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In the following paper are recorded the results of ray 
observations on (i) the Blood Changes in Rheumatic Fever, 
and (ii) the AEtiology of Rheumatic Fever with special 
reference to the influence of Heredity.

Examinations of the blood were made in thirty-five
cases - twenty-one acute and fourteen subacute. The 
Statistics relating to the aetiology were compiled from 

seventy cases. All the patients were under ray care 
while acting as assistant medical officer at the Holborn 
Union Infirmary, London.
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BLOOD ' CHAN&BS. in EHEUMATIC FEVER



Our knowledge of the condition of the blood in rheumatic 

fever is very fragmentary. The literature is mainly in 
German and French. Turk in his monograph on the "Clinical 

Examination of the Blood in Acute Infectious Diseases," 1898, 
gives his observations on eight cases. There is a short 
summary in Cabot's "Clinical Examination Ox uhe Blood, 1901, 

and in Ewing's "Clinical Pathology of the Blood," 1901, and 
Da Costa's "Clinical Haematology," 1902, references are also 
made to this subject. Dr. Archibald Garrod in a paper read 
before the Royal Medical and Chirurgical Society, February 
9th.,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 leucocytes, 
With the exception of'Turks observations, and those of Zappert 
relating solely to the cosmophiles, I have not been able to 
find any references to the differential counts in clinical

literature.
Technique - In estimating the number of blood cells 

the haemocytometer of Thoma-Zeiss was used. For the
erythrocytes the degree of dilution was 200, and the diluting 
fluid Toissori's solution which stains the leucocytes and thus
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enables them to be distinguished readily from the erythrocytes. 
Two counts were made, and in each count two sets of one 
hundred squares were counted. An average was taken, and 
this 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 proportion 

of 1 to 10, and a diluting fluid (3 per cent acetic acid 

tinged with gentian violet) which dissolves the red cells 
leaving only the stained leucocytes to be counted, was 
employed. All the leucocytes in one square millimetre were

counted, and the average of two such counts was multiplied 
by 100 to obtain the number of leucocytes per cubic millimeure. 
Jenner's stain was used for staining the blood xilms in the 
majority of the cases, but in those cases in which the blood - 
plates were enumerated Leishmann's mod,ification Ox Romanowsky s 
stain was preferred. The haemoglobin was estimated with

Gower's haemoglobinmeter.
In order to eliminate any discrepancy which might arise 

from the effects of food the successive countings were 
performed as nearly as possible at the same hour in each

case. Normal Counts (Vide Appendix).
It is a clinical fact that patients who pass through an

attack of rheumatic fever become distinctly a n a e m i c -According



to Hayem^-tîie poison of acute rheumatism, is a powerful and 
rapid destroyer of the erythrocytes. The figures given by 
different observers vary somewhat; but the concensus of 
opinion is in favour of the view that rheumatism invariably 
leads to a pronounced déglobulisation. SBrenserh who was 
the first to supply any data on the condition of the blood 
in cases of acute articular rheumatism, observed a decided, 

if not considerable decrease in the number of erythrocytes, 

averaging in eight cases' 4,160,000 per cubic millimetre.
Hayem noted that in acute cases these cells lose at least
one million of their number, and in cases which drag along

. -.3and relapse the loss is from 1.5 to 2 millions. Garrod
and Turk^ alsd found that during the fever the erythrocytes
were markedly diminished, which diminution commenced veiy

4early 'in the attack. The average in .Cabot's cases was
4,400,000 per cubic millimetre, and in Fee's cases the 
number always exceeded 4,000,000. In two out Ox seven Ox 
Da Costa's^ cases the counts were only 1,842,000 and 1,500,000 
per cubic mi 11 imetre; but he does not, state whether this 
reduction was solely due to the rheumatic attack, or whether 
there was at the same time some other diseased condition.

The average of twenty-one counts in the acute cases 
taken as a rule shortly after admission to this infirmary.



and always before the commencement of treatment was 4,359,000 
per cubic millimetre, individual counts varying from 3,144,000
to 5,572,000 per cubic inil lime tre. In seventeen cases the
count exceeded 4,000,000 and "in cases Nos. 7,9,12,19, it 
was less. Of these four cases three had valvular disease, 
one having in addition erythema papulatum; while the fourth 

had an eruption of erythema multiforme on admission and 
developed endocarditis during the attack. In the subacute 

cases the counts ranged between 2,240,000 and 4,984,000, 
averaging 4,372,000 per cubic mi11ime tre. The minimum 
count occurred in a patient who was also suffering from 
chronic parenchymatous nephritis. The counts in four 
cases in children averaged 4,167,000 per cubic millimetre, 
the minimum and ma:-:imum counts being respectively 3,990,000 

and 4,660,000 per cubic millimetre.
Various factors appear to me to influence the count:-

I. The duration of the attack -
In eleven cases not exceeding one week's duration the 

counts averaged 4, 588,000 per cubic millimetre; in xoui teen 
cases not exceeding two weeks duration 4,369,999 per cubic 

millimetre; and in seven cases exceeding this period 4,183,000 
per cubic millimetre. Judging from these averages it might
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be concluded that the loss of erythrocytes was proportional 
to the duration of the attack, and a study of individual 
cases confirmed this opinion to a certain extent, though it 
would seem that the loss was 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 4,462,000 per cubic millimetre and in 
those sick between one and twenty days 4,540,000 per cubic 

millimetre.
II. Previous attacks of rheumatic fever -
In fourteen cases with previous attacks the counts 

averaged 4,325,000 per cubic millimetre, and in seven cases 
with no previous history of rheumatic fever 4,492,000 per 
cubic millimetre. In two of the cases the reduction of 
erythrocytes was very marked. One had had five previous 

attacks, and the other four, the respective counts being
4,164,000 and 3,144,000 per cubic millimetre.

III. , The severity of the infection
This proves a much more powerful factor than either

4of the tvfo preceeding. According to Hayem and G-arrod the 
blood constitutes as in syphilis a most valuable measure Ox 
the intensity of the disease, which is parallel to the
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.severity of the blood changes rather than to the number of 
joints affected. The curve of the leucocytes follows very 
closely the severity of the infection: a high leucocytosis 
i.e., over 20,000 per cubic millimetre being usually associated 

with complications in some form or other. The most anaemic 
cases 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 cases exceeding 20,000 per cubic millimetre
4.189.000 per cubic millimetre. In three of these seven 
cases the erythrocyte count was less than 4,000,000 per 

cubic millimetre; in three it varied from 4,164,000 to
4.528.000 per cubic millimetre; whilst in the seventh case,
of only five .days duration there was an apparent polycythaemia 
on admission, the number of erythrocytes per cubic millimetre 
being 5,572,000. On the third day, however, the count 
dropped to 4,508,000 per cubic millimetre; and on the fifth 
day there was still a further reduction to 4,320,000 per

cubic millimetre.
IV, The presence or absence of endocarditis - 
A valvulai' lesion per se is stated to have no effect 

on the blood. Most of the changes in rheumatic fever in a
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patient with endocarditis are due to the activity of the 
rheumatic poison, and whilst this poison itself is very 
destructive to the erythrocytes, it would seem that its 
influence is greatly aggravated when it is accompanied by 

valvular disease of the heart and pericarditis. (Trousseau.)® 

When a cardiac lesion was present on admission I found the 

diminution slightly greater than when it developed subse

quently, and still greater than in the cases unaccompanied 
by cardiac disease. In nine cases with endocarditis - one 
having also pericarditis on admission, the counts averaged
4.165.000 per cubic millimetre; and including two other cases 
in which the valvular lesion developed of ter admission
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 counts was 4,086,000

per cubic millimetre, and, in eleven cases with no such 
aifection 4,487,000 per cubic millimetre.

While destruction of the erythrocytes occurs curing 

the acute stages of the attack, regeneration Ox these cells 
takes place with greater or less rapidity when this peiiod 
is passed. When the fever only lasted a few days the
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erythrocytes in some cases reached their minimum when the 
temperature became normal, whilst in others they showed an 
increase corresponding to this period. In the following 
eight cases Nos. 8,3,4,5,6,13,20 and 21, the temperature 

was normal on the third day. The counts for the first three 
days averaged respectively 4,799,000, 4,564,000 and 4,669,000
per cubic millimetre, and a week later 4,830,000 per cubic 
millimetre'* With the exception of case No. 6, which showed 
a steady diminution during the first five days from 5,572,000 
to 4,320,000 per cubic millimetre, the erythrocytes increased 
during the post-febrile period. IVhen the temperature remained 

febrile for a longer period there was not a progressive 
diminution in the count as one might have expected. The 
diminution went on steadily for the first three or four 
days, and was followed by an increase during defervescence 
In one case, however, in which the fever was obstinate, 
instead of this increase the numbers remained at a more or 
less uniform level which as in one of Garrod's cases was very 
low. In five cases Nos. 7, 10, 12, l6 and 19, the tempeiature 
remained febrile for about a week. With the exception of case 
No. 16, the rheumatic manifestations showed, an improvement 
after the commencem.ent of trea.tm.ent.
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The counts of these cases for the first four days 
averaged respectively 3,959,000, 3,912,000, 3,779,000 and
3,643,000 per cubic millimetre; on the fifth,seventh and 
ninth days 4,001,000, 4,032,000 and 4,186,000 per cubic 
millimetre; and on the fifteenth day 4,384,000 per cubic 

millimetre. Turk observed a similar result in six out of 
eight cases. In case No. 9 the fever lasted one month.

During that period eleven observations were made, the 
individual counts varying from 5,394,000 to 4,100,000 per 

cubic millimetre. Eleven days later the count was 4,654,000 

per cubic millimetre; and in the next four observations 
extending over a period of two months the counts ranged 
between 4,566,000 and 4,800,000 per cubic millimetre.

In some cases, particularly in children, the process 
Ox regeneration is very rapid. In one case (No.20) the 
normal number was reached on ohe third day, and in anouher 
(No.18) on the sixteenth day. In cases Nos. 30 and 24, both 
subacute, the normal count was observed on the thiid and 
fourth days respectively. Garrod observed that within as 
short a period as ten or eleven days a million corpuscles 
may be lost and gained. The corpuscular loss xiequently 
persists for a considerable time, giving rise to a condition
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approaching chronic anaemia in patients who have suffered 
Pi©viously irom rheumatic lever a.nd who have contracted 
endocarditis — e.g., cases Nos. o and 7. The regenerative 
period may he interrupted by a relapse or by a series of 
relapses. A relapse was accompanied by a fall in the number 
of erythrocytes, the degree of diminution varying according 
to its severity. When very slight these cells showed no 
appreciable change in number, and when of moderate severity 
the diminution as a rule did not exceed 200,000 per cubic 
millimetre. In cases with a severe relapse the loss was 
usually much greater, and in one case (No. 11), it exceeded 
half a million per cubic mi 11ime tre.

The qualitative modifications of the erythrocytes in 
rheumatic fever have never proved considerable. In cases 
of well marked anaemia striking differences of size and 
colour were often observed, but the presence of erythroblasts 
in this disease apparently occurs only as a rarity, Turk 
observed nucleated erythrocytes in two of his cases and ths.t 
only on one occasion in each case.

As regards the haemoglobin observers are quite unanimous 
that it suffers more severely and more constantly than uhe 
erythrocytes. In Cabot's cases the average percentage was
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63; and in Turk's cases it ranged between 60 per cent,and 
80 per cent. In my acute cases the haemoglobin 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 
subacute cases from 36 to 96 with an average of 76 per cent 

The factors which influencé the erythrocyte count 

also appear to influence the percentage of haemoglobin:- 
I. The duration of the attack - 
(aj not exceeding 1 week's duration: 11 cases
(b) " " 2 weeks " : 14 "
(c) exceeding " " " : 7 "

II. Previous attacks of rheumatic fever -
14 cases 
7 "

14 cases 
7 "

(a) previous attacks:
(b) no " :

III. The severity of the infection
(a) under 20,000 leucocytes p.c.m.
(b) over

IV. The presence or absence of endocarditis - 
'*A" acute attacks:

(a) present on admission
(b) present on and after admission
(c) absent 
subacute attacks:

(a) present on admission
(b) absent

—  11—

9 cases 
11 "

10 "

5 cases 
9 "

7 0 per c.ent 
68.5 " "
64 " "

66 per cent 
70 " "

69 per cent 
64 " "

64.5 per cent 
66

69.8 " "

72 per cent 
78 " "



There is no direct correspondence between the number of 
erythrocytes and the percentage of haemoglobin. A diminished 
percentage of haemoglobin is usually associated with a 
diminished count of erythrocytes, but dufing the post-febrile 

period regeneration of the haemoglobin is very much slower 
than that of the erythrocytes. In eight cases in vfhich 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, respectively; and a week later though the 
erythrocytes showed a decided increase the average was only 
72.6 per cent. This decrease was particularly marked in 
cases Nos. 6, 13 and 21. The average estimates in five 

cases 'in which the fever lasted about a week, were for the 
first four days 59, 56.8,'56.5, and 53 per cent, respectively; 
on the fifth,seventh and ninth days 55, 52, and 53.6 per 
cent; and on the fifteenth day 56 per cent. When the dura
tion of the fever was more protracted, the haemoglobin in 
one case (No.8) remained low throughout never rising above 
70 per cent, whilst the erythrocytes on four occasions 
exceeded 5,000,000 per cubic millimetre. In another case 
(No.9) though the erythrocytes after the first three days 
only varied between 3,394,000 and 4,100,000 per cubic millimetre, 
the haemoglobin during that period showed an increase xiom
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64 per cent to 66 per cent. Garrod observed the same thing 
in one or two of his cases, Leichtenstein^ found in cases 
of protracted illness a considerable diminution in the per
centage of the haemoglobin, and he also noticed that the 
prompt use of salicylates prevented the loss of haemoglobin 
in one case. In cases Nos. 27. and 24 it would seem as if 
the same thing occurred. In the former the haemoglobin in 
twelve observations varied from 90 to 95 per cent, and in 

the latter in six observations from 87 to 95 per cent.
In a disease like rheumatic fever in which the 

haemoglobin loss is relatively more excessive than the 
corpuscular decrease subnormal colour indices are the rule. 
This diminution is in most cases merely transitory. In 
Cabot's series the average colour index was.76, and in 
Turk's generally between .65 and .80. In the acute cases 
it averaged .77, and in the subacute .84, varying in in
dividual cases from .55 to .90 in the xormer, and xrom .76 
to . 90 in the latter. Though the erythrocytes increase 
slowly during convalescence the haemoglobin worth Ox the 
individual corpuscle does not increase correspondingly, hue, 
remains low. The average colour indices in eight cases Ox 
short febrile duration were for the first three days .7 8, 
.82 and .78 respectively, and a week later .75. Similarly
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when the fever lasted about a week the colour indices for 
the first four days averaged .74, .71, .74 and.73; on the 
fifth, seventh and ninth days .67, .64 and .65; and on the 
fifteenth day .65. Wien the fever was of longer duration 
the colour index generally remained low for a considerable 
time as in cases Nos. 8, 9 and 11. During convalescence the 
value of the colour index increases, so that the last 
observation is as a, rule higher in value than the first.
In case No. 8 the difference between the first and the last 
observation made five weeks after the temperature became 
normal was only .02; but in case No. 7 the diminution was 
very conspicuous being .78 at the beginning and .65 at the 
end of the examinations. This however is very exceptional.

The amount of fibrin is markedly increased especially 
during the most acute stages of the illness, and this has 
been noticed by many observers. Holla, Hayem, Berggrum,
Turk*̂  Coagulation of the blood takes place within the normal 
time limit, or it may be delayed considerably.

The anaemia of rheumatic fever in the acuoe phases Ox 
the attack is an oligocythaemia (i.e., a diminution in the 
number of erythrocytes below the normal standard.) This
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requires no special treatment, and is followed after the ■ 
cessation of the febrile period by a more obstinate anaemia 
of a "chlorotic" type (post-rheumatic anaemia.) In the 
majority of the cases this post—rheumatic anaemia is 
haematolog’ically a chlorosis, and occasionally in mild cases 
a pseudo-chlorosis (i.e.,though the external symptoms of 
chlorosis are present, the haemoglobin and the number of 
erythrocytes are nearly normal.) In two cases Nos.10 and 17, 
both of which were complicated, there was a well marked 
oligocythaemia at the termination of the observations.

The following table gives the results of my observations 

on this point:-
Acute Subacute Total

Qj]̂ 2.orosis 14 cases 9 cases où cases or 69.6 per cent,
Pseudo-Chlorosis 3 " 5 " 8 " " 24.8
Oligocythaemia 2 " nil 2 " 6.0

These conclusions agree in the main with those Ox Turk, 
who holds that post-rheumatic anaemia fs generally a pure 
chlorosis and in severe relapsing attacks of long duration 
becomes a pronounced "chloro-anaemia." Garrod believes it 
to be a pseudo-chlorosis. Whatever be the nature ox post- 
rheumatic anaemia, whether a chlorosis or a pseudo-chlorosis.
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one tiling is certain that all patients who pass uhnough 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 holds a very prominent place.

When given very soon after the acute, stage is passed it 

seems to produce a recurrence of arthritis and fever. In 
cases Nos. 2,3 and 4, iron in the form of citrate was 
administered on the fifth day, and in case No. 3, on the 
'sixth day after the temperature became normal. In the two 
former it was given alternately with salicylate of soda 
three times 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 cases 
on the fourth day. I could not attribute these recurrences to 
anything else than the administration of iron. Haviland Hall 
also observed a return of pain and temperature when iron was 
given too soon; and he states that it should not be administeied 
until at least three weeks after the subsidence of the acute 

symptoms.
It has been suggested that the blood changes in rheumatic 

fever may be determined to some extent by the salicylates
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administered in the treatment of the disease. So far as I 
can make out from these observations there is no evidence 
to show that the salicylates increase these changes more 
than any of the other drugs which are sometimes employed. 
Hayem after comparing the results obtained by treating the 

disease with sulphate of quinine with those obtained by 
treating it with salicylic acid came to the conclusion that 
the changes were not due to the saHicylic treatment, being 

equally well marked when no such treatment was adopted.
The majority of my own cases were treated with sodium 
salicylate. For the sake of comparison some were treated 
with salicine and others with alkalies. The blood changes 
were found to be equally well marked in each group ox ca&es. 
Further, in cases Nos. 7, 24 and 27, the sodium salicylate 
was given in full doses every hour and toxic symptoms such as 
giddiness and deafness etc. were produced, and instead Ox a 
regular diminution of erythrocytes which one would expect 
were the drug productive of anaemia, there was a slight 
increase in the counts in two of these cases. The diminution 
which is noticed after the commencement of treatment is not 
to be explained by the effect of one or other drug, but 
coincides with a drop in temperature, and an abatement of 
the rheumatic manifestations. Maragliano and ouhers have
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demonstrated a contraction of arterioles during the height 
of the febrile process followed by dilatation during 
defervescence. It is held that this contraction of the 
vessels has a concentrating effect on the blood increasing 
the number of blood cells per cubic millimetre. This con
centration is still further augmented by the profuse sweating 
associated with the acute attacks, and possibly also by local 
vaso-motor phenomena. During the febrile period many 
corpuscles are destroyed, and the loss is covered up by this 
concentration. Under treatmenu the sweating ceases, the 
temperature falls, and the anaemia becomes apparent. A 
sharp fall .is observed in the number of erythrocytes per 
cubic millimetre, due partly to the destruction of corpuscles 
(hitherto masked by concentration), and partly to the dilution 
of the blood which is the result of the post-febrile dilatation 
of the peripheral vessels above mentioned.

The figures given by different observers relative to the 
number of leucocytes are more at variance than those relating 
to the number of erythrocytes. Hayem?-found an increase in 
very acute and severe attacks, and even in the cerebral xoims 
he. observed a leucocytosis amounting to 85,000 per cubic 
millimetre. In cases of average acuteness the number was 
from 17,000 to 18,000, and in subacute cases not more bhan
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from 7,000 to 8,000. Hallâ ' describes a regular condition 
as: a more or less considerable increase of leucocytes both

8with the normal and with the febrile temperatures. Koblanck
qobserved a normal number of leucocytes, and Limbeck" and 

Reinert^ a leucocytosis generally of a moderate extent. 
Rieder^ noted a moderate leucocytosis only in quite recent 
cases, and Pee^ only when the infection was severe and the 
swelling of the joints very acute. Saddler^ reported once 
severe and once quite moderate leucocytosis during the 
febrile period. Jaksch in one case counted 8,400; and 
Zappert^ in one of four cases 20,000 to the cubic millimetre, 
the increase in the other three being moderate. Maragliano 
and Gastellino maintained that the leucocytosis was only 

apparent, the number of erythrocytes being much diminished. 
The. grade of leucocytosis in Turk's cases varied from 10,000 
to 15,000 in attacks of ordinary severity; in complicated 
cases the increase was greater reaching in one case SO,600

10per cubic millimetre. The highest number cited by Garrod 

was nearly 20,000 per cubic millimetre, and a leucocytosis 
of 16,800 represents the average in Cabot's cases.

The counts in twenty-one acute cases averaged 17,240 
per cubic millimetre, individual counts varying from 7,000 
to 31,750. In nine cases the counts were less than 15,000
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per cubic millimetre; in five they ranged between 16,000 
and 20,000 per cubic millimetre; and in seven this maximum 
was exceeded. In four of bhe cases which occurred in childien 
bhe leucocyte counts varied from 11,300 to 15,600 averaging 
13,610 per cubic millimetre. The average of the counts in 
fourteen subacute cases was 8,560 per cubic inillimetie, the 

minimum and maximum counts being respectively 5,150 and 
14,000. The counts in eleven cases with endocarditis (acute 

and chronic), including three cases in which it developed 
after admission, averaged 20,550 per cubic millimetre; in 
two cases in which a murmur developed but disappeared again 

during convalescence 17,400 per cubic millimetre; and in 
eight cases with no valvular disease 12,300 per cubic 
millimetre. Endocarditis was only present in two of nine 
cases in which the leucocytosis was less than 15,000. 'Vhen 
bhe leucocyte count ranged between 15,000 and 20,000 this 
lesion was found in two on admission, one having in addition 
bronchitis; in a third it developed with pericarditis during 
the attack; and in the other two the murmur was uemporary 
and disappeared during convalescence*. VThen the count exceeded
20,000 endocarditis was observed in five out of seven cases 
on admission, and in the remaining two after admission. In 
one there was in addition pericarditis with effusion; in two
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others erythema; while in a fourth case physical signs of 
pneumonia developed on the third day. Thus it would appeal 
that in a patient with endocarditis whether acute or chronic, 
and whether alone or associated with some complications as 
pericarditis, bronchitis or pneumonia, or erythema, the 
leucocytosis 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 these 
temporary murmurs belong to a different category and are

haemic in origin.
In uncomplicated cases the number oi leucocyues was

regularly very small (under 15,000).
Turk insists that complications (pneumonia, pericarditis, 

pleurisy) are present whenever the count rises above 20,000.
In this he is supported by Swing‘d who found from the examina
tion of forty cases that signs of pneumonia, or pericarditis, 
or hyperpyrexia, were present whenever the number of leucocytes 
exceeded 20,000 per cubic millimetre. Hayem also counted 
as high as 25,000 leucocytes but only in extremely severe 
and cerebral types of the disease. Gatot on the other hand 
observed a count ranging between 81,000 and 31,000 in six 
cases, but in only one was the attack complicated and then 

by acute endocarditis.
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There does not seem to be any definite relation between 
the number of joints affected and the degree of the leucocytosis 
In five of the acute cases with two or less than two joints 
affected the leucocyte counts averaged 17,880 per cubic 
millimetre; and in sixteen cases with more than two joints 
affected 16,240 per cubic millimetre. These averages are 
corroborated by the examination of individual cases - e.g., 
in case No. 15 the joints affected on admission were the 
knees, ankles, wrists, and left shoulder, the count being 
15,600; in case No. 8 with both knee joints affected the 
count was 18,850; and in case No. 16 as the following results

show: -
left elbow 

left elbow and shoulder
(a) on admission 
(bj second day
(c) third "
(d) fourth "

left shoulder,knees and 
ankles, 

all large joints.

p. c.m.
15950 leucocytes 
11750 
15800 "
15200 "

The leucocyte chart follows very closely the temperature 
chart. Generally speaking the leucocytosis was at its 
maximum during the febrile period and in proportion as the 
temperature fell the leucocytosis disappeared and gave way 
to a normal standard, which, when the fever lasted a week 
or more was at first above the average. The greatest drop
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■in the count was usually noticed on the day after the 
commenceinent of treatment, a,nd in some cases pa^rticulaily 
Nos. 5, 6, 7, 8 and 9, this diminution was very pronounced 
varying from 7,550 to 14,800 per cubic millimetre. The 
average leucocyte counts in eight cases in which the 
temperature was normal on the third day were for the xirst 
three days 16,660, 11,800 and 9,400; and a week later 8,660, 
the number in four of the cases ranging between 6,000 and 
7,900 at this time. The average counts for the first five 
days in five cases in which ohe fever lasted about a.week 
were 80,140, 14,490, 13,660, 18,780 and 10,060 respectively; 
and on the seventh, ninth and fifteenth days 8,400, 14,625 
and 18,100 per cubic millimetre. VJhen the fever was more 
protracted the condition wo-s exactly similar as in cases 
No. 8 and 9. In four cases in children the count when the 
temperature became normal varied from 8,800 to 10,700,and 
this high standard was maintained for a much longer time 
than in adults. The lowest count in twenty observations 
was 7,900, but generally it ranged between 8,000 and 10,000

per cubic millimetre.
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Sodium salicylate, and particularly if pushed for the 
first twelve hours, seems to have a more rapid effect in 
reducing the number of leucocytes than has treatment by 
either Salicine or Alkalies (Vide Charts I, II,III and IV.) 
With the Sodium Salicylate the average lowest count in the 
week was 6350 per cubic millimetre ; with salicine 8125 per 
cubic millimetre ; and with Alkalies 9,000 per cubic millimetre.
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12000 -
10000 -
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Chart I. Sodium galidylate 
(hourly at first) - 3 cases

day
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Chart II. Sodium Salicylate 
(two of four hourly) - 8 cases.
day
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Relapses are associated with an increase in the 
leucocyte count. This increase is seldom very [important and 
'in none of bhe cases could it be termed a leucocytosis. The 
highest figure observed was 13,860 per cubic millimetre in 
case No. 18, although the count in bhe post-febrile period 
varied from 9,000 to 11,550. In subacute cases even when 
the local manifestations were severe the increase was only 

moderate reaching a maximum of 11,650 per cubic millimetre. 

Complications on bhe other hand cause a distinct increase 
amounbing in some to a leucocytosis of high degree. (Vide

Charts V, VI, and VII.)

i
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Chart V.Pericarditis -Case No,1 Chart VI. Pneumcnia
- Case No.2 5

Chart VII.Acute Brer_ 
chitis -Case No. 2 0

-85-



The increase of leucocytes in acute rheumatism is 
interesting in its bearing on bhe question whether the 
disease were infectious or constitutional. If it were the 

former, the increase of leucocytes was bo be expected, for 
such increase was usually directly proporbional to the 

intensity of bhe infective process. (Hunter^Rheumatic 
fever is an acute disease in which there are pain and swell
ing of ohe joints accompanied by increased temperature, 
profuse sweating, and a tendency bo inflammation of the 
pericardium, endocardium, and pleura, with sometimes cutaneous 
manifestations, and yielding rapidly to treatment by salicylates 
which exert almost a specific effect oh the disease. There is 
also a leucocybosis directly corresponding to the severity of 
the infection as is the case in pneumonia,diphtheria and 
scarlet fever. This increased cellular activiby represenbs 
natures abtempt to rid the blood anci the system Ou. bacberia 
and their toxines. In this endeavour it is probable that 
Mebchnikoff^s hypothesis hold true, and that the immense 
number of phagocytic leucocytes which crowd the blood stream 
mechanically engulf and destroy many of the invading micro
organisms. The view expressed by Von Limbeck that the height 
of bhe leucocytosis in infectious diseases is dependent upon
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the extent of the inflannnatory exudate is no more tenable in 
the case of acute rheumatism than it is in the others. For, 
processes characterized by insignificant exudate are capable 
of causing as great or a greater increase than those in 
which this out-pouring is extensive, and in rheumabic xever 
there is no relation between the number of joints involved 
and the leucocyte curve. The essential factor in determining 
the degree of increase is the intensity of the infection,and 
the strength of the individual's resisting powers in reacting 
against it. An intense infection occurring in a person whose 
resisting powers are normally developed will produce a 
decided increase; but in a person whose resisting powers 
are crippled the presence of an infection of like intensiby 
will fail to cause a leucocytosis. Taking the two extreme 
counts of leucocytes in the acute attacks on admission 
namely 7,000 and 31,750 per cubic millimetre a striking 
contrast is presented. The former count occurred in a 
patient, who, during the eight months he was under observation, 
had three relapses. The minimum and maximum of the forty- 
seven counts performed were respectively 3,550 and 10,150.
On only three occasions did the count exceed 8,000, each
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increase being associated with, a severe relapse. In this 
case though the temperature was febrile and the rheumatic 
manifestations severe the leucocyte count generally varied 
■between 5,000 and 6,000. In the latter 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 slight
recurrence of pain on the fifth day. On the seventh day the
temperature was normal, the painâ gone, and the leucocyte 
count 6,350 per cubic millimetre. In one of Cabot's cases 
in which the count was only 5,500, she patient had had a 
fourth relapse. Clinically vfhile these xacts may be oj.
1ittie value alone, they may be of some value when taken 
as corroborative of other rheumatic manifestations.

The differential changes observed, in the leucocytes in 
rheumatic fever involve a relative increase of polymorphonu- 
clear neutrophiles with a consequent diminution of lymphocytes. 
The percentages of the small lymphocytes in the acute cases 
averaged 15.79, varying from a minimum of 5.15 to a maximum 
of 80.67. In the subacute cases the average was 84.50 per 
cent. The leucocytes in seven cases in which the percentage 
was less bhan 15 averaged 19,000 per cubic millimetre, and in 
twelve cases exceeding 15 per cent,,16,900 per cubic millimetre 
In cases of high leucocytosis Turk found that the number was

-85-



usually small, and in the less acute cases when the leucocyte 
count was moderate the percentage vfas greater and approached 
in some cases to near the normal * Wioh defervescence and. in 
the early stage of convalescence the counts increased to 
usually "between 30 per cent, and 40 per cent. In three cases 
this maximum was exceeded reaching in one (No. 5) 4-7.66 per 
cent. This lymphocytosis was also noted though in a less 
degree in the later stages oi convalescence.

The large lymphocytes with the transitory forms in many 
of the cases (complicated and uncomplicated) showed in a strik
ing manner a decided increase in number. This seemed to be 
more frequently associated with low than with high counts, 
and with attacks of short than with attacks oi long auration, 
although no hard and fast rule can be laid down regarding 
this point. The percentages in the acute cases averaged 
6.86, and in the subacute 7.6V, varying in individual cases 
from 8.35 to 16.46 per cent, in the former, and ^rom 3.06 oo 
18.71 per cent in the latter. In seven acute cases the per- 
centage was under 5; in ten it varied between 5 and 10; and 
in two it was more than 10. In six of the twelve cases 
exceeding 6 per cent, including the two maximum counts the 
duration was less than one week. In some cases the increase 
was maintained throughout, whilst in others it was only 
Observed at the beginning and at the end of the observations.
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In one case No. 6, the number on admission was 16.46 per cent 
The temperature was normal on the third day. The percentage 
dropped steadily to 5.11, and then again increased until 
twelve days later when the last observation was made it was 
15.93. In a few cases however the number remained within 
normal limits. Turk also observed in an entirely fresh 
case a relative and absolute increase; and in another case 
the increase was manifested once at the beginning and once 

towards the end of the observations.
So long as a high degree of leucocytosis existed the 

percentage of polymorphonuclear neutrophiles was generally 
raised. If, however, the leucocyte count was moderate -- 
between 10,000 and 15,000, such relative increase was often 
absent e,nd the number normal. In the acute cases they 
varied from 68.23 to 88.07 per cent. Turk found them to 
vary between about 79 and 92 per cent. In the post-febrile 
period they became diminished and sometimes reached a very 
low figure - e.g.. in case No. 6. during convalescence bhe 
percentage dropped to 39.62. the corresponding count of the

small lymphocytes being 47.66.
The circumstances attending the eosinophiles proved 

more interesting and more variable. Zapperb in two out 
of four cases observed a considerable diminution during the
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fever,followed by an increase above bhe normal when the 
temperature became afebrile. Turk's observations confirm 
approximately Zappert's data. The percentages in the a,cute 
cases averaged .76. In five cases this average was exceeded, 
bhe maximum being 3.60, whilst in another case they weie 
absent on admission. In the subacute cases the percentages 
averaged 8.03 varying in individual cases from 1.88 to 10.75. 
Vfhenever bhe acute manifestations showed signs Ox abating I 
found these cells increasing in number notwithstanding that 
the fever and articular lesions had nob entirely disappeaied, 
and with a normal temperature the increase was generally very 
decided. In two cases' bhis was rapid and sudden. In one the 
respective counts for the first six days were .19, I.IS, 7.60, 

11.41, 8.66, and 8.49, per cent, In the other on the
fourth day the percentage was .58, and on the filth and 
sixth days 4.98," and 6.00. This re-appearance of eosinophiles 
in the blood in increased numbers may be regarded as in 
pneumonia as a sign of the probable approach of the crisis.
In severe attacks and particulai^ly in complicated cases as 
in Nos. 9, 10 and 16, the eosinophiles remained very low 
during the febrile period. In case No. 9 during the fever 
the highest percentage was 1.28; in case No. 10, 1.60; and
in case No. 15, .92.

-31-



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.)

EosinophilesLeucocytes da;
5. 003 8000

17000
16000 4.25
15000

3. 7514000
13000

3.0012000

11000
2. 2510000

9000
8000
7000

. 756000
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 cent, 
and once were between 2 and 3 per cent. In seventeen counts 
the percentages varied between 1 and 2,and in twenty-eight counts 
it was less than 1. This patient had three severe relapses 
during the period he was under observation, and though the 
temperature 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 eosinophiles curing the xebrile period is a 
good prognostic sign. In one of his cases, which was un
complicated and of only three days duration the percentage 
of eosinophiles on admission was 9.37. On the next day 
when bhe temperature was normal and the swelling and pain in 
the joints had disappeared, the percentage rose still higher 
and reached 13.83. The nearest approach to Turk's case from 
the point of numbers was seen in case No. 31. On admission 
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 developed a follicular tonsilitis.
The temperature was 102.2, and the eosinophiles .18 per cent.
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At, the end of six days when the temperature was afebrile, 
and the throat condition better, the percentage again

rose bo 10.01.
Most cells were seldom noticed in the acute stages of 

the attack. I observed them 'in only six of the acute cases 
on admission, and in numbers varying between .19 and.47 
per cent. In the subacube cases on the other hand they were 
found in ten of the fourteen cases on admission, varying in 
individual cases between .18 â nc 1.82 per cent. With 
defervescence they showed a cecided increase. They weie 
counted in 134 out of 819 observations or 61 per cent in 
the acute cases, and in 74 out of 100 obsei’vations or 74 
per cent In the subacute cases. In a few severe cases 
however they were almost constantly present as for example 
in case No. 4, in each of the fifteen observations; in case 
No. 6, in ten out of eleven observations; in case No.9. in 
fourteen out of sixteen observations, exceeding on one occasion 

the percentage of eosinophiles; and in case No. 7 they were 
present in all the nine observations excepting the first.

Myelocytes in small numbers ranging from .16 to . 86 per 
cent, were found during the attack in five cases. I observed 
them in twenty-one film preparations - fifteen times during



the fever, and six times when the temperature was normal.
The cases in which they occurred were amongst the most 
severe. In four the leucocytes exceeded on admission 80,000 
per cubic millimetre, and in the fifth case which relapsed 
three times they were present in seven put of forty-seven 
observations. Turk noted their presence during the xever in

one of his eight cases.
With regaxd to the blood—plates the examination Ox xresh 

preparations in the acute stages showed them to be greatly 
increased. CaboL and Oarrod noced a,n inciea&e during the 
fever; Halla and Turk often a very great.increase both when 
the temperature was febrile auid afebrile. As xar as I am 
aware none of these observers have made any attempt to 
enumerate these bodies. In normal blood they may be said 
to vary between 200,000 and 300,000 per cubic millimetre.
The counts of two. cases made during the febrile period were 
respectively 1,895,000 and 845,000 per cubic millimetre. In 
the former ohe patient was perspiring very freely at the 
time of observation, but in the latter perspiration was less 
profuse. During convalescence the counts in these two cases 
were respectively 397,000 and 319,000 per cubic millimetre, 
and in a third case 342,000 per cubic millimetre. The
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enumeration of the blood-plates may afford a means of 
diagnosing acute rheumatism from other infectious diseases 
as pneumonia or typhoid fever in bhe early stages. Cabot , 
mentions two cases which at first were supposed to be 
rheumatic fever but which eventually turned out to be 
pneumonia and typhoid fever. In both of these diseases 
bhe number is said to be normal or at most to show a slight 
increase.

Rheumatic fever is sometimes confounded with acute gouu, 
and for the purposes of diagnosis clinical haemotology may 
be of some value in distinguishing the two diseases. With 
this object in view I exEimined the blood in six cases Ox 
.acute gout of recent standing. The results showed no 
characteristic alterations. In long standing cases on 
the other hand an ordincury secondary anaemia may develop.
The erythrocytes and the haemoglobin manifested little change, 
whilst the increase in the leucocyte count was only moderate - 
the highest number being 10,350 per cubic millimetre. The 
erythrocytes and the leucocytes on admission averaged respec
tively 4,951,000 per cubic millimetre and 8690 per cubic 
millimetre. The haemoglobin estimates averaged 85 per cent.
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The differential counts showed as little variation. The 
small lymphocytes averaged 25.50 per cent; the large 

lymphocytes 3.37 per cent; the neutrophiles 69.06 per cent; 
the eosinophiles 1.62 per cent; and the mast cells .48 per
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C O N C L U S I O N S .

Erythrocytes - An attack of rheumatic fever is always 
attended by a diminution in the number of erythrocytes, 
varying in bhe acute cases from half a million to about two 
millions per cubic millimetre. In the subacute cases the 
loss is less. This diminution is influenced by various 
factors - e.g., the duration 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 greater the loss; presence or 
absence of endocarditis — greater in cases with endocarditis. 

When she fever disappears regeneration takes place. In 
children the process of repair is more rapid than in adults.

The development of fresh rheumatic manifestations during 
convalescence is accompanied by a fall up to about halx a 
million per cubic millimetre according to bhe severiby Ox 
the relapse. Erythroblasts occur only as a rauity.

Haemoglobin - The percentage is diminished. The loss 
is proporbionately greater than that of the erythrocybes, 
and like them ib is influenced by (1) the duration 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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percentage of haemoglobin accompanies a fall of erythrocytes, 
but on bhe other hand the rabe of increase of the former is 
very much slower than that of the latter. The prompt use of 
salicylates sometimes prevents the loss of haemoglobin.

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

The anaemia -of rheumatic fever in the acute stages of 
the attack is an -oligocythaemia. Post-rheumatic anaemia is 
in bhe majority of the cases a chlorosis; in mild cases it is
generally a pseudo-chlorosis.

Iron whether administered alone or with sodium salicylate 
causes a recurrence of arthritis and fever when given too soon 
after the subsidence of the acute symptoms. The blood changes 
in rheumabic fever axe not due bo the salicylate Ox soda as 
they are equally well marked when salicine and alkalies axe

given.
Leucocytes - Leucocytosis of varying degree accompanies 

the acute attack. In mild cases it is moderate - under
15.000 per cubic millimetre. In severe cases it exceeds
15.000 per cubic millimetre. In subacute attacks the number 
is just above the normal. The count is greater when endo
carditis is present than when it is absent, and in cases
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complicated by pneumonia, pericarditis, and erythema, it is 
above 20,Q00 per cubic millimetre. The count is not 
influenced by the number of joints affected. When the 
rheumatic manifestations abate the leucocytosis disappears 
and gives place to e. normal standard which when the fever 
lasts some time is above the average. Sodium salicylate 
has a more powerful influence in reducing the number of 
leucocytes than has either salicine or alkalies. Relapses 
cause only a moderate increase never amounting to a 
leucocytosis. . There is a close relationship between the 

leucocytosis of rheumatic fever and she leucocytosis Ox 
other infectious diseases - e.g., pneumonia and diphtheiia.

The small lymphocytes are reduced relatively and often 

also absolutely.' The reduction is generally greatei in 
cases of high than in cases of low degrees of leucocytosis.
In the subacute cases the number is about normal. In the 
post-febrile period there is usually a lymphocytosis.

The percentage of large lymphocytes varies considerably, 
being sometimes normal and sometimes increased. This increase 
is more frequently associated with attacks of short than with

attacks of long duration.
The polymorphonuclear neutrophiles are Increased in the 

acute stages. This increase does not appear so constant
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when the leucocyte count is moderate. In the post-febrile 
period the number is generally subnormal, and may reach a 

lower figure than the small lymphocytes.
•The eosinophiles are diminished in the acute attacks.

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 eosinophiles varies inversely as the curve of the 
leucocytes. A low percentage in the post—xebrile period 
as well as in the acute stages may be interpreted as an 

unfavourable sign prognostically.
Mast cells are seldom present during the height of the 

fever. At other times they axe almost constantly present.
Myélocytes in small numbers are sometimes found in the 

severe cases chiefly during the fever, but sometimes also 
when the temperature is normal.

The blood-plates are greatly increased during the 
P0Yer. The increase is greatest when perspiiation is 
profuse. The number in the convalescent period is noimal

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

rheumatism show no characteristic alterations.
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P A R T  II.

The AETIOLOGY of RHEUÎ\ÆATIC FEVER with special

reference to the influence of Heredity.



Heredity is one of the many factors mentioned in text 
books of medicine as a predisposing cause of rheumatic fever. 
All individuals are not equally liable to suffer from this 
disease when placed under conditions 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 is on this account that rheumatism is 
classed among the diathetic maladies, and in this sense the 
existence of a rheumatic diathesis cannot be disputed.
(Garrodj\ Hutchinson^ speaks of this diathesis as universal 
and as shared to some extent by all. But, according to 
Duckworth^ it is probable that some persons never could have 
rheumatism; it was only predisposed, persons, who, unaer 
certain conditions of lowered vitality, became the prey to 
some micro-organism which germinates in the blood developing 
its toxines therein. Whatever constitutes this diathesis 
seems to be transmitted from generation to generation, xrom 
parent to child, and the influence of family predisposiuion 
comes out very clearly in studying individual cases.
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In the following synopsis (vide Appendix), the cases 
have been divided into four classes:- Class A - all cases 
in which rheumatic manifestations could be traced in blood 
relatives of the first degree (i.e.,father, mother, brothers 
or sisters); Class B - all cases in which rheumatic manifesta
tions could be traced in relatives of the second degree (i.e.* 
grandfather, grandmother, uncles, aunts, or cousins);
Class C - all cases in which the history of rheumatism was 

doubtful; Class D - all cases in which no history of any 

kind could be found.
The following tables give the hereditary and age 

incidence of the cases: in Tables I and II as admitted to 
the infirmary; and in Tables III and IV based on the age 
at the first attack. As many of them have had previous 
attacks 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. Yet while it does not 
alter the fact of heredity in cases in which such a history 
is obtained, it vitiates statistics bearing on its influence 
in predisposing to this disease at particular ages. Accoid- 
ingly Tables III and IV have been constructed to remedy this 
discrepancy. In Tables 1 and III the family history obtained 
includes rheumatism and rheumatic fever; and in Tables II and 

IV rheumatic fever only.



TABLE. I.-: 
Age

fo.mily hi
No.of Cl 
Cases

.story 
ass A

of
Clai

rheumatism and rheumatic fever -present attack
ss B Classes Total Class C Class D 

A and B
under 15 4 2 II 1 5 1
15 to 20 6 2 1 1 4 1 1
20 to 50 25 9 II 5 12 1 " 10
50 to 40 15 4 II 2 6 1 8
40 to 50 17 6 II II 6 II

50 to 60 5 II II 1 1 2
over 60 2 II u II II ” 2

Total 70 25 1 8 52 .5 55

(a) under 15 years 1 in 1.5 gave a history in relatives of the
1st. degree.It 20 1 II 1.6 II II II II

II 50 " 1 II 1.8 II II II If

over 50 " 1 II 2.8 II II II

■(b). under 15 years 1 in 1.5 gave
II 80 1 II 1.4 II

II 50 1 II 1. Y It

over 50 " 1 II 2.8 II

1st. and 2nd.degrees.
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TABLE II.- 
. Age

- family history of rheumatic fever - present attack.
No.of Class A Class B Classes Total Class C Class D 
Cases A. B.

under 15 4 1 II 1 2 2
15 bo 20 6 1 1 1 5 I 2
20 " 30 25 5 II 2 7 2 14
30 " 40 15 3 2 II 5 1 9
40 ” 50 17 3 II II 5 14
50 " 60 5 II II II II 3
over 60 2 II II II II 2

Total 70 13. 5 4 20 4 46

(a) under 15 years 1 in 2 gave a history in relatives of the 
first degree.M 20 • ” 1 1, g ir II II II

II 30 " 1 II II II II

over 30 " 1 "6.1 II II II II

(b) under 15 years 1 in 2 gave a history in relatives of the 1 
and 2nd. degrees.•I . 20 " 1 " 2 II II II II

II 50 " 1 "2.9 II II II II

over 50 ” 1 " 4. 6 II II II
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TABLE III. 
Age

- family his
No.of Class 
Cases

tory of rheumatism
A Class B Classes 

A. B.

and rheumatic first
Total Class C

fever - attack.
Class D

under 15 11 5 " 3 8 1 ^ 2
15 to 20 12 3 1 2 6 1 5
20 " 30 19 9 " 2 11 1 7
30 " 40 16 3 1 4 II 12
40 " 50 9 3 II II 3 II 6
50 " 60 2 1» II II II ,»• 2
over 60 •1 II II II II II 1

Total 70 23 1 8 52, 5 5.5

(a*) under 15 years 1 .in 1.3 gave a history
II 20 II 1 II 1.7 II II
II 30 II 1 II 1.8 II II

over 30 II 1 •»,4.6 II II

(b) under 15 years 1 in 1.3 gave a history
II 20 II 1 II 1.6 II II
II 30 II 1 II 1.6 II II

over 30 II 1 II 4.6 II II

1st.degree
M

1st.and 2nd.degrees

— 5—



TABLE IV.- 
Age

- family his
No.of Class 
Cases

tory of rheumatic fever ■
A Class B Classes Total 

A. B.

- first attack. 
Class C Class D

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 II II 2 , " 14
40 " 50 9 1 II II 1 " 8
50 "60 2 II II II II II g

over 60 1 II II II II 1

Total 70 13 3 4 20 4 46

(a) under 15 years 1 in 1.8 gave a hisbory in relatives of the 
1st. degree.II 20 " 1 II 2.3 II II II II

II 30 " 1 II 2.8 II II II II

oyer 30 " 1 II 9.3 II II II II

(b) under 15 years 1 in 1.5 gave a history in relatives of the 
1st. and 2nd. degreesII 20 " 1 II 1.9 II II II II

II 30 " 1 II 2.3 II II II II

over 30 " 1 II 9.3 II II II II
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The statistics from Tables I and III .show that a history 
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 cases in 47.7 per cent.
In thirty-one cases or 44.2 per cent, there was a history in

relatives of the 1st. degree, 
eight " " 11.4 " " " 1st. & 2nd. "
one case " 1 . 4  " " " 2nd.

" three cases " 4.2 " the history was doubtful.
" thirty-five. " " 50 " no history was obtained.

The statistics from Tables II and IV show that in
twenty cases, or 28.5 per cent, there was a family history
of rheumatic fever, and after deducting the doubtful cases
,in 30.3 per cent.
In thirteen cases or 18.5 per cent, there was a history in

relatives of the 1st. degree 
four " " 5.7 " " " 1st.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 seen that the hereditary
.influence is the more marked the younger the subject; that
the proportion of rheumatic family histories is highest
amongst the youngest patients and steadily Decreases wish
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advancing age; and that those who have a rheumatic history 
(including rheumatism and rheumatic fever) are three times 
as liable to suffer from the disease before the age of thirty 
than over this age, and four times as liable if the history 
be one of rheumatic fever; 78 per cent, of the cases with a 
hereditary history of rheumatism and rheumatic fever, and 
85 per cent, of those with a hereditary history of rheumatic 
fever, suffered, from the disease before reaching the age of 
thirty (vide Tables III and IV.)

According to Gheadle^ the chance of an individual with 
a hereditary taint contracting acute articular rheumatism 
is nearly five times as great as that of an individual with 
no hereditary tendency.

Fuller's^ statistics based on the examination of .246 
cages, treated at St. George's Hospital between January 1845 
and May 1848, show that a history of rheumatic fever in one 
or other parent was present in 71 cases or 28.8 per cent.
Among five hundred, patients treated at the Westminster 
Hospital, Syers^ obtained a family history of rheumatism 
in the parents, uncles, aunts, brothers or sisters in 33.4 
per cent; and of rheumatic fever in those of 20 per cent.
Pye Smith^ traced a hereditary tendency (direct and collateral) 
in 23 per cent of four hundred cases. The Committee of the



Clinical Society^ in the report on hyperpyrexia stated that
of thirteen hundred patients treated in the Middlesex Hospital
27 per cent, gave rheumatic family histories. Bosanquet?
estimated it a.t 22 per cent; Beneke^ at 34.6 per cent; Sir
A. Garrod^ at about 25 per cent; Dr. A. B, Garrod^ taking
adults and children together at 35 per cent in rheumatic
patients; and Goodhart^^ taking children alone at 57 per 

4cent. Cheadle found a history of rheumatic fever in twenty- 
three out of thirty-two cases or 71 per cent, occurring in 
private practice, and if chorea and erythema be taken as 
sufficient evidence of rheumatism the proportion was raised 
to thirty-one out of thirty-three cases, or 93 per cent.

Thus, statistics bearing on this subject are exceedingly 
variable. This is probably due to (1) differences of 
thoroughness in inquiry, and the nature of the evidence 
allowed, and (11) the class of patients from whom the 
evidence is obtained.

As regards the first, in investigating a disease like 
rheumatic fever, it is not merely a question of tracing a 
disease with various and multiple manifestations in the 
ascendants identical with that in the patient, but any 
manifestation whatsoever provided that it is positively 
of the nature of dhe disease investigated a,s in scrorula

-9-



and syphilis. (Homolle.)^ Some observers as Fuller have 
limited their inquiries to a history of rheumatic fever in 
the parents. The statistics from 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 she 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 investigated the proportion 
was much less being 1 in 2.3 in the former period, and 1 
in 9.3 in the latter. Although acute rheumatism in the 
parent may be followed by acute rheumatism in the child it 
does not follow that this is the only form which can transmit 
a predisposition to acute articular rheumatism. On the 
contrary you frequently discover in the parents or grand
parents some of the manifestations of the disease - lumbago 
and rheumatic iritis, which belong to "Rhumatisme Abarticulaire" 
and "Rheumatisme Vague," (Besnier and Homolle.)^ In eleven 
of the cases or 15.7 per cent, one or both parents of the 
patients suffered from chronic rheumatism ("rheumatics") and 
of these eight or 11.4 per cent, developed typical attacks Ox

acute articular rheumatism.
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.1); uncle and aunt (maternal), both 
suffered from rheumatic fever, though no history was obtained 
in the parents.

In the case of adults of the lower classes it is much 
more difficult to obtain any information of the diseases 
from which the parents suffered than in patients of the 
better classes. 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 statistics 
bear out this point. The highest figures recorded have 
been in children, Goodhart putting it at 67 per cent, and 
Cheadle at between 70 and 93 per cent.depending on the amount 
of evidence allowed. Much more satisfactory results are 
obtained in private practice. In hospital 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 possible and an endeavour made to 
verify statements regarding the diseases with which the 
patients or their relatives might be credited. In some 
cases in which one expected to xind a xamily history Ox 
rheumatism this was impossible as the patients knew nothing 
of their parents or relatives - e.g.* Case G.A. (No. SB), aged 
SO, who on admission for his third attack of acute rheumatism

•11-



haci a double mitral murmur.
A negative history does not necessarily exclude an 

inherited rheumatic tendency as many persons have suffered 
from rheumatism in childhood, who are quite unaware of the 
fact having escaped articular lesions entirely or-almost 
entirely. One of these mild cases (L.R. No.67) came under
my notice. The patient was admitted with an abscess on
the head, which eventually healed up. Some time after
wards she casually mentioned to the nurse that she had pain 
in her right knee which it seemed she had had for two days. 
There wa,s no swelling or redness and the temperature was 100.6, 
On investigation it was found that her mother died from heart 
disease following rheumatic fever.

It is not so much from the study of figures, as from 
the examination of individual cases that the most satisfac
tory evidence of the importance of heredity as a predisposing 
cause of rheumatism is obtained. Some of the cases show a 
remarkable family proclivity to the disease - e.g.,cases Nos.
38 and 26. In the former, there was a rheumatic strain in 
both father and mother. The mother had five brothers and 
two sisten*s. Six suiiereo from rheumaoics, ano one niom 
rheumatic fever and' heart disease. The patient herself ha,d
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mitral regurgitation, and had had five previous attacks of 
rheumatic fever. One sister had chorea. In the case of the 
latter, the patient's father had rheumatic fever; one brother 
subacute rheumatism; one sister chorea; one brother escaped.

Garrod^ quotes the case of a mother and all her children, 
five ,in number, who had survived the troubles of infancy, and 
all of whom had suffered from rheumatic fever. One son had 
had three attacks, and another five. It might be argued 
that in this case the disease was endemic, and influenced 
by local causes, but Garrod points out that the various 
members of the family were attacked in three different houses 
in three different towns. Again there is the remexkable 
case of Steiner^^, in which a rheumatic mother had twelve 
children and eleven of them suffered from rheumatism, and died 
before they reached the age of twenty. Similar cases have 
been reported by other ,observers.

In three of the cases.I traced a family history of 
rheumatism in three generations. (1) A.H., No.15, aged eight 
has had one previous attack;mother had rheumatic fever;aunt 
(maternal)rheumatic fever and heart disease;uncle (maternal) 
rheumatic fever. Grandmother (maternal)suffered from rheumatism 
and died in confinement. (2) G. D. No. 18, aged twenty ha&
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had no previous attack, mother and grandmother (maternal) had 
rheumaolc fever. (3) H. B. No. 61, aged twenty had one previous 
attack three years ago; father, grandfather (paternal), and 
twin brothers, suffered from rheumatic fever.

When the proclivity is inherited from both parents one 
would expect the tendency to the disease to be greatly 
intensified, and its severity and persistence likewise 
increased. In two cases there was a double inheritance.
One was the case of E.P. No.38 already quoted; whilst the 
other was the case of J.V. No.99, aged twenty-eight who had 
one previous attack of rheumatic fever fourteen years ago.
On admission he had mitral régurgitation and obstruction.
Mother suffered from rheumatics and lumbago; father and

] 0grandfather (paternal) also from rheumatics. Goodhart 
relates a case in which with a history of rheumatism in both 
father and mother, five out of six children under fifteen - 
i.e., all but a baby of fourteen months, had either articular 
rheumatism or heart disease; a boy of fifteen had rheumatic 
fever twice, and had mitral regurgitation; the second, a boy 
of ten the same; the third, a girl of eight, died of mitral 
disease; the fourth, a girl, had rheumatic fever after 
scarlatina, followed by mitral disease; the fifth, a boy

4of four, was laid by all winter with rheumatism. Cheadle
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reports the case of a girl who had chorea in its most severe 
form, followed by repeated attacks of endocarditis, pericarditis, 
erythema, paresis of limbs, acid sweats, pains in the joints 
and successive crops of subcutaneous nodules. She died at 
the end of nine months of cardiac dilatation and failure.
•The family history was charged with rheumatism on both 
sides. The father had subacute arthritis and muscular 
rheumatism; his sister died at eight years old. of heart 
disease following acute rheumatism and chorea; his wife, 
the patient's mother, had suffered from acute rheumatism, 
heart disease, and chorea, her nephew a cousin of the patient, 
had rheumatic fever, and heart disease, and a niece subacute 
rheumatism. Cheadle found that many of these cases vfhere 
there was an extraordinary tendency of rheumatism to develop 
in certain families might be due to some special faults of 
locality or circumstances, but careful inquiry into a number 
of cases showed that they arose in very various localities 
in members of the family when .in different places, and under 
different conditions. -

Another point in favour of the hereditary transmission 
of rheumatism is the.fact that the disease sometimes affects 
sucklings and. young children, and it is possible that such
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cases are caused by the inherited vulnerability of the
qtissues. Bosanquet" reports one case at the age of three 

weeks, and four others between the ages of two and four.

The mode of transmission showed a slight increase 
• through the female. In fifteen cases or 46.8 per cent, it 
was through this line; in thirteen cases or 40.6 per cent, 

through the male; and in four cases or 12.5 per cent there 

was a double inheritance.
•The liability to develop endocarditis would seem to 

be much stronger when a rheumatic tendency was inherited 
and especially when the history was one of rheumatic fever.
Of the thirty-two patients in whom a family history of 
rheumatism and rheumatic fever was obtained, nineteen gave a 
history of rheumatic fever in the parents or relatives. Ten 
of these had endocarditis on admission or developed it during 
the attack. In the other nine there was no endocarditis.
In thirteen cases the family history was simply one Ox 
"rheumatics." Of these, four had endocarditis on admission, 
whilst in the remainder it v̂ as absent. Thus Ox the thirty- 
two patients with a rheumatic family history, endocarditis 
was present in fourteen, or 43.9 per cent., and of the remain
ing thirty-eight cases in which no history, or a doubtful 
history of rheumatism was obtained, endocarditis was only 
present in eleven cases or in 28.9 per cent.



C O N C L U S I O N S .

A family history of rheumatism is obtained in a large 
percentage of cases.

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

Patients with a hereditary history nearly always suffer 
from the disease before reaching the age of thirty.

The disease sometimes appears in three successive 
generations.

Chronic rheumatism in the parents and grandparents is 
sometimes followed by rheumatic lever in the child.

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

A negative history does not necessarily excluoe an
inherited rheumatic tendency.

Endocarditis is met with more frequently when a rheumatic 
tendency is inherited and especially when the histoiy is one 

of rheumatic fever.
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The counts in normal blood are approximately as 

follows :-
Erythrocytes - per cubic millimetre 5,000,000 for men

and 4,500,000 for women

Haemoglobin - about 100 per cent.
Leucocytes - 6,000 - 10,000 per cubic millimetre.

Small Lymphocytes - 22 - 25 per cent.

Large Lymphocytes - 2 - 4
Polynuclear Neutrophiles - 70 — 72 per cent. 
Eosinophiles - 2 - 4
Mast Cells - * 6 "
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Itlĵio.n
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faxxUytAyA AyÂ t̂ZZIy
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^  ^  -Ĉ ĉ yiZẐ , '7'i,t̂tr-̂

^̂'i—̂-'̂C'ù't'X̂-C't̂St̂ X̂' û(„,CcyL,p̂  ̂̂  ̂ ̂ j / jl y%_ *

y'L̂  ̂ /‘-̂uc, -C'̂.̂ /̂̂t'-î, ̂ r»Vî Âot.ct4.
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A ij(A n A ru A  A n x ^ ir u ir iA a  fX V C iL ^ ^  û y U ^ 4 ^  .

y / a - ' f ' w X -  Tzlt. -A < -̂ C A n A -^ C ^  £X . ^ -£ a a /- -79̂ oCm.-*̂ £ a - ^ ^ « - ^ - '
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i: - i  - 7 '̂ 4f f hùiTuCnrv ffr in ) "'lU 7>,f fi'ss ‘7 / T1
ytxyo ^.&AytyJ ŷ -Ôi.̂ Ÿ'lytAyrJ
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‘Pû L̂ty CVC\y 'iyhiyt-Olytûnv fli.ÿliA' ̂UyCàAcS

e/a-Lw. Cot <fyy 
<■ CfoCo 3ï
AyCyùtyyf....eôCcA.y
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yîyuutŷ ryk Sr-cZZtSu ) Tyr-CyCOLy-ŷ  S't'yx'  ̂ yCtnyrtJ
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yhyf-^ZCyu) AcOcc -ZAfcctccc î cccy ^  A c t  ôtyyoy^. ooyM.

/r,- /  At4c— c, 1/Ac^-- ^  2 2 ^ c c c ^

/̂lAiHvi.trtAflMI
jCTtjt HtX)-6ctct- f/'/ ‘hénrV.UUĉLcrm h-OxuUxĵ
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P-tÂfkyCACyCtrfv Uf f > P  yiAr-eAAyCtZŷ ̂
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X̂tyLrtAj ôtrAiyk.ŷtjtÂ t Ĉŷrx-JÙ- /
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/Y f/ S/-  ̂CCŷS'Z'lAyxJfZZxfj '  ^fr^'lyy.'HyuAA^ /  Yf û~3
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. ̂ L<yp~Akf.-A*'ayt.AyU

%K.Pirt.n>CdMr,qf*̂ 'Zzr-zr-'f̂
/4* c J .

ÿ~tyy

/6"



/ÿ. JShnyOv. ĉ l̂ArA.AAZCAcV 6 î ĴytAyO / (jfiTS

P/lMirtfytué yX̂ fAyd) dy^
> / - y. •---  y%z.^ yx.x«y.vf yXaZZyV ŷ XC-AdUcyr ̂ ĈlCOP 'UtXa^ 'CfrUy/
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-I4M  L.

A L

99

j \ r

.1/

/ X . / a  .

3o /O .

r

icnh
m'b

SX3if(rtrv_

St cnp crjro

kyenr'irirv 

k  k  L (rrJ-w

kyXûxnrv 

k S i i  ir(nrv

/k 3 b '0 Y?

fé n rv  

5lL_ 

(p L) S~o

Ik .

V

'iso

ib'lU

Anî

iq i i

n. n'u

774

4Î9

iV

'̂k%

7999 !-r (jp X fviM, ŷivUy
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SC'&CCdM aPa-O-ZaiaiaûC - . JjAtMCMM dAUXAZC'

S'O P ^X a AyzAtAlACAfAdÂKjd ! Za(aAIaLaiaiX/ -~ L̂AtAC-CMr _ SAiAiAXÂ pZn̂  £A-ûZtrtAA\J

CcXC-UAdAutAtAJ ', ŶAfACAXcAtZZiACf ’pTCA / ̂  XL 4* *̂A<rt<AtA9 yAiA-VAO 2 A . £AynAZZÔdc<4f — 
l/y.a<AC<Auou ZyTAXCAtAiAiAAtAC<AO ! dAUAAtM ; â âCm<-̂ «a ẐfrUzuiAtX̂-
/CŶ o, XCcAtAiAiyx -■ -̂ZaMCa ̂ ^MaP̂ZaiUauZZaT̂

'̂-CAlAlAU.̂ZAeAAdCÛCZAtAtAA Çty •

'£tUUrC(^ixa <Yf
cX̂t-ACoYZA/Z/AAtX/Y

a*
,//. // /44% /() -51 ‘imov-iro I Oil (TO

■UJLJL.
y

Ylfr ? lytnnm

I _A . // • *. X Xiflttrcn

ffav

Co crirv

2» A
74/M6-£Y4

7̂:94 

70'*3
'c/mJLZftJ-, ort 'iAkJjSâ-

■?«211*1 M lA 40

"t/i-el. JoaL.

^f-tUALAALAj- (uZp -̂tAtKfAY- y -trr< A —  

d̂tAlAtAj .. yVlAtd.. .
-̂̂ AfACAlAlr-ecZZyxAA} -JÂCSyyACACA 

fzt. /4Ct .2 (? • //• . A^efJAA-AXr ^AtcC.
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Ĉy/AkAYAlAiA/ MaX a(aIA~YaCZ,- ŶAtAt/MAZ-YÂuMACiA , ^̂C*A<~AtAX dAlAdXC. -̂dA-CACAOtAdĈ 
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Î̂AAcrt*Â î̂  AftjtAyiCAYnnJ / -'IaXa -̂<At,*A ĈAk̂ 
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^P^aÂaAZaaYaaO ^aA-'̂'Za'̂aM.

  / ̂  / 2- /̂ ÛTLa



'%r  I f  .
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fi ClyrtM̂ y AXtax/l4 op 
ZynyÿfiXdÿ
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