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T illustrate Paper No, XXIIT npon miteal and aortie disease of rhenmatic origin (. 318).
Fic, A. 'The heart of p rabbit showlng endocarditis of the mitral amnd aortic valves, The
hesrt hins been oreatly enlarged for the more convenicnt comporizon with phie human heart,
The veeetations on the mitral valve are very extensive and are in continuity with equally

extensive anes npon tho aortic cusps.









Flz. B

I'o illustrate Paper No, X XTIT upon mitral and aortic diseage of rhenmatie orizin (. 318)
Fig, B. A human heart showing nortic and mitral endoearditis, The veretations on

Ehie aorele !l:1|rlq?1’ the mitral are in continuity with extensive vegetntions on the contingent
nortie ensp.  The other cusps nre affected in lesser degree. The mitral valve {5 not opemed.

[From Guarterty Joavrenal of Aedicine.


























































































































































































FIG. 3

it semlar fibres in the neiehbonrhood.
oearditls showing fatty change in the muscu r
Rhmlmﬂi:[l:!‘;ﬂmd capillary. The fat-droplots are stainel black with osmic acid.

Fli. 4 VIG. 5

Fro, 4. A diagram of the perleardinm and wall of the left ventricle, (o) Perfcardinm :
i) indieates the position (o the ventricle from which the sketeh of the adjoining fenre
was taken,

Fraz, 5. (o) Blood capillary ent longitudinnlly ; (@) collnlar exudation botwoon the mins-

cilar fibres,






























































































































FIG. 11
A dizzeetion of the elbow=joint of o ehild, shoswing two sulieutaneons noddnles

A Nodule over the oloCrnnon proeess,
It Noidnle over the onter condyle

{ From the musenm of University College Hospital.)
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FI(:, 12
Seetion of o rhenmntic nodale of three weeks doration

A Arven of ibrino-cellular exndation and necrosis
. Aren of lencoeytie Infileration.
CLoAren of swollen fihrons tissne,






























































































































































































































FI{, 24

I'he heart and lungs of a rbbit showing fibrino-plastie pericarditis,
the result of infection with the Deplococens rlieunmalicus,
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FIG, 30
Film of perieardial cxmdation, rhenmatie eardilis, showing the
':-":-.'i:--:i. ol |',- o, 3
1 ] ]II||-I‘.:|I||.:|I|IrI|. cell,

£, Mass of t]:p|l'-|'|||'|'|_
C. Fibrinous exudate.

Il e0ee,


































































PIG, 39

I'IG, 40

A dissection of the hind Hmbs of the FabLdL, the funer aspeet of each Hmb is represen ted .
Fig, 40 shows the a raphiy of the muscles of tlie right limb. i, 89 shows the normal
slze of the correspondinge muscles,
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Fl{;. 58

Experimental rhenmatie endocanditis (Ysimple’) in a ralbit, pro
dessd ]ll‘- in ravenous inoctulntion of the di O s, The hear
om e el side is normal. On the vight side minnte veorealions are
Immedintely in front of the crlass v

minnte size and the
reproduction by ordinars
photography exceadingly difficult.

ahsenee of eolour-contrast makes thed

Heart of a rabbie. Left aurick

nnd ventricle opencid, showin
extensive maliznant

irditis of the mitral villve, "The lesion
W= o the result i INEFravenons ;[||:-|'|1|_-|:i..1:| withh the .|'_l_||...'|_ O
el fones.

Lhe lvart of o rabbit. 1

[ LRI T

It left noariel

and ventricla e opened amd
setations intermedinte in 2ira
shmple ™ and “maliennmg ™ ndocard] tis

il passed nnder two small v
HLWEey ]

WEN GLCmrring in »*
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open and the mitral and aortic valves K s
Vesetations of considernble size are seen on each
serment of the aortic valve, Alinute vegetations myecardinm.  The resnlt of intravenois infection
are also present on the micteal valve,  The resull of the
of intravenous injection of the Depeceoois vt

Fl, i

0 monkey, The left ventri

T E PR

ol penin

FItGz. T

e s lnid The heart of 01 monkey. The left vemtricle
open and the mitral valve exposed, There are vegota-
tions on the mitral valve amd py
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PYOGENES AUREUS TO RHEUMATIC FEVER 223

to overcome by inoculating mixed cultures directly into the
knee-joints of rabbits.

The animals then survived a longer time, but as before
developed py®mia with abscesses in the liver and SPIE:EI:I.
Again the diplococcus was found amost easily in the arthritic
exudations, the Staphylococcus aureus in the blood and spleen.

We conclude, then, that the Staphylococcus aureus, when
injected into these animals in association with the diplococcus,
tends to alter the type of the disease from that of rheumatic
fever to that of pyzmia and staphylococcic septicemia.

This conclusion, so far as one canapply it to clinical medicine,
upholds our opinion that rheumatic fever is not a result of the
staphylococcic infection, and should a staphylococcic infection
supervene upon the rheumatic the tendencies would be twofold :

1. To accelerate death.

2. To produce a condition of py@mia rather than malignant

endocarditis.

Our clinical opportunities of studying mixed infections have
been few, but in 1gor Dr. Paine and Dr. Poynton had the
opportunity of studying such a case in a child.

A boy aged 8} years was admitted on February 15, 1901, to
the Hospital for Sick Children, Great Ormond Street, suffering
from cellulitis of the right leg, the result of a sore on the heel.
The limb was incised, but no pus escaped. Three days after-
wards he complained of pain in the right hip, and the next day
of pain in the left hip. Upon the 24th loud pericardial friction
was heard, and upon March I, there was pain in the left
shoulder.

Several who saw this child, though well acquainted with the
fact of the cellulitis, suspected that this illness might be rheu-
matic fever because of the low range of temperature, the
absence of shivering and rigors, the slight distress, and the loud
pericardial friction. The child died on March 4, and at
the post-mortem there were found purulent pericarditis
and arthritis, with abscesses in the kidneys and lungs. Dr.
Paine took cultures from the pericardium and left hip-joint.
In each case the result was a mixed one of the Staphylo-
COCOHUS aureus and a minute diplococcus. This case exemplifies
the point we emphasised earlier—the importance of a com-
plete investigation. Many of the clinical features of the case
resembled those of rheumatic fever; the necropsy showed
















































































































































THE PATHOLOGY OF RHEUMATIC FEVER 263

the only exciting cause of acute rlleumaFism : Eﬂﬂﬂﬂdl}r, that
acute rheumatism may be a cause of simple and mf’-llgﬂﬂﬂt
endocarditis, We will at once clear the ground by adding that
we are as convinced now as we were before that both these
conclusions hold good. Some of the criticisms that have been
put forward have been already answered, and in this paper we
shall attempt to deal further with one of the most recent‘n_f them.

It has been suggested that we have been describing an
agonal or terminal infection, but we have brought forward
conclusive evidence to show that some of the patients from
whom the micrococcus was isolated lived for many weeks
afterwards, and that others were alive and at work some
years later. This criticism may then be dismissed once and
for all. Again, it has been suggested that the micrococcus
may be present in complicated rheumatism as an epipheno-
menon, as a cause, that is, of the complications. Having
produced experimentally the important lesions of the disease,’
we naturally ask in return what is to constitute acute rheu-
matism.when deprived of arthritis, carditis, nodules, choreiform
movements, and pleurisy ? We hold that there is, as in
tuberculosis, only a predisposition left in the sense that there
is some vulnerability of the tissues to this infection, and that
there is no mysterious disease ‘ rheumatism,”” which is always
associated with secondary infections. The idea that rheu-
matism produces arthritis, but that a secondary infection
produces the endocarditis which is so often associated, may
now be looked upon as contrary to all accurate knowledge.
Another difficulty has been raised that this micrococcus is not
constantly present and that we have even ourselves not always
succeeded in isolating 1t. This is naturally a troublesome
question to answer, and it has been added, that when, on the
one hand, some observers are repeatedly finding this micro-
coccus, and others of equal reputation are always failing, the
success of those who obtain positive results i1s somewhat
suspicious.

If, then, we fail to find the infective agent we must be
convicted out of our own mouths, and if we find it we are
suspects because others do not succeed,

With regard to this micro-organism, all our own investi-
gations go to prove that it is very constant. We have not
demonstratedit in every case of acute rheumatism, but that is no












THE PATHOLOGY OF RHEUMATIC FEVER 267

saliva, and is not the saliva swallowed into the _ston}ach and
passed into the intestines with the food ? Which is of the
greater importance—that a diplococcus can be 1r$nla.ted from a
rheumatic angina and reproduce rheumatic lesions, or that a
diplococcus isolated from the saliva and faeces can give some
apparently specific sugar tests in a laboratory ? Lastly, what
alterations in character and virulence might not the diplococcus
undergo when, dislodged from the tonsils by the saliva, 1t
lingers in a new environment such as the faces ?

Is it not an outcome of the confusion which arises from
such a classification that in a valuable paper on infective
endocarditis we read as follows: ‘It would obviously be
fallacious to conclude that any micro-organism isolated from
the blood of a patient with fever, endocarditis, and chorea had
any necessary connection with the cause of rheumatic fever*' ?
Seeing that a streptococcus isolated from acute rheumatic
lesions, and let us add also from the blood in acute rheumatism,
can produce endocarditis, fever, and choreiform movements,
as more than one skilled bacteriologist has shown, it is difficult
to see how the conclusion that this streptococcus has some
necessary connection with rheumatic fever can obviously be
fallacious. It may be a wrong conclusion but it seems a
reasonable one.

Indirect Support from Recent Investigations

We would next point out that in the last ten years the
trend of scientific investigation and clinical observation has
strengthened our position in spite of the fact that some of
these observations have been made by those who have not
had the causation of rheumatism in view, and others have
been made by those who have not accepted our explanation
and yet have been of assistance in bringing us support by
their independent observations.

To take the first type of evidence, we would allude to a
paper written by one of us in 1898 and read at the Royal
Medical and Chirurgical Society (Paper No. 2).” In this contri-
bution it was demonstrated that in rheumatic carditis scattered
foci of inflammatory change were to be found in the connective-
tissue framework of the heart springing from the region of
the‘ small blood-vessels. It was further shown that in these
regions gross changes might be found in the neighbouring


















Flis. B4
Ineubated linman pericardial fAuid (3 600) from a ense of rhenmatic pericarditis
and fatal hyperpyrexia, The diplococens growing in streptococcal chiins

FIG. 80

Imenbated perieardial finfd of o rabbitdend from perienrditizs resnlting from intravenous
inoeulation with the diplococens isolated from the ease of rhenmatie by perpyrexin, (s 1000,






THE PATHOLOGY OF RHEUMATIC FEVER 273

among physicians that rheumatic h}fpcrp}-'r{-}x_ia i+s a ;_:uecull;.u'
toxamic process rather than an intense bacterial invasion, for
although the micrococci were both isolated and rEIemonstrated,
they were not present in the tissues or blood in any extra-

ordinary numbers,

Investigations wpon the Tonsils in the Rhewmatic

Two other lines of investigation have occupied our attention
in the last five years : the first is another step in the study of
the tonsils suggested to us by Mr. George Waugh ; the second
is an experimental study of arthritis, with a view to ascertain-
ing whether more than one form of arthritis may result from
intravenous inoculation of the same micro-organism. The
object of this second investigation is to widen the field of study
of rheumatoid affections, reversing, as it were, the usual method
of inquiry. The clinician seeks among this heterogeneous
group to find some one clear path. We have started along
one clear path (the study of the diplococcus) and endeavoured to
find our way some little distance into this heterogeneous group.

Taking first the tonsils in rheumatic fever we need only
mention the great frequency of tonsillitis in this disease, and
the demonstration by Dr. William Hill ** some twenty years ago
of deep-seated foci of disease in enlarged tonsils removed from
the rheumatic. In 1goo we showed that a micrococcus found
in rheumatic lesions could be isolated from acute rheumatic
angina, and be demonstrated in the tonsils, and further would
produce similar lesions, In the next year Fritz Meyer published
an extensive paper upon the same subject, and we have
returned to the question again to work out Mr. Waugh’s
suggestion. Mr, Waugh advocates enucleation of the large
unhealthy tonsils that are so often present in rheumatic
children, and in some carefully chosen cases has done this for
us between the rheumatic attacks. These tonsils were seared
on removal, cultures were taken from their depths, and the
histological appearances of them investigated, One example
will suffice to show the kind of case investigated, six of which
have been examined up to the present date,

The patient, a male aged 10 years and 5 months, came to
the Hospital for Sick Children, Great Ormond Street, in
February 19o8, suffering from slight chorea and rheumatic
pams. In 1906 he had an attack of rheumatic fever, since
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THE PATHOLOGY OF RHEUMATIC FEVER 275

realise this advance, which is one, not only of scientific interest,
but also of practical importance. We have not investigated
other pathways of infection, but great attention has been
directed to the importance of unhealthy condition of the
teeth. It would be wrong to deny, too, the possibility of
infection from the alimentary canal, but we do not think that
at present the wide acceptance of auto-infection from the
intestines in arthritic discases has as yet been completely
justified by the evidence that has been forthcoming, however
probable it may seem on clinical grounds.

When the position of the tonsils is borne in mind it may
seem a startling assertion to make that strepto-diplococci may
be obtained in pure culture from the depths of the diseased
glands, yet it is true, and has happened not only in our
experience but in one case was quite independently ascertained
by Dr. Graham Forbes, who had examined a culture from the
same case.

We are not pretending that a pure culture is a constant
result, but we have invariably found that the strepto-diplococci
predominated. Again, we do not deny that the same results,
both cultural and experimental, might obtain if diseased
tonsils from the non-rheumatic were treated in the same way.
We have not worked at this point. Should similar results
obtain it would not negative the interest of the facts before us,
for it is quite evident from our clinical knowledge that there
must be a tendency to develop rheumatism, and we have never
believed that the exciting cause was not present in the normal
throat. As with tuberculosis and pneumococcic infections, so
with rheumatism, there are many factors to be considered in
addition to the presence of a bacterium.

Investigations upon Arthritis

When the diplococcus of rheumatism is injected intra-
venously it produces arthritis with great frequency; and
further we have convinced ourselves that it may produce it in
various forms. In 1goz '® we published with drawings in the
Transactions of the Pathological Society a short paper upon the
production of an osteo-arthritis—non-suppurative in character
—by the intravenous inoculation of a micrococcus isolated from
a case of human osteo-arthritis in which death had occurred
from misadventure. We believe this to have been the first






































































































SCARLET FEVER AND RHEUMATISM 309

CASE 17, B. C., male, ﬂ.gEd 7- Navemhe_r I0, Igﬂﬁ.‘ Two
years before had an attack of scarlet fever with nephritis, and
heart disease. He came suffering from a double mitral lesion
with general cardiac enlargement and no renal affection.

It is not unreasonable to suggest the cardiac lesion was
rheumatic, and possibly also the nephritis. It can be safely
asserted that the condition of the heart did not resemble that
which we usually recognise as a sequela of chronic renal
disease in childhood. The high pulse tension, slightly thickened
vessels, and hypertrophied left ventricle of such cases were not
present, but there was a condition resembling the usual double
mitral disease of acute rheumatism.

Summary : Scarlet fever ; mitral disease ; nephritis.

Case 18. L. M., female, aged 8. June 12, 1907. The
mother of the patient had suffered from rheumatic fever. The
child herself had an attack of scarlet fever in February 1907,
and at the end of March developed chorea, for which she came
to the hospital. Her recovery was good and without an
apparent cardiac lesion.

Summary : Scarlet fever ; chorea.

Case 19. E. N, aged 7. February 22, 19o8. When
five years old had an attack of scarlet fever with nephritis and
arthritis in the hands. Since that time has had rheumatic
pains. Brought with morbus cordis. The heart was enlarged ;
there was a systolic mitral and a slight presystolic murmur.

Summary : Scarlet fever ; arthritis ; nephritis ; morbus cordis.

Case 20. G. B., male, aged 1019. April 1908. The
maternal uncle of the patient had suffered from rheumatic
fever ; his mother from “ rheumatics.”” This child had an
attack of scarlet fever in September 1907, and had a relapse
of sore throat followed by rheumatism in the joints; hands,
wrists, and elbows being affected. In November, after recovery
from the *rheumatism,” he developed chorea. Brought
April 10, 1908, for a relapse of chorea.

Summary : Scarlet fever ; arthritis ; chorea (two attacks).

Case 21. L. T, female, aged 10. April 15, 1g08. Some
years previously had an attack of scarlet fever, followed at
once by rheumatism in the joints. Since that time short of
breath and subject to fainting attacks. This case was of
interest, because there was persistent tachycardia (pulse 120),
some general enlargement of the heart, and a faint mitral










































































































































OF RHEUMATIC ORIGIN 355

for its simplicity, but for the completeness of the explanation
which it affords of the symptoms and course of the affection.

The strong hereditary element in the disease supports the
view that the exciting cause possesses some peculiarity by
which in these particular tissues it can form the special poisons
that make it so definite an affection.

Concluding Remarks

We believe that the view we support in this research is not
one of academic interest or a mere battle of words. It will be
a distinct gain if we succeed in overthrowing the remarkable
view that the nature of rheumatic endocarditis—whatever the
infection may be—is always benign and requires an added
infection to produce a progressive lesion. The survival of
such a view implies such a subversion of the natural principles
of the infective processes as to unsteady one’s whole outlook
upon these diseases. The disappearance of such a mystery, on
the other hand, must be a clear gain to connected thought
upon all rheumatic processes and a forward step in cardiac
pathology.

Far more important is its bearing upon the clinical side of
malignant endocarditis. The rheumatic form is no exception
to the rule that it is a disease which is almost invariably fatal
when the signs are well established. Theoretical considerations
lead to the belief that occasional recoveries may occur, and
there is good clinical evidence in support ; but these excep-
tions are rare, and our series alone shows the great fatality.

We are doubtful of the efficacy of serum or vaccine at present
mn use, though we would neither dispute the records of such
recoveries while such treatment was being employed, nor the
advisability of trying any method that holds out the least
prospect of success.

Itis the prophylaxis that is encouraged by our investigations.
There must clearly be some peculiar factors at work to produce
the progressive endocarditis, and we sometimes find suggestive
evidence in support of this. The cardiac rheumatism may
have been neglected, the patient ill-fed, the surroundings
unhealthy. Anzmia—a prominent feature of some rheumatic
attacks—may have persisted, and this in our opinion favours
the malignant process. The danger of large unhealthy tonsils
in the rheumatic is well established, and this danger can be


















IN ASSOCIATION WITH PERITYPHLITIS 361

have been the results of constipation, and even if there was, as
seemed probable, some actual appendicitis, the occurrence of
chorea may have been a mere coincidence.

There is, we believe, a general agreement among those who
have especially studied rheumatism in childhood, that such
children frequently suffer from obscure abdominal pains. Such
experience as we have had has given us the impression that
these pains are generally paroxysmal, and usually referred
above the umbilicus to the epigastric region. They have
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interested us, because it has seemed difficult to explain them
satisfactorily, though it is probable that in some cases the pain
is situated in the abdominal muscles.

The occurrence, in association with perityphlitis, of multiple
joint affections, having the character of a rheumatic arthritis,
has been recorded by several observers, and a very complete
case was published by Dr. Burney Yeo in the British Medical
Journalfor June 16, 1894. A girl, the subject of an acute attack
of rheumatism some months before, had been ill for a fortnight
with pains in the elbows and knees and general malaise. She
then developed severe abdominal pain, and was admitted upon
April 16 to King’s College Hospital with a definite and severe
attack of perityphlitis. There was temporary improvement,
























FIi{r. B&

Experimental appendicitis (rabbif).  Abdomen opened, showing the
awollen and inflamed appendix,.  The left Knee-joint whiclh was in o
condition of aeute arthriti=, has been opencd,

FI(:, 8o

Experimontal appomdiclitis (rabhit). Bection through the inflamed aran of the appendix, showing -

1. Exndation inlnmen. 2, Destruction of Lieherkilhn's crypts. 3, Necrosis of Iymphoid follicles.
4. L:'ll“[“‘.iﬂll ol iJ]Ir!J[l-\'L‘HH'iﬂ.ﬂ[ thip 1|1L4|_! of the ﬂ“h“““'"ﬂ\lh [ i"l'.f g,




















































































ETIOLOGY OF APPENDICITIS 377

mucosa. A fibrino-cellular exudation infiltrated the sub-
mucous coat, in which the lymphoid tissue was almost
completely destroyed. The mucous membrane was infiltrated
with inflammatory cells, and there was almost complete
destruction of its epithelial covering and of Lieberkiihn’s
glands, only a slight trace of the deeper crypts being visible.
The muscular coat was also infiltrated with inflammatory cells
and the greatly swollen serous layer was cedematous and
infiltrated with fibrino-cellular exudation. Diplococel were
demonstrated in the submucous and mucous membranes, but
were most numerous and easily demonstrated in the serous
membrane. The bacillus coli had invaded the necrotic tissue
and serous covering of the bowel. The condition of this
human appendix was a counterpart of that found in the rabbits
with appendicitis, as illustrated by us last year.

We think that this investigation brings us a step forward
in the study of the @tiology of appendicitis. Since Kelynack *
in 1893 directed our attention to the relation of tonsillar
inflammation to appendicitis many German investigators
have devoted much attention to the point. Our earlier paper
showed that in young rabbits a micrococcus which we look
upon as the exciting cause of acute rheumatism could produce
a local lesion in the appendix by direct blood infection, and
bearing in mind the importance of tonsillar inflammation in
theumatism those results naturally strengthened the view
put forward by Kelynack. This investigation takes us forward,
because it would seem beyond reasonable doubt that the
diplococcus in the tonsil and in the sanious fluid .from the
appendix were identical in nature and the cause of the lesions
in the human throat and appendix and also of those in the
appendix and joints of the rabbits. In other words, it seems
to prove almost conclusively that a cause of appendicilis may
be a streptococcal imvasion through the blood stream from a
Jollicular tonsillitis.
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ETIOLOGY AND PATHOLOGY 399

process may be not only prolonged but malignant in type, and
great damage result. Associated w1th_ Fmtral stenosis there
may be an equally slow damage to the joints, and in the adult
4 chronic arthritis with deformities may follow. That all cases
of subacute and chronic non-suppurative arthritis are not
rheumatic is undoubted, but to maintain that the rheumatic
infection does not produce every kind of arthritic injury
appears to us to be mistaken. The great difficulty at the
present time is to demonstrate the cause in the particular case,
but we hold that this infection may damage synovial mem-
brane, capsule, cartilage and bone. It may attack small as
well as large joints, and may even in the young sometimes
produce a very chronic spondylitis deformans ; or in a great
toe joint an acute inflammation almost indistinguishable from
a gouty arthritis.

A study of the connective tissues of the synovial membranes
both in man and in experimental arthritis gives a very clear
idea of the cardinal processes that occur.

When acute there are active hyperzmia and swelling of
tissue, exudation, leucocytosis and necrosis, when chronic,
perivascular fibrosis occurs with the usual diminution of the
calibre of the small blood-vessels and consequent imperfect
nutrition of the synovial structures. The tendon sheaths as
well as the tendons themselves often suffer and an exudation
results which in the worst cases is followed by painful adhesions.
Local periostitis around the affected joints is met with both in
childhood and later life, and in the young is often associated
with the development of subcutaneous nodules. Such periostitis
may also occur at a distance from an affected joint.

The subcutaneous nodules having already been described, it
remains here to comment upon their peculiar distribution,
along tendon sheaths and over bony prominences. In the
paper written with Dr. Still it was shown that the same process
might be occurring in the connective tissue without producing
visible swelling, and it would seem to us that the visibility of
the nodule is largely dependent upon the fact that the least
swelling is thrown into relief when it occurs over a bony
prominence, and thus our attention is arrested. Yet there 1s
probably also another factor, and this is the amount of move-
ment, pressure and friction to which the tissues over these
bony prominences are exposed, in other words there is an
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