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In_the following paper are recorded the results of my
observations on (i) the Blood Changés in Rheumabic Fever,
and (ii) the AEtiology of Rheumatic Fever with special
reference to the influence ol Héredity.

Examinations of the blood were made in thirty-five
cazes - twenty-one acute and ITourteen sgubacute. The
Statiztics relating to the asetiology were compiled Irom
sevenby cases. All the pabient; were under my care

while acting as assistant medical .officer at the Holborn

Union Infirmary, London.
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Our knowledge of the condition of thé blood in rheumatic
fever iz very fragmentary. The literature is mainly in
Gérman and French. Turk in hisg monograph on the "Clinical
Examination of the Blood in Acute Infectious Diseases," 1898,
gives his observations on eighb cases. There is a short
summary in Cabot’s "Clinical Exemination oi the Blood," 1901;
and in Ewing’s "Clinical Pathology of the Blood," 1801, and
Da Costa’s "Clinical Haematology," 1902, references are also
made to this subject. Dr. Archibald Garrod in a paper read
before the Royal ledical and Chirurgical Sociebty, February
oth., 1892, stated the results of some eighty examinations
of the blood in rheumatic patients on the estimation of the
haemoglobin. and the counts of the erythrocytes and leucocybes.
With the exception of Turks observations, and those of Zappert
relating solely to the cosmophiles, I have not been able o
£ind any references Lo the differential counts in clinical

literature.

Technique - In estimating the number of blood cells
the haemocytometer of Thoma~Zeiss wasg used. For the
erythrocytes the degree of dilubion was 200, and the diluting

£luid Toisson’s solubtion which staing the leucocytes and thus
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enables them to be distinguished readily from the erychrocytes.
Two copnbs were made, and in each count two sebg ol one
hundred squares.were counuved. An aversge was taken, and
bhié multiplied by 8000 gives the number of erythrocytes
per cubic millimetre. In counting the leucocytes the special
mixing pipette yielding a dilution of blood in the proport-ion
ot to 10, and a diluting £luid (3 per cent acetic acid
tinged with gentian violet) which dissolves the red cells
leaving only the stained leucocytes Lo be counted, was
employed. All the leucocytes in one gqguare millimetre were
counted, and the average of two such counts was multiplied
by 100 to obtain the number of leucocybes per cubic millimetre.
Jenner’s stain was used for staining the blood Filme in the
majority of the cases, bub in those cases in which the blood -
plates were enumerabed Leishmann’s modification of Romanowsky’ s
stain was preferred. The haemoglotin was estimated with
Gower’s haemoglobinmeter.

In order wo eliminate any discrepancy which might arice
£rom the effects of food the successive countings were
performed as nearly asg pozsgible at ‘the wame hour in each

case. Normal Counts (Vide Appendix),
Tt is a clinical fact that patients who pasg through an

attack of rheumatic Iever become distinctly anaemic-According



Lo Hayeml-the poison orf acute rheumatism is a powerful and
rapid destroyer of the erythrocytes. The Tigures given by
different observers vary somewnat; bul the concensus of
opirion is in Ffavour of the view that rheumatism invariably
~leads Lo a pronounoed deglobulisation. SBrensen2 who was
the first to supply any data on the condition of the blood
in cases of acubte articular rheumatism, observed a'decided,
if not consgiderable deoreasé in the number of erythrocytes,
averaging in eight cases’ 4,160,000 per cubic millimetre.
Hayem noted that in acubte cases bhese cells lose at least
one million of their number, and in caszes which drag along
and relapse the loss ig from 1.5 to>2 millions. Garrod®
and Turk8 alsd found that during the fever the erythrocytes
were markedly dimirished, which diminution commenced very

early 'in the attack. The average in_Cabbt’s4 cases was

4,400,000 per cubic millimetre, and in Pee’52 cages the
number always exceeded 4,000, 000. In two out of seven of
Da Costa’sd casés the countg were only 1,242,000 and 1,500,000
per cubic millimetre; put he does not state whether this
reduction was solely due to the rheumabtic attack, or whether
there was au bhe same time some obther diseased condition.

The average of Lwenty-one counuts in the acute cases

o - o s . . P
taken ag a rule shoruly after admissgion Lo thisg 1nyrirmary,
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and always before the commencement oI trzatment was 4,359,000

P4

pver cubic millimebtre, individual counts varying from 3,144,000
to 5,572,000 per cubic millimetre. In seventgen cages the
count exceeded 4,000,000 and 'in caseg Nos. 7,9,12,19, it
was less. Of these four cases three had valvular disease,
one having in addibion'erythema papulatum; while the Tourth
had an erupbion of erythema multiforme on admigsion and
developed endocarditis during the attack. In the éubacute
cases the counts ranged between 2,240,000 and 4,984,000,
averaging 4,372,000 per cukic millimeure. The minimum
count occurred in a patient who was also suffering Ifrom
chronic parenchymatous nephritis. The counts in four
cases in children averaged 4,167,000 per cubic millimetre,
the minimum and maximum countg being fespectively 3,990, 000
and 4,660,000 per cubic miliimebre.

Various factors appear Lo me to influenCe_the count: -

I. The duration of the attack -~

Tn eleven cases nob exceeding one week’s duration the
countg averaged 4,588,000 per cubkic millimetrej in fourteen
caces rot exceeding two weeks duration 4,369,999 per cukbic
millimebre; and in seven cases exceeding this period 4,183,000

per cubic millimetre. Judging Irom these averages it might
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be concluded that the loss of erythrocybes was preoportional
to the duration of the abtack, and a study of individual
cases confirmed this opinion to a certain extent, though it
would seem that the loss wasg not at a uniform rate. Cabot
also found a slight reduction 'in cases of longer duration.
In eight cases which had been sick over twenty days the
average count was 4,462,006 per cubic millimetre and in
thoze sick betweer one and twenty days 4,540,000 per cubic
millimetre.

II. Previous attacks of rheumatic fever -

In fourbeen casges with previoug attacks the counts
averaged 4,525,000 per cubic miilimetre, and ih seven cases
with no previous history of rheumatic fever 4,492,000 per
cubic millimetre. In twe of the cases the reduction or
erythrodytes was Very marked. One had had Tive previous
attacks, and the other four, the respective counts being
4,164,000 and 3,144,000 per cubic millimetre.

III. . The sevériby of the infection -

This proves & much more powerful factor than either

4
of the two preceeding. According to Hayem and Garrod the

blood constitutes as in syphilis a meost valuable measure orx

the intensity of the disease, which is parallel to the



.geverity of the blood changes rathsr than to the number of
Jointg affected. The curve oI the leucocytes follows very
clesely the severity of the infection: & high leucocytogis
i.e., over 20,000 per cubic millimetre being usually associated
with complioabibns in some‘form or other. The most anaemic
casesg are invariably. those with the highest leucocyte count.
_The average count in fourteen cases with a leucocytosis below
20,000 per cubic millimetre was 4,482,000 per cubic millimetre,
and in seven caszes exceeding 20,000 per cubic millimetre
4,188,000 per cubic millimetre. In three of these seven
cases the erythrocyte count was lesgs than 4, 000, 000 pef
cubic millimetre; in three ibL varied from 4,164,000 to
4,528,000 per cubic millimevre; whilst in the seventh case,
of only five days duration. tiere was an apparent polycythaenia
or. admission, the number of erythrocytes per cubic millimetre
being 5,578,000. On the third day, however, the count
dropped to 4,508,000 per cubic millimetre; and on the fifth
day there was sbill & fufbher reduction to 4,320,000 per
cubic millimetre. '

Iv. The presence or absence oI endocarditis -

A valvular legion per se is stated to have no effect

on the blood. MMosb of the changeg in rheumatic fever in a



pabient with endocarditis are due to the activity of bhe.
rheumatic poison, and whilst this poison itsell is very
destructive to the erythrocytes, it would seem that its
influence is‘greatly aggravated whenr it is aooompanied by
valvular diéease of the heart and pericarditis. (Trousseau.)6
‘When a cardiac lesion wag present on admission I found phe
diminution slightly greater than when it developed subse-
quently, and still greater than in the cases unaccompanied
by cardiac dizsase. In nine casges with endocarditis - one
having also pevicarditis on admission, the courts averaged
4,155,000 per cubic millimetre; and including two other casesg
in which the valvular lesion developed aiter admisgion
4,249,000 per cubic millimetre. The counts of the remaining
ten cases with no cardiac disease averaged 4,525,000 per
cubic millimetre Similarly in three subacute cases with
valvular disease the average of the counbs was 4,086,000
per cubic millimetre, and in sleven cazes with no such
affection 4,487,000 per cubic millimetre.

While destruction of the erythrocytes occurs during
the acute stages of the attack, regeneration of these cells
takes place with greaber or less rapidity when this peried

i¢ pasged. When the fever only lasted a few days the



erythrocytes in some casesg reached their minimum when the
temperature became normal, whilst in others they showed an
increase corregponding to thisg period. In the following
eight cases Nos. 2,5,4,5,6,15,20 and 21, the temperature

was normal con the third day. The counts for the first three
days averaged respecbively 4,799,000, 4,564,000 and 4,669,000
per cubic millimetre, and a week later 4,850,000 per cubic
millimebre, With the exception of case No. 6, which ghowed.

a steady diminution during the first Tive days from 6,572,000
Lo 4,520,000 per cubic millimetre, uvhe erythrocytes increased
dufing che post—febrile period. Wher the temperature remained
febrile for a longer period there was not a progressgive
diminubion in the count asg one might have expected. The
diminubion went on steadily for the first three or Iour

days, and was Tollowed by an increase during deifervescence

In one case, however, in which the Iever was obstinate,
instead oX this increasge the numbers reﬁained at a mere or
less ﬁﬁiform level which as in one of Garrod’s casges was Very
low. In five cases Nos. 7, 10, 12, 16 and 19, the temperature
remained febrile for about a week. With the exception of case
No. 16, bhe-rheumatic manifestations showed an improvement

after the commencement oxr treatment.

-8—



The counts of these casges for the Tirst four days
averaged respectively 3,969,000, 3,912,000, 3,779,000 and
3,645,000 per oubic_millimebre; onn the iifth,seventh and
ninth days 4,001,000, 4,032,000 and 4,186,000 per cubic
millimetre; and on the fifteenth day 4,584,000 per cubic
millimetre. Turk obszerved a similar result in six out of
eight cases. Iﬁ case No. © the fever lasted one month.
During that period eleven observations were made, the
individual counts varying from 3,394,000 to 4,100,000 per
cubio.millimetre. Eleven days later the count was 4,654,000
per cubic millimebre; and in the next four observations
extending over a period of two months the cqunbs ranged
between 4,566,000 and 4,800,000 per cubic millimetre.

In some caseg, particularly in children, the process
of regererabion is very rapid. In one case (No.20) the
nérmal rumber was reached on the third day, ard in another
(No.18) on the sixteenth day. In cases Nes. 30 and 24, both
subacuﬂe, the normal count was observed on the third and
fourth days regpectively. Garrod observed that within as
short a period as ten or eleven days a million corpuscles
may be lost and gained. The corpuscular loss frequently

perzists for a considerable time, giving rise to a condition
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approaching chronic anaenis in patients who have guffered
previousgly irom rheumatic fever and who have conbtracted
endocarditis - e.g., cases Nos. % and 7. The regererative
period may be interrupted by a relapse or by a serieg. of
relapses. A relapse was accompanied bty a fall in the number
of erythrocytes, ﬁhe degree of diminution varying according
L0 1bg severity, When very slight these cells showed no
apprecisble change in number, and when of moderate severity
the dimirution ag a rule did not exceed 200,000 per cubic
millimetre. In cageg with a severe relapsze the losg was
usually much greater, snd in one case (No.1ll), it exceeded
hali o million per cubic millimebre;

The qualitative modifications of the erythrocytes in
rheumstic fever have never proved considerable. In cases
or well mafked anaemia striking differences of size and
colour were oibten okserved, but the presence of erythroblasbs
in ohis diszease appafenbly occurs only as a rarity, Turk
observed nucleated erythrocybes in two of his cases and that
only on one occasion in each case.

Ag regards the haemoglobin obgervers are guite unanimous

that it suffers more severely and more constantly than the

- ; -~ e -~ P Fa.s
erythrocytes. In Cabot’s cases the average percentage wa
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63; and in Turk’s casges 1t ranged between 60 per cent.and

80 per cente. In my acute cases the haemogloeorin percentage

varied from a minimum of 50 per cent to a maximum of 90 per

cent with a mean average of 68.2 per cent; and in the

gubacute cases from 36 to 96 with an average of 76 per cent.
The factors which influencé the erythrocyte count

also appear Lo influence the percentage of haemoglobin: -

I. The duration of the attack -

(&) not exceeding 1 week’s duration: 11 cases : 70 per cent
(b) " " 2 weeks " t 14 0" : 68.5 " "
(c) exceeding " " " : 7 " : 64 " 0"

II. Previous atbacks of rheumatic fever ~
(a) previous attacks: ' 14 cases : 66 per cerntbt
(b) no (1] " . . 7 " . 70 " ”"
III. The severity of the infection

(&) under 20,000 leucocytes Pp.C.m. 14 cases 69 per cent

(b) OVGI‘ " n 11 7 " : 64 (1] [1]
IV. The presence or aksence of endocarditig -

"A" acute attacks:

(a) present on admission , : 9 cases : 64.5 per cent
(b) present on and after admission : 11 "o 66 " "
(c) absent | <10 " . 69.8 " "

Wp" gubacute abbacks:

cases @ 72 per cent
”" - 78 " "

(&) present on admission :

(b) absent

-11- | '



There ig no direct correspondence between the number of
erythrocytes and the percentage o ha&emoglobin. A diminished
percentage of haemoglobin is usually asgociated with a
diminished count of erythrocytes, bul during the post—febrile'
period regenerdtion of the heemoglobin is very much slower'

" than that of the erythrocytes. In eighb cagesg in which the
temperature was normal on the third day, the haemoglobin
‘estimates for the first three days averaged 75.5, 75.1, and

73 per cent, respéctively; and a week later though the
erythrocytesg shoWed a decided increase Lhe average wag only
72.6 per cent. This decrease wasg particularly marked in

cazes Nos. 6, 15 and 21. The average estimates in five
cages in which bthe Ifever lasted»about a week, were for the
first four days 59, 56.8,'56.5, and 53 per cent. respectively;v
on the Iifth,seventh and ninth days 55, 52, and 5?.6 per
cent; and on the fifteerth day 56 per cent. When the dura-
tion of the fever was more probtracted, the haemoglobin in

one case (No.8) remained low throughout never rising above

70 per cént, whilst bthe erythrocybtes on four Qccasions
exceeded 5,000,000 per cubic millimetre. In another case
(No.9) though the srythrocytes after the first three days

only varied between 35,394,000 and 4,100,000 per cubic millimetre,

the haemoglobin during that period ghowed an increasge Irom



54 per cent to 66 per cert. Garrod obzerved the same thing
. . ) .2 . .
in one or two of hiz cases, Leichbenstein® found in cases

ral

of protracted i;lness a congiderakle diminution in the per-
centage of the hagemoglobin, and he also noticed that the
prompt use of salicylateg prevented the loss of‘haemogldtin
in one cose. In caseg Nosg. 27 and 24 it wéuld gseem as iT
the same thing occurred. in the former the haemoglobin in
twelve observatbtions varied from 90 to 96 per cent, and in
the latter in =ix observations from 87 to 95 per cent.

In a disease like rheumatic fever in which the
haemoglobin lozs ig relatively more excessgive than the
corpuscular decrease subnormal ceclour indices are the fule.
This dimirution ig in most oasés mefely transitory. In
Cabot’g series bhé average colour index was.”76, and in
Turk’s generally between .85 and .80. In the acute cases
it averaged .77, and in the subacute .84, varying in in-
dividual caseg From .55 to .90 in the former, and from .76
to .90 in the latter. Though the erythrocytes increase
sglowly during convalescence the haemoglobin worth o the
individual corpuscle does nov inoréase correspondingly, butb
remains low. The average colour indiceg in eight cases of
short febrile duration were Ior the Ffirgt three days .78,

.82 and .78 regpectively, and a week later .705. Similarly

~15=-



when the fever lasted about a week the colour indices for
the firet four days averaged .74, .71, .74 and.73; on the
£ifth, seventh and ninth days .67, .64 &«nd .65; and on the
fifteenth day .65. When the Tever wag or longer duratioﬁ
the colour index generally remained low for a considerable-
time 2& in cases Nos. &, 9 and 11. During convalescence the
value of the colour index incresses, so that the last
observabion is as & rule higher in value than the Tirst.
In case No. 8 bhe difference hetween the firsﬁ and the last
obzervation made five weeks after the temperature became
normal was only .02; but in cage No. 7 the diminution was
very congpicuous being .78 at the begirring and .65 at the
end of the examinations. This.however‘is very exceptional.

The azmount of £ibrin is markedly increased esgpecially
during bhe mogt acute gtages of the illness, and this has
been noticed by many 6bservers, Holla, Hayem, Berggrum,
Turkv Coagulation oi the blooa tokes place within the normal
time limit, or it may be delayed considerably.

The anaemia of rheumatic Iever in.bhe acube phases of
the atback iz an oligocythaemia (i.e., a diminution in the

number of erythrocytes below the normal standard.) This

—14-



requires no gpecial tLrsatment, and is followed after the
cesgatbtion of the febrile pericd by a more obstinate anaemia
of a "chlorotic" type (post-rheumatic anaemia. ) In the
majority of the cases this post-rheumatic anaemia is
haematologically a chlorosis, and occasionally in mild cases
a pseudo-chlorosis (i.e.>though the external gymptoms of
chlorogis are preSeht, the haemoglobin and the number ox
erythrocytes are nearly normal.) In two caszes Nos.10 and 17,
pboth of which were complicated, there was a well marked
oligocythaemia at the tefmination of the observations.

The following table giveg the regults 0of my obsgervationg

on thig point:-

Acute Subacute Total
Chlorosis , 14 cases 9 caseg B% caseg or 69.6 per cent.
Pseudo-Chlorosis 3 " 5 " g " " 24,2 " "
Oligocythaemia 2 " nil 2 " 6.0 " "

These conclusions agree in the main with those of Turk,
who holds that post-rheumatic anaemia is genérally a pure
chlorosis.and in severe relapsing attacks of long duration
becomes a pronounced "chloro-anaemia." Garrod believes it
t0 be a pseudo-chlorosig. Whatever be the nature of post-

rheumabic anaemia, whether a chlorosis or a pseudo-chlorosis,
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one thing is certain that all patienté who pasg through an
attack of rheumatic fever, even when they enjoyed before a
healthy complexion are afterwards characterized by extreme
pallor which usually persists a long time.

Amongst the various drugs recommended for the treatment
of post-rheumatic anaemia iron holdg a very prominent place.
When given very soon aiter the acute. stage is passed it
seems Lo produce a recurrence oi arthritis and fever. In
cases Nos.B?Bamd 4, iron in the form orf citrate wasg
administéred on the Ffifth day, and in casze No. 3, on the
Isixth day after the temperature became rnormal. In the two
former it was given alternately With'éalicylate of soda
three btimeg a day, whilst in the last case it was given
alone. ‘In the first case there was a recurrence of pain
and temperature on the fifth day, and in the other two éases
on the fourth day. I could not attribute these recurrences to
anything else than the administration of iron. Haviland Hall8
aiso observed a return of pain and temperature when iron was
given too soon; and he states that it should not be administered
until at least three weeks after the subsidence of the acute
gymptoms.

Tt has been suggested that the blood changes in rheumatic

fever may be determined to =ome extent by the salicylates
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administered in the treatment of the disease. So Tar as I
can make out from these observationsz there is no evidence
to show that the salicylates increase these changes more
than any of the other drugs which are gometimes employed.
Hayem after comparing the results obtained by treating the
disease with sulphate of guinine with those obtained by
treating it with salicylic acid came to the conclugion that
the changeé were not due to the =alicylic treatment, being
equally well marked when no such treatment wag adopted.

The majority of my own cages were treated with sodium
salicylate. Tor the sake of comparizon some were treated
with =alicine and others with alkalies. The blood changes
were found to be equally well marked in each groﬁp of cases,
Further, in cases Nos. 7, 24 ard 27, the sodium salicylate
was given in fﬁll doges every hour and toxic symptoms such as
giddiness and deafnesg ebc. were produced, and instead of a
regular diminution of erythrocytes which one would expect
were the drug productive of anaemia, there was a glight
increase .in the counts in two of these cases. The diminution
which ig noticed after the commencement of ﬁreatment is not
to be'explained.by the effect of oné or other drug, butb

coincides wibth a drop in temperature, and an abatement o¥

the rheumatic menifestations. = Maragliano and others have

-17-



demonstrated a contraction of arterioleg during the height

of the febrile,prooess followed by dilatation during
defervescence. It is held that this contraction of the
vessels hag a concentrating effect on the blood inbreasing
the number of blood cells per cubic millimetre. This con-
centration is still further augmented by the profuse sweating
associabed with the acute attacks, and possibly also by local
vago-motor phenomena. During the febrile period many
corpuscleé are destroyed, and the lozs is covered up by this
concentration. vUnder treatment the sweating ceases, the
temperature falls, and the anaemis becomes apparent. A

gsharp fall is observed in the number of erythrocytes per

cubic millimetre, due partly to the destruction of corpuscles
(hitherto magked by concentration), and partly to the dilution
of the blood which is the result of the post-febrile dilabtation
of the peripheral vesgels above mentioned.

The figures given by different observers.relative to the
number oif leucocytes are more abt variance than those relating
to bthe nunmber of erythrocytes. Hayeh#found an increase in
very acute and severe attacks, and even in the cerebral Iorms
he observed a leucocytosis amounting to 25,000 per cubic
millimetre. In cases of average acutenesgs the number was

f£rom 17,000 to 1§,000, and in subacute cases not more than

-] 8=



from 7,000 to &,000. Halla2 describes a regular Qondition
ag: a more or less considerable increase of leucocytes both
with the norﬁal and with the febrile temperatures. Koblanck2
observed a rnormal number of leucocytes, and Limbeck9 and
Reinert® a leucocytbogsis generally of & moderaté extent,
Rieder9 noted a moderate leucocytozis only in quite recent
oaées, and Pee® only Whenvthe infection was severe and the
gwelling of the Joints very acute.A Saddler? reported once
severe ard once quite moderate leucocytosis during bhé
febrile period. Jaksch in one case counted 8,400; and
Zappert2 in one of four caszesg 20,000 to the cubic millimetre,
the increase in the other three being moderate. Maragliano
and Castellino maintained that the leucpcytosis was only
apparént, the number oI erythrocytes being much diminished.
The. grade of 1eucocyposisjin Turk’s cages varied from 10,000
to 15,000 in attacks of ordinary severity; in complicated
cases the increase wag greabter reaching in one case 20, 600
per cﬂbic millimetre. The highegt number cited by Garrodlo
was nearly 20,000 per cubic millimetre, and a leucocytosis
of 16,800 represents the average in Cabot’s cases.

The counbs in bLwenty-one acute cases averaged 17,240
per cubic millimetre, individual countsg varying from 7,000

to 31,750. In nine casges the countg were lesg than 15,000
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per cubic millimetre; in Iive they ranged betweer 15,000
and 20,000 pér cubic millimetre; and in seven bthis maximum
was excecded. In four of the casesg which occurred in childrern
the leucocyte counts varied Irom 11,3500 to 15,6800 averaging
135,610 per cuBic millimstre. The average of the countg in
fourteen subacute caseg wag 8,560 per cubic millimetre, the
minimum and maximuﬁ counts being regpectively 5,150 and
14,000. The counts in eleven cases with endocarditis (acute
and chronic), including three ceases in which it developed
after admission, averaged 20,550 per cubic millimetre; in
two casesg 1in which a murmur developed butbt disappeared again
during convalescernce 17,400 per cubic millimetre; ahd in
eight cases with no valvular discage 12,300 per cubic .
millimebre. Endocarditis wag only present in two of nine
cases in which the leucocytosis was lesg than 15,000. When
the leucocyte count ranged beiween 15,000 and 20,000 this
lesion was found in two on admisgion, one having ir addition
pronchitiss in a third it'developed with pericerditis during
the abbtack; and in the other two the murmuar was temporary
and disappeared during convalescences When the count sxceeded
20,000 erdocarditis was observed in Tive oubt oi ssven cages
on admission, and in the remaining twe after édmiséion. In

one bhere was in addition pericarditis with effusion; in two
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others erythema; while in a ITourth caze physzical signs of
prneumonia developed on the third day. Thus it would appear
that in a patient with endocarditis whether acubte or chronic,
and whether alone or associated with some complications as
pericarditis, bronchitiz or pneumonia, or erythema, the
leucocybosis usually reaches a high degree (about 20,000 per
cubic millimetre), and that when the endocarditis is only
temporary the degree of leucocytosis is less than when it is
permanent. This might support the statement that bhése
temporary murmurs belong Lo a different category and are
haemic in origin. |

In uncomplicabed cases the rumber of leucocybes was
regularly very sma111(under 15,000).

Turk insiste that complications (pneumonia., pericarditis.,
pleurisy) are present whenever the count rises above 20,000. *
In this he is supported by EWin§7who'found from the examina-
tion of forty cases that zigns of pneumonia, or pericarditis,
or hyperpyrexia, were present whenever the number of leucocytes
exceeded 20,000 per cubic millimetre. Hayem also.counted
ag high as 25,000 leucocybes but only in extremely gevere
and cerebral Lypes of the disease. Cabot on the other hand

obzerved a count ranging beiween 21,000 and 31,000 in gix

cages, bub in only one was the abback complicabed and then

by acube endeocarditvisg.



There does nobt seem Lo be any definite relatiocon hetween
the number of joints affected and the degree o the leucocybozig.
In £ive oI the acube caseg with two or less than two Joints
affectbed the leucocyte counts averaged 17,280 per cubic
millimetre; and in =ixteen cases with more than two Joints
affechbed 16,240 per cubic millimetre. These averages are
oorroborabeq by the.examination of individual cages = €+¢Ze*
in case No. 13 the Joints affected on admission were the
knees, ankles, wrists, and left shoulder, the count being
1%5,600; in case No. 8 with both knee joints affected the

count was 18,850; and in case No. 16 ag the following results

show: -

(a) on admigsion : left elbow + 15950 leucocytes

(b) second day : left elbow and shoulder : 11750 " ST

(c) thira " . 1eft shoulder,knees and : 15800 " "
arkles. :

(a) fourtn " 15200 " "

all large Jjoinbleg.

The leucocyte chart Tfollows Very closzely the temperature
chart., Generally speaking the leucocytogis was at its
mansdimum during the febrile period and in proportion as the
temperature rell the leucocytosgis disappeared and gave way
Lo a normal sbandard, which, when the rover lasted & week

or more was at firsgt above the average. The greatest drop
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in the count was usually noticed on.the day aiter the
commencement of breatment, and in gome casges particularly
Nosg. &, 6, 7, 8 and 9, this diminution waeg very pronounced
varyihg from 7,550 to 14,800»pef cubic millimetre. The
average leucocyte dounbs in eight cases in which the
teﬁperature wes normal or the third day were Tor the Tirst
three days 15,650; 11,200 and 9,400; and a week latber 8,650,
the number in Tfour of the cazes ranging between 6,000 and
7,900 at this time. The average counts for the Tirgt five
days in five cases in which the Tfever lasted about a.week’
Werel20,140, 14,490, 15,660, 12,780 and 10,060 respectively;
and on the seventh, ninth and fifteenth days 8,400,14,625'
and 12,100 per .cubic millimetre. When Lhe Tever wasg more
probtracted the condition was exactly similar as in cases

No. 8 and 9. In Tour caseé in children the count when the
temperature became normal varied from 8,200 to 10,700, and
thig high standard was maintained for a much longer time
than in adulbs. The lowest count in twenty observations
wag 7,900, but generally it ranged petween 8,000 and 10,000

per cubic millimetre.



Sodium =alicylate, and particularly if pushed Tor the
Tirsgt twelve hours, seems L0 have a more rapid eifect in
reducing the numbef of leucocytes than hasg treatment by
either Salicine or Alkalies (Vide Charts I, II,III and IV.)
With the Sodium‘Salioylate the average lowest count in the

week was 6350 per cubic millimetre; with salicine 8125 per

cubic millimetre;arnd with Alkalies 9,000 per cubic millimetre.

d&ay X
24000 _._1-:t.J2n1,:5m.4qx.5th.6ﬂw_.7th. 24000 _125.'] 2nd. 3rd.4th.5 th, 6th, 7th.
22000 - 20000 -
20000 ~ \ 20000 -
18000 _ 18000 - L—-
16000 - :
14000 ~ 16000 =~ .
12000 \\ 14000 =
10000 - 12000 - A\
- 10000 - : -l
8000 8000 - A
8000 - - . — 6000 - o
Chart I, Sodium galicylate Chart II. Sedium Salicylate
{hourly at first) - 3 cases (two o¥ four hourly) - 8 cases.
day day
24000 - 1st.2nd.3rd.4th, Sth6th. 24000 -5t 2nd. 3rd.dth. 5th. 6th, 7th
22000 - - 22000 4 _
20000 = |-\ - ’ 20000 S I N P
18000 - \ / 18000 -
16000 - T 16000 A A
- 14000
15000 = N ‘%_,// a 12000 - Y7/’””“\\\ o
10000 ~| - 10000 i s
8000 - | _ 8000 - -
6000 - 6000 -

Chart III. Salicihe ~ 3 cages.
—24-
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Relapszes are assoéiated with an increase in the
leucocyte count. Thigs increase isg seldom.Veryfimpbrtant and
in norne of the caseg could it be termed a 1eucocytosis. The
highest figure observed was 13,250 per cubic millimetre in
case No. 12, although the court in the post-Tebrile period
varied from 9,000 to 11,550. In subacute casesg even when
the local manifestaﬁions were severe the increase was only
moderabe reaching a maximum of 11,650 per cubic millimetre.
Complications on the other hand cause 2 distirct increase

amounbing in some to a leucocytogig of high degree. (Vide

S

[is]
o
Charts V, VI, and VII.) g K
| i 5 e
: i & »
day o ~ day 5; . =
fthpdrgihdigfip, sthath, i i, th moolg‘éﬂﬁlﬂsthﬁhﬂzzﬂh.?“‘ §
— &
18000 38000 ! o
. - @
\ 17000 36004_| | /\ - day 5
- ! : dﬁlc .
/ 3600034000 | | \ 20000 170 2757 4 gth gty th
f V/\ 15000 32000 | |
19000
' | 114000 009 \ i
% | 18000 | ¢ i | \\
- 130002000 Lo b1 \ \
: 17000 A
_ | _\l__l1z0002600Q | . | R \ ‘\ /
| ﬁg100024000_h_£ I A 16000 ;f y ,K‘
f 22000 | \
ol 410000 ST 15000
i ! i
\/ i e \r 900020000 \ !V b= 14000 i \
| \
g X 800078000 \]J + = 13000 S
700018000 12000 Ll
Chart V.Pericarditis -Case No.l Chart VI. Pneumcnia Chart VII.Acute Bren.

- Case Nc.15 _ chitis -Case Nc.10
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The increase of leucocybes in acubte rheumatism is
interesting in ite bearing on the question whethe} the
diseage were infectious or constitutional. If it were the
fdrmer, the increase of - leucocytes was Lo be expected,vfor
guch increase was usually directly proporbional to the
intensity of the infective process. (Hunterlo) Rheumatic
fever ig an acube disease in which there are pain and swell-
ing of the Jeints accompanied by increased température,
profuse sweating, and a terndency to inflammation of the
pericardium, endocardium, and pleura, wibh sometimes cutaneous
manifescations, and yielding rapidly to treatment by salicylates
which.exert almost & gpecific effect on the disease. There is
alsoxa 1eucocybbsis directly corregponding to the severity of
the irfection asg is the case in pneumonia,diphtheria and
scarieb fever. Thig increased cellular aotivity represepts
natures attempt to rid the blood and the system of bacteria
and their toxines. In “his endeavour it is probable that
Webchnikofs’s hypothesis hold true, and that the immense
number of phagocytic leucocytes which crowd the blood sgtream
mechanically engulf and desﬁroy many of the invading micro-

organisms. The view expressed by Von Limbeck that the height

of the leucocytosis in infectbious diseasesg 18 dependent. upon



the exbent of the inflammatory exudabte 1lg no more tenable in
the case of acube rheumatism bthan it iz in the others. For,
procesges characterized by_insignificant exudate are capable
bf causing ag great or a greater increase than those in
which thisg out-pouring is extensive, and in rheumabtic fever
phere ig no relation between the number of joints involved
and the leucocybe curve. The essential factor in debermining
the degree ol ihcrease ig the intensity of the infection, and
the strength ol the individual’s resisting powerg in reactbing
against it. An intenge infection occurring in a persgon whosge
resisting powers are normaily develbped will produce .a
decided increase; bub in a pesrson whose resisting powers

are crippled the prexence o an infection of like intensiby
will fail-to cauge a leucocytbogig. Taking the two extreme
counbs of leucocytesg in the acube attacks on ddmission -
namely 7,000 and 51,750 per cubic millimetre a striking
conbrast ig presgented. The Iormer count .occurred in a
pabtient, who, during the eight months he wasg under obgervation,
had three relapses. The minimum and maximum of the Torty-
seven counts periormed were regpectively 4,550 and 10,150

Or only three occasgiong did the count exceed 8,000, each
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increasé being asgociatbted with a severe relapso. In this
case though the temperabure wag febrile and the rheumatic
manifeztations severe the leucocyte count genérally varisd
between 5,000 and 6,000. In the latber case the counts
'for the first four days were respectively 31,750, 16,950,
9,300 and 7,900 per cubic millimetre. There was a glight
‘reburrence of pain on the f£ifth day. On the ceventh day the
temperature was normal, bthe paing gone, and the leucocyte
count 6,350 per cubic millimetre. In one of Cabot’s oasés
in whichi the count was only 5,500, the patient had had a
fourth relapse. Clinically while these facts may be or
litole value alone, they may be oi some value Wheﬁ token

as corroborative of other rheumavic manifestatidng;

The differential changes observed in the leucocytes in
rheumatic fever involve a relative incresase of polymorphonu-
clear neubrophiles with & conseqguent diminution ox lymphocytes.
The percentages oi the = 211 lymphocytes ir the acube casges
averaged 15.79, varying Irom & minimum of 5.15 to a maximum
of 20.867. In bthe subacute cases the average was 24,50 per
cent. The leucocybes in seven cases in which the percentage
was less bhan 15 averaged 1§,OOOAper cubic millimetre, and in
twelve cases excseding 15 per cent,, 16,900 per cukbic millimetre.

In cases of high leucocytosgig Turk found that the number was



usually small, and in the legg acutbe cases when the leucocyte
count wag moderate the percenvage W greater and approached
in some cases Lo near the normal. With defervescence and in
the early stage of convalescence the countg increased to
usually between SO per cent. and 40 per cent. In thlee cages
this maximum was exceeded reaching in ohe (No.5) 47.66 per

cent. This lymphocytogis was also noted though in a less

>

Fh

degree in the later stage convalescence.

i

0
The large 1ymphocytes‘with the transitory Iforms in many

of the cases (complicated and uncdmplicated) showed in a strik-

ing manner a decided increase in humber. Thig geemed Lo be

more frequently associated with low thar with high counte,

and wibh abbacks of short than with atbtacks ot ldng"durabion,

although no hard and Iasy rulé car. be laid down regarding

thisg point. The percentages in the acubte casesg averaged

0. 86, and in the subaoube 7.67, varying in individual casesg

erom 2.55 to 16.46 per cent. in cthe former, and from 3.06 to

12.71 per cent in thé jatbter. In seven acute cases the per-

centage wasg under O5; in ten it varied between 5 and 10; and

‘in twé it was more bthan 10. In six of the twelve cases

exceeding b per cent, including the two maximum counts the

duration wasg less than one week. In some CaseE the increasge

was maintained throughoub, whilgt in others it wasg only

observed at the beginning and at the end of the observations.



In one case No. 6, the number on admission was 16.46 per cent.
The tempefabure was normal orn the bhird day. The percentage
dropped gteadily to o5.11, and then again increased unbtil
twelve days later when the last observation was made it was
15.96; In a few cases however the number remained within
normal limits. Turk also obgerved in an entirely frésh
case a‘relabive‘and absolute increase! and in another case
the increase was manifested once ab the beginning and once
" towards the end of the observations

So long as a high degree ol leucocytosis existed the
percentage or polymorphonuclear neutrophlleq wag generally
raised. If, however, the leucocytbe count was moderabe -
between 10,000 and 15,000, such relative increase was often
absent and the number normal. In the acute cases they
varied from 88.235 to 88.07 per cert. Turk found them to
vary between about 79 and 92 per cent. In the post-febrile
period they became dimirnished and sometimes reached a Vvery
1ow.figure - e.g;, in case No. 6, during convalesdenoe the
percentage dropped to 39.62, the corresponding count of the
¢mall lymphocytes being 47.66.

The circumstances attending>the cosirophiles proved

2 .

more interesting and mere variable. Zappert 1in two out

of four cages observed o congiderable diminution during the



fever, followed by an increase akove the normal when the
temperature became afebrile. Turk’s observations coniirm
approximately Zappert’é data. The percentages in the acute
cages averaged .75. In Tive cases this avelrage was exceeded,
the mexirum being ©.60, whilst in anothef case they Wére
absent on admiggion. In the =zubacute caszesg the percentages
averaged 3.03 varying in individual cases from 1.88 to 10.75.
Whenever ohe acute manifestations showed signs of abating I
foﬁnd theze cells increasing in number notwithstanding that
the fever and articular lesionS"hdd not entirely disappeafed;
and with a normal temperature the increase was generally very
decided. In two cases bhis was rapid and sudden. In one the
respectbive counts Ior the Iirst gix days were .19, 1.12, 7.60,
11.41, 8.66, and 8.49, per centy In the other on the
fourth day the psrcentage was .58, and on the Tifth and

gixth days 4,92, and 6,00, This re-appearance of eosinophiles
in the blbod in ‘increased numbels may be regarded as in
pheumonia ag a gign Qf the probable approach of the crisis.
In severe atbtacks and particularly in complicated cases as

in Nos. 9, 10 and 195, the eosinopliiles remained very low
during the febrile period. In céee No. 9 during the Iever
the highest percentage was= 1.28; in case No. 10, 1.80; and

in casge No. 195, .92



The eosinophiles follow very closely the leucocyte chart,

a diminution of the former being associated with an increase

of the latter and vice-versa. (Vide Chart VIII.)
Leucocytes da; Eosinophiles
38000 5. 00
17000
16000 4.25
15000
14000 3.75
13000
12000 3.00
11000
10000 2.25
9000
8000
7000
6000 .75

Chart VIII. Leucocytes - black

Eosinophiles - red
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Case No., 11 assumes quite an exceptional aspect.
_Of the forty-seven observations made during a period of
eight months_the eosinophiles only once exceeded 3 per centb,
and once were between 2 and 3 per cent. In zeventeen counts
the percentages varied between 1 and 8, and in twenty-eight counts
it was less thén 1. This patient had three severe relapses
during the period he wag under observation, and though the
temperatbure was normal and the pains almost gone these cells
were frequently under 1 per cent. This_case'is interesting
from the point of view of prognosis, as it shows a decided
~contrast to one reported by Turk who believes that a high
proportion of eosincphiles during the febrile period is a
good prognostic sign. In one.of hig cases, which was un-
complicated and of only three days duration the percentage
of eosinophiles on admission was 9.357. On the néxt dgay
Wﬁen the temperature was normal and the swelling and pain in
the Jjoints had disappeared, the percentage rose gtill higher
and reached 15.83. The nearest approaéh to Turk’s case from
the poihb ox numbérs was seen in case No. 31. On admizgion
the eosinophile count was 10.57 per cent; and on the following
day with freedom from pain and fever 13.57 per cent. Thirteen
days later this patient develoned g follicular tonsilitis.

The temperature was 102.2, and the eosinophiles .18 per cent.



At the end of =ix days when the temperature was afebrile,
and bthe throat condition better, the percentage again
rose to 10.01.

Most cells were seldom noticed in the acute stages of
the attack. I observed bhem'in.only gix of the acute cases
on admission, and in numbers varying between .19 and. 47
per cenbe. In the subacube cases on the other hand they were
.fouhd in ten of the Ifourtsen cases on admisgion, varying in
individual caseg between .18 and 1.22 per cent. With
defer&escence they showed a decided iIncrease. They were
counted in 154 out of 219 obzervations or 61 per cent in
the acute cases, and in 74 out of 100 observations or 74
per cent in the subacube caseé. In a iew severe cages
however they were almost constantly present as Ior example
in casze No. 4, in each of the Tifteen observations;'in case
No. 6, in ten out of eleven observationg; in case No.9, in
fourteen out oi sixteen observations, éxceeding on one occasion
the percentage of eosinophiles; and in cage No. 7 they were
presenﬁ in all the nine obsgervations excepting the first.

Myelocytes in samall numbers ranging from .16 to .86 per
cenb. were rfound during the abbtack in {ive coases. I obgerved

them in twerty-one film preparations - £ifteen times during



the fever, and six btimes whern the temperature was normale.
The caseg in which they occurred were amongst the most
severe. In four the leucocyhbes exceeded on admission 29,000
per cubic millimetre, and in the fifth cage which relapsed
three times they were present in seven out of forty-seven
observations. Turk noted their bresence during the fever in
one of higs eight Cases.

With regard to the blood-plates the examination of Ifresh
preparations in the acute stageg showed them to be greatly
increased. Cabot and Garrodlo noted ar increase during tﬁe
fever; Halla and Turk oiten a-very great . increase both When.
the temperature was Ifebrile and afebrile. Ag far as I am
aware none o; these observers have made any attempt to
enumerabe these bodies. In normal blood they may be =aid.
to vary between 200,000 and 300,000 per cubic millimetre.
The counbus of two cases made during the fekrile period were
respéotively 1,295,000 and 845,000 per cubic millimetre. In
the former the pabient was pérspiring very ireely at the
time of ob~ervat10n, but in the latter perspiration was legss
profuse. During convalescence the counts in these two cases
Wefe respectively 397,000 and 319,000 per cubic millimetre,

and in a othird case 342,000 per,cubic millimetre. The
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enumerabion of the blood-plates may afford a means of
diagnosing acute rheumatism from other infectious diseases
as pneumonia or typhoid fever in the early ctages. Cabot .
mentions two cases which at first were supposed to be
rheumatic fever but which eventually turned out to be
pneﬁmonia and typhoid fever. In both of these diseases
bhe number ig said to be normal or ab most to show a glight
‘increase.

Eheumatic feverris somebimes confounded with acute goul,
and for the pufposes of diagriosis clinical haemotolégy may
be of some value in distinguishing the two diseases. With

this object in view I examined the blood in six cases of

acute gout of recent standing. The resultg showed no
characheristic alterations. Irn long =tanding cases on

the obther hand an ordinary zecondary araemnia may develop.

The erythrocytes and the haemoglobin manifestbed little change,
whilst the increase in the leuoocy;e count was only moderate -
the highesb number beirg 10,350 per cubic millimetre. The
erythrecytes and the leucocytes on admigsion averaged respec-
tively 4,951,000 per cubic millimetre and 8690 per cubic

millimetre. The haemoglobin sstimates averaged 85 per cent.
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The differential counts showed as little variation. The
gmall lymphocytes averaged 25.50 per cent; the large

- lymphiocytes 5.57 per cht; the neutrophiles 69.06 per cent;
tHe eosinophiles 1.62 per cent; and the mast cells .48 per

cente..



CONCLUSTIONS.

Erythrocytes - An attack of rheumatic fever is alwdys
attended by a diminution in the number of erythrocytes,
varying in the acute cages from half a nillion to about two
milliong perw cubic millimetre. In the subacute cases'the
logg is less. This diminution is influenced by various
factors - e.g., the duratior of the attack - greater in
attacks of longer duration; previous attacks - greater in
cases with previous abtacks; the severity of the infection -
the severerthe infection the greaber the loss; preseﬁoe or
absence of endocarditis - greater in cases with endocarditis.
When the fever disappears regeneration takeg place. In
children the procesg of repalr is more rapid than in adults.

The development of fresh rheumatic menifestations during
convalescernce is accompanied by a fall up to about hall a.
million per cubic millimetre according to the severity of
the relapse. BErythroblasts occur only as a rarity.

Haemoglobin - The perCenbage ig diminished. The loss
ig proporuionately greater than that of the erthrocytes,
and like them ic is influenced by (1) the duratiop of the
attack; (2) previous abtacks; (5) the severity of the infec-

tion; (4) presence or absence of endocarditis. A diminished
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percentege of haemoglobin accompaniss a fall of erythrocytes,
but on the other hand the rate of increase of the former is
very much slower than that of bhe latber. The prompt use of
salicylates sometimes prevents the lossg of haemoglobin.

Haemoglobin Index - As & rule it is considerably less
than 1. When the temperature falls the colour index becomes
iess, and this fall may be continued into the period of
convalescence. |

The anaemia -0of rheumatic Tever in the acute stages of
the attack is én<oligooythaemia. Post-rheumatic anaemia is
in the majority of the cases a chlorosis; in mild casesg it is'
generally a pseudo-chlorosis.

Iron whether administered alone or with sodium sgalicylete
causes a recurrence of arthritis and fever When given too soon
after the subsidence of the acute symptoms. The blood changes
in rheumatic fever are-nob due to the salicylate of soda as
they are equally-well marked when galicine and alkalies are
given.

Leucocytes - Leucocybosis of varying degree accompanies
the acute attack. Irn mild cases it is moderate - under
15,000 per cubic millimetre. Ir. severe casesg it exceeds
15,000 per cubic millimetre. In subacute abtacks the number
ig just above the normal. The count is greater when endo-

carditis is present than when it is absent, and in cases

—58=



complicated by prneumoriia, pericerditis, and erythema, it is
above 20,000 per cubic millimeire. The counb ig notb
influenced by bthe nurber oxX Joints affected. When the
rheumabic marifestations abate the leucocytosig disappears
and gives place to a normal ébandard which when the fever
lasts some bime is above the average. Sodium salicylate
has a more poweriul influernce in‘reduoing the number of
leucocytes than has either gglicine orvalkalies. Relapses
cauge only & moderate increase never amounting to a
leucocytosis. There is a close relationship between the
leucocytosis.of rheumatic fever and the leucocytosig of
other infectious discages — €.8., preumonia and diphhheria.

The smell lymphocytes are reduced relatively and‘often
also absolutely. The reduction is generally greater in
cases of high than in coses oX low degrees of leucocytosisg.
In the subacute cases the number is akout normal. in the
pogt-febrile period there isg usually & 1ymphocytosis.

The percentage of large lymphocytes varies congideratly,
being éometimes nofmal and sometimes increased. Thig increase
is more frequently associated with abtacks of short than with
abbacks of long duration.

The polymorphonucleal neubrophiles are ircreasged in Uthe

acute stages. This increase does nobt appear £0 constant



when the leucocybte count is moderate. In the post-Tebrile
‘period the number is generally subnormal, and may reach a
lower figure than the small lymphocytes.

The eosinophiles are diminished in the acute attécks.
In the subacute cases they are within normal limits. With
the‘subsidence of the acute symptoms they show an increase
in number which is sometimes very rapid and sudden. The curve
of the eosinophilés varies inversely as the curve of the
leucocytes. A low percentage in the post-febrile period
as.Well as in the acute stages may be interpreted as an
unfavourable sign prognosticallye.

Mastléells are geldom présent durirng the height o the
fever. At other times they are almost constantly presente.

.Myélocytes in gmall numbers are sometimes found in the
severe casesg chieflly dﬁring the fever, but sometimes alsb
when the temperature is normal. )

The blood-plates are greatly increased during the

fever. The increase igs greatest when perspiration is
profuse. The number in the convalescent period 'is normal

or ot most shows a slight increase.
The blood counts in acute gout unlike that in acute

rheumatism show rio characteristic alterations.



1. Hayenm Du Sang 1889

2.. Turk | Clin. Exam. of the Blood in Ac.Inf.Dis.1898.

5. Lancet Feb. 13th., 1892. |
4. Cabot © Clin. Exam. of the Blood, 1901.

5. Da Costa Clin. Haem. 1902.

6. Trousseau Clin. ed. Vol. IV.

7. Ewing . Clin. Path. of the Blood, 1901.
8. . Lancet ay 17th.. 1900.

9. - Limbeck Kliﬁ. Path. des Blutes  1896. .
104 Lancet Ma& 28th. 1892.
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The ARTIOLOGY of RHEUMATIC FEVER with special

reference to the influence of Heredity.

---------------------



Heredity is one of the many factors mentioned in text
books of medicine ag a predispoging causge of rheumatic fever.
All individuals are not equally liable to suifer from this
disease when placed under oénditions favourable to its develop-
ment, and the exposure to chill which may be the exciting
cause of an attack in one person may in another give rise
to some disease of an entirely different nature as pneumonia

or pleurisy. It ig on this account that rheumatism is
classed among the disthetic maladies, and in this sense the
exisbence of a rheumatic diathesis cannot be disputed.
(}arrodﬂ; Hutcﬁinson2 speaks of thHis diathesgis as universzeal
and as shared to some extent by all. But, according to
Duckworbh? it is probable that some personsg never coulq have
rheumabism; it was only predisposed peI'sSOns, who, under
certain conditions of lowered vitality, became the prey to
sonme micro;orgaﬂism which germinates in the blood developing
ite toxineg therein.: Whatever consbituteg this diathesis
seems to be transmitted from generation to generation, from
parent to child, and the influence.of family predispogitvion

comes oub very clearly in studying individual cases.



In the Tollowing synopsis (vide Appendix), the cases
have been divided into four classes:- Class A - all cases
~in which rheumatic manifestationé could be traced in tlood
relatives of the Tirst degrese (i.er,fabher, mother, brothers
or sisgters); Class B - all cases in which rheumatic manifesta-
tions could be traced in relatives of the second degree (i.e.,
grandfather, grandmother, uncleg, aunts, or cousing);

Class C - 2ll cases in which the history of rheumatism was
doubtful; Class D - all cases in.whioh no history of any
kind could be Tfound.

The following tables give the hereditary and age-
incidence of the cases: in Tables I and II as admitted to
the infirmaryj and in Tables III and IV based on the age
at the first attack. As many of them have had previous
atbacks of rheumatic fever and therefore do not figure any
longer at those ages the information derived from Tables I
and II has only a limited value. Yetb while it does not
alter the fact of heredity in cases in which such a history
is obtained, it vitiabes stabigbics bearing on its influence
in predisposging to this disease at particular ages. Accord-
ingly Tables III and IV have been consbructed to remedy this
discrepancy. In Takles 1 and III the family higtory obtained
includes rheumatism anc rheumabic fever; and in Tables ITI and

IV rheumatbtic fever only.
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TABLE_I.-family hiztory of rheumatism and rheumatic fever -
presenc atback.

Age No.of Clasg A Class B Classes Total Class C Class D

Cages A and B
uﬁder 15 4 2 " | 1 3 " 1
15 to 20 6 2 1 1 4 1 1
20 to B0 23 o " 3 12 1 10
$0 to 40 15 4 " 2 6 1 8
40 to 50 17 6 " " s " 11
50 .to 60 B " " 1 1 - 2
over 60 2 " " " " " 2
Total 70 23 1 8 32 3 36
(a) under 15 years 1 in 1.3 gave a history in relatives of the
. lst. degree.
" 80 " 1 "1.6 ", " " "
" 30 " 1" 1;8 " " " '
over 30 " 1 " 2.8 " " " "
{b) under 156 years 1 in 1.3 gavé a history in relatives of the
lst. and 2nd.degrees.
" 20 " 1 "1.4 " " " L
"m0 " 1 "1i.7 0" " " .
0 " 1 " 2.8 " " " "

over



TABLE II.- Tamily hisﬁory of rheumatic fever - present attack.

- Age No.of Class A Class B Classes Total Class C Class D

e

Cases A.
under- 15 4 1 " 1 2 2
15 to 20 6 1 1 1 3 I 2
20 " 30 23 5 " 2 7 2 14
30 " 40 15 3 2 " 5 1 9
40 "'50 17 3 " " 3 14
50 " 60 3 " " " " 3
o&er 60 2 " " " " 2-
Total 70 .154 3 4 20 4 46-
'(a) under 15 years 1 in 28 gave'a history in relatives of tﬁe.
" 20 - " 1 " . " . " first"degree.
" 30 " 1 "5 " " " "
over 30 " 1 "6.1 " " " "
(b) under 15 years 1 iﬁ 2 gave a history in relatives of the
- . - and 2nd. degrees.
". 80 " 1."=2 . " " "
"3 " 1 "2s9 " " " "
over 30 " 1 "4.6 " " " "



TABLE IIT.~ family history of rheumatism and rheumatic fever -
first attack.

Age No.of Class A Class B Classes Total Class C Class D

Cages A. B.

under 15 11 5 " 3 8 1 2
15 to 20 12 3 1 2 8 1 5
20 "30 19 - 9 " 2 11 1 7
30 " 40 18 3 " 1 4 " 12
40 " 50 . 9 3 " " 3 " 6
50 " 60 2 " " o " " 2
over 60 -1 " " " " "o 1
Total 70 23 1 8 32 3 35

(&) under 15 yéars 1 in 1.3 gave a history in relatives of the
: . lst.degree
. "

" 20 " 1 "1 " "o
" 30 ll. l " l. 8 1" " n . "
over 30 " 1 " 4.8 " " L n ‘ "

{b) under 15 years 1 .in 1.3 -gave a history in relatives of . the
' ' lst.and 2nd.degrees
" n

" 20 " 1 " 1 . 6 '! ) "
" 50 . " 1 " lo 6 ‘ " . n ) " ] "
over 50 " 1 " 4. 6 1] " : " "



TABLE IV.- family history of rheumatic fever - first attack.

Age No.of Class A Class B Classes Total Class C Class D

Casges A. B.
under 15 11 4 1 1 6 1 4
15 to 20 12 2 1 2 5 1 6
20 " 30 19 4 1 1 6 2 11
30 " 40 16 2 " "o 2 Son 14
40 " 50 9 1 " " 1 " 8
50' " 60 2 " " " " " b
over 60 . 1 " " " " " 1
Total 70 13 3 4 20 4 46
(a) under 15 yéars 1 in 1.8 gave a history in relatives of the
’ " o0 L oo . o, " lst. dﬁgree.
" 30 " 1 " 2.8 " " " "
over 30 " 1 " 9.3 ", " " "

(b) under 15 years 1 in 1.5 gave a history in relatives of the-
' : l1st. and 2nd. degrees
" 20 " 1 "1.9 " " " "

" 30 "1 "2.3 " " .
over 30 " 1 " 9.5 " " " g



The statistics from Teblez I and IIT show that a hiztory
of rheumatism and rheumatic fever was obtained in thirty-two
cases, or.in 45.7 per cent, and on deducting from the total
the doubtful casges in 47.7 per éenb.

In thirty-one cases or 44.2 per cent. there was a history in
rela.tlveq of the 1lst. degree.

" eight " " 11.4 " " lst. & 2nd. "
¥t one case 11 1.4 n " " gnd. ,"
" three cases " 4.2 " the history was doubtful.

"

thirty-five. " " 80 " no history was obtained.
The statistics from Tables II and IV show that in
twenty cases, or 28.5 per cent. there was a Tamily history

E=]

of rheumatic fever, and after deducting the doubtful cases
in 50.3 per cent.

In thirteen cazges or 18.5 per cents there was a history in
relab1vcm or the 1st. degree

" four " Mos57 " " lst.and 2nd. "
" three " " 4.2 " " " 2nd. "

" four " " 5.7 " the history was doubtful.

" forty-six "™ " 65.7 " no history of rheumatic fever.

From the above Tables it will be seern that the hereditary
influence is the more marked the younger the subject; that
the proportion of rheumatic Family his :tories is highest

amongst the youngest patients and steadily decreases with

-7



advancing age; and that thoze who have a rheumatic history
(including rheumatism and rheumatic fever) are three times

ag liable to suffer from the disease before bhe age of thirty
than dver this age, and four times ag liakle if the history
bé one of rheumabiC-fever; 78 per cent. of the cazes with a
hereditary history oi rheumatism and rheumatic fever,'and

85 per cent. of those with a hereditary history of rheumatic
Tfever, suffered Ifrom the disease before reaching the age of
thirty (vide Tables III and IV.)

4 . 4 .
4 the chance of an individual with

According to Cheadle
a hereditary taint contracting acute articular rheumatism
is nearly ITive Limez ag great .as that of an individual with
no heredibaryibendency.

Fuller’s5 statistics basged on the examination of 246
cagses. treated ab St. George’s Hospital between January 1845
and Iay 1848, show that a hiztory ol rheumatic fever in one
‘or other parent was present in 71 cases or 28.8 per cent.
Among Tive hundred patients treated at the Westminster
Hospital, Syersl obtainsd & family history of rheumatism
in the parenbs, uncles, aunbe, brothers or sisters in 33.4
per cent; and of rheumatic fever in those of 20 per cent.

Pye Smith6 traced a hereditary tenderncy (direct and collateral)

in 23 per cent of four hundred cazes. The Committee of the



Clinical Sociebyl in the report on hyperpyrexia stated that

Py

of thirteen hundred patient: treated in the Middlesex Hospital
27 per cent. gave rheumatic family historiesz. 'Bosanquet7
esbimated it at 22 per cent; Beneke® at 34.6 per cent; Sir
A. Garrod4'ab about 256 per cent; Dr. A. B. Garrod9 taking
adults and children together at 35 per cent in rheumstic
patients; and Goodhart,10 teking children alone at 57 per
cent. Cheadle4 Tound & hisztory of rheumatic fever in twenty-
three out of thirty-two cases or 71 per cent. cccurring in
private practice, and if chorea and erythema be taken as
gufficient evidence of rheumatism the proportion was raised
to thirty-one out of tLhirty-three casesz, or 93 per ceﬁt.

Thus, statisbics bsaring on thié gubject are exceedingly
variable. This is probably due Lo (l) differences of
choroughness in inquiry, and the nature of the eviderce
allowed, and (11) the class of pabients Irom whom the
evidence ig obtained.

As regards the first, in investigating a dizease like
rheumatic fever, it 1s not merely a question of tracing a
digseasge with various and mﬁltiple manifestbations in the
‘agcendanbs identical with that in the patient, but any
manifestatbion. whatsoever provided that it is positively

0¥ the nature of the disease investigatbted as in scroiula



. - . 6
and syphilis. (Homolle.) Some observers ag Fuller have
limited their inquiries to a Misbory of rheumstic fever in

the parents. The statistic

n

Irom such limited investiga~
tions are necessarily incomplete. From Tables III and IV
it will be seen that while a history of rheumatism and
rheumatic fever was obtained in the proportion of 1 in 1.6
under the age of thirty, and of 1 in 4.6 over this age,
when rheumatic fever was alone invegtigated the proportion
was much less being 1 in 2.3 in the former period, and 1
in 9.3 in the ‘labtter. Albhough acute rheumatism in ohe
prarent may be followed by acubte rlieumatism in the child it
does not follow that this is the only form which can transmit
& predisposition to acute articular rhéumabism. On the
contrary you freqguently discover in the parents or grand-
parents some of the manifestations of the disease - lumbago
and rheumatic iritis, Which belong to "Rhumatisme Abarticulaire"
and "Rheumaﬁisme Vague, ' (Besnisr and Homolle.)8 In eleven
of the cases or 15.7 per cent, one.or both parents of the .
patienﬁs suffered from chronic rheumatism ("rheumaticg') and
of these eight or 1l.4 per ceﬁt. developed typical attacks ol
acubte articular rhesumabism.

Again, while no history may be obtained in the parents,

there may be a History in relatives of the 2nd.degree

-10=-



as in case W. H. (No.1l);uncle and aunt (maternal), both
suifered from rheumatic fever, though no hiztory was obtained
in the parents.

In the case of adults of the lower classes it is much
.more difficult to obtain any information 6f the dizeases
Irom which the parents suffered than in patients of the
better clasges. The most satisfactory results are obtained
in the case of children as their mothers can nearly always
give an account of at least two generations, and stabisbiés
bear out this point. The Highegt figures recorded have
been in children, Goodhart putting it at 67 per cent, and
Cheadle at bebween 70 and 93 per cent.depending on the amount
of evidernce ailowed. >Much more gzabtislactory reqult,q are
obtained in private practice. In hogpital or in a public
institution the nearest approach to securing equally accurate
results is by interviewing the relatives. In these cases
this was done as far as posgible and an eﬁdeavour made bo‘
verify statements regarding the diseases with which the
patients cr their relatives might be credited. In some
cases in which one expected to find a family histbry of
rheumabism this was impossible as the patients knew nothing
of their parents or relatives - e.g. Caze C.A. (No.28), aged

20. who on admisgion for his third attack of acute rheumatizm

-11- ' .



had a double mitral murmur.

A regative history does not necessarily exolude an
inherited rheumatic tendency az many persons have suffered
- from rheumatism in childhood, who are guite unaware of the

Tact having escaped articular lesiong entirely or-almost

entirely. One of these mild cases (L.R. No0.67) came under
my notice. ‘The patient was admitted with an abscess on
the head, which eventually healed up. Some time aiter-

'Wards she caxuvally mentioned to the nurse that she had pain
in her right knee which it seemed she haa had Tor two days.
There was no swelling or rednesg and the temperature was 100. 6.
On invegtigation it wag found that her mother died from heart
digease folldWing rheumatic fever.

Tt is not so much from the study of figures, as Ifrom
the examination of individual cazes that the most satisfac-
tory evidence of bhe importance of heredity as a predisposing
cause of rheumatism ig obtained. Some of the cases‘shbw a
remerkable family proclivity to the disease - €efZe s COZES Nos.
58 and 26. In the former, bthere was a rheumatiq strain in
both father and mother. The mother had five brbbhers and
two gigters. Six suffered from 'rheumatics," and one from

rheumabic fever and heart disease. The pabient hersell had

-]18~



ﬁibral regurgitation, and had had five previous abtacks of
rheumatic fever. One sisgter had chorea. In the case of the
latter, the pabient’s Tather had rheumatic fever; one brobher
gubacute rheuﬁaﬁism; one gister choreaj; one brother escaped.

Garrodl gquotes the case of a mother and all her children,

f£ive ir number, who had survived the troubles of infancy, and

2ll of whom had suffered from rheumatic fever. One son had
had three attacks, and another five. It might be argued

that in this case bthe digease was endemic, and influenced

by local causes, bubt Garrod points out that the various
menmbel's of bhé family were attacked in three different houseg_
in three diffeient Lowng. Again there is’the remerksble

cage of SteinerII, in which a rheumatic mother had twelve
children and elevén of them suffered Trom rheumatism, and died
before they reached the age of twenty. Similaxr cases have
been reported by other obzervers.

In three 0¥ the cageg I traced a family hisbory ol
rheumatism in three generabtions. (1) A.H., No.15, aged eight
has had one previouz attack;mother had rheumatic fever;aunt
(maternai)rheumabic fever and heart diseasgejuncle (maternal)
rheumatic fever. Grandmother (maternal)suffered from rheumatism

and died in confinement. (2) G. D. No. 18, aged twerty has

-15-



had no previous attack; mother and grandmother (maternal) had
rheumavic fever. (o) H. B. No. 61, aged twenty had one previous
attack three years ago; father, grandfather (paternal), and
twin brobhers, suffered from rheumatic fever. |

When the prociivity iz inherited from both parents one
would expect the tendency to the disease to be greatly
intensified, and its severity and persistence likewize
increaged. In two cases there was a double inheritance.
One was the cage of H.P. No0.98 already guoted; whilst the
other was the éase of J.V. No.239, aged bWenty-eight.who had
one previous abtack of rheumabtic fever Ifourteen years ago.
On admisgion he had mitral regurgitation and obstruction.
Mother suffered from rheumatics and lumbago; Ifather and
grandfabhér (paternal) also Irom rheumatics. Goodhartlo
relates a case in which with a history of rheumatism in both
Tather and mother, five out of sik children under fifteen -
i.e., all but a baby of fourteen months, had either articular
rheumatism or heart dizease; a boy of {ifteen had rheumatic
fever twice, and had mitral regurgitation; the =second, a oy
of tern the same; the third, a girl of eight, died of mitral
disease; the fourth, a girl, had rheumatic Iever arter
scarlatina, followed by mibralldisease; thé £fifth, a boy

. .o 4
of four, was laid by all winter with rheumatism. Cheadle

14—



reports the caze of a girl who had chorea in ibs most gevere
form, Tollowed ty repeated attacks of erndocarditis, pericarditis,
erythema, paresis of limbs, acid sweabts, paing in the Joints
and successive crops of sgubcutaneous nodules. She died at
the end of nine months of cardiac dilatation and failure.
The Tfamily history was charged with rheumatism on both
gidesg. The Tather had subacute arthritis and muscular
rheumatbtism; hig sigter died at eight years old of heart
disease following acute rheumsbism and chorea; his wite,
the patient’s mother, had suffered from acute rheumatism,
heart disease, and chorea, her nephew a cousgin oif the pdtienb,
had rreumctic fever, and heart disease, and a niece subacute
rheumatism. Cheadle found that many of these cases where
there was an extraordinary tendency of rheumatizm to develop
in certain families might be due to zome special Taultbts of
locality or circumstances, but careful inquiry into a number
of cases showed that they arose in very various localities
in memwbers of the family when in different places, and under
different conditions.

Another point in favouf of £he hereditary bransmigsion
of rheumatism is the fact that the disease sometimes alfects

sucklings and young children, and it is possible that such

'
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cases are cauzed by the inherited\vulnerability of the
bissues. Bosanquet9 reports one case at the age oi tLhree
weeks, and four others between the ages of two and Tour.

THe mode of transmission showed a slight increase
through che Ifemale. In Tifteen cases or 46.8 per centb. it
was bhrough this line; in thirteen cases or 46.6 per cent.
through the male; and in four cases or 12.5 per cent there
wag a double inheritance.

The liability to develop endocarditbis would seem to‘
be much stronger when o rheumatic tendency was inherited
and especially when the hisbory was -one ox rheumatic fever.
Of the thirty-two patients in whom a Tamily history of
rheumatism and rheumatic fever was obtained, nineteen gave a
history of rheumatic fever irn the parents or relatives, Ten

B

of these had endocarditis on admission or developed it during
the obback. In the other nine there was ro endocarditig.

In bhirteen cases the family history was gimply one of
"rheumavics." 0f these, iour had endoéarditis'on admisgion,
whilst in the remainder it was absent. THugs oif the thirty-
two patients with & rheumatic faﬁily history, endocarditbtis
was present in fourteen, or 45.9 per cent., and of the remain-
ing thifby-eighb cases in which no history, or a doubtiul
history df rheumatism wae obtaiged, endocarditvis was only

present in eleven cascs or in 28.9 per centb.



CONCLUSTIONS.

A family History of rheumatism is.obtained in a large
percentage oir cases. |

The percentage is highest amongst the youngest patients
and steadily decreases with advancing age. |

| Patients with é hereditary history ﬁearly always suffer

from the disease belore reaching the age oi thirty.

The diseage somebimes appears in three succesgive
generations.

Chronic rheumatism in the parents and grandpafents is
cometimes followed by rheumatic fever in the child.

There is a slight increase in the hereditary transmission
through the female line. |

A negative higtory does not necessgarily exclude an
inherited rheumatic tendency.

BEndocarditis is met with more frequently when a rheumatic
tendency is inherited and especially when the history is one
or rheumatic fever.

1. Garrod . Treatise on Rheumatism, 1890

2. Hutchinson Trans.Internat.Med.Cong.London,1881,V01.II
3. Duckworth Lencet, Aug. 17th., 1895

4, Cheadle Harveian Lectures, 1888.

5. Fuller Rheumabizm etc. Srd. Edit., 1860

6. Pye Smith Guy’s Hosp. Reports,1874,3rd.Series, XIX.
7. Lanceb June 2nd., 1800, .

8. Jaccond Dietb.de Med. et de Chir. Vol.XXXI, 1882,
9. DLancet July 81lzt., 1888,
10. Goodhart Dis. of Children.

11. Steiner Dig. of Chiildren.
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The counts in normal blood are apprOximatél& as
follows:—
Erythrocytes - per cubic nillimetre 5,000,000 for men
and 4,500,000 for wonen
Haemoglobin - about 1OO per cent. -
Leuéocytes' - 5,000 = 10,000 per cubic millimetre.
| Small Lyﬁphocytes - 22 - 25 per cent.

Large Lymphocytes - 2 - 4 " "

" Polynuclear Neutrophiles 70 - 72 per cent.

Eodinophiles - 2-4 " "

" 1

Mast Cells - 5
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