for some months in
a desert place, far removed from all human habita-
tion. One tent was occupied by eight men, one of
whom suffered from a small parenchymatous goitre.
When the men had been in camp for about two
months, another man in this tent developed a weli-
marked and rapidly enlarging goitre. The man
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had been in the habit of eating his food out of the
same dish as the first goitrous soldier, and the two
men were in other ways also intimately associated
the one with the other. The water-supply in this
case was not at fault.

I find amongst my records another and almost
identical instance of this sort, and the writings of
von Kutschera provide others. Cases of this kind
are, in my experience, exceptional, but they indicate
the possibility that infected water and infected soil
are not the only means by which the contagiam
vivume of this disease can be conveyed to man,
though to my mind they are not sufficient to justify
von Kutschera's dictum that personal contact alone
can suffice to spread the disease.

The prophylaxis of goitre consists in the adequate
protection of the water-supply and a proper pre-
caution against infection on the part of persons
whose means of livelihood necessarily brings them
into personal contact with infected soil.

MICROSCOPICAL AND BACTERIOLOGICAL EXAMINATION
OoF VWATEER.

Many attempts have been made to find in the
suspended matter of goitre-producing waters an
organism responsible for the production of the
disease.

Klebs suspected certain infusoria, to which he
gave the name “waviculicula,” and which he found
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in goitrous springs of Strasburg and Bohemia, as
being the essential cause of goitre.

E. Bircher found that certain diatoms were
peculiar to waters from definite geological forma-
tions, and noted that eucyonema abounded in water
from those formations on which goitre prevailed.
He did not, however, incriminate any diatom as the
cause of the disease. I, myself, have noted that
eucyonema is very common in the goitre-producing
waters of Gilgit, as did also Johannesen in goitre
springs of Norway.

Bircher also found a rod-shaped bacillus in the
waters of goitrous districts, but not in the waters
taken from regions where the disease was not
prevalent. He was unable to find the bacillus in
the contents of two goitrous cysts in young people.
Lustig and Carle examined bacteriologically the
water of twenty-five wells in the valley of Aosta,
but failed to find the bacillus of Bircher. They
noted the presence of a bacillus which liquefied
gelatine, but which was innocuous when injected
into animals. Tavel isolated thirty-three different
bacteria from the water of goitre-producing springs,
while he found only nine in non-goitre-producing
wells in the same locality.

In Gilgit, I found a much larger bacterial flora
in the goitre-producing waters of Kashrote than
in the non-goitre-producing water of Barmis spring.
Two bacteria were especially abundant in the goitri-
genous water, while they were absent from the pure
spring water. One of these was a moderately thick
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rod, which did not retain the stain by Gram’s
method. It generally appeared in pairs. The
second was a minute coccus-like organism, growing
in small transparent and rounded colonies, This
organism also failed to retain the stain by Gram’s
method.

Very much more important are the recent
findings of the Swiss Goitre Commission. Through
the kindness of its members I am in a position to
lay before you a brief »ésumé of its work. The
following table, which has been prepared for me
by Dr. Vannod, gives the result of quantitative
bacteriological examination of waters from goitrous
and non-goitrous districts. It shows the number of
colonies in given volumes of water as determined
by plate cultures on agar :—

GorTrous LocALITIES GolTrRE-FREE LOCALITIES
Yal. of Vol. of
water in Colonies water in Colonies
centimetres centimetres
Canton of Bern.
Sumiswald well ... 0'10 1,450 | Fleusier...| o‘10 I
- 0°50 6,250 0°50 6
Lauterbrunnen stream ... 0'10 6,400 |5t. Imier 0'10 I3
0*50 49,330 0°50 19
Canton Grisons.
Tartar fountain ... .| o100 | 28,000 I
050 50,600
Zizers fountain ... 010 212
0°50 3,410
Cantonn Valais.
Naters old source o'1o 640
0°50 1,242
Granges wells ... 0'10 648
0'50 2,665
Gassijmaw wells o'10 5,100
0°50 12,200




114 THE ETIOLOGY OF ENDEMIC GOITRE

The next table shows the results of quantitative
bacteriological examination of waters from very
goitrous localities in Switzerland, and from localities
where the disease is comparatively rare.

HicuLy GoiTrous LOCALITIES LocaviTies wHERE GOITRE 1s RARrE
Village mwua].‘l E'E;F OI'N::L t: :r}::::u W “hg& ‘::;;!.;‘,eﬂrr -uy:ol::)ﬁru
Naters ... o'10 640 | Brigue ... wi| CORTE 17
0°'50 1,242 050 150
Munt ... e ©'I0 2,665 | Louéche-Ville...| o©'10 2
0°'50 7,100 o'50 5
Gampissin ST 5,100 | Savieze e | OO 11
| ©0°50 12,220 050 44
Sierre ... o | 0710 1,134 | Montigny-Ville 0'10 9
| o0 5,760 "50 17
Granges 0'10 640 | Monthey ...| ©1l0 q
0’50 3,500 | o500 43
Abbaye de St 0°10 1,320 i-,
Maurice c*50 12,420
Troistorrents ... o'I0 31,860 |
050 72,900 |
Les Evouettes ... 0’10 310 |
C°50 5,740 j

Drs. Vannod and De Mestral have concluded
as a result of their extensive bacteriological in-
vestigations :(—

“(1) That in the majority of cases there seems
to be a connection of cause and effect between the
richness of the water in bacterial germs and the
frequency of goitre. This is peculiarly striking :(—

“(a) In the case of waters poor in bacteria and
proceeding from localities where goitre is prevalent
to a small extent: as in Brigue, Loueche-Ville,
Savieze, Montigny-Ville and Monthey.

“ (@) In the case of waters rich in bacteria,
and proceeding from localities where goitre is
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very abundant, as in Naters, Munt, Gampissin,
Salguenen, Sierre, Granges, Fully, Abbaye de St.
Maurice, Troistorrents, and Les Evouettes.

“From the point of view of qualitative bacterio-
logical examination the cultures of water in Agar
have shown everywhere the same colonies.

‘*“(1) White lanceolated, varying in size.

“(2) Grey, transparent, rounded and very smalil.

_“We have always found they consist of («) little
bacilli in rods, and (4) of cocci, the two species
decolorizing by Gram’s method. The -cultures
rich in bacteria presented almost always a marked
fluorescence.”

It is thus seen that bacteriological examination of
the water, while it has so far failed to incriminate
as a cause of goitre any particular organism,
demonstrates that goitre-producing waters are
eminently those in which micro-organisms find the
nutrient materials for their life and growth.

Some authors assert that many goitre-producing
waters are practically sterile, but it has not been
demonstrated by experiment that such sterile waters
are capable of producing disease in any form, nor
do I believe it possible.

In my next lecture I shall deal with the habitat
of the contagium vivum of goitre in the body of
sufferers from the disease.
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LECTURE IIL

IT is my intention to-day to direct your attention
to the progress which has been made towards the
identification in the human body of the particular
contagium vivwm which we have now ascertained
to be the immediate cause of endemic goitre. We
have seen that all attempts have so far failed to
identify it outside the body of man; we will now
proceed to consider what evidence there is of its
existence in the body of sufferers from the
disease.

On the entry of the contagium vivum with the
food into the human intestine three courses are
open to it —

(1) It may invade the blood and tissues, giving
rise to a chronic infection.

(2) It may reach the thyroid gland and exert
its harmful influence in the gland itself.

(3) It may remain in the intestinal tract, there
producing poisonous substances which, on absorp-
tion, initiate the changes in the thyroid gland.

We shall now consider the evidence for and
against these three possible modes of action of
the organism, examining, in the first place, the
possibility of a chronic blood infection.
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Tue Broop 1N GOITRE.

In the year 1898, Dr. Grasset published an
account of a hematozoon, which he found in the
fresh peripheral blood of sufferers from goitre of
ten to fifteen days’ standing. This organism was
found in various forms: (1) As a spherical body
larger than a blood corpuscle, having no nucleus
and containing no pigment; each had a free
flagellum, four times as long as the diameter of
a red blood corpuscle, which moved in a rapid and
disordered manner ; (2) as segmented bodies,
agglutinated or separate ; (3) and as irregular-
shaped bodies containing pigment but no nucleus.
Grasset was careful to point out that none of the
goitrous patients whose blood was examined were
the subjects of malaria.

Though I have often sought, in recent cases
of the disease, for the parasitic elements described
by Grasset, I have consistently failed to find them.
‘McKenzie records a like experience. None of the
numerous observers who have studied the blood
in goitre have recorded the presence of blood
parasites. Grasset himself does not appear to have
followed up his discovery with more detailed
observations as to the life-history of the organism.
The Swiss Goitre Commission has devoted much
attention to the question of the presence of blood
parasites 1n goitre, but always with negative results.
Malarial parasites are often seen in the blood of
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sufferers from goitre in malarious districts, and it is
possible that other blood parasites also may be met
with in goitrous individuals, but up to the present
time no organism has been found in the blood-
stream to which the disease could be attributed.

Nor have blood inoculation experiments yielded
any positive results. In 1907, I inoculated 2 c.c.
of blood, taken from a young man, the subject
of a recent goitre, into the flank of a young mon-
key. Two inoculations were made at intervals
of seven days, but no results were observed. The
monkey remained in perfect health.

Parasitic THYROIDITIS oF CHAGAS.

It is in these particulars as well as in its
symptomatology that the endemic goitre which
we are discussing differs from the * parasitic
thyroiditis” recently described by Dr. Carlos
Chagas. This disease, which is endemic in Brazil,
approximates in one of its forms so very closely
to endemic goitre that I would ask your permission
to make a slight divergence from my main theme
in order to lay before you the results of Dr.
Chagas’ most important work, and to point out
its bearing on the subject immediately before us.
“ Parasitic thyroiditis ” is due to a trypanosome, the
Schizotrypanum cruzi, possessing peculiar features,
and is conveyed from man to man by a biting
insect, the Conorrhinus megistus. According to
Brumpt, other insects also can act as hosts, especi






F16. 19.—Goitre considered by Chagas to be a case of *‘chronic
parasitic thyroiditis.” Photo by Dr. Carlos Chagas.
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ally the bed bug (Cimex lectularius), the excreta
of which are highly infective. The malady, as
the name implies, is essentially an acute condition.
[t is attended with pain in the thyroid gland,
continued fever often high, enlargement of the
lymph glands, spleen and liver, and nervous
symptoms of peculiar malignancy. Trypanosomes
are readily found in the blood-stream during the
acute stage of the disease. The temperature
remains elevated while the parasites are present
in the blood. It affects young infants chiefly and
gives rise to an enormous mortality amongst them.
If the disease does not terminate fatally within
fifteen to thirty days of its onset it lapses into a
chronic form of illness, which is said to be charac-
terized by the presence of goitre, often of very
large size, and symptoms due to partial or com-
plete loss of function of the thyroid mechanism,
nervous symptoms, and affections of the heart.
These symptoms are classified by Chagas, who
groups them into *four forms.” Patients show a
peculiar colouring of the skin *different from the
paleness of anzmia, and likened by Professor
Austrigesilo to the appearance of pale bronze.”
Dependent on the degree of thyroid derangement
the symptoms may be slight, of moderate intensity
or very pronounced. It is possible, therefore, to
meet with cases which are practically indistinguish-
able from the usual type of goitrous individual met
with in endemic localities in Europe (fig. 19).
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According to Chagas, these large degenerated
goitres are the result of a schizotrypanum infection
acquired during the early years of life. It is not
possible to distinguish such cases from cases of
true “ endemic goitre” by blood examination, since
the trypanosome, which is said to cause the goitre,
disappears from the blood-stream after the acute
symptoms have subsided.

Chagas has given two illustrative cases of the
development and progress of the malady in adults,
which may serve to show in what respects it
contrasts with endemic goitre.

“A Syrian who came to an infected zone lived
in a house infected by the Conorriinus megistus for
several months. He had pain and swelling of
the thyroid gland with slight febrile reaction. Six
months later the thyroid was larger and the schizo-
trypanum was found in the blood. Heart rhythm
changes were also present.”

“A woman, aged 30, a newcomer to the in-
fected zone, came to the hospital complaining of
pain in the thyroid and slight rise of temperature.
The liver was somewhat enlarged. Chagas demon-
strated the trypanosome infection by 1noculation
experiments in guinea-pigs. Some time afterwards
the patient developed intensive general convulsions,
which were favourably influenced by thyroidin.
Two months later she died, with a very large
thyroid, and the microscopical changes brought
about by the schizotrypanum were established.”
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I find, in the writings of Chagas and his helpers,
no reason to doubt the accuracy of many of his
conclusions with regard to the acute form of the
disease he has described. It is not equally clear,
however, that the chronic goitres are due to the
same cause which gives rise to the acute illness.
Professor Kolle of Bern has informed me that,
though he has produced some thyroid swelling in
a rabbit by the injection of a culture of Scikizo-
{rypanum cruzi into the artery leading to the gland,
it has not been possible to induce the formation of
a true goitre in this way.

Thyroid enlargements amounting to the forma-
tion of true goitre can, according to Bayon, be
brought about by the injection of certain bacteria
or their toxins into the gland; so that did the
injection of a culture of trypanosomes give rise to
a like result it could not be regarded as peculiar.

The work of Chagas is of the greatest interest,
since, if it is confirmed, we shall have to recognize
the existence of a form of endemic thyroiditis, due
to a protozoal organism, together with the very
important fact that a form of endemic goitre can
be conveyed from man to man by certain biting
insects. :

We must not lose sight of the possibility that
two forms of endemic thyroidomegaly—if I may
use the term—may prevail side by side in the
same district, in the same way that two different
forms of splenomegaly may be found to be
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endemic in the same locality, Nor must we lose
sight of the possibility that a trypanosome infection
may co-exist in the same individual with goitre
initiated by the endemic influences I have indi-
cated to you. The only criticism of Dr. Chagas’
admirable work which I am at present disposed to
make is that he does not appear to have excluded,
in a manner which leaves no room for doubt, the
possibility that the form of trypanosomiasis which
he has described may be an infection superimposed
upon ‘‘endemic goitre,” and not, as he considers
the infection to be, the wveritable cause of this
malady in Brazil. However this may be, there can
be no doubt of the differences which exist between
the ‘“parasitic thyroiditis” endemic in Brazil and
the goitre endemic in Europe and in the Himalayas.
Nevertheless, Dr. Chagas’ work reminds us forcibly
that all cases of goitre in endemic localities need
not necessarily originate from the same cause.
Returning to our consideration of the hamat-
ology of endemic goitre, we find that blood changes
of a fairly definite character are almost always to
be met with. I have made blood counts in seventy-
three cases of goitre at all stages of the disease.
The earliest case examined was that of a young
man who had first noticed the thyroid enlargement
four days previously. The total leucocyte count
showed no marked deviation from normal; no
blood parasites were found. The blood count was
as follows : Polymorphonuclear cells, 58 per cent. ;
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small mononuclear cells, 23°5 per cent. ; eosinophile
cells, 10°5 per cent. ; large mononuclear cells, 8 per
cent. A case in which the thyroid enlargement
was of twenty days’ duration showed, in addition
to the absence of blood parasites from the peri-
pheral blood, a blood count as follows: Polymor-
phonuclear cells, 476 per cent.; eosinophiles, 4'6
per cent.; small mononuclear cells, 36 per cent.;
large mononuclear cells, 126 per cent. The blood
counts in two cases of experimentally produced
goitre in men, in whom the thyroid enlargement
was definitely known to have been present for only
fifteen days, gave the following results: Polymor-
phonuclears (1) 44'8 per cent., (2) 504 per cent.;
eosinophiles (1) 8 per cent., (2) 7 per cent.; small
mononuclears (1) 367 per cent., (2) 33'6 per cent.;
large mononuclears (1) 105 per cent. (2) 9 per
cent.

From a study of the seventy-three cases examined
I found the polymorphonuclear leucocytes to be
constantly below normal limits with one exception
only. These cells may form as little as 30 per
cent. of the total leucocytes present in peripheral
blood ; the average count for the seventy-three
cases was 46'5 per cent. The small mononuclear
cells were above normal limits in all but six
cases. The percentage of these cells in peripheral
blood has reached as high a figure as 45 per
cent. The average count for the seventy-three
cases was 32'2 per cent. The eosinophile cells
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were above normal limits in all but eight cases.
These cells have been found in some cases to form
as high a proportion of the total leucocytes in
peripheral blood as 20 per cent. The average
count for the seventy-three cases was 10 per cent.
The large mononuclear cells were within normal
limits in all but seventeen cases. If we convert
these figures into percentages, we find that the
polymorphonuclear leucocytes are below normal
in 989 per cent. of cases; the small mononuclear
leucocytes are above normal limits in 92°'5 per
cent., of cases; the eosinophile cells are above
normal limits in 88 per cent. of cases, while the
large mononuclear cells are increased in only 23
per cent. of cases. It was observed that these
changes are most marked in recent cases.

Examination of the faces for intestinal worms
showed that while often to be found, there was no
evidence of their presence in the majority of the
cases. The eosinophilia, therefore, cannot be
accounted for in this way.

In blood taken from the thyroid gland itself
by means of a hypodermic needle it was found
that eosinophile cells were present in very large
numbers. Twelve cases were examined in this
way.

In the year 1906, I drew attention to these
blood changes. Marine published similar findings
in 1910, and pointed out that there was in addition
a diminution of the hazmoglobin index and of the
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number of red blood corpuscles. The total number
of leucocytes he found to be reduced in simple
goitre. Miss Charlotte Millar has also found in
cases of simple goitre an absolute reduction in the
numbers of polymorphonuclear leucocytes down to
50 per cent. of the normal, and a hyperlympho-
matosis of from 30 to 50 per cent. More recently
Bauer, working in Tyrol, has also observed the
increase of lymphocytes in this disease, while
Lidsky and Kottman have found that the co-
agulability of the blood is increased.

The blood changes of exophthalmic goitre so far
resemble those of endemic goitre that the poly-
morphonuclear cells are diminished and the mono-
nuclear cellsare increased in numbers. But by a
somewhat strange antithesis, observed by Marine,
the reduction of the red blood corpuscles and the
increase of the eosinophile cells present in endemic
goitre contrast with an increase in the former and
a decrease in the latter in the exophthalmic form
of goitre. These blood changes are not sufficiently
characteristic as to make it possible by blood
examination to distinguish, in doubtful cases,
between endemic and exophthalmic goitre. In
opposition to Professor Kocher, who emphasizes
the importance of blood examination as a differ-
ential test in early cases of Graves's disease, I am
strongly of opinion that it is valueless for this pur-
pose, and that its employment is calculated to lead
to many errors of diagnosis and to the adoption of
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surgical methods of treatment which are not justified
by the gravity of the patient’s condition.

The blood changes in cases of endemic goitre
give one an indication that perhaps in the intestinal
tract is to be found the seat of infection, since similar
changes are met with in certain intestinal infections.

Having failed then to find in the blood any indi-
cation of a chronic infection, we now turn to an
examination of the thyroid gland itself and the
changes which it undergoes in this disease.

PaTHoGENESIS oF ENDEMIC (GOITRE.

By reason of the lack of material it is not pos-
sible to study in the human subject the very earliest
changes which result in the development of goitre.
Goitres which are removed by operation are usually
the seat of extensive degenerative changes which
obscure the picture of the fundamental process.
Our knowledge, therefore, has been acquired by a
study of uncomplicated thyroid enlargements in
animals, and is largely the result of the work of
such observers as Horsley, Marine, Lenhart, Bayon,
and others.

Now, though the following account of the patho-
genesis of goitre, which I have compiled from the
writings of our best known workers on the sub-
ject, and largely verified by my own histological
studies, is, | believe, in the main, an accurate
record of the changes which take place, yet I am
myself not fully satisfied that it affords a full and
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F1G. 21.— Moderate degree of hyperplasia of guinea-pig’s thyroid,
produced by injection of diphtheria toxin (Farrant).






F1G. 23.—Thyroid hyperplasia in dog, showing folding of cellular
lining of vesicles (Marine and Lenhart).
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satisfactory explanation of the different stages in
the development of parenchymatous and colloid
goitre.

According to Marine and Lenhart, the earliest
changes are to be observed in the blood-vessels,
the epithelium and the stroma of the organ, and
these changes vary with the degree and stage of the
process. There is, in the first place, a markedly
increased blood-supply to the gland. The capil-
laries and larger vessels of the stroma are dilated
and there is an increased secretion of colloid sub-
stance which is more liquid, thinner, and takes the
stains much more lightly than usual (Bayon). The
next step in the process is an increase in size
of the cells lining the vesicles, which may vary
greatly in degree. The cells may be cubical in
mild degrees to high columnar in the severer
degrees of hyperplasia. They are more closely
packed, more highly granular, and the nucleus is
more deeply staining than is the case in the normal
gland (figs. 20 and 21). Should these changes occur
rapidly the cellular lining of the vesicle may undergo
folding or plication, an appearance which is con-
stantly observed in the severer degrees of hyper-
plasia, but never to the same extent in simple
goitre as in exophthalmic goitre (figs. 22 and 23).
The cells may become so high as to fill the
whole lumen of the vesicle, as | myself have
observed to be the case in goats in which severe
degrees of hyperplasia were induced by experiment
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(hgs. 24 and 25). At this stage of the process
the gland may not have increased in size; and
there may be little or no colloid in the wvesicles,
its increased fluidity possibly favouring its dis-
charge into the lymphatics and blood-stream.
According to Marine, however, there is a degree
of enlargement proportional to the degree of
hyperplasia. Marine and Lenhart have called this
‘“the pre-clinical stage of goitre.”

Coincident with the process of parenchyma
hyperplasia, hyperplastic changes take place in the
connective tissue stroma. These fibrotic changes
may be slight or marked, diffuse or localized.

Bayon has demonstrated that following the
glandular hyperplasia a desquamation of the epi-
thelial lining of the vesicles occurs. The des-
quamated cells coagulate and form with the colloid
‘“ casts,” which, in his opinion, further irritate the
epithelium to increased secretion and proliferation.
The increased secretion is retained in the vesicles
and as a result of the pressure of the colloid the
lining epithelium of the vesicles loses its polyhedral
shape and becomes cubical, or even pavement-like
(fig. 26). The dilated vesicles lose their rounded
outline and become irregular in shape. Their walls
become thin and may rupture, the coalescence of
adjacent dilated vesicles giving rise to cyst forma-
tions. Vestiges of previous active hyperplasia are
to be found in the form of occasional projections of
the wall (fig. 27) of the dilated vesicles, which are



F16. 25.—Thyroid hyperplasia in goat x 100.
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Fi1G 26.—Colloid goitre in sheep. (Marine and Lenhart.)

———

F16. 27.—Colloid goitre in man (specimen from Pathological
Laboratories of Munich).
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covered with cubical or columnar epithelium accord-
ing to the stage of the process, in an increase in the
connective tissue stroma and in obliterating endar-
teritis of the vesicles. Marine and Lenhart describe
the process as a reversion of the gland to the
“colloid state,” and speak of the goitres so formed
as ‘““colloid goitres,” a term which is, I think, more
applicable at this stage of the process than * paren-
chymatous goitre,” and one which should not be
limited to those * parenchymatous goitres in which
the colloid material is unusually abundant and
obvious” (Berry).

The whole process is catarrhal, and in a sense
compensatory in character, and results in the
formation of an increased amount of colloid sub-
stance, which is to a large extent retained in the
gland. The changes appear to differ in no
essential from those described by Hiirthle,
Horsley, Murray, and Edmunds, as taking place
in the portion of thyroid left behind after partial
thyroidectomy in animals—a fact to which McKenzie
drew attention in 1898.

“Colloid” goitres formed in this way may be
subject to recurring attacks of hyperplasia, and
consequently the gland increases in size by a
step-like process, which accounts for the increases
observed in the size of goitres at certain seasons in
goitrous localities.

Since King and Horsley demonstrated that by
pressure the colloid secretion could be made to

9
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pass from the alveolus by way of the interalveolar
lymphatic spaces to the lymph vessels, it has been
generally accepted that this is the route which the
secretion follows in its course to the blood-stream.
Biondi has shown that it may also find its way
into the lymphatics as a result of rupture of the
alveolar walls; while Hiirthle has demonstrated,
by the injection of Berlin blue into the lymphatic
spaces, the existence of minute intercellular channels
which form lines of communication between the
alveolus and the interalveolar lymph spaces. If it
is true that under normal circumstances the thyroid
secretion is discharged into the blood-stream in
this way, then in the development of goitre it
appears evident that some impediment must exist
to the escape of the secretion by way of the
lymphatics. The work of Gutknecht, Todbelsky,
and Horne indicates that this is probably the case,
since colloid is absent from the lymphatics in a
large proportion of cases of goitre, but present
in the veins of the enlarged gland. Forsyth has
made the interesting suggestion that in goitre there
is a retention of colloid in the gland owing to the
obstruction of the main lymphatic channels by a
parasitic organism, and that the secretion, finding
its way blocked by the usual channel, reaches the
blood-stream zia the veins—a circumstance which
would account for the absence of myxcedema in
most cases of goitre.

Now since the changes which take place in the
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process of the formation of a ‘“colloid goitre” are
largely the result of the mechanical pressure exerted
by the increased and increasing colloid secretion
(Forsyth), it follows that the radially exerted
pressure of the colloid, together with the mutual
lateral pressure of adjoining cells, will result in the
obliteration of the intercellular channels of Hiirthle.
In this way the first line of communication of the
vesicle with the lymph channels may be interfered
with. On the other hand, the colloid itself may be
so altered as to make its escape by the usual
channels more difficult. We know that under the
abnormal conditions which give rise to goitre, the
colloid is largely made up of desquamated cells
which coagulate in the secretion, thus increasing
its consistency and rendering it very viscid. Further,
with the increase of the intensity of the toxic sub-
stance, there is a greater injury to the secretory
cells of the gland and an increased degree of
desquamation results in consequence. So that with
increasing goitrous influences—that is to say, with
the increase of goitrigenous poisons in the blood—
we may expect that not only will individual goitres be
larger, but also that more people will be goitrous—
the increase of the toxic agency having brought
about a correspondingly increased alteration in the
colloid secretion, which impedes its flow from the
gland. Although the available evidence points to
an impediment to the escape of colloid from the
gland, the increase of the secretion in goitre may
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be readily explained by that other hypothesis which
attributes to the secretion the power to neutralize
in the gland itself toxic substances which are carried
to it by the blood-stream. If this hypothesis is
correct, the increase of the colloid in goitre would
represent simply an increased production and
storage of secretion in the gland consequent on
an increase of toxic substances in the blood.
The question of the cause of the retention of
colloid in the thyroid gland in simple goitre is
one which calls for investigation.

The changes which I have described as charac-
teristic of endemic goitre occur, as a rule, uniformly
over the whole gland, but may be more apparent
in some parts than in others. Amongst vesicles
which have undergone the process of active hyper-
plasia and subsequent distention with colloid may
be found others which have not been affected, and
which retain their normal characters.

There may also develop in the gland rounded or
circumscribed masses apart from the main body
of the goitre. These are usually called “simple
adenoma,” or “fcetal adenoma,” according to their
histological appearances. They may occur either
in the form of a single nodule or of several nodules
scattered through the gland which, in developing,
encroach on the normal tissues, causing atrophy.
This adenomatous form of goitre is one which is
very common in goitrous localities. It is, according
to Bircher and Wilms, almost constantly met with
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in the artificially induced goitre of rats, in which
animals a preponderating tendency to nodose hyper-
trophy is said to occur.

Thyroid glands which have undergone the paren-
chymatous changes described are rarely of large
size. They tend to suffer, and, indeed, are pecu-
liarly liable to secondary degenerative changes, that
is to say, to complications engrafted on the funda-
mental process. Thus fatty degeneration, with a
corresponding atrophy of the secretory cells of the
gland, is common in all parenchymatous goitres ;
while cysts are found in all but the smallest goitres,
and are often of large size. They may form by the
distension and coalescence of vesicles due to atrophy
of the vesicle walls as a result of pressure from the
imprisoned colloid. Cysts may also form in con-
sequence either of degenerative changes in the
sclerotic connective tissue, or of hamorrhages.
Fibrotic changes may progress to such an extent as
to produce a cirrhosis of the gland, causing atrophy
and obliteration of vesicles. This process, however,
rarely results in sufficient destruction of glandular
tissue to cause myxcedema. The blood vessels
of the enlarged organ may become varicose and
dilated to an enormous extent, or deposits of lime
and other salts may take place in the gland.
All these changes may be combined in the same
organ, giving rise to the most varied pictures on
histological examination, and to the large degener-
ated tumours characteristic of goitrous localities.
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It is important to remember that degenerative
processes early attack the thyroid gland which is,
in the first instance, the subject of continued and
increased glandular activity. The point is of the
greatest importance to the physician, for it i1s
obvious that to be successful, medicinal treatment
must be commenced early, and that once de-
generative processes have progressed to any extent,
and have resulted in the formation of adenoma
and cysts, medicinal treatment in any form must
prove unavailing. In the great majority of all
cases of parenchymatous goitre which come before
the physician, the functional activity of the gland
is impaired to some extent, and the patient exhibits
symptoms corresponding in degree to the degree
of impairment of glandular function.

We may sum up the changes which take place
in the thyroid gland as a result of goitrous influences
by saying that these influences af first stimulate
the organ to increased activity but that the increased
activity so induced is early jfollowed by damage to
the secretory epithelium, and by degenerative changes
which tmpair its functional activity.

There is reason to believe that a large propor-
tion of all individuals who are subjected to goitrous
influences show some degree of thyroid hyper-
plasia, though this may not lead to the actual
formation of visible goitre. Marine and Lenhart
found that of 450 specimens of trout taken from
the tanks to which we have already referred, a
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thyroid hyperplasia was present in every case. E.
Bircher examined the thyroid glands of thirty indi-
viduals dying from causes unconnected with goitre
in the hospital at Aarau. He found the majority
of these showed some degree of degeneration. It
was only in the glands of wholly youthful subjects
that the thyroid was found to be normal.

TuvyroipD HyrerprrasiA VariousrLy INDUCED.

Bayon has shown that all stages of simple
goitre can be produced in various ways by experi-
ment : (1) By ligaturing the thyroid artery ; (2) by
the injection of an emulsion of soot in sterile water
into the thyroid gland; (3) by the injection of
typhoid toxins into the gland; (4) by poisoning
with phosphorus. As a result of his experi-
mental work, he has concluded that “any cause
which is capable of altering the function of the
thyroid so as to damage its secretory epithelium
can lead up to the production of colloid, diffuse, or
nodular goitre.” When I come to consider the
experiments dealing with the transmission of goitre
from man to animals, it will be shown that thyroid
enlargement can be produced by feeding goats on
a highly fecal polluted water, and that very marked
hyperplasias can be brought about as a result of
feeding these animals with cultures of micro-
organisms grown from the faces of goitrous indi-
viduals. The many forms of ‘thyroiditis” are
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examples of goitre due to micro-organisms of the
class “bacteria,” while certain protozoal organisms
can also cause thyroiditis. Lastly, goitre can be
produced by the poisonous substances generated
in the body of man and animals, either as a result
of metabolic processes or by the normal bacterial
inhabitants of their intestinal tract. Examples of
voitre due to poisons of this nature are the goitre
of pregnancy and the congenital goitre of puppies
born of a partially thyroidectomized bitch.

We thus see that “ goitre ” can be produced in
a number of ways, but chiefly by the action of
micro-organisms and toxic irritants. It is highly
probable, therefore, that in the case of “endemic
goitre " there must exist an irritant either in the
form of a micro-organism present in the gland itself
or of toxic substances circulating through it.

Tune SterRILITY oF GOITRE.

Many attempts have been made to find in the
thyroid gland more definite evidence of the nature
of the goitre-producing substance than that which
is afforded by the pathological findings 1 have
described. Since the year 1902, I have made
repeated, but unsuccessful, examinations of blood
obtained by thyroid puncture in recent cases of
goitre.

Very careful histological examinations have
been made by Hofer, Bonnet, and Pick in the
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case of trout goitres, but with negative results
so far as the detection of a micro-organism was
concerned.

Dr. Helen Chambers has examined 259 cases
of innocent goitre, thirty of which were pure
parenchymatous enlargements. She has recorded
that ‘“several hundred sections have been made in
some of the cases, and these have been treated by
various methods of staining organisms in. tissues.
Bacteriological examination, including animal inocu-
lation, has been made in a few cases. The result
has been entirely negative. Nevertheless, the
histological characters suggest a toxic substance
present in the thyroid gland—in some cases diffuse,
in others localized.”

Professor Kolle, of the Swiss National Com-
mission on Goitre, speaking on the work of this
Commission, has stated : *‘ Neither the use of the
newest staining methods—for instance, Giemsa’s
staining of smear preparations, as well as the silver
‘method, with sectional preparations—nor examina-
tion based on the newest principles of microscopy
(dark ground illumination), has supplied us with
any grounds of proof of the presence of a specific
excitant in the thyroid gland that has undergone
strumous degeneration, or in the blood of patients
affected with goitre. If acute inflammatory pro-
cesses in the goitre or general infective diseases fail
to be present, the goitres, as Tavel has already
stated, are completely sterile.” He goes on to
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remark: ‘“One naturally thinks of protozoa as
excitants. But if they are present they must be
demonstrable, and demonstrated before they can
be reckoned with. . . . Our endeavours to
prove the presence of specific substances or specific
elements by means of immunization and immunity-
reactions, have been completely negative. It is the
same thing whether one employs as an antigen the
goitrous tissue, or its extracts, or the blood of
goitrous patients, or extracts of feeces. It has been
impossible to demonstrate the presence of anti-
bodies, either in the blood of goitrous patients, or
in the thyroid gland. The immunization of animals
with the substances mentioned supplies—upon use
of the various reactions, for example, of the precipitin
or of the complement agglutination—no reasons
for supposing the presence of specific elements
or poisons.” The Swiss Commission also carried
out extensive inoculation experiments with a view
to determining whether micro-organisms or other
substances existed in the thyroid, which could pro-
duce the disease when introduced into animals.
Pieces of goitre were transplanted into the abdom-
inal cavity of four apes. After one month the trans-
planted tissue was absorbed. The animals remained
healthy. An emulsion of fresh goitre juice was
injected intravenously into three rabbits, one dog,
and one monkey. The result was #z/, the animals
remaining perfectly healthy. A similar emul-
sion was injected intravenously into five rabbits
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every week for three months. The result was
negative.

Veichardt and Schittenhelm have recently
demonstrated the presence of antibodies in the
blood serum of rabbits inoculated with goitre-
producing water. Their experiments, which
promise fruitful results, are not yet completed.

Gelbride has examined bacteriologically the
contents of eight cystic goitres. In seven the
results were negative; in the eighth he obtained
a culture of the Streptococcus wvermifornas of
Sternberg. Horand also has reported the presence
of a parasite in a goitrous cyst. In neither of
these cases, however, i1s there sufficient evidence
to justify the suspicion that the organisms found
are causal agents in the production of goitre. The
greatest care must be exercised in investigations
of this kind. I, myself, have amongst my records,
a microphotograph of a diotom (navicula) found in
the blood obtained by thyroid puncture from a
case of goitre. Having regard to the fact that
Klebs found navicule to be present in goitri-
genous, and absent in non-goitrigenous waters,
the discovery of this organism exercised my mind
greatly for some time. My repeated failure to
meet with 1t again in the blood convinced me
that the source of the diatom was the water in
which my hypodermic needle had been sterilized.,
Nor is this the only organism I have met with,
but in the other cases also [ have convinced
myself that their presence was accidental.
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We see, then, that up to the present time there
is no evidence of the existence in the thyroid
gland of goitrous individuals of any specific con-
tagium vivum—whether microscopic or ultra-micro-
scopic —to which the malady could be attributed.
We are led to consider, therefore, whether the
increased glandular activity, and the changes which
follow it, may not be due rather to some toxic
substance circulating in the blood-stream, and
emanating from an organism resident in the
intestinal tract.

[t is impossible to prosecute the inquiry without
some appreciation of the proper functions of the
thyroid gland.

THeE Function oF THE Tuyroip GLAND.

The fact that the antitoxic and bactericidal
resources of the body are largely dependent on
the functional perfection of the thyroparathyroid
mechanism 1is, I believe, as clearly established as
is the influence of this mechanism on metabolism.
I desire now to draw your attention to a few proofs
of the thyroid gland’s antitoxic action. Sajous
showed in 1902 that the injection of various bac-
terial toxins into man and the lower animals excited,
more or less actively, according to their virulence,
the thyroid gland’s functional activity, while
Bayon's researches show that the injection of
bacterial toxins into the gland may lead to the
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actual formation of goitre. Farrant also has lately
induced marked thyroid hyperplasia by the injec-
tion of diphtheria toxin into guinea-pigs (figs. 21
and 22); he demonstrated that the hyperplasia so
induced could be controlled and greatly mitigated
by the administration of thyroid extract at the same
time as the toxin. Fassin found that the germi-
cidal power of the blood was diminished by
thyroidectomy. Charrin, Vincent, and Jolly drew
attention to the fact that animals deprived of
their thyroid glands are rendered very susceptible
to infectious diseases, to which they readily suc-
cumb. Hiirthle observed that by ligaturing the bile
ducts in dogs, the thyroid secretion was increased ;
he attributed this change to the passage of certain
constituents of the bile into the blood. Although
this is doubtless possible, it may with equal reason be
assumed that the operation, by depriving the intes-
tinal contents of the biliary secretion, hastens putre-
factive processes and thereby fosters the absorption
of an excess of toxic substances into the blood-
stream from the intestine. Turré has found that
the juices of swine's and sheep’s thyroids dissolved
almost entirely the comma, typhoid and anthrax
bacilli, as well as the Bacilius coli communts and
streptococcus. Gley showed that the blood serum
of thyroidectomized dogs is more toxic than normal
serum and gives rise to convulsions when injected
into animals, while de Luca and d’Angerio have
found that the urine of these animals contains
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a higher percentage of toxic substances than is
normal, and that thyroid extract administered to
them counteracted this toxicity.

While making every allowance for errors of
observation, these and other findings of a like
nature justify the belief that the thyroid gland
contributes largely to the body’s antitoxic and
bactericidal resources.

In some animals, low in the phylogenetic scale—
amphioxus, ascidians and lower vertebrata—the
thyroid gland communicates with the pharynx by
means of a duct. In fishes also this is the case, so
that in these animals the thyroid secretion enters
the body by way of the alimentary tract. It may
be, as has been suggested by Andriezen, that the
thyroid secretion is absorbed in fishes through the
vascular arches, and enables the respiratory organs
to take up oxygen and carry on the gaseous meta-
bolism more readily. But, in view of the secretion’s
antitoxic and bactericidal action, its discharge into
the pharyngeal cavity is, to my mind, an indication
that it is intended to exercise this action in the
alimentary tract. We have seen that trout develop
goitre when confined in filthy, unhygienic tanks
which are swarming with micro-organisms. It is
highly probable that under these circumstances the
thyroid gland is stimulated to increased activity,
and that in consequence there is, at first, an
increased discharge of colloid into the alimentary
triact. But the reaction of the gland is earl
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followed by an imprisonment of colloid in the organ,
and other degenerative changes occur, which result
in the formation of visible goitres.

These facts suggested to my mind the possibility
that the contagium wvivum of goitre might exist in
the intestinal tract, a possibility to which the
results of blood counts also pointed. Blum, in
1900, expressed the belief that goitre was due to
the presence of a living excitant in this situation,
but he advanced little proof in support of his con-
tention. Let us now examine the evidence which,
I believe, demonstrates the truth of this view.

INTESTINAL ANTISEPTICS IN THE T REATMENT
oF (GOITRE.

Acting on the assumption that the intestinal tract
might be the seat of infection, I began in the year
1905 to try the effect of intestinal antiseptics in
selected cases of the disease. My first case was
‘that of a man suffering from a fairly large parenchy-
matous goitre. The man was admitted into
hospital, and salol prescribed. No result was
observed during the first ten days. [ then left
Gilgit, and on my return, six weeks later, | found
a very notable change had taken place in this case
during my absence. Not only had the goitre
almost completely disappeared, but there was a
striking change in the man's general appearance.
He was considerably thinner and the skin had lost
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its muddy look and become much clearer. Thinking
that residence in hospital, and the comparative
freedom from goitrous influences which is thereby
entailed, had been in part responsible for the
change, I commenced treating selected cases as
external patients. All these patients continued to
live under the same conditions of life as those
under which the disease had been acquired; I
further selected thymol as likely to prove a more
efficient intestinal antiseptic than salol.

The photographs which I now show will illus-
trate the results of the treatment :—

Fig. 28, Case 58. — Uniform parenchymatous
goitre, of five years’ standing, in man aged 3o.
Circumference of neck 42 cm. Thymol administered,
10 gr., night and morning. Treatment lasted three
and a half months. Final measurement of the
neck 363 cm. (Fig. 29.)

Fig. 30, Case 62.—Uniform enlargement of the
thyroid in man aged 335, said to be of twenty days’
standing. Much pulsation and engorgement of
vessels in vicinity of gland. Circumference over
widest part 413 cm. Thymol administered, 10 gr,,
night and morning. The second photograph was
taken on the eighteenth day, when treatment was
discontinued. Measurement of neck 38 cm. (Fig. 31.)
The swelling disappeared completely six weeks
later, although the administration of thymol was
not continued after the eighteenth day.

Fig. 32, Case 64.— Uniform parenchymatous



F1G. 28.—Case 58. Shows the appearance of patient’s neck previous to
the commencement of treatment by thymol. Measurement, 42 cm.

Fi1G. 29.—The same case three and a half months later.
Measurement, 364 cm.






F1G. 30.—Case 62. Appearance
of patient’s neck prior to the com-
mencement of treatment by thymol.
Measurement, 411 cm.

FI1G. 32.—Case 64. Appearance
of neck prior to the commence-
ment of treatment.

Fi1G. 31. — The same,.case
eighteen days after the com-
mencement of treatment. Meas-
urement, 38 cm.

4
IR

FiG. 33.—The same case at
the end of one month’'s treat-
ment,
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goitre in boy, aged 14, of two months' standing.
Thymol, 10 gr., night and morning was prescribed.
Photograph shows appearance of the neck on the
thirtieth day of treatment, when the patient dis-
continued the use of the drug. {(Fig. 33.)

[ have treated well over 100 cases of goitre
in this way, but in eighty-two only was I able to
observe the final result of the treatment. Of these
eighty-two, sixty-eight were cured, or so markedly
benefited as to be practically so; while fourteen
were unaltered, or only benefited to a very slight
degree. All were selected cases. Thirty-three were
of three months’ standing or less, twenty-five were
of twelve months’ standing or less, while twenty-
four were of a year’s standing or more. The great
majority of these cases which could be regarded
as cured or very greatly benefited were of less
than one year’s standing. A few were of longer
duration, as in Case 58, a photograph of which
I have shown. These were uniform parenchy-
matous enlargements, some of them showing
marked pulsation and engorgement of the vessels
of the neck. The majority of such cases react
at once to treatment by thymol, and in some the
swelling disappears with great rapidity. One meets
with a few cases, however, which, though they
appear to differ in no essential from others, are
quite uninfluenced by the treatment, or indeed by
any other medicinal treatment employed. Older

cases respond less readily to treatment, but in
I0
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some of these also the results are quite surprising
(figs. 28 and 29). Cases in which there are changes
in the gland of a permanent character are either not
influenced by the treatment, or a certain shrinking
of the gland around the cyst or tumour mass takes
place, rendering them more clearly defined. This
treatment, like all others of a medicinal nature, is
applicable only to cases of recent origin where
degenerative, cystic and adenomatous changes have
not yet taken place. Where such changes have
occurred no form of medicinal treatment is of the
slightest use.

When thymol is prescribed in such large doses
as 10 gr. twice daily, the patient’s dietary should,
of course, contain no solvents of the drug; other-
wise most unpleasant symptoms of thymol poison-
ing may result. When this rule is observed, no
ill effects follow its use, even when administered for
such long periods as three months. Apart from a
few complaints of burning pain around the anus, none
of my patients have been in the least inconvenienced
by the treatment. The drug is best administered
in the form of a coarse powder washed down by
a draught of water. The bowels should be active,
and if there is any tendency to constipation an
occasional purge should be given.

A striking result of this treatment, and one which
is noticeable in most of the photographs I have
shown is the loss of subcutaneous fat which
occurs. The patient becomes more clean limbed, and
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the skin assumes a healthier tint. Colonel Macnab,
I.M.S., employed this treatment in the case of the
boys of the Bishop Cotton School at Simla, to
which reference has been made, with excellent
results. Other medical men in India have also
used it with success.

B naphthol, also, acts beneficially, though I have
not given it the same extended trial as thymol.

The chief interest which attaches to the treat-
ment of goitre by thymol is etiological rather than
therapeutical. The germicidal power of thymol is
very great. Ratimoff placed it fourth in the list
of germicides, arranged according to potency
(mercuric chloride, silver nitrate, iodine, and
thymol). It is interesting to note that it is only
slightly less powerful than that *“specific” for goitre
—iodine—in its germicidal action.

Cooper, in his recent researches on the
bactericidal action of the cresols and allied bodies,
states that in the absence of particulate organic
matter, thymol is twenty-five times as powerful a
disinfectant as phenol, and ten times as powerful
as the cresols to Bacillus typhosus. He also showed
that emulsified thymol is twenty-three times as
powerful as phenol in the absence of particulate
organic matter, and seven and a half times as
powerful in the presence of 3 per cent. of dried
feces. So that it is a very powerful germicide
indeed.

Now thymol is not readily soluble in water
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(1 in 1500), so that in the absence of any of its
solvents, such as fats, oils, alcohol, and vinegar, it
is very sparingly absorbed into the system, when
administered in the form of a coarse powder. Its
action is, therefore, in all probability, a local one in
the gut. I regard the action of the drug as very
strong, though not conclusive evidence that the
habitat in man of the organism responsible for the
production of goitre is the intestinal tract. It is
clear that even a powerful antiseptic like thymol will
not reduce the bacterial flow of the gut by a great
deal. It is, I believe, estimated that it affects a
reduction of these organisms of about one-thirteenth.
Yet even this reduction is sufficient to relieve the
strain on the thyroid. The drug appears to act
either by destroying the living excitant of goitre,
or by reducing its numbers or activity in such a
way that the production of toxic substances is
lessened, and the thyroid gland is relieved of
the excessive demand for its secretion which
necessitated the hypertrophy.

It is well known that iodine is regarded as
a specific for goitre. I believe that its beneficial
action is largely due to its powerful germicidal
properties, which are even more marked than those
of thymol. It acts possibly also by supplying to
the thyroid that ingredient on which the antitoxic
activity of its secretion depends. The internal
administration of iodine also leads to leucocytosis, a
very desirable object to attain where there is usually
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a marked reduction of the polynuclear cells of the
blood. Its use is attended with a loss of weight
and subcutaneous fat, and if the treatment is carried
to excess, dangerous wasting and palpitation of
the heart and other symptoms may arise.

LacTtic Acip BAciLLyus IN THE TREATMENT
ofF (GOITRE.

The action exercised by the lactic acid ferments
when applied to the treatment of recent cases of
goitre affords additional evidence that the agent
responsible for the production of goitre has its
habitat in the intestinal tract of man. In carrying
out this line of treatment I have used the fresh
cultures in milk of the ZBacillus Obulgaricus.
I have treated up to the present time only eight
cases in this way, but the results have been very
striking. My patients were under treatment for
a period of from one month to six weeks. To
some, 12 to 20 oz. of “soured milk” was given
every morning before the first meal of the day,
to others 10 oz. was given in the morning and
10 oz. in the evening. The cases were all of several
months’ standing, and during treatment there was
no change whatever in the manner of life of the
patients. They were treated as external cases, and
carried out their work in the fields as usual. The
results cannot be attributed, therefore, to change
of locality, habits of life, or water-supply. Of these
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eight cases, four were cured, two improved, and
two showed no appreciable difference after six
weeks. In those cases which were benefited by
the treatment, it was observed that the thyroid
gland began to show evidence of diminution in size
about the tenth day of treatment, and that the
patients lost flesh. The latter fact is of great
interest, insomuch as it is observed to occur also
as a result of the treatment of goitre by means of
iodine and thymol. Fig. 34 shows one of these
cases before treatment commenced, and fig. 35 the
same case thirty days later. The change not only
in the size of the thyroid, but in the boy’s whole
appearance, is very remarkable.

A case was lately reported by Mr. Harold
Chapple, which has an interesting bearing on the
relationship of intestinal tox@mia to goitre. The
woman—who had been suffering from intestinal
stasis—was operated upon by Mr. Arbuthnot Lane.
As a consequence of the operation, she not only im-
proved very greatly in health, but the goitre became
less than half its former size. The goitre was re-
ported to have been cystic, but it is highly probable
that the condition was in part one of *colloid
goitre.” |

VACCINES IN THE TREATMENT OF (GOITRE.

In the course of my researches | noticed that a
plentiful amcebic infection was present in the in-
testinal tract of sufferers from goitre in Gilgit.







F16. 34.— Goitre in boy, aged 12, treated by * soured milk.”



F1G. 35.—The same case after thirty days’ “soured milk” treat-

ment. Note complete disappearance of goitre and great loss of
subcutaneous fat.
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In endeavouring to cultivate these organisms, I was
struck with the constant character of the bacillary
growth which appeared in the medium I employed.
This medium was that recommended by Musgrave
for the cultivation of ameebae. It occurred to me to
prepare a vaccine from such bacteria as grew in
this medium, and to employ it, as an experimental
procedure, in the treatment of recent cases of goitre.
At this stage of my investigation no attempt was
made to isolate any particular organism. The
vaccine employed was, therefore, a composite one,
and contained organisms capable of growth on an
alkaline and feebly nitrogenous medium. This
vaccine was administered in selected cases in doses
of from 150 million to 350 million ; the inoculations
were made at intervals of from seven to ten days.
The results obtained were most striking; the
photographs which 1 now show will serve to
illustrate them.

(1) The man was a water-carrier, aged 10.
The thyroid was uniformly enlarged and measured
38'5 cm. The swelling was of six weeks’ standing.
The patient had two inoculations only, one on the
first day of treatment of 150 million, and a second
one on the seventh day of 250 million. The goitre
completely disappeared as a result; the final
measurement of the neck was 36 cm. The patient
carried on his work as water-carrier, lived in the
same place where he had acquired the disease, and
drank the same goitrigenous water during the
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whole course of treatment. (Figs. 36 and 37.)
The chart (fig. 38) represents graphically the
diminution in the size of the thyroid gland which
took place.

(2) In this case the goitre was considerably
larger. The patient had six inoculations at intervals
of from seven to ten days. The duration of the
treatment was sixty days. The neck measured
38 cm. before treatment, and 33'5 cm. after treat-
ment. The man carried on his work as a coolie
during the whole course of treatment; his habits of
life were not in any way altered. The chart re-
presents graphically the diminution in the size of
the goitre which took place. (Figs. 39. 40,
and 41.)

[t was then noted that the bacterial growth in
the medium referred to was composed, as a rule,
almost wholly of a bacillus which presented the
main characteristics of the co/z group. A vaccine
prepared from this bacillus was administered in
doses ranging from 150 million to 350 million.
The photographs (figs. 42 and 43) are those of a
man treated in this way. The patient was aged 23.
The goitre was of the uniform parenchymatous
type; there was a small nodular mass in the
isthmus. The circumference of the neck measured
42 cm. before treatment and 37°5 cm. after treat-
ment. The patient had seven inoculations in
fifty-six days. The chart shows the measurements
of the neck at various stages of the treatment, also



F1G. 36.—Before, 38'5 cm.

F1G. 37.—After, 36 cm.

Parenchymatous goitre treated with * mixed ” vaccine.
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F1G. 38.—Chart showing measurements of neck at various stages of
treatment, with doses and times of administration of vaccine,






F1G. 30.—Before, 38 cm.  FIG. 40.—After, 33'5 cm.

Parenchymatous goitre treated with “ mixed ” vaccine.
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F1G. 41.—Chart showing measurements of neck at various stages of
treatment, with doses and times of administration of vaccine.






FiG. 42.—Before, 42 cm. FiG. 43.—Afler, 37°5 cm.

Parenchymatous goitre treated with “ coli ” vaccine.
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IF1G. 44.—Chart showing measurements of neck at various stages of
treatment with doses and times of administration of vaccine.









FiG. 45.—Before, 39 cm. F1i. 46.—After, 36 cm.

Parenchymatous goitre treated with * staphylococcus ' vaccine.
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Fi1G. 47.—Chart showing measurements of neck at various stages of
treatinent, also doses and times of administration of vaccine.






F1G. 48.—Before, 41 cm. FiG. 49.—After, 375 cm.

Parenchymatous goitre treated with vaccine made from spore-bearing

organisms.
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FiG. 50.—Chart showing measurements of neck at various stages of
treatment, with doses and times of administration of vaccines.
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the doses and times of administration of the vaccine.
(Fig. 44.)

The next step was to test the effect of vaccines
made from bacteria which were not derived from
the patient’'s own intestine. 1 consequently em-
ployed a staphylococcus vaccine which I had been
using in the treatment of cases of caries of bone
then in hospital. I employed it in four cases, but
two of these were not suitable for any form of
medicinal treatment, one being cystic and the other
adenomatous. In the two remaining cases, which
were uniform enlargements, the results were quite
as striking as in the case of the “ composite ” or
‘““coli” vaccine. The man whose photograph
I now show was one of these cases. He had
five inoculations of from 250 million to 500 million.
The measurement of his neck diminished from
39 to 36 cm. He was under treatment for sixty
days and carried on his duties as a policeman
during the whole of the time. (Figs. 45, 46 and
47.)

In the next case the patient was treated with a
vaccine prepared from a spore-bearing organism
isolated from the faces of an Australian pony which
was suffering from goitre of a few weeks’ standing.
In this case also it will be noticed that the result is
eminently satisfactory. The circumference of the
neck diminished from 41 to 37'5 cm. (Figs.
48, 49 and 50.)

Forster’s dysentery vaccine was tried in two cases,
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but without any beneficial result; one of these sub-
sequently responded to treatment with the com-
posite vaccine referred to. In all, thirty-three
cases of goitre have been treated by means of the
vaccines mentioned. Of the four vaccines which
were successfully employed, the ‘ composite”
vaccine appeared to give the best results.

In a paper which I communicated to the Royal
Society of Medicine in January of last year, I have
discussed the various points raised by this treat-
ment of simple goitre. I then drew attention to
Metchnikoff's discovery that certain microbes of
our normal intestinal flora are harmful by reason
of the poisonous substances—indols and phenols—
to which they give rise in the intestines. Metch-
nikoff showed that the organisms of the co/z group,
the staphylococcus and certain spore-bearing organ
isms, were amongst the normal inhabitants of the
intestine which are responsible for the production
of these poisons. He showed by experiment that
fibrotic changes in the liver, kidneys and arteries,
were due to their action ; he did not, unfortunately,
note their effect on the thyroid gland.

Now the vaccines that I have employed were
prepared from organisms similar to these normal
and harmful inhabitants of the intestines. There
is at present no evidence that any one of these

possesses a specific influence in the production of
goitre. The conclusion, therefore, is suggested
that the thyroid gland is called upon to combat
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several poisons normally present in the human
intestine. When to these is superadded the specific
virus of goitre, an abnormal element is introduced,
and an extra strain is thrown upon the gland;
unassisted, it undergoes hypertrophy in many cases,
but if assisted in any one direction it is capable
of performing the additional task which has been
imposed upon it, and of combating the abnormal
virus. On the assumption that no one of the differ-
ent vaccines which I have employed contains the
specific organism of goitre, my explanation of their
action in this disease would be that they cause the
disappearance of the goitre by relieving the thyroid
of part of its normal work, thus enabling it, without
continuing in a state of hypertrophy, to destroy or
successfully combat the specific toxin of goitre.

The vaccine treatment of goitre is further con-
firmation of the view which I have enunciated,
that goitre is due to the presence of a living
organism of disease in the intestinal tract. It
demonstrates also that the thyroid gland is
markedly influenced by the nature of the bacterial
flora of the gut, and that one of its chief functions
is to protect the body from the many toxic sub-
stances which find their way into the blood-stream
from the alimentary canal. It is interesting in this
connection to recall one of the less prominent of the
results which v. Eiselberg observed to follow
removal of the thyroid gland in lambs, namely,
a pronounced degree of calcification of the aorta ;
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a pathological change which was doubtless due to
the unrestrained action of those poisons which
Metchnikoff assures us are produced daily and
hourly in our own intestines.

The remarks which I have made with regard to
the treatment of goitre by thymol apply also to its
treatment by means of vaccines. The method is
of use only in fairly recent cases of the disease in
which degenerative processes have not yet involved
the gland to any extent.

A conspicuous feature of this treatment, and one
which brings it into line with the treatment by
iodine, intestinal antiseptics and the Bacillus buloa-
r2cus, is the fact that the patients lose flesh and
the skin becomes of a healthier tint. The common
factor in all these methods of cure is to my mind
the fact that they destroy or inhibit the action of
the toxic agent of the disease. lodine, thymol,
and 5. bulgaricus do so by their antisepticizing
action in the gut, while the vaccines employed
attain the same end by a more complicated process
of immunization. Cases in which these various
therapeutical measures may be employed with
success are those which also respond to treatment
by thyroid extract, showing that the goitre is a
response to a demand for thyroid secretion which,
when supplied artificially, enables the hypertrophied
organ to subside. lodine, thymol and vaccines
destroy or inhibit the action of the agent which
institutes the demand, but since they do so com-
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paratively rapidly, and while the organ is still
enlarged, the secretion which is stored up in the
dilated vesicles is for a time in excess, the demand
for it having been removed. The excess of secre-
tion, therefore, which continues to reach the blood-
stream, until such time as the gland regains its
normal equilibrium, exerts its influence in increas-
ing the metabolic processes of the body, and a
loss of subcutaneous fat is the result.

Let me now briefly recapitulate the evidence
in favour of the intestinal tract as the seat of
infection in goitre. The toxic agent of the disease
reaches this situation through the medium of water
or food, a situation into which the secretion of the
thyroid gland is known to be thrown in certain of
the lower animals. This secretion possesses, to a
high degree, bactericidal and antitoxic powers. A
powerful antiseptic which exerts its action in the
gut cures the disease, as does the lactic acid bacillus,
which acts by inhibiting the production by the
intestinal flora of poisonous indols and phenols.
Lastly, vaccines, prepared from organisms which
are known to be normal inhabitants of the bowel,
cause the disappearance of goitre. It is my belief
that short of the actual identification of the toxic
agent of the disease, stronger evidence of the truth
of my contentions could hardly be conceived.

It has been objected that intestinal toxamia is
nowadays made to account for many disorders for
which no better explanation can be found. This
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may be so, but I hope that those who have
listened to my argument will agree with me that
the evidence before us removes this view of the
causation of goitre from the region of doubtful
hypothesis to that of practical certainty. It is true
that Nature has provided a sentinel in the liver,
standing at the exit of the portal system, to deal
with the poisons which are produced in the intestinal
tract, but Nature has provided also an additional
safeguard in the shape of an antitoxic secretion
in the blood, which encounters the poisons absorbed
from the bowel at the very point of their absorption.
To emphasize the importance of the thyroid's
antitoxic function is not to minimize the importance
of the liver; both are units in the great army of
defence, and to put one such unit out of action
is to throw a greater strain on another.

In my next and last lecture 1 shall deal with
the experiments which I have carried out with the

object of transmitting the disease from man to
animals.
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LECTURE 1V.

THE process of reasoning which we have followed
has led us to the conclusion that the contagium
vivum of endemic goitre inhabits the intestinal
tract of man ; but the culminating test of the truth
of this conclusion can only be afforded by a recogni-
tion of this organism as present in the intestinal
content, and its transmission from man to animals.
This point has not yet been attained.

TreE Fxces 1IN GOITRE.

I have examined microscopically the faces of a
large number both of goitrous and of normal indi-
viduals in Gilgit.
~ In a paper published in the Quarterly Yournal of
Microscopical Science, in 1909, I have figured and
given a brief description of the varieties of Amabe
met with. In 103 cases of goitre in which the
feeces were examined, I found amaoeba present in
eighty-seven. In forty-eight cases they were found
in large numbers, in twenty-seven in moderate
numbers, and in twelve only after considerable time
had been spent in searching for them. The feces
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of 101 non-goitrous individuals, living in the same
locality, were also examined. In twenty-nine of
these amceba were present; the infection was
plentiful in eight, moderate in nine, and scanty in
twelve. The eight-nucleated cysts, which are
typical of one of the varieties of amceba met with,
were found also in samples of faeces sent to me by
Colonel Macnab, I.M.S., from cases of the disease
which occurred in the boys’ school at Simla. While
1no definite statement can be made as to the patho-
genicily of these amabe, their possible importance
is obvious when it is remembered that goitre is due
to an organism carried by water.

I must take this opportunity to point out clearly
that I do not assert, and have never asserted, as is
sometimes stated by Continental writers, that goitre
is due to the presence in the intestines of the
amcebe 1 have described. My study of these
organisms was but the beginning of an investiga-
tion of the protozoa parasitic in the intestines of
residents in localities where goitre is endemic—an
investigation which I regard as of primal importance.

Various experimental procedures have been
adopted by the Swiss Goitre Commission with a
view to demonstrating the presence of a specific
virus in the faeces :—

(1) Intravenous injections of a filtered solution of
normal feces have been made into rabbits. The
operation was repeated seven times in one case,
but with negative results.
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(2) Intravenous injections of a filtered solution of
goitrous feces have been made into rabbits, The
operation was repeated eight times. The thyroid
did not enlarge.

(3) Intravenous injections of a solution of normal
feeces in chloroform and of goitrous feces in chloro-
form have also given negative results.

There still remains, therefore, much work to be
done; and it is my hope, should the circumstances
of my service permit, to continue the prosecution of
research in this direction.

EXPERIMENTS DEALING WITH THE TRANSMISSION
oF GOITRE FROM MAN TO ANIMALS.

Since the year 1906 I have repeatedly en-
deavoured to transmit goitre from man to animals
by infecting the water-supply of the latter with
the feeces of sufferers. No effects being observable
in dogs, I undertook a series of experiments on
goats in the hopes of arriving at results of a
positive character.

Female goats were selected for these experi-
ments. They were taken from the same flock,
were between the ages of 1 and 2 years, and were
not pregnant. This point is of importance, since
the increased activity of the thyroid gland during
pregnancy would vitiate the results observed on
microscopical examination of the organ. The

goats were brought from a non-goitrous locality,
II
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high up in the mountains about 40 miles distant
from Gilgit. Their thyroids were carefully ex-
amined and were found to show no signs of hyper-
trophy. In the majority either the gland could
not be distinguished from the surrounding tissues
or could be felt only with the greatest difficulty.
Where the organ was palpable it was found to
be oval in shape and about the size of a small
almond. The goats were divided into batches,
which will be referred to as I, “controls” (three
goats); 11, “ Batch X" (six goats) ; II1, “ Batch Y ”
(seven goats). Each batch was confined in a
separate pen. The animals were all fed on the
leaves and young branches of trees, in order to
exclude as far as possible sources of contamination
from the soil. The experiment was designed so as
to foul the drinking-water of “ Batches X and Y,”
while that of the * controls” remained pure. The
apparatus which I devised for this purpose is
represented by the figure (fig. 51) :—

It consisted of a drum, A, which was fitted with
a tap. A covered wooden box, B, having a
perforated false bottom of wire gauze under which
was a wooden trough sloping towards an outlet
pipe, B. This outlet pipe led into a flask C, which
was fitted with a perforated cork, so as to ensure
freedom from contamination by soil, dust, &c. The
drum, A, was filled with a non-goitre-producing
water which had been previously boiled. A trickle
of water from the drum, A, was allowed to pass
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continuously into the box, B. This box was partially
filled with soil taken from the most goitrous village
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F1G. 51.—Apparatus employed for contaminating the water,

in Gilgit. The soil was sterilized by steam at
230° F, for thirty minutes, and was then mixed
with the feces of sufferers from incipient goitre.
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Fresh feces were added to the mixture several
times a week during the course of the experiment.
The water from the drum, A, trickled into the box,
B, saturated the mixture of sterilized earth and
feeces, and passing through the perforated bottom
of the box, found its way, by means of the wooden
trough and outlet pipe, B, into the corked flask, C.
This was the only drinking water provided for the
goats of ‘ Batches X and Y.”

A separate apparatus was used for each batch.
In the case of ‘* Batch Y,” however, 500 earthworms
were introduced into the box, B. The earthworms
were added with a view to determining whether
they might act as intermediate hosts for the organism
suspected of causing the disease. The water supply
of both batches was, therefore, grossly contaminated
with the feeces of sufferers from goitre, while in the
case of * Batch Y ” the drinking water contained
such additional matter as was derived from the
excreta of the earthworms.

The experiment was commenced on October 13,
1910, and terminated on December 15, 1910. The
thyroid glands of the controls showed no change
during the sixty-four days of the experiment. In
the case of the goats of ** Batches X and Y,” how-
ever, it was observed that—

(1) All the animals lost in weight.

(2) Many of them suffered from diarrhcea.

(3) Fifty per cent. of the goats in each batch
showed enlargement of the thyroid gland.

It was observed that the thyroid glands of two
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of the goats in * Batch X ” showed signs of enlarge-
ments, as determined by palpation, as early as the
thirteenth day of the experiment. A second notice-
able feature was the manner in which the glands
fluctuated in size. It will be remembered that
goitre in man, whether artificially produced or
naturally acquired, shows the same tendency to
fluctuate in size in its early stages. This is due,
I believe, to the alternate emptying and distension
of the vesicles with colloid.

The animals were killed by a goorkha, skilled in
severing the head from the body at one stroke of
his kookrie (knife). The neck was dissected imme-
diately and the gland rapidly exposed. It was
observed in several cases that the size of the organ
diminished considerably before it could be removed
from the body. The right and left lobes of the
thyroid, with their long and narrow isthmus, were
rapidly removed and weighed. The following table
shows the complete results of the experiment:—

TABLE I.—** CONTROLS ""—THREE IN NUMBER—WHICH CONSUMED
ONLY PURE WATER.
Proportionate weight

Weight of goat Weight of thyroid of thyroid to body
weight
fl] 50 Ib- T iea 3'2’ ng. wan waa Tﬁ.—l;,ﬁ;j
(2) 43 ., 2'05 4 515
(3) 65 5 32 » roton

TAEBLE II.—* BarcH X"—SIX IN NUMBER—WHICH CONSUMED ONLY
FACALLY CONTAMINATED WATER.
Proportionate weight

WEight ot goat \'li":ight of thyroid of thyroid 10 body
weight
(1) 4Si e s 3'6gm. .. T,
(2) 26% ,, 293 s AT5T
|:3] 33 LE) e e 2“3 [T vaw BEE ‘ﬁlaﬁ
[4]‘ 3':' ¥ i - I'S ’ = ik Tﬁ&ﬁﬁ
B2k . 2°32 ,, . .

(6) 29 ,, ses sen L35 SR Tﬁ‘}l'.'rﬁ
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TABLE III.—* BaTcH Y "—SEVEN IN NUMBER—WHICH CONSUMED
FACALLY CONTAMINATED WATER, AS IN THE CAse oF **Batcu X,”
TOGETHER WITH THE EXCREMENTITIOUS Probpucrts oF EARTH-

WORMS.
FProportionate weight
Weight of goat Weight of thyroid of lh}rrqic_!]:u body

Welg
(1) 504 1b. ... e 4 grE. I
(2) 40& 5 e TR T i TAED
(3) 56 ., L *T55
{4} 55% » LLE EEE 3‘6 ') e e ﬂlﬁﬁ
{5} 49& 1 “a'n i 54 n S “ ‘ﬁ-f
('ﬁ'] 45 1y I'Q 4, LLL TITO00
(7) 39 » I'9 4 10000

It will be seen from the tables that the weight of
the ““control” animals’ thyroid was in all cases about
tokoo part of the body weight. In “Batch X ” the
thyroids of two goats showed no deviation from
the normal weight; in two the weight of the thyroid
was considerably more than normal; while in the
remaining two it was twice as much as that of the
“controls.” In “Batch Y" two goats had thyroid
glands of the same weight as the *“controls”; three
had thyroids considerably weightier, while two had
thyroids twice the weight of those of the ““ controls.”

Allowing for variations in size of the normal
thyroid of these goats of from g 355 t0 13305 part of
the body weight, it will be admitted that about
50 per cent. of the animals in * Batches X and Y "
showed enlargements of the thyroid gland. It is
possible that conclusions based on the weight of
such a variable organ as the thyroid gland may
prove fallacious, but as the goats were taken from
the same flock and were of the same season and
sex, the margin of error was reduced to the minimum.

Since the same results were observed in the goats
of “ Batches X and Y,” earthworms would not
appear to be concerned in the spread of the disease.






Fi1:. 52.—Enlargement of thyroid gland of goat experimentally
produced. x 1o00.
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F1G. 53.—Colloid goitre in trout (Marine and Lenhart).

T
& g
!I

i



THE ETIOLOGY OF ENDEMIC GOITRE Iﬁ-?’

Marked differences were observed in the micro-
scopical appearances of the thyroid in these animals.
In the control animals the vesicles were found to be
small, round, compact, and lined with cubical
epithelium. The space between the vesicles was
filled with masses of rounded cells, and many vesicles
were seen in the field of the microscope (fig. 24).
In the thyroids of these animals which showed the
greatest increase in size as determined by weight,
the vesicles were much larger, their walls markedly
thinner, and their outline more irregular, while
fewer appeared in the field of the microscope than
in the case of the normal gland. The epithelium
lining the vesicles was much flattened, and the
intravesicular cellular tissue was markedly less in
amount than in the case of the normal gland (fig. 52).
Glands which showed an intermediate degree of
enlargement presented in some parts of the section
the appearances of normal tissue, while in others
the dilated vesicles, flattened epithelial lining and
‘the scarcity of intravesicular cellular tissue were
characteristic of the more enlarged organs. In
short, every degree of variation was met with, from
the small, round, compact vesicle of the normal
organ to the cyst-like dilatation of the vesicle of
the enlarged gland. The increase in size of the
enlarged thyroid appeared to be due wholly to the
distension of the vesicles with colloid material.
The photomicrographs [figs. 24 and 52] show these
points of distinction clearly.
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For the purpose of comparison I now show you a
photomicrograph of a large external trout goitre,
which is taken from a paper by Marine and Lenhart.
The large dilated vesicles filled with colloid and
the thinning of the vesicle walls are well seen.
(Fig. 53,

This experiment proves that an enlargement of
the thyroid gland of goats can be induced by
infecting the water-supply with the feces of sufferers
from goitre. It does not amount to proof that the
enlargement so induced is due to the action of a
specific living excitant of goitre; it might be due
only to the organic impurity of the water.

In 1911 I repeated this experiment. Twelve
female goats, aged two years, were employed. In
this case the animals were much better fed. their
ration consisting of one pound of grain and as much
Lucerne grass as they could eat. The experiment
was continued for 107 days. At the end of this
time seven of the animals were taken at random
and killed in the manner I have described. The
following table shows the weights of the thyroid
glands as compared with the body weight of the
animals :(—

Propertionate weight
No. Weight of animal Weight of thyroid of thyroid to weight
of animal
I 42 Ib. 2°8 grm. I:7,466
11 42 ,, 30 1:6,999
I1I 38 s I'3 I: 14,600
IV 55 » 3L I:3,
W 45 » 2’5 » 1:9,000
VI 46 55 L S 1:16,400
VII 28 ,, 1T . » 1:8,000
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In three of these animals the thyroid gland was
considerably larger than normal. The increase in
size, however, was not so marked as in the first
experiment, a difference which may be attributed
to the fact that the animals in the experiment were
better fed and gained in weight—whereas those in
the first experiment had /Jost in weight. Two
animals had thyroid glands below the normal
weight, while two showed no marked deviation
from the normal size. The histological appearances
of the glands of these animals varied very con-
siderably. I shall indicate only the appearances
observed in the case of those glands which were
above the normal weight (Nos. 1, 2 and 7). Nos.
1 and 2 were identical in appearance. The vesicles
were on the whole larger, more irregular in shape,
and the total amount of colloid was greater than in
the case of the normal gland. The epithelium
lining the vesicles was somewhat higher than
normal. The thyroid in these cases did not
present the same degree of dilatation and irregu-
larity of the vesicles, nor the marked flattening
of the epithelium, which was observed as a result
of the first experiment. Indeed, apart from the
increase in size of the organs, it cannot be said
that the histological appearances differed to any
marked extent from the normal gland.

The histological appearances of the thyroid gland
of goat No. 7 revealed a considerable degree of
hyperplasia. The vesicles were small, the amount
of colloid comparatively scanty, the lining epithe-
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lium was columnar and the vessels of the gland
were dilated. The gland was markedly more
cellular than any other in the present experiment.
(Fig. 54.)

Experiments on goats were also carried out to
test the effect of feeding these animals on cultures
of micro-organisms grown from the faces of goitrous
individuals.

Four female goats, aged 2 years, were given
forty-eight-hour cultures on Musgrave's agar of
such organisms as grew on this medium after
inoculation with the faeces of a goitrous individual.
An emulsion of the bacteria present was introduced
into the stomach of the animals by means of a
funnel every other day for sixty-one days. At the
end of this time a similar emulsion of a spore-
bearing bacillus, which had been isolated from the
feeces of a goitrous horse, was administered on
alternate days for a further period of forty-seven
days. The animals were then killed and their
thyroid glands examined microscopically. The
following table shows the weight of the thyroid
gland in each case relative to the body-weight of
the animal :—

L Proporticnate

W-j.-:g_h]t of Weight on Increase Weicht of weight of \

MNo. SR May 7, in weight, th B ) thyroid to

_];lr!.uar}_ oy in lbs. in lbs. O h 'lmdy-wt:ight
in lbs. | of the animal
I 42 54 12 1'0grm, | I : 27,000
II 48 635 17 2 I : 13,000
I 37 40 3 2% o I : 10,000
v 32 41 9 0 As I: 12,000




FI1G. 54.—Thyroid hyperplasia in goat. x 3500

F1G. 55.—Normal thyroid gland of goat. x 500.
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It will be observed from the table that :—

(1) All the animals increased in weight. In
Case No. 2, the increase was very marked. In
Case No. 3, in which the thyroid was of normal
weight, the animal increased only three pounds in
weight.

(2) In three cases out of four the thyroid gland
was smaller than normal; in Case No. 1 very
markedly so.

There was, therefore, in these animals no evidence
of any enlargement of the thyroid gland (goitre).
But well marked histological changes were observed
in all animals in which the thyroid showed con-
siderable deviation from the normal weight. |
shall refer only to two of these . —

In No. 1, the vesicles were round or oval, lined
with cubical or low columnar epithelium; the colloid
was small in amount; a large area of parathyroid-
like tissue formed about one-half of the total sectional
area of the gland. This area was wholly cellular
and showed an absence of colloid. The capillaries
and vessels of the stroma were dilated : there was
some increase of the connective tissue stroma of
the organ, especially around the blood-vessels, the
walls of which appeared somewhat thickened.

In No. 2, formed vesicles were almost wholly
absent, or were filled with round imperfectly-staining
cells and cellular débris; where vesicles were seen
they were lined with irregular, high columnar
epithelium, the lining being often incomplete in
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parts. Stainable colloid, with the exception of a few
densely stained particles, was almost wholly absent.
The stroma was increased markedly in amount, and
formed a network, the meshes of which were filled
with round cells and cellular déérss. The capil-
laries of the organ were not noticeably altered. The
appearance of the gland, together with the greatly
increased weight of the animal (seventeen pounds),
were suggestive of a commencing myxcedema.
(Figs. 55 and 56.)

The peculiar histological features of these cases
find a parallel in some cases of rat goitre, due to
the consumption of the Aarau water residue, recently
recorded by E. Bircher, which are sufficiently inter-
esting to merit detailed description. One of these
cases is that of a young rat which was given the
residue mixed with its food for a period of twelve
months. The growth of the animal was considered
to have been backward. The thyroid gland showed
a moderate enlargement about the size of a pea.
On section the gland presented the appearance of
an irregular frayed network. Microscopically nor-
mal follicular tissue was nowhere to be seen. The
nodose hypertrophy, which is said to be so charac-
teristic of rat goitre, was conspicuously absent.
There was a pronounced cellular disintegration and
desquamation of the epithelium into the lumen of
the vesicles. The epithelial lining was incomplete
and frayed ; the cell nuclei were altered in appear-
ance and in their staining characters. The vesicles



F1G. 56.—Degenerative changes seen in thyroid gland of goat fed on
bacterial cultures. x 3500.

F16. 59.—Thyroid hyperplasia in goat fed on bacterial cultures
X 500.









F1G. 57— Struma degenerativa ™ (E. Bircher).
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were irregular and communicated one with another,
forming irregular spaces. The blood-vessels were
dilated, and perivesicular h@morrhages had taken
place. Small particles of intensely staining hamato-
genous colloid were present in the vesicles; the
colloid was not vacuolated. Many small darkly-
staining nuclei were present. The whole presented
a picture of a confused cell chaos. Bircher dia-
gnosed the case as one of ‘“struma degenerativa”
(hg. 57). Similar changes were observed in goitres
produced in rats by means of the material separated
from the water by the septum of the dialyser. In
these also the nodose hypertrophy, characteristic
of rat goitre, was absent,

With regard to the defects of growth especially
observed in those rats fed on the residue of goitri-
genous waters, and on which Bircher lays such
stress—having myself seen the conditions under
which these animals are kept, conditions which,
though by no means bad, are certainly favourable
to the development of many diseases other than
goitre or cretinism—I feel bound to record my
opinion that in attributing these defects to the
specific agent of goitre, Bircher is overlooking other
common causes of defective growth,

Coincident with my last experiment, four other
female goats were given the same cultures in the
same way and for the same length of time, but, one
hour prior to the administration of the culture, a
few grains each of the carbonates of lime, mag-
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nesium, and sodium were given to the animals.
My object in giving them these salts was to ascer-
tain whether the development of goitre was favoured
thereby. Three of the four goats were killed at the
end of 108 days. The following table shows in each
case the weight of the thyroid relative to the body-
weight of the animal.

Weight of Weight of P"‘Z'P.*’*Iﬂmr“‘ﬂ
N animal on animal on Increase Weight of tﬁ“'g,d ':u
O Jan. 2o, May 7, in weight thyroid bud}.!:-?:ight of
in lbs. in 1bs. in lbs. he scial
I 44% 55 10} 1°5 gm. | 1:18,200
11 41 55 14 I'45 4 I: 16,000
I1I 37% 45 7% 2'L I: 10,630

No. 1 showed on microscopical examination a
slight increase in the connective tissue stroma;
scanty, darkly staining colloid; vesicles, round or
oval, and either filled with cells or lined with a high
columnar epithelium. The vessels were dilated.
The changes indicated a well-marked hyperplasia.
(Fig. 59.) No. 3 was normal in appearance,

In No. 2 the histological appearances were the
same, but in this case the vesicles were larger and
the cells lining them of a lower columnar type, while
the colloid was rather more plentiful. The addition
of alkalies in this experiment did not appear to
influence the result to any extent.

In short, of seven animals fed on bacterial
cultures, five not only failed to exhibit any enlarge-
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ment of the thyroid gland, but were found to show
an actual diminution in the size of the organ. On
the other hand, four of these five glands showed a
marked hyperplasia.

Four other goats were given the salts of lime,
magnesium, and soda, for the same period of time
as in the previous experiment. Two of these
animals were killed. The thyroid glands were of
about normal size. One of these on microscopical
examination showed also some signs of hyperplasia.

These experiments may be summed up as
follows : In animals which drank only water
highly polluted by feces for periods up to 108
days, there was a tendency on the part of the
thyroid to be larger than normal, and to exhibit
on microscopical examination an increase in size
of the vesicles, irregularity and thinning of their
walls, and distension of the vesicles with colloid :
in animals which were fed on cultures of bacteria
for the same length of time there was a tendency
on the part of the thyroid gland to be smaller than
normal, while the histological appearances of the
organ were those of an active hyperplasia, often very
pronounced. [ think it possible that future investi-
tions will show that this apparent difference of result
is nothing more than a different stage in the process
of development of goitre.

Of the experiments with bacterial cultures the two
most striking results are the marked hyperplasia
and the accompanying diminution in size of the
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gland. This hyperplasia is in conformity with that
produced by Sajous, Bayon, and more recently
Farrant, as a result of the injection into animals of
bacterial toxins (Fig. 21); the diminution in size
has been noted by other experimenters. Edmonds
found in one of his dogs in which partial thyroidec-
tomy had been performed that the remaining lobe,
though it showed marked hyperplasia on micro-
scopical examination, was macroscopically smaller
than normal. Farrant also has concluded that the
earliest stages of hyperplasia are associated with
a diminution in size rather than an increase.

It remains only briefly to contrast these results
with the histological changes apparent in the goitres
artificially produced by Bircher, and the Swiss Goitre
Commission. Bircher was good enough to give me
an opportunity of examining his specimens in his
laboratory at Aarau. Undoubtedly pronounced
changes had taken place in the glands, but these
changes, in my opinion, generally bore a closer
resemblance to those usual in exophthalmic goitre
rather than those which we are accustomed to
expect in simple goitre. Papillary outgrowths of
the alveolar walls, for example, were very marked,
while the distension of wvesicles with imprisoned
colloid was rarely noticeable. Branchings and rami-
fications of the alveoli were frequent. Moreover, in
two sections I observed considerable blood effusion
into the substance of the gland, a fact for which I

can offer no explanation.




January 3, 1913,

ADDENDUM.

IN a comprehensive paper on the etiology of
endemic goitre, published within the last few days,
(Ergebnisse der Chirurgte und Orthopidie, Band v,
Berlin, 1913) E. Bircher refers to an extensive
series of experiments which have lately been carried
out by Sazuki, under the direction of Professor
Wilms, of Heidelberg, with a view to studying the
action of organic poisons in the production of goitre.
These experiments, as quoted by Bircher, are as
follows :\—

(1) By feeding animals (rats ?) on cooked rice
mixed with rat feeces and by the subcutaneous
injection of rat feeces moderate-sized enlargements
of the thyroid gland of a diffuse form were
produced.

(2) Feeding with decayed fish. Negative result.
The animals showed disturbances of growth and
died rapidly.

(3) Feeding with decayed meat. Negative
result. _

(4) Feeding with calf’s thymus. Negative
result.

(5) Subcutaneous injection of the dead body in
small and large doses gave negative results. The
animals (so treated) soon died.
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(6) Subcutaneous injections of tyrosin gave
negative results.

(7) Subcutaneous injections of acetonitrile yielded
negative results.

(8) Feeding with rat feeces mixed with iodide of
potassium yielded negative results.

(9) Feeding with rat feeces mixed with thyroidin
yielded negative results.

Commenting on these results Bircher says:
“These different experiments show that though
the organic poisons are not capable of producing
goitre, yet the feeding and subcutaneous injection
of faecal matter can lead to goitrous changes, as
has already been shown by McCarrison; and,
further, that iodine preparations, such as potassium
iodide and thyroidin, are capable of exercising a
restraining influence on the formation of goitre.”

This confirmation of my experiments by Wilms
and Sazuki lends further striking support to my
contention that the excitant of the disease is
resident in the intestinal tract.
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Professor Langhans very kindly gave me in
Bern a manuscript report of the histological
changes which he had observed in the rat goitres,
produced by the Swiss Goitre Commission as a
result of seven months' feeding on Lauterbrunnen
water ; at the same time I was permitted to see
the specimens themselves. Briefly summarized
Langhan’s observations show that there occurred
no new formation of follicles, no branching of the
alveoli, no characteristic nuclear changes. He has
noted degenerative processes proportionate to the
period of exposure to goitrous influences, desquama-
tion of the epithelium lining the vesicles, and increase
in volume of the protoplasm. The nucleus he found
to lie near the base of the cell ““very eccentrically
placed,” but he observed none of the alterations
in structure described as not infrequent by Bircher.
The alveoli were mostly filled with desquamated
cells.

Histological research, therefore, has established
the fact that marked changes occur, and has
provided a description of several, but further ex-

periments are necessary to establish the sequence
of these changes, their interdependence on one

another, and their bearing on the etiology of the
disease.

Gentlemen, I have concluded my argument. I
have endeavoured to put as succinctly as possible
the ascertained facts and the logical conclusions

whereon are based my belief that the essential
12
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cause of endemic goitre is a micro-organism that
finds its home in the intestines of man, and there
creates a toxin which so influences the thyroid
gland that it undergoes the enlargement which is
the dominant symptom of the infection. In search-
ing the existing literature on the subject, I have
endeavoured to omit no observation and to pass by

no fact that appeared to merit attention; and I
have been careful to set down as a fact within my

personal knowledge nothing which I have not
satisfied myself to be accurately true. Nor have
[ attempted to propound deductions without setting
forth the premises from which I believe them to
result.

I am, however, well aware of, and I have been
at some pains to explain, the incompleteness of our
present knowledge of the facts essential to a final
determination of the etiology of goitre. As we
have passed from stage to stage in our argument,
suggestions have arisen and side-issues been
aroused, each of which still offers a field of fruitful
promise to the investigator, and any of which may
bring to light fresh facts that may cause us
eventually to modify the belief which, to my mind,
the evidence at present before us justifies.

It is impossible to consider the parasitic thyroiditis
described by Dr. Carlos Chagas, or the ingenious
methods by which Dr. Bayon has produced en-
largements of the thyroid gland, without being
impressed with the possibility that in the near
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future we shall have to recognize several distinct
causes of endemic thyroidomegaly—and therefore
several distinct diseases of the thyroid gland—of
which the endemic goitre we have been discussing
is, in fact, but one. But of this at least there can
be no doubt: to the disease which we have been
investigating, with its widespread prevalence and
appalling consequences, can be attributed no small
fraction of the sum-total of human suffering, and in-
complete as our knowledge of its causation is, we
know enough to make it certain that good sanitation,
cleanly houses, cleanly food, and the provision of
water-supplies which are not fouled by the ex-
creta of man and beast, are measures which promise
an extermination of the disease.

Mr. President and Gentlemen, I would venture
once more to offer my thanks for that you have
given me this privileged opportunity of setting
forth the extent of our knowledge of this disease.
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