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THE EFFECT OF TUBERCULIN ON THE BLOOD.

Its Value in the Diagnosis, Prognosis

:

and Treatment of Pulmonary

Tuberculosis .

The object of the present thesis is tc shew

that certain changes in the bloed occur during the
course of treatment with Tuberculin: also that these
' changes may be used not only as guides to treatment,
!but likewise as aids to diagnosis and prognosis.

| My thesis is founded on Arneth's +teaching,
'which has reference to the classification of the poly-
:morpho-nuclear leucocytes into different varieties.
Wright has shewn the value of the Opsonic Index in the
treatment of certain diseases . But while the Opsonic

Index is of undoubted value, it must be confessed that

;it has its limitations . For instance, the Index is
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easily influenced by exercise etc. It is subject to
rapid fluctuations. In the hands of the busy gene-
ral practitioner the estimation of the Opsonic Index
is well-nigh impossible, not only owing to the techni-
cal difficulties involved, but also because it re-
quires great care and monopolises much time.

When the treatment is controlled by means of
examifation of the blood according to Arneth's method,
as I shall attempt to shew, reliable results may be
secured, and after a little practice rapidity of ope-
ration may be assuresd. .

Present Day Methods of Treating

Tuberculosis by means of
Tuberculin.

At the present time there are two chief me-
thods of administering tuberculin in the treatment
of tuberculosis. In the first, manifest reactions
are intentionally produced, and the doses of tuber-
culin are rapidly increased to a maximum, which is
very large. In the second, or “"reactionless method",
manifest reactions are avoided as muef as possible,
and only very minute quantities of tuberculin are in-
jected with a very.cautious increase of dose to a
maximum , which is not very large .

While it is certain that reactions to tuber-

culin may do a patient good, it must not be forgotten
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that they may do the patient a great deal of hamm.
The general reaction evidenced by fever etc. is fre-
quently accompanied by a local reaction at the site
of the tuberculous disease. Changes take place at
these foci which really consist in an increased acti-
vity of te disease} This may be only temperary and
may finally end in an improvement of the local condi=-
:tion by the sfimulation of the production of anti-
bodies. If this occurs the reaction has done good,
and if we could always be certain of securing such a
result , everything would be in favour of the first
method of treatment. It frequently happens however
that a severe reaction does so much damage that the
local defensive powers are diminished to such an ex-
tent that the increased activity,instead of being
only temperary, becomes permanent. This may not
happen very often, but the fact that it does occur,
shews that by ﬁroducing a reaction, we are equsing
the patient to danger.

The first method of treatment may therefore
occasionally have successful results, but it exposes
the patient to the discomforts and possible dangers
of bad reactions, which are quite unnecessary.

In the "reactionl ess method" we avoid react-
ions altogether, and in so doing give the tuberculin
in extremely minute doses and with a very gradual in-
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:crease of dose. In this method we are apt to err
on the side of over-cautiousness . Certainly this is
more advisable than rashness, but on the other hand
we may not get the full use of the remedy, and the
stimulation necessary for the adequate production of
antibodies is not applied because of the constant
dread of the production of a manifest reaction. In
this method the patient experiences no discomfort
whatever.

What is wanting in these methods of administer-
:ing tuberculin, is some means of control. I have
already shewn that the Opsonic Index cannot be trusted,
and clinical evidence is of no use in a proper treat-
ment , because if the treatment is a correct one no
clinical signs are produced.

It should be remembered that reactions may
occur without being clinically evident. These re-
actions do as much good as manifest reactions, and
they are absolutely devoid of danger.

What should be aimed at in a course of treat-
:ment is the production of reactions, but these re-
actions should not be clinically manifest. It is
these irritative actions that help to bring about a
cure, but when they exceed a certain optimum they aid
the progression of the disease.

I shall attempt to shew how such a course of
treatment mﬁy be carried out by using the classifica-

:tion of the neutrophiles as a control.



CLASSIFICATION OF NEUTROPHILES .
(See Frontispiece .)

As the result of the researches of Arneth, we
have reached a much more advanced stage in the classi-
fication of leucocytes. To him we owe the classifi-
:cation of neutrophiles according to the forms of their
nuclei . He has studied this classification in vari-
cus diseases, including pulmonary tuberculosis. This
subject has not been investigated to any extent, and
indeed its value has not been proved. It has been
found valuable as an aid to prognosis in certain acute
diseases e.g. typhoid, pneumonia, diphtheria, etc. Its
value in pulmonary tubericulosis has not beeﬁ appreci=-
ated.

I shall try to prove its value in pulmonary
tuberculosis not only as a help in prognosis, but also
along with tuberculin as an aid in diagnosis. It alsc
serves as a guide to appropriate treatment especially
in the exhibition of tuberculin.

As has been mentioned, the classification of
neutrophiles depends upon the forme of thelr nuclei.
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Arneth has formed five classes:=

In the first class the nucleus is composed of
one part.

In the second class the nucleus is composed of
two parts.

Inthe third class the nucleus is composed of
three parts.

In the fourth class the nucleus is composed of
four parts.

In the fifth class the nucleus is composed of
five parts.
That is to 8ay, the number of each class indicates the
number of separate parts composing the nucleus e.g. in
the first class, no matter how complicated the nucleus
is, if the nuclear matter is continuous all through it,
the nucleus consists of one part.

The separate parts of the nucleus may be of
various shapes - looped, ovoid, etc. = regular or ir-
fegular in outline. .

In classes two to five a separate part is only

considered as separate if there is a loss of continua-
tion of nuclear matter except by a single thread. Two
parts of the nucleus may be leaning against one another
or overlapping though the nuclear matter is not continu-
QUS . These of course are considered as separate

parts .
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It must be noted that the number of lobes of
which‘$37the nucleus is made up is not cﬁnsidered un-
:less these lobes are distinctly separate from one
another except by a very fine thread.

A nucleus, though consisting of only one part,
may be very much lobed. It belongs to Class I.

This diatinction is necessary because other-
wise it would be difficult to decide to which class
certain polymorphs belonged. It prevents a large
amount of overlapping.

Arneth in his investigation of the neutro-
philes of the blood, not only subdivided these into
five classes, but subdivided each class according to
the shape of each separate part of the nucleus e.g. =

Class I he divided into three sub-classes which he
called:~-

(1) myelocytes (M)

(2) slightly indented (8)

(2) deeply indented (D).

The other classes are subdivided according to
whether the separate parts of the nucleus consist of
loops or ovoids e.g. = Class II is divided into theee
parts viz .-

(1) two ovoids (2,0);
(2) two locps (2,L);
(3) one ovoid and one loop (1,0; 1,L).

Similarly, the other classes are divided up

- and are represented by letters as shewn in the fol-

ilowing /



:lowing table which represents that of a normal blood:~-

CLASSIFICATION OF POLYMORPHS.

T e . 3 4 ; 5
N Boi ol 101;;_ uoi e ':lJuofgblo 40| 4L 50;L[3L,0[50,L :_50 ;OI-L!:IOQL!;@l_,Li“O;;L
L3233 AL R S M2

It requires the study of a large number of
bloocd films to gain confidence in one's judgment of
these corpiiscles and to enable one to rely on one's
obs ervations so as to produce comparable results.

In making the filmBISPecial care mustlbe taken
and a most 1mp6rtant matter is the proper choice of
stain.

The blood film is prepared in the usual way,
dried, and then stained. Arneth used Ehrlich's tri-
acid stain because it is Bpecific.for neutrophile gra-
nules , but I find that it is not intense enough for the
nuclei . I have tried numerous stains and have chosen
Wrights as the best for this work. I have found that
‘it stains nuclei more definitely and more markedly
than any other; clearness of outline being of the
greztest value in this investigation.

It is necessary to use the o0il immersion lens

to examine these films. The first hundred neutro-~
philes are carefully examined and relegated to their
various classes. A percentage is thus obtained of
the number of polymorphs in each class.
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Arneth has published a table of the neutro-
phile classification of normal blood, his table being
the average of fifteen normal cases. My normal table
is the average of twenty normal blood films. It does
not agree with Arneth's. Appended will be seen Ar-

neth's classification as well as my own.

CLASSIFICATION OF POLYMORPHS. ( O_/-‘-'L‘_q_/f/a_)

1 | 2 3 4 5
'Mlsioizof oL [10:3L] 50| 5L |1L20[L;0 10! T | JOL,LO 0L|50401L|301‘%0L 5041 |
Jlé 2 234;,5;:5 g,uss/5433|gyu L) |4X7I (R>d
0/ 7 . 8 =
.5-_/?1_ 3_5 / | '4 4 /o |___ _/“ _/‘_ -
CLASSIFICATION OF POLYMORPHS, ( "'"—-—; M)
1
2 | 3 | 4 | 5
x| s ;_Elﬁﬂ L glulnz 50| 5L 1002030 | (0| L 50;L[3010:0,L |50] 401L|[303L‘402-I:_‘.p__3p
_ , i ! |
w il )]32|20 (3] 57| 9| 6 2] 1|/ ]
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The differences in the two tablea may be accounted for
by my regarding every nucleus as consisting of one part

unless the parts gomposing it are absolutely separate
or connected only by the finest thread.

This accounts for my larger number of corpusc-
les in clesses I and II and the smaller number in
‘Classes III, IV, and V.

The subdivision of the five classes into sub-
classes according to the shape of the component parts
is a refinement which I do not consider necessary.

I have used iﬁ in all my blood examinations
©ill recently, but I have found that it is not of much
value and that simple classification into Arneth's five

original /



10

original classes is all that is required.

Examination of numerous films of blood from
phthisis patients shews varioua.blood pictures whikh
on investigation may be tabulated to demonstrate the
various classes of neutrophiles. The total number
of leucocytes varies also, but I do not propose to in-
vestigate this to any extent.

It may be mentioned however that in pulmonary
tuberculosis the total leucocyte count seems to alter
within a very short period of time . Thus, if the
leucocytes are counted at various periods of the day,
large variations may be found, the total count some-
times being nearly doubled in the space of two hours.
Whai this variation is due to it is difficult to say,

as it does not seem to vary in proportion to tempera-
ture, exercise, nor food. This varisbility makes the
total count of little value.

We can associate the condition of the patient
with a certain blood picture. The very acute case
of pulmonary tuberculosis shews a large number of cor-

puscles in Classes I and II, especially so if the case
is not only acute but very advanced. In the early
case with very little general disturbance the blocd
table may be practically normal.

The value of the dassification of a particu-
lar blood depends on the amount of leucocyte destructim

which /
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which is takiingplace. When an infective process is
actively proceeding, there is presumably much destruc-
tion of leucocytes. These leucocytes are replaced

as rapidly as possible. The new corpuscles are how-
ever much younger members whose nuclel are much less
complex.

Therefore although leucocytes belonging to all
classes are destroyed, they are replaced only by leuco-
cytes belonging to Class I.

Thus it is that when an infective process is T

very active the percentage of neutrophiles in Class I
is very high.

But not only are the nuclei of the new leuco-
cytes composed of only one part but_they are very re=-
:gular in outline. They are mostly simple loops with-
out any lobes.

The following are some examples of classifi-
cations from actual cases:=-

- (a) Very early case. No general disturbance.

Diagnosis made by Tuberculin Test.

1 2 3 | : | 2
(]S D 40[ ok (04T [40] 4L [1E50[4L30 [,0] e 301L/3L101:05L [50[40,L]50,11 10,1150,
i 4’19 5133204 7 |9 | ' ‘ i ! |

-’-\p-':" % ‘! L.:- I :J_ .’.'/-..- | -'(! ._.-_ . j- .—_ i i ] i -._'\-.I—..;“_—___}--- - ( :-j: o

(b) Early case. No general disturbance.
Diagnosis made by Tuberculin Test. 8Slightly more ac-

tive than (a) .

1 | e | 3 | 4 | 5
| | A SR ———
19:L 1 50 2110 |40 4L 3010|3130 2051 |50 401Li:;021‘|402['i:;03[{
l \-\II o e TN | 4 I | | |
| 164 ]20]32 |2 L - der
|- 33% s4% | 12 /7 | =

8 | D 120' e v 4L |4 LigO

’
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(c) EBarly case. Febrile with temperature
of 100-101° F. every evening.

1 { 2 | 3 | 4 | 5
M| 8 D 20| 8T 1034 | 30| 4L [1L40/,0,0 [0 4L 30,L| 35,0 ,0,L |50 1011.!,,021;:14931.},,0313
‘? —! s | 4 %] 5 : ~r | i 1 ‘ | I 1
il ] o ’ 1/ | AL I N I S
— ! £ S — !
x2%| 5% ? < , iY.

(d) Case - stage II. Mixed infection.

(8taphylococcus aureus). Evening temperature 100-

102° 7.

|

1 | | =
1 |z | 3 ! 4 | 5 |
m—_l 8 | D[30] 4B [0,L] 30| 4L |3L50[3L10 [,0] 4L 5035|5510 /505L |50 |4011]504L](05L[ ;04T
[/ 20 ’1;3 3’i /o |20 | / ‘ ‘ | : i j B L
éul 33741 3% | ew | oz |

(e) Very advanced case. Both lungs - stage

LEE ¢ Died 22 hours after blood film taken.

1| e | 3 | 4 | 5

D| 30| oL [,0,L] _50} 50 |1DL90[eLy0 | 40| 4L 30)L 31410_-20214];.0 4Q1LI_:;0-.'_L‘40:L 3031
20 7 l | l / | i }
el oy | 7% 1 oep | _em

Beéliability of the Neutrophile
Classification.

I have found that this classification is remark-
ably constant. it is not subject to accidental flue-
Ituation in any way. The same classification will be

_found day after &ay. If any marked change takes
blace, it may be assumed that something radical has

occurred to produce it.

1/
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I have examined films taken at various times-.
after a meal and have come to the conclusionlthat 
diet does not affectthe classification in any way.

As regards exercise, no effect is produced in
the blood of a healthy individual, no matter how much
energy is expended. In a tuberculous individual, how=-
ever , if the exercise is excessive, auto-inoculation
CCCUuTs . If this is very marked, it has an effect
on the classification of the neutrophiles. It causes
a deterioration.

| A dose of <tubsmculin has no effect on the
blood of & healthy individual. If however the in-
dividual be tuberculous, a dose of tuberculin has a
marked effect onthe blood. This will be discussed
fully later.

Sleep has no effect.

If any change is produced in the classification,
some time is required to bring it about. An hour or

two is not long encugh to effect a change. It re-
quires at least twenty four hours before the altera-

tion becomes appreciable.
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FORMNMS of TUBERCULTIN.

There are now numerous varieties of tubercu-
lin. Undouttedly, these tuberculins differ in
value if they are all used inthe same mamner. This

difference however is probably only one of degree as
they all contain the same active principle viz. the
toxin of the tubercle bacillus, but the amount of
this toxin varies in the different forms of tubercu-
lin. The amount of foreign matter, especially
foreign albumin (non-specific) present in tuberculin
also alters the effect produced on the body. In
other words , some tuberculins are purer than others.

It may be concluded therefore that all tuber-
| culins contain the same active principle, but that
they differ in strength and purity according to the
' method of their preparation. As long as we remem-
; ber this and use a preparation accordingly, we can
| meet with success by using any form of tuberculin.

I have always used Koch's preparations.
Koch's 01d Tuberculin is a filtered glycerine

extract of virulent bacilli (human) reduced by evapo-

:ration /
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:ration to 1/10th its original bulk. I use this pre-
paration in both diagnosis and treatment. TFor the
sake of convenience , in this thesis, I will designate
this tuberculin "T .K." (Tuberculinum Kochi) .
Another preparation which I use in treatment
is one made in exactly the same mamer as T .K.,but
for its preparation bovine bacilli are used. This
tuberculin I will call "P.T." (Perlsucht-Tuberculin).
Similar to this but not evaporated ﬁo 1/10th of its
bulk is "P.T.0." (Perlsucht- Tuberculin-Original) .
The above three preparations are those which
I have been using for some time and I have found them
gquite satisfactory.
I think it safer to begin the treatment with
a bovine preparation, as the patients do not have the
same tendency'molreact to it as in the case of a human
prepatation . I therefore aiwaya begin treatment wifh
a small dose of P.T .C. with increasing doses up to 1 c.c.
I next proceed with P.T. and continue with it until the
patient has had 1 c.c. I then follow this up with
T.JK. up to 1l c.c. This forms a complete course of.
treatment , but, as will be shewn later, every patient
does not undergo a complete course.
I have also used Koch's Tubercle Bacilli Emul-
sion ("T.E.") made from human bacilli, but have now
given it up, having found the other forme more satis-

:factory.
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Method of Dilution of Tuberculin.

Tuberculin in the pure state keeps indefinitely,
but the dilution, especially the weaker dilutions, do
not keep well. It is therefore advisable that these
should be made up immediately before use.

I prepare my dilutions in strength of the value
of multiples of 10. This simplifies the process very
much .

The diluent is normal saline solution to which is
added sufficient pure carbolic acid to make the result-
ing fluid a .5% carbolic solution. The carbolic acdd
acts as a preservative.-

I store the solution in rubber-stoppered glass
bottles of about 12 c.c. cagacity.

Several 1 c.c. g;ass pipettes and one 10 c.c.
glass pipette are requirea for the dilution, which is

carrked out as follows:=-

To 1 c.c. of the pure tuberculin @ c.c. of the
diluent are added so that 10 c.c. of a 1-10 dilution
are produced . If 1 c.ce of this dilution is made ¥=

sage up to 10 c.c. withthe carbolic saline solution

we get a dilution of 1-10C. Similarly, we can get a
dilution of 1-1000, 1-10,000.

From these dilutions we can measure any dose we

require by means of a syringe accurately graduated in-

to tenths. Thus : =

S
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X CeCe oF diluticon 3=10 .01 ©.c. tuberculin
”

22 CsCo 1=-10 02 c.c. "
3B " " 1-10 =055 ¥ "
S LR " 1=10C00 -.0C001 " n
e A 1-1000 - . 0002 "
o8 " * 1-10000 =.0C0095 "

In this way we can accurately measure any dose we
reguire.
By the above method we make up at least 10 c.c.
of each dilution. If we have not many patients under
treatmen t , most of this would be wasted as it would
be too o0ld before we could use it up. In this case
it is better to make up smaller quantities. This is
best done by means of a 1 c.c. glass pipette accurate-
1y divided into tenths. By adding .9 c.c. of the
diluent to .1 c.c. of the pure tuberculin we get 1 c.c.
of dilution 1-10. If 1 c.c. i8 not enough for the
occasion then another 1 c.c. can be made up at once.
The other dilutions can be made up in the same way. We
can thus make our dilutions every mornin g, and feel
satisfied that we are using absclutely fresh solutions.
In the administration of tuberculin I pay no at-
tention to the actual weight of tuberculin in each di-
:lution. I know that each dilution always contains
the same amount, and I know the amount in volume of a
particular dilution which I can safely inject. The
weight varies in the same proportion as the volume.
The consideration of the actual weight is therefore not

necessary and only leads to confusion.
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Site  of Injection.

I always inject tuberculin into the upper arm.By
plunging the needle of the syringe straight through the
skin, no pain is experienced. The choice of the upper
arm is merely for convenience = especially in the Dis-
pensary . |

A reaction at the site of injection sc seldom
occurs that none of my patients ever lose a day's work

because of a painful arm.

The /
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THE EFFECT OF TUBERCULIN ON THE BRODY.

When tuberculin is exhibited in proper doses hy-
5p¢ﬂermical;y it produces certain effects on the body
if the individual bve tuberculous. The sum of thes e

effects is known as the Buberculin Reaction. The same

doses of tuberculin given to a healthy person produces
ne effect. The Tuberculin Reaction presents the
following leading features.

1. A General Reaction distinguished by fever

with temperature rising to 100° F. or higher. There
may be shiverings , headache, vague pains in various
parts of the body e.g. limbs, joints, back and occa-
sional nausea and vomiting. Accompanying this re-
action there is alsc some reaction inthe blood with

which I propose to deal more fully later.

2. A Focal Reaction which cccurs at the site of

the tuberculous disease and consists of an exacerba-
tion or increase of symptoms and signs, for instance,
in tuberculosis of the lung there is increased cough

and spit withthe appearance OT incresse of creplta-

tions /



:tions in the part affected; in tuberculous glands,
redness and signs of inflammation ensue.

3. A Local Eeaction, which occurs at the site of

injection and consists of redness, swelling, hardness
and pain, not unlike the onset of an abscess, though
an abscess never occurs. This is also called by some

the "Needletrack Reaction"

Under "General Reaction" I alluded to chan ges
which occur in the blocd. These changes I consider
of such importance that they form the chief subject

matter of the present thesis.

Effect ofi the Blood.

In the first place the changes which take place
as the result of a dose ¢of tuberculin only cccur in
tuberculous individuals. The chief change occurs in
the leuvcocytes, the erythrocytes shewing no change of
importance. First of all, the total leucocyte count
is increased. Secondly, there is an alteration in the
proportion of the varieties of leucocytes. Third, and
most important, there is an alteration in the classl-
fication of the neutrophiles.

As regards the first the increase of 1leuc ocytes
is not marked after one dose of tuberculin, even a re-
:acting dose, but the total count may be increased by
about 25%. Occasionally I have seen a very ma rked

leucocytosis occurring after a dose of tuberculin.

As /
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As: I have already noted, the total leucocyte
count varies within very short periods of time. This
makes it difficult to estimate the changes due solely
to the tuberculin.

As regards the second, there are four chief
varieties of leucocytes viz.-

(1) polymorphe or neutrophiles;
(2) lymphocytes;
(3) eosinophiles;
(4) bvasophiles.
We have also what are considered as varieties of lympho-
cytes =
Large mononuilears
and
Transitionals .
If we make them separate varieties of leucocvtes we
have s8ix varieties.

There seems to be a slight decrease in the pro-
portion of lymphocytes in the total count.

In the eosinophiles ‘the.re is a markel increase.

The basophiles seem to shew no change.

The mononuclears shew a marked increase.

The transitionals shew a very marked increase.

The changes in these corpuscles are not - of any
importance in relation to the value of the blood in
the administration of tuberculin.

The proportion of neutrophiles remains practically

the same or if anything is slightly desreased; but the

actual /
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actual number of neutrophiles is probably increased.

Changes in the Classification of
the Neutrophiles.

In the first place, I will shew the changes which
occur as the result of a single dose of tuberculin
which has produced a general reaction. For this
purpose 1 have appended a chart shewing the result
of examination of the blood at various times before
and after the dose of tuberculin was administered.

Case 1. John Chapman, age 13, had a suspicious
right apex. Slight morning cough and spit. Sputum
negative. No fever. I decided to give him a diagno-

stic dose of tuberculin.

On March 28th 1912 at 11.3C a.m. I injected
001 c.c. T.K. . The following morning his tempera-
ture rose to 100°2° F.,6 and that evening to 103°p,
He had also other signs of reaction viz. <~ . head-
ache, pain and redness at site of injection. There
also appeared a few crepitations at the right apex.

I therefore concluded tat the patient was suffer-

ing from phtliis .

As can be seen by his blood chart, the classifi-
cation of the neutrophiles before the dose of tuber-
culin was injected was nearly normal.

After the dose of tuberculin, his blood gradually

deteriorated. Six hours after there was no appre-

ciable /
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tciable change. Thirty hours afterwards a change
became evident, a great number of the neutrophiles
being included in Class I. Class III remained about
the same as before, but the number of neutrophiles
in Class II was reduced. At forty six and fifty
four hours afterwards this change became more evident,
the neutrophiles in Class I increasing at the expense
of Classes 11, III, and IV. Sixty-nine hours after-
wards 1.e. practically three complete days after the
dose of tuberculin, the blood count reached its lowest
value . As can be seen on the chart the classifica-
tion at that time was :-
5 2 < 3 4 5
66% 32% 2% (0}74 (0)4

Most of the leucocytes were now in Classl . This
shews a marked change from the original classification

From this time the blood gradually returned to
its previcus value. This occupied about four days.

The complete cycle therefore lasted seven days.

In this case the temperature rose to 103¢ F. A
- study of the blood chart will shew that the blood be-
- gan to change Jjust before the temperature began to
rise.

The temperature reached its highest point thirty
hours after the tuberculin was injected, whereas the
blood reached its lowest value sixty-nine hours after

the injection. This is probably accecunted for by

the fact that the blood-forming organs require more

time /



\_ Lﬁl = IL_. === ey Jf.._rl,t.l|| - JF:AjJN =) rl/. I
I
7 \\ v & Z :
~ o / & &% %7 s ;
/ Vi b lﬂ/ /St Nn_ ¢ M: PE|- _»\\fG .nuxlm.u.ﬁ
p f r|€s | & | 2loe|be & b1 £ . ali
z ral e - - p
m.u vl Q a\f |ﬂ :__ @ % .\ \.,o \. \N\. ..\u.a ¢ “\
- 7ig IF_\ IE lﬂnw QQQMH.J:‘.O € - E -W
. =l 7| g |¢ le|es|b7]|éloe|er|i o
e — iy . /. ) L .
: % %0 % ZT T |R67
.w /e Nu /e L \ / ) w W & ..ﬂ.fn.;uq.ﬁ .m ol €4 £ @
v | B €2 | Lr |z ee| |- 0 ?
) e 0 %7 A Tl T |AES e oler
H 2¢) 'R - ; .
2 / / / A.U v‘\ 9/ \.\ cclo \ 7 1€ w 5 .d_ T -E 7
4 s
; o *fe G o/ v ¥ K % &£
s gin® WG P § = /e il LES L zl¢ |ee 0908 Gl w| s - £ - £
_ _ / 9 |er origr|£7 o
1%0%|1%0" [170% 1707 | 0% | 1%0% 0T1¢ I1T0® 4' 0| 0%1%|0%1t| 1% |0f [1'0Y| 1% |of|a | s |w | @ | & | 1T | a4 |WKD
SMUV Y] tad ranoy "0%(]
G ¥ ¢ G 1 SHLLATHY | ‘0N
‘SHAYONXIOJ 40 NOILVOLIISSVI)) *SALXO0DNT] I,
. i £ 3
TP Fl PP 9 ‘abp sogis 5 PL Couny




AV AVAPTEY 0| £ \helbs|oord|~-e| ¢, -8 - ¢
- . i V _
ey P S e %0 %0 7% 9 %05 BTY =
._ Pk /i -~ 4 mu ﬂmr N:W g0l Ehey T <& = ¥
p |24 12 |E| £ [1E |zriee| 9
....... — ] / o - 7
- a\.\hﬁ}..\ oQ ﬂ\h\ \\ulhu .X\..W/ WVQWQ
LT TRY : / s le | o |y|és|eelblzsd ' e | TE| IDjeare | e - &~
e — B — (TP ¥ _
= I8 6@ V4 |
_ e ni-T - &
S . o > 1 7. P £ I_ =
¢ i e Q \u ﬂ R mnlm.f W\Mﬁo \w\ m:m. k,\ |
) ) o |2 | € |2|btlhe|blpr| v Tt £ |oosx ot R AR 1
"R PENSR bl = z ! e
5 e 0 o il % 'Y Yo & _ _
5 ol |z |1 |oz] te|lefzed & |z |4e |09 ﬁuﬁ,m or | THew v
e v 7] s !
: 20 Te @ B % @9 “eT _
e Aoy | : % 7 leel 290004 .
A ol | Le|br| iz £ z = _ o4 P T-C -4 T
B - e e O M ke i
\_.’ _ e .FD_\ - .“ * Qq
' ' | i
bt x B T %6/ AR %0 T | o
, . 21T (87| 9 |ovgg| ~¥| T1-T-5T
% ! / / f_ 7 | € £r e & 9 | -
S 7 Y /47 rby JRET | T €| 69000y -y
57l o~ L i
\ | T 6| 7T |br|Fr| £|6e] ¥ e ] e
/ P i
_ %7 7T %ol | HL 77T
=y oy Tedeg . 7 rAS 4 /| 2| 8E| 090094 ~o| €/- -/
/ J i TRAEZARARAN T g0 .ﬁ_ £ o
R 180¢ |1%0¥|1%0% 1 ToT| 0% | 1%0% |01t qlof n¥ of | olqt|odnt| % of [110T| 0% (0% |qg | g gl [T d |WND
SMUV Y] wd oy *91B(T
4 ¥ € @ 1 | CSHILATEY )\ 0N
'SHAUOWATOJ d0 NOILVOIAISSVI)) *SHLX00DNEAT] NI,
13 oo/ S0y 9 ‘oby - vt E ..mw\um\ ‘QumAT
L]
aoonsga
b




24

time to produce and send new leucocytes into the
blood stream after being stimulated to increased
activity by the destruction of the already acting
corpuscles .

This case shews very well the effect of a react-
ing dose of T.X. As will be shewn later exactly
the same changes occur with a reacting dose of P.T.C.
cr PiT.

I will now shew the effects on the blood of a
patient who had two doses of tuberculin with an inter-
val of three days. The chief point tc be noted is
that the first dcse did not produce a clinically evi-
dent reaction. A second larger dose was tﬁerefore
given which produced a general reaction.

Case 2. John Borland, age 6 , had very little
cough; no spit. He did not take his food well and
frequently vomited immediately after meals. No
fever. I_mpaired note at the right apex, with bron-
chial breathing. I dedided to give him test dcoses
of tuberculin.

On February 26th 1912 at 11 a.m. 1 injected
0001 c.c. T.K. This produced no effect. Three
days afterwards (29th February) at 11 a.m. I injected
0005 c.c. T.K. At 6 p.m. the following evening
his temperature was 100.8° F. He had alsc headache
and a marked reacticn at the site of injection.

I therefore concluded that he was suffering from
phthisis .

The /
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The changes in the blood which occurred as the
result of these doses of tuberculin are seen in the
accompanying blood charts.

Before tuberculin was injected the classification
of the neutrophiles was practically normal. The
first dose of T.K., though it produced no cliniecally
evident reaction, caused a marked change in the blood.

One day after the first injection the blood was prac-
tically the same. Two days after, however, a change
became evident , and exactly three days after the first
dcse, and immediately before the second injection was
given, the changes were very marked. The number of
leucocytes in class I was double the original number.
Tre Aumber in Class III was reduced to six.

The second dose of tuberculin which caused the
general reaction, produced a further degeneration of
the classification of the neutrophiles. The blood
reached its lowest value three days after this dose.
It then gradually recovered , md reached its original
classification seven days after the second dose of
tuberculin was given.

This case is very instructive. It shews that,
although the first dose of tuberculin was not suffici-
:ent to produce a reaction (temperature etc.) it was
encugh to produce marked changes in the blcod, and as

these changes only occur if the individual be tuber-

culous /
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:culous, they are of great importance.

In both the above cases the classification of
the neutrophiles before tuberculin was inj ected was
very nearly normal. If the bloc#l is of a lower
value changes are produced in exactly the same way.
The blood chart opposite shews this very well.

Case 3. Jean C'Mally, age 23, had a very sus-
picious right apex. Sputum negative. I there-
fore gave her test doses of tuberculin.

On 12th June 1912 I injected .001 c.c. T.K.
which produced no clinical reaction. On 14th June
I gave Her .005 c.c. T.K., which on the following
evening caused a temperature of 101.20 F. The re-
action was therefore positive.

Her classification before tuberculin was far be-
low normal as can be seen onthe chart. After the
first dose the blood deteriorated, although the tem-
perature did not rise. The second dose caused the
blood to detericrate very markedly. On the third
day after this dose the blood reached its lowest value

At this time 84% of the polymorphs came under Class I
and 16%under Class II. The other classes had none.

In this case the blood reached a lower value as

the result of the tuterculin than the two previous
cases, but it degenerated in the same proportion.

In Cases 2 and 3 it is seen that tbe second dose
of tuberculin increased the changes in the blcod which

had /
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had been initizted by the first dcse. In the same
way if a third dose had been given while the blood was
'suffering from the effects of the previcus doses, the
blood would deteriorate still further. If a general
reaction had been produced by the second deseé, this
reaction would be accentuated by the third dose.

This is the course of events, if the blood is at
cr about its lowest value as the result of the previous
doses .

Cases illustrating this will be found under DIAG-

NOSIS .

So far I have shewn the effect of T.K. on the blood.
If P.T.0., or P.T. be given in doses which pfoduce re-
actions , then exactly the same effect is produced on the
blood. It is therefore unnecessary to repeat in detail

what has already been said in regard to T .K. It will

however be advisable to give one illustration as I al-
ways use P.T.0. and P.T. for treatment, and this effect
ﬁn the blood is of importance im rsgulating the doses
and the periods of time between the doses .
Case 4. Dora Saatmana, age 24, had right aplcal

| phthisis . I began her treatment with P.T.O., her
initial dose being.Q005 c.c. which I injected at 11 am.
on 12th April 1612. She felt no bad effects from the
dose and there was no rise of temperature. Four days
later,on 16th April 1912, I gave her P.T.0. .00l c.c.
i.e. double the previous docse. Her temperature rose

the /



the following evening to 99 .6° F. She had a slight
headache and her arm was rather painful at the site of
injection.

If her blood chart be examimed, it will be seen
that her classification was of very good value before
tuberculin was given. The first dose of P.T.0. lower-
ed the value considerably althcocugh it did not produce
any clinical signs of a reaction. The seccond dose
of P.T.O. which was given four days later when the
blood was still suffering from the effects of the pre-
vious docse, caused a further deterioration in the
blood, and alsc produced a general reaction.

I need not in the meantime give any more illus-
trations as they will be met with frequently under
TREATMINT .

This shews that P.T.0. acts in the same way as
T.K. in regard to its effect on the blood. The point

of value to be noted is that THE BLOOD GIVES US_A

. WARNING OF THE FROBABILITY OF A REACTICON.

Having described the effect of a reacting dose of
tuberculin and of succeeding doses of tuberculin each
' of which is given when the bloﬁd is suffering from
the effects of the previous doses, I will now proceed
to shew the course of events when we wait until the
effect of one dese on the blood has passed off before
we inject ano ther dose.

For this purpose I will shew the effect when
R0 L
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P.T.0. is administered. I do this because my method
of treatment depends on this principle. T.K. however
acts in exactly the same manner.

In the first place it must be noted that if the

dose of tuberculin is small enough, no appreciable

effect will be produced in the blood. It will be

advisable hcowever to give first of all an illustration

of a case in which the first dose lowered the value of

the classification of the neutrophiles.

Case 5. Mrs Ross's bloocd charts will be seen
opposite. She had right apical phthisis. Very

early . I began her treatment with .00l c.c. P.T.O.

' which she took very well. It caused no rise of tem-

perature and no discomfort. Examination of her blood

| however shewed that it had been affected to some ex-

' tent as the value of her neutrophile cfassification

was lowered. I waited until the blood had recovered

its original value, which required five days, and on

the sixth day after the first dose I gave .0015 c.c.

L RER0 This dose caused her nc discomfort and no
rise of temperature followed. Again how@ver there
was an effect on the blood. As can be seen by the

chart the blood again deteriorated to the same extent
as previously. I again waited until the blood had
recovered. This required six days. I then admini=-

stered .002 c.c. P.T.0. which produced no effect on the

' blood. TFour days later I gave P.T.0. .003 and in

other /
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other four days .004. None of these doses produced
any deterioration in the neutrophile classification.
In this case 1 increazased the dose every time
even although the previous dose had affected the blocd
but I waited each time until the blood had recovered be-
fore inj ecting another dose. In this way I not only
prevented a reaction from occurring but made the blood
less liable to be affected by the tuberculin, as the
larger doses produced no effect on the classification,
although the smaller ones had produced a marked effect.
If the first decse of tuberculin administered has
no effect on the bloed, the next decse may, cr may not,
have an effect. If any of the succeeding doses
cause some deterioratinn ,then the changes are exactly
the same as occur if this dose is considered as the
initial dose. These points are more fully considergg

under TREATMENT .

not affected by Tuberculin.

In the above patients the changes in their bloed
are quite evident. The value of their neutrophile
classification makes marked changss possible. If how-
ever we have a case whose blood is already of very low
value, for instance:-

1 2 3 4 5

60% 3% 3% 0% (64

it /
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it is evident that a very marked change cannot possibly
take place. In these ca ses however tuberculin does
not produce any effect. The classification remains
'mach about the same, or it may degenerate to a very
slight extent.
As will be pointed out later, these cases are not

suitable for tuberculin treatment, and their diagnosis
is usually settled by other means as they are almost
‘certain to shew the tubercle bacillus in the sputum.
iThe blood does not usually have such a low value if the
‘disease is very early, even although it is acute. 1In
'those cases therefore we do not require to give tuber-

:tculin at all.

Measurement of Blood Change.

In comparing the neutrophile classification before

and after a dose of tuberculin, there may be some dif-

ficulty in measuring the actual change which has taken

place, owing to the fact that there are five classes.
The section in which the most important change

takes place is Class I. This is so0 because the new

|

‘corpuscles come into this division. Leucocytes belong-

ing to all the classes are destroyed and these are re-

:placed by corpuscles which come under Class I.
|

! It is therefore chiefly by Clagss I that I measure

any change which has taken place.

For instance, if the number of neutrophiles in
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Class I is doubled then I consider that the blood is
now of half its original value. At the same time
this may be medified if the number of corpuscles in
Classes III and IV has remained the same or has in-
creased . I pay 1little attention to Class II because
the alteration in its number is evident by the altera-

:tion in the other classes.

Time Taken for Changes to Occur.

This is-a matter of importance because by paying
attention to it we can save curselves a great amount
of time and trcuble.

As regards the time taken for the vlood tc reach

its lowest value, it has been already noted that three
days is the usual period. Therefore, if we examine
the blood #t any time during the third day after the
dose of tuberculin we can be sure that if any change

is going to take place we will not miss it. Not

only sc, but the examination at this time reveals the
\maximum change which will take place as the result of
that dose of tuberculin.

It is therefore quite unnecessary to examine the
jblood every day after an injection.

The time taken for the blood to recover after a
dose of tuberculin is howevertvery variable. Vo de~
finite period of time can be mentioned as being the

‘usual /
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usual .

First of all, if the change in the blood is very
slight , the time taken to recover is usually very short-
it may be one or two days. If there is a marked
change in the blood, then it takes longer - it may be
nine or ten days.

If the alteration of the classification is the
result of several doses of tuberculin, each dose given
while the blocod is suffering from the effects of the
previous dose, a much longer period is required for
recovery than if the deterioration is due t; a single
dose of tuberculin. This is so even though the maxi-

mum degeneration in both cases is the same.

It is therefore often neceséary tc examine the
blood on more than one occasion to discover when it
has returned to its normzl state.

My rule is to examine the blood every day after
it has reached its lowest value if the change in the
blood is slight. If there is a marked alteration, 1
examine it every second day until it has returned teo

its original condition.

The cases given under DIAGNOSIS and TREATMENT

| are all illustrations of this,and it would be superflu-

ous to give examples here.

In the blood charts which I have shewn up to this

| point /



point , I have included the finer classification sug-
gested by Arneth. As I have already mentioned this
refinement is of no assistance, and in the remainder

of this thesis its use will be dispensed with.
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DIAGNOSIS.

Physical examination of the chest and the symptoms
from which a patient may be suffering are not suffi-
cient evidence of the presence of pulmonary tuberculosis.

It is therefore necessary toc have some means of clinch-
ing the diagnosis.

To secure this, we can employ two methods:=-

1. Examination of the sputum for tubercle
bacilli.

2. Administration of tuberculin in one of
the following ways:-

(2) Subcutaneous injection (Koch) .
(t) Opthalmic (Calmette).
(¢) Cutaneous
by Vaccination (Von Pirguet)
or Inunction (Moro) .
l. Every case which comes under my olsrvation
has the sputum, if any, examined for tubercle bacilli.
First of all by the ZiehlNielsen method, and if ne=-

gative to this test, by the antiformin method.

Ie /



36

If no tubercle bacilli are found after three such
examinations , or if the patient has no sputum, the
patient is then subjected to the tuberculin test.

2. Of the various ways of administering tuber-
culin for the purposes of diagnosis I have found the
subcutaneous Mmethod the most satisfactory.

Till recently I have used the temperature and
other clinical signs as the evidence of a reaction.

I now pay chief attention to the changes produced in

the blocd.

Temperature as Guide.

For tleesake of clearness I will first of all
give a short outline of the technique of the test in
which the temperature is used as the indication of a
reaction . .

For all my test doses, I use Koch's 01d Tuberculin
(T.K.). '

The temperature must be carefully noted at four
hourly intervals for at least three days before a dose
is given. If the temperature rises above 99°¢ F. it

is necessary to wait till it becomes,and remains,
normal before a test dose is injected.

To be certain of a reaction the temperaturé must

rise to 100° F. It is therefore necessary to take
the temp erature every four hours after the tuberculin
is administered. :

. If the patient is under ten years of age .0001 c c
T XK./
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T.Ke i8 injected. If the temperature does not rise to
100° F. within forty-eight hours .0C05 c.c. is inject-
ed . If this decse fails to produce the required tem-
perature then. .001 c.c. T.K. is given, and this is re=-
:peated in forty-eight hours if the necessary rise has
not occurred . If these four doses fail to produce the
required reaction, it may be taken for granted that the
patient is not tuberculous.

In a patient of more than ten years of age, the
technique is exactly the same, but the four doses given
are :=- 001l; .005; .01 and .01 c.c. T.K.

Besides the temperature reaction, we may have of

course other signs of reaction referred to in a pre=-

vious paragraph . The most important of these is the
Focal Reaction. This consists of an exacerbvation of
symptoms at the site of the tuberculous focus. In

the case of the lungs, we have the appearance or in-
crease of already present rales in the affected part,
increase of sputum etc., etc.

Case 1. I have annexed a temperature chart to

illustrate this test . An explanation is unnecessary.

Blood as Guide.

I will now describe the method I use for diagnosis
in which the change produced in the bloed is used as the
indication of a reaction to the tuberculin. This method

-is made possible by the fact that tuberculin, unless

given /
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given in extremely large doses only causes changes in
the blood of a tuberculous person. The value of it
depends on the fact already demonstrated that changes
are produced in the blood by a smaller dose of tuber=-
culin than that necessary to cause a temperature re-
action.

The blood charts shewn under EFFECT ON THE BLOOD

are all illustraticns of this method of test dosing.
It is necessary however to go rather more fully into
the subject.

I still consider T.K. the most suitable tuberculin
for diagnostic purposes, and I still use the same se-
quence of deses .

If the temperature is taken as the indication of
a reaction to a test dose, it is necessary that it
should rise to 100° F. Anything under thzt, e.g.

99 .6° F. is not conclusive. In the same way a cer-
tain degree of change in the classification of the neu-
trophiles is necessary before we can conclude that the
test is positive.

We cannct say that the blood must deteriorate to

a certain given value in every case before deciding

that the test is positive, because the cléssification

of the neutrophiles is so different in different in-
dividuals before the test doses are given. It is there-
fore necessary that the resulting classification should
be measured as a proportion of the original classifica-

tion /
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:tion .

It mmy be taken gs a general rule that the blood
must degenerate to about half its original value be-
fore we can be certain that the test is positive. This
rule regquires modification in certain cases. These
will be referred to later.

It must be noted that it occasionally happens
that the dose of tuberculin required to produce the
degree of change in the blood may alsc cause some rise
of temperature. This however is very seldom the case.

Case 1 (George Chapman) under Effect on the Blood il-

lustrates this. The first dose caused the temperature
tec rise and alsc the bleod to change.

To make this method of test dosing clearer I have
annexed the temperature chart of a patient. In it
the classification of the neutrophiles is marked in
green ink, and the doses of tuberculin in red ink.

Case 2. John Peutherer, age 14 years, complained
cf weakness . He could not take his food well and had
been losing weight for three months. Cn percussion
'the right apex was slightly tympanitic and the breath-

ing was hroncho-vesicular. He had no sputum. I

'could not say definitely that he was suffering from
phthisis, and I therefore decided to give him test doses.
As can be seen from the accompanying chart, I examined

‘his blood on three occasions on different days before

giving tuberculin. I found that his neutrophile classi-
fication /
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:fication was practically normal.

On March 28th 1912 I injected .001 c.c. T .K.

This produced a change in the blood , and on the even=
ing of 30th March the classification of the neutro-
philes was of less than half its previous value.
Class I had been doubled, and Class III was reduced
to less than half the original number. I therefore
considered the test positive.

The temp erature had not risen above 99° F. as the
result of this dose. Merely for experimental pur-
poses I gave anoth & larger dose, viz. ..0045c.c. T.K.
three days after the previous dose. This produced a
temp erature of 101.4° F. and also rather severe pains
in the arm and head . The blood degenerated much fur-
ther as the result of this dose.

In this case the second dose of tuberculin was
quite unnecessary as I had clinched my diagnosis by
| means of the first dose although no temperature had
been produced. It muat also be noted that the first
dose caused the patient absolutely no discomfort.

Case 3. To emphasise the importance of this I

have appended the chart of another patient viz. Fraser
Fordyce. In this case, although the first dose of

tuberculin was quite sufficient to produce the required
change in the blood, yet it was not sufficient to cause

a temperature. It was not until the third dose had
been /
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been given that the temperature rose. The first in-
jection caused no discomfort. The secohd caused
slight headache. The third caused severe headache

and pain in the arm as well as a temperature of 101° F.
and alsco slight fever for the succeéding night or two.
As regmrds his blood the firsf dose did not quite
double the leucocytes of Class I, but it reduced the
numbers in Classes III, IV, and V to much below half.
Altogether this change was quite sufficient to settle
the-diagnosis. The second dose caused the blood to
deteriorate still further, as alsc did the third.

In this case also one dose was all that was re-
quired. The others were quite unnecessary and only
caused the patient severe discomfort, and alsc exposed
him = to the possible danger of a bad reaction. It is
héwever not always the first dcse that causes the re-
quired change in the blood, but it is very unusual
that more than two doses are required.

Case 4. Mrs Ross, age 29. In this case it was
not until the fourth dose was given that the tempera-
ture rose. The third dose produced a satisfactory

‘blood change.

Negative to Test Doses.

The cases I have already given toc illustrate this
methed of diagnosis have all reacted to the test. I
now give the chart of a patient who did not react to

thé//
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the tuberculin neither by blood nor by temperature
after having the four injecticns of tuberculin.

Case 5. Marjory Stuart, age 7 years, came to
me on 8th April 1912 complaining of ccugh. She had
been losing weight for two months . Three years ago
she had an attack of pneumonia. Her mother suffers
from phthisis. No sputum. Examination of the chest
revealed nothing but broncho-vesicular breathing at
the left apex.

On April 11th, I injected T.K. .0005 c.c. On
the 13th, .001 c.c.; on the 15th, .005 c.c., and on
the 17tk , 0L &v0. None of these doses caused any .
rise in temperature, nor was any effect produced in
the blood . It can be seen from the chart that the
classification of the neutrophiles was quite good
before tuberculin was given, and remained quite good
after the test doses were given.

I therefore concluded that she was not suffering
from tubeculosis. I dismissed her from the Sanatori-
um . Four months later I saw her again. She was in
excellent health.

Case 6 . Another case similar to the above is
that of John Gordon, age 9 years. He complained of
morning cough and spit. Sputum negative. I gave
him four test doses (See Chart) . These caused no
temperature and produced no change in the classifi-

cation of the neutrophiles.

The last two cases are examples from a large

number /
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number which have led me to conclude that tuberculin
produces no effect on the blood of a healthy persen

. unless very large doses are given.

Test Dosing in Febrile Cases .

If the temperature is used as the indication of
a reaction, a difficulty arises in those patients who
are already running a temperature because any febrile
reaction to the tuberculin cannot be distinguished
from the ‘pre-existing fever.

My method of test dé}ng overcomes this difficulty
in most cases.

As a general rule if a patient is running a tem-
perature the classification of the neutrophiles is of
a lower value than in the case of an afebrile patient.
If however the disease is fairly early, the classifi-
cation is not &f such a low value that a marked change
in it cannot be observed.

In febrile cases ,ther,we can use the blobd as the
indication of a reaction in exactly the same way as in
afebrile cases.

Case 7, is a good illustration of this. Janet
Purves, age 35 years, was sent to me for diagnosis.
She complained of cough and spit. She was losing
weight , and suffered from breathlessness- She fre-
quently vomited, and had no appetite for her food.

Physical /
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Physical examination of her chest shewed slight
duliness at the right apex with bronchial breathing.

She had an occasional rise in temperature in
the evening (See Chart) .

On July 30th I injected .001 c.c. T.K. This
was followed by a slight h eadache and mild pains all
over the body . The temperature continued to rise
in much the same fashion as before. No importance
could be attached to the temperature because it was
impessible to tell how much, if any of it, was the
result of the tuberculin injection. .

A study of her blood however made it clear that
she had reacted to the test doses and proved she was
suffering from tuberculosis .

Before tuberculin was given her neutrophile
classification was much below normal (See Chart).
After the test dose the blood deteriorated markedly,
the lowest value being reached on the third day, when
the classification was of less than half the previous

value.

Although the temperature charts of the above
cases are twice daily records, the temperatures in
every case were taken at four-hourly intervals before

and after the test doses ,by trained nurses.

Test /
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Test Dosing in the Dispensary.

This method is of great value if we require to
give patients test doses in their own homes or at the
Dispensary.

It has already been noted that if the rise of
temperature is used as the indication of a reaction,

a four-hourly record veth before and after injecting
the tuberculin is necessary.

This is easily obtained if the patients are in
the Sanatcrium with a Staff of trained nurses. if
howeverthe patients are living in their own homes, it
becomes a sericus difficulty.

It would scarcely be possible to expect trained
nurses to visit the patients' homes every four hours,
and if the patients are left to take their own tempera-
tures , we cannot feel confident that they take them
prop erly,or even that they take them at all.

By using the change in the classification of the
neutrophiles as the indication of a reaction to tuber-
culin, we can neglect the temperature altogether. All

fthat is necessary is to examine the blood before tuber-
‘culin is given and on the second or third day after
each dose has been injected. It is better to make
"|two examinations of the blood on different days before

linjecting the tuberculin.

1/
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I prefer that patients should stay in bed during
the period of test dosing, and this is the rule in
the Sanatorium. In the case of out-patients however
I dc not press this point, and I have given test doses
to patients who have been working all the time. They
come to me for the injection of tuberculin, and return

in ghree days , when I examine the blood, and if neces-
sary give them another dose.

The fact that the test doses causes them no dis-
comfort is of great weight in persuading them to at-
tend regularly.

Case 8. I have appended the chart which I use
for these patients in diagnosis. They take their
own temperatures , but I attach very little importance
to their records unless the blood shews a correspon-
ding change .

In this patient the test was positive. The

temperature did not rise above 99° F.

Intervals between Test Doses .

When the bloed has suffered from the injection
of a dose of tuberculin it usually reaches its lowest
value on the third day. It is therefore only neces-
sary to examine the blood once, that is, on the third
day after the dose has been given, {0 get the maximum
effect of that injection. If the required change
has / '
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has not been produced in the blood, a second dese is
given immediately and the blood again examined in other
three days. We should therefore give the test doses
at intervals of three days.

If however the necessary loss of value is going
to be produced by an injection the blcood begins to
change within a few hours, and if we examine the blood

iﬁ forty-eight hours the loss of value is quite evi=-
dent . If the examination in forty-eight hours shews
no, or very little, alteration in the classification
of the neutrophiles, we can take it for granted that
the change necesséry to denote a positive reaction will
not take place with that dose, and we can immediately
proceed to give another.

We can therefore frequently give test doses at
intervals of forty-eight hours, but the only advantage
in doing so is the saving of time. This is only pos-

sible however in the Sanatorium where we have facili=-
ties for frequent examination of the blocd. In the
Dispensary the three days interval is the most useful.
Cases of Pulmonary Tuberculosis

which do not React to Test
Doses .

Therc is a certain class of cases in which it is
useless to give tubeﬁculin for diagnostic purposes.
This class includes those patienés whose neutrophile
classification is of such a low value that a dose of

tuberculin /.
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tukerculin produced no appreciable effect on it, and
the necessary alteration in the classification cannot

possibly take place. These cases have already been

mentioned under Eff ect on the Blood where it has been
shewn that in a classification such as this:- ,

1 2 3 4 5

60% 374 3% 04 of
tuberculin has practically no effect and the change
necessary for a positive test cannot possibly take
rlace .

If this classification is duvue to pulmonary tuber=-
culosis the case is sc acute and usually sc advanced,
that a positive diagnosis is always arrived at by
other means,as the sputum is almost certain to contain
tubercle bacilli. In fact these cases are so advanced
that they do not react to tuberculin at all (vide
"Tuberculin Reaction") .

Cases in which a less marked Blood

Change must suffice tc denote a
Positive Reaction. .

Ifthe classification of the neutrophiles before
'giving tuberculin is about the following value:-
TR e S TR '
474 46 6% 1% 0%
we cannct expect the bloocd to deteriorate to haﬁﬁ that

‘value . We must be content with a less marked change

in f
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in the neutrqphiles . In these cases,if the test doses
cause the blood to deteriorate to about the following
value: =
3 2 3 4 5

80% 1% 3% 1£ oF

we may take it that the test is positive.
It is not often that we require to give test

doses in these cases as they are usually diagnosed

definitely by other means.

Value of Tuberculin in Diagnosis.

By giving test dcses of tﬁbercalin, we can tell
whether there is a tuberculous focus in the body or
nct. It gives us no indication as to the site of
this facus, and it does not help us to decide whether
the disease is active or quiescent.

If a recognisable localised reaction occurs as
the result of a test dose, for instance, the appear-
ance of crepitaticns in the lungs , we can be certain
that tuberculous disease is present in that situation.

Trhis however occurs iﬁ a very small percentage of
patients, and it is my object in the administration

of tuberculin to avcid a clinical reaction altogether
as I believe it exposes the patient to danger unngces-
sarily.

If the tuberculous focus is latent, it causes no
symptoms , the patient suffers no discomfort, and there-

fore /
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_ :fcre he requires nc treatment. I consider it absurd
tc give diagnostic tuberculin to a person who has no
complaint . If we did so, we would find that a majo-
rity reacted to the tuberculin, and we would be tempted
to give tiberculin treatment when it was qQuite unneces-
sary, the disease Eeing to all intents and purposes
cured .

If however physical examination of a patient shews
gsigns of the possible presence of tuberculosis in the
lungs, even if the patient appears in good health and
has no complaint ,then I think it advisabtle to adminis -
ter tuberculin for diagnostic purposes .

We meet such cases now and again in the examina-
tion of contacts.

In the case of a perscon who has an active focus
of tuberculosis in the lung, it may affect him in a
variety of ways. It may shew itself in the form of
stomach trouble, heart weakness, nervecus trouble, or
the first sign may be in the Joints as an arthritis.
It may be that a general weakness is all that is com=-
plained of. In fact any organ or tissue in the body
by shewing disturbance of function, may be the first
to shew signs of the presence of tuberculeosis in the
lungs .

It is of the utmost importance that this peculiar-
ity of tuberculosis should be kept in mind, and if we
are called on to explain the presence of any such dis-
turbance wﬁich cannot be accounted for in any other way,.

the /
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the possibility of tuberculosis should always be in

our thoughts . This possibility becomes stronger if
ordinary means are not sudcessful in getting rid of the
troublesome symptoms . A thorough physical examina-
tion should be made. The sputum should be carefully
examined for tubercle bacilli. Heredity and exposure
to infection must be investigated.

If we cannot come to a definite diagnosis from
information collected by the above means, the patient
gshould be subjected to the Tuberculin Test.

It is in these cases that diagnostic tuberculin

is of value. If the test is negative, we can elimi-
nate tuberculosis as the eaoi-;fe&of the mischief . 1f
the test is positive, we have proof of the presence cf’
a tuberculous focus in the body. This focus may or
may not be in the lung, but in any case, it is more than
likely the cause of the trouble, and if i¢ 1is, treat-
ment by means of tuberculin will complete the pfoof
by causing the disappearance of the symptoms.

The test, if carried out as I recommend, can do
the patient no harm, and it causes him no discomfort.

Therefore it may be conclusively asserted that
the Tuberculin Test, if not considered alone, but as

a link in the chain of evidence, is of extreme value.
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PROGXOES LB

It is a matter of extreme difficulty to gmuge the
actual improvement taking place in a case of phthisis.
The examination of a patient may reveal to us the
presence of pulmonary tuberculesis, but from it we
cannot by any means form a true opinion as to the fu-
| ture course of the disease.
Examination of the patient at intervals during
the course of treatment gives us a better idea as to
the degree of improvement, if any, which has taken place,
‘but it must not be forgottem that physical signs,
weight , general condition of‘the patient &c may, by
supplying us with untrustworthy evidence, lead us to
form a false opinicn as to the real course of events.
Examination of the blood by Arneth's method gives
us a means by which we can measure the actual improve=-
ment which has taken place, and thereby the success
ior ctherwise attending our method of treatment.
It must be clearly understced that a single exami-
nation of the bleood gives us no more idea of the future
course of the disease than does one examination of the

patient. If this examination of the blcod reveals

.to' /



53

to us a neutrophile classification of good value, we
can take it for granted that the disease is not in the
meantime very active, but we cannot say whether it
will remain sc or not. If we find a neutrophile
classification of very low value, we know that an in-
fective process is actively proceeding. This infec-
tive process may be purely tubercular, or there may
also be a superimposed infection, due to some other
organism such @8 the staphylococcus aureus. We can-
not tell however what the result of thisinfectious
process will be. According to the resuit of the bloocd
examination we get an idea as to the activity of the
disecase at the time,; but that is all.

If we wish to get reliable information regarding
the progress of a patient, we must make repeated exami-
nations of the blood at intervals and compare the re-
sults obtained. By this means we procure valuzable
informmation of the effect produced by our method of
treatment,and of the results likely to be obtained if
| we continue such treatment.

In the case of a patient whose neutrophile classi-
fication to begin with is pratticallyhormal, and con-
tinues to be so, the patient is progressing favcurably.
If however the classification gradually deteriorates
in value, that is, if the nuciei of the polymorphs be-

come gradually less complicated, the disease is becom-

ing more getive, our treatment is not meeting with sue-

cess /
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:cess ,and may really be the cause of the increased

activity .
;_ On the other hand, in the case of a patient whose
ﬁeatrophile classification to begin with is of very low
#alue, and shews no sign of improvement after repeated
examination, we know that the disease is not improving.
If, however, the nuclei becomes more complicated, we can
'be assured that the infective process is abating, and
[that our tréatment is meeting with success .

E Therefore, we must choose a method of treatment
%which will produce a change in the neutrophile classi-
|

fication in the right direction. If this change is
‘taking place, then we know that we are doing the best
éwe can for the patﬁent.

| The form of treatment most suitable for s parti-
!cular patient can thus be fouﬁd by watching the effecti
!produced on the neutrophiles, and any treatment which i
?causes a bad effect must be abandoned. A fair trial
émﬁst of course be given and a conclﬁsion shouid not bei

larrived at within too short an interval of time.
| t is by this means that I measure the degree of
|improvement produced by tuberculin. I also use this
principle in choosing the cases of pulmonary tubérculosis
which are likely to be improved by tuberculin; but as

harm may be caused in certain patients even by a few

| doses , I propose to go into this matter more fully.
!
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TREATMENT.

I will first of all give a short outline of ny
method of treatment and follow this up by notes of a

few cases as illustrations.

When to Begin Tuberculin Treatment .

When the diagnosis has been arrived at by the dis=
‘covery bf the tubercle bacillus in the sputum, tuber-
culin treatment may be proceeded with at once, provided
the case is a suitable one for this form of treatment

(vide Choice of Cases).

If however it has been necessary to give diagnostfic
;doses of tuber culin, we will have to wait until the
effectscf these doses have completely passed off. If
we begin treatment before this has occurred we will
find thatthe first dose will be followed by a reaction.
We cannot trust clinical evid ence to tell us when it
35 safe to begin treatment , and we cannot mention a
certéin number of days as being necessary for the dis-

appearance of the effects of the test dcses, because

the time necessary is so variable in different cases

according tc the severity of the reaction, number of

test /
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test doses given etc.

The best methcd of finding when it is safe teo
begin the course of treatment is by mens of the
blood. We must make it a rule never to commence
tuberculin treatment until the neutrophile classifi-
cation has returned to its original state after veing
disturbed by the diagnostic tuberculin. To carry
this out if is advisable to examine a blood film every

second day after the blcod has recovered in order
that treatment may be begun with as little delay as

possible.

Initial Dose.

My initial dose in most cases is .0001 c.c. P.T.Q.

I findthat this dose can usually be given with safety
If however the patient is very young; under five years

of age, I usually begin with .00001 c.c. P.T.0. Oc-
 casionally my initial dose 1s 001 et BT.0. This

can be given withcut harm resulting if the neutrorhile
:classification is of good value and especially if a
:third or fourth dose of o0ld tuberculin has been re-
quired to produce the change in the blood necessary

|to arrive at a definite diagnosis.

Subsequent Doses .

The method of increasing the dose is quite readi-
ly understcod if the charts of the illustrative cases
are studied. I do not propose therefore to zive a

description /
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description.

The only cbjection to this method is that the
graduation of dosage is not quite regular. This
however I do not consider a drawback as I have never
had any trouble follow any dose as long as I regulate
the interval between the doses by means of an exami-
nation of the blood.

As caﬁ be seen from thz charts, I never have to ze-

duce a dose of tuberculin, and I very seldom repeat

1]

the preceding dose. In nearly every cases 1 increase

LY

the dose to scme extent. The only variable item is
| the interval between the dcses.

That is to say,my series of doses are alike in
Inearly every case, but the intervals between the doses

vary, and it is by them that 1 control the treatment.

Intervals Between the Doses.

The intervals between the doses are entirely
regulated by the blood. No therapeutic dose of
tuberculin should be given until the plcod has recover-
ed from any éffects produced by the preceding dcse.
|Attention to this is of the greatest importance, and
|
iit forms the whole idea of my method of treatment. By
lthis means we can avoid clinical reactions altogether,

as the first evidence of the probability of a reaction
:is seen in the bloocd, and By waiting until the neutro-

phile classification returns to its previous state, we .

kxnow /
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know that the effects of that dose have passed off ,
and we can now with safety give another injection of

tuberculin.

Minimum Interval.

Most of the tuberculin injections given during
a course of treatment cause no effect onthe blood
and therefore are far from producing any clinical
evidence of a reaction. However, it is necessary
to examine the blood at least once after every thera-
peutic dose of tuberculin. The best time to do so
is some time duringthe third day after the dose heas
been administered.

My rule is as follows:- I give the injec~-
tion at 11 in the morning . On the third day after
this before 11 a.m., I take a film and examine it at
once . If there is nc change in the neutrophile
classification 1 give another dose immediately.
Therefore as long as there is no effect produced in
the blood, the interval between the doses is three
days . This is therefore the minimum. A shorter
interval is not advisable as it requires three days
to produce the maximum change in the neutrophile
classification, and if this change is slight it could
not be recognised in less than that period of time.
There is no necessity to make the interval longer if

there /
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there is no bhange in the blocd because we know that

in that case a larger dose can safely be given without
causing any general disturbance. At the most, a
larger dose will only cause a change in the neutrophile
classification. i,

Longer intervals are necessary when a change in

the neutrophile classification has been produced by

an inj ectidn of tuberculin. This change is recognised

by an examination of a film on the third day after the
dose has been given. We must now wait until the

blood recovers, and the time taken varies according to
the degree of deterioraticn, the more severe the
change the longer the interval.

If the change in the blood is very marked, I ex-
amiﬁe a film every second day until the classification
has resumed its original value. Ifit is slight, I
examine a film every day.

Whenever the blood has recovered I give another
injection of tuberculin increasing the dose according
to the process illustrated inthe charts. If the
change is very marked I repeat the previous dose, I
only reduge the dose if the blood change has been ac=
companied by a 'general reaction = rise of temperature
etc. This however is very seldom necessary, and we
can usually go through a whole course of treatment
without a single rise of temp erature occurring from
any dose of tuberculin if we know the condition of the

neutrophile /
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neutrophile classification before every injection.
Thelongest interval between therapeutic doses of
tuberculin is very seldom more than ten days. If
the blood has not recovered within that time, the
patient is probably not a suitablecase for tuberculin.

This however will be discussed under Choice of Cases

for Tuberculin Treatment .

Interruptions in the Course of Treatment.

In an interruption occurs duringthe course of
treatment from any cause, e.g. the pati et having a
holiday in the coumtry , we must nct resume the treat-
ment where we left off. It is necessary to reduce
the dose, and if the interval is a lengthy one it
will be advisable toc begin the treatment at the begin-
:ning .

It will be found however that we can rapidly in-
crease the dose until we reach the one at which we
left off,as no change is produced in the blood by the
repetition of these early doses, and therefore no de-

lays occur.

Complete Course of Treatment .

This consists of a course of P.T.0. up to 1 c.c
P.T. up to 1 c.c., and finally 01d Tuberculin up to
l c.c.

The time taken for this course is usually about

six months, but it may be muda longer, or it may be

shorter /



shorter depending on the manner in which the patient
takes the tuberculin.

Every patient does not go through this complete
course, in fact very few do, as their optimum dose is
often reached before it is completed.

Maximum Possible Dose.

This is 1 c.c. T.K. = the final dose in the com-
plete course of treatment. I never give more than
this to anylpatient.

Maximum Individual Dose.

This may be reached at any period in the course ¢f
treatment . It is recognised by the fact that every
attempt to go beyond it results in a change in the neu-

trophile classification. When I have reached this

dose I repeat: it once a week for some time and make
another attempt to increase the dose. If this is again
unsuccessful, being followed by a change in the neutro-
trhile classification, I continue with the same dose
giving an injection once a fortnight .

I have had numerous pati emts who could not tolerate
more than .8 c.c. P.T.O.

Although a patient cannot tclerate a large dose of
tuberculin it is not an unfavourable sign by any means.
Most of them do just as well with a repBtition of their

optimum dose as the patient who can tolerate 1 c.c. TK.

Temperature .
I pay no attention to a rise of temperature unless
it is accompanied by a change in the neutrophile classi=

flication /
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:fi maticn. If a rise of temperature is due to the
tuberculin, the blood will shew a corresponding de-
tericration. Frequently during a course of treat-
ment we have a rise of temperature in fhe evening,
but we cannot be certain whether it is due to the
tuberculin or not. Examination of the blood however

gets rid of this difficulty.

‘Illustrative Cases .

Case 1. Mrs Ress. Age 29. Admitted 6th May '12.
Complaint. - Cough and Spit. Severe pain between
shoulder blades - worse on coughing.
Loss of weight.
Duration - 7 months .
Physical Examination shewed nothing but a slightly
impaired note and broncho-vesicular beeathing
at the right apex.
Sputum - T.B. negative. Afsbriie.
Neutrophile classification was practically norm=l.
Diagnostic doses of Cld Tuberculin produced a
satisfactory reaction (See Chart). The fourth in-
| jection caused a temperature of 101° F , This dose
was nct necessary as the third test dose gave conclusive
proof, since it preduced a change in the neutrophille
classification sufficient to dencte a positive test.
Th ere was no focal reaction.
This patient had therefore a tuberculous focus
somewhere in the body, ad I determined to treat it

by means of tuberculin, ho

el

ing thereby to get rid of
the troublesome symptoms especially the pain in the

back /



back which had annoyed her for several months and had
resisted all other forms of treatment .
The neutrophile classification had returned hagd
Feearaed to its previous value after the test doses on
29th lay and on 3Cth lMay I began her treatment by in-
jecting 001 c.c. P.T.0O. I considered that this
dose Would-be guite safe as her neutrophile classifi-
cation was of geced #alue and becaus‘e she had required
three test doses of T.K. before the necessary change
was produced in the blood.
The first dose of P.T.0. caused a slizht deterio-
ration in the classification of the neutrophiles whibh
recovered in a few days when I injected .0015 P.T.C.
This dose also produced a slight effect, but the fol=-
lowing dose had no effect. I proceeded with the
treatment according to the method I have described
above . Only cccasicnally did the tuberculin cause
any change in the blood. |
After the first six weeks of treatment the cough :
and spit improved greatly and the pain in the back en-
tirely disappeared. On July 22nd she left the Sana-
torium quite healthy - no cough, no spit, and no pain.
| At that time she had reached .2 c.c. P.T.O, I con-
' tinued the treatment at the Tuberculin Dispensary upto
1 ceoce P.T.0. and proceeded with P.T. beginning with
L2 c.c. and finally reaching 1 c.c. She has had no
retum of thé pain and has been in excellent health

Bince /
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since. She comes to see me every month at the Dis-
pensary .

A study of her chart shews my method of increas-
ing the doses and alsc the state of the blocod after
every dose.

During the whole course she had one rise of
temperature viz. 99,27 ﬁ. cn the evening of 15th June.
She had an injection of tuberculin the same mprning,
but as thig dose produced n¢ change in-the bloocd I
pdd no attention to this temperature and gave the
next injection at the usual interval and no fever re-
sulted. This temperature was therefore not a sign
of a reaction to the tuberculin as the following
largerdoses would certainly have caused a further rise
of temp erature.

She never suffered any discomfort except from
the fourth test dose which caused pain all over her
body . I have already shewn that this dose was un-
necessary.

This case demonstrates the value of the test
doses of tuberculin. They proved the presence of a
tuberculous focus in the body. The course of treat-
ment made it evident that this focus was the origin
cf the troublesome symptoms by causing their entire
disappearance. I cannot say whether the focus was
in the lungs or nct, but I casider that there pro-
bably was tuberculous disease in that situation as

the /
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as g the tuberculin entirely got rid of the cough
and spit . Wherever it was, it is now either cured
or latent, and the patient is in excellent health. If
the focus is latent, the possibility of it again be-
coming active need not trouble us,as she is getting
a small dose ofltuberculin every month which will keep
her defensive powers in readiness to cope with any
such emergency, and will also serve as a warning to us
if these defensive powers fail,and the focus again
threatens to cause mischief.

Case 2. James Sharp. Age 16 Admitted 12th
February 1912.

Complaint . Cough . Occasional spit. Severe haemop-
tysis in December 1911. Sputum frequently blcod-
stained.

Duration. 4 months .

Prhysical Examination shewed some dullness at the right
apex with bronchial breathing. Wo rales were
present .

| Sputum negative. Afebrile.

The neutrophile classification was of moderate
value.

I gave three diagnostic doses of T .K. The
second of these produced a satisfactory deterioration
in the neutrophile classification. The third dose
(which was not necessary) produced a temperature of

103.6° T. an d other signs of a general reaction, in-

il

cluding a focal reaction at the rizght apex svidenced
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by the appearance of a few crepitations at that situa-
ition .

The test was therefore positive, and the site of
the tuberculous focus was eviiently at the apex of the
right lung.

The neutrophile classification returned to its
original value within ten days after the final test
|dose , mnd on March 2nd , I began his treatment by inject=
'ing .001 c.c. Pl 0 I reached .8 c.ﬁ. P.T.0. cn May
18th and I then proceeded with P.T. the first injection
Ibeing .005 c.c. On 20th January I injected 1 c. c.
P.T. and on 26th June 1 began with 0ld Tuberculin by
injecting .01 c.cs I finished the course on July
24th when I gave 1 c.c. T.K., i.e. the maximum possible
|dose.

This patient had therefore a complete course of
|tuberculin treatment wHich lasted twenty two weeks. He
was an inmate of the Sanatorimm only for the first eight
?weeks, aftervnich he attended the Dispensary twice week-
Ily. On leaving the Sanatorium he started work as a
igardener and was never off work for a single day. 1
iexamined his blood every time he came to the Dispensary
and according tc the result of this examination I de-
cided whether to give him a dose or not.

All his symptoms had disappeared before he left

the Sanatorium, andthere has been nc recurrence of

any of them since. He gained over a stone in weight.

As /
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As regards his temperature , his chart shews
that he had an occasional rise at the beginning of
the treatment. The first of these was on the even-
ing of March 6th when it rose to 101°© F. This was
accompanied by only a slight degeneration of the neu-
trophile classification which had recovered by 9th
March , when I repeated the previous dose. I consid-
ered this quite safe, as, although the rise of temper-
ature was ®ery marked ,the change in the neutrophile
classification was very slight. The injection of 9th
March was followed by a temperature of 99.4° F., but
there was no change in the neutrophile classification
and I accordingly increased the succeeding dcse at
the usual interval . There was nc further rise till
March 22nd when the temperature again rose to 99.4° F
but the neutrophile classification only necessitated
an interval of five days. The temperature never rose
above normal during the remainder of the course (See
chart) . He never suffered the slightest discomfort
either from the diagnostic doses or from the treatment.

Before the commencement of the treatment the neu-
trdphile classification was of moderate value. During
the course it gradually improved, and at the end,was
quite normzl , where it has remaindd since.

The optimum dose in this patient was evidently
larger than the maximum possible dose. He comes to
me once a month when I examine his blood and give him

a small dose of T .K.

Tuberculin /
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%
Tuberculin did this patient a great deal of gcod,

as ‘is evidenced by the disappearance of the sympioms
and the improvement in his blocd. It caused him nodn -
convenience , as he worked all day and every day after
the first eight weeks when he was in the Sanatcrium.
Case 3. Hugh Dall. Age 27. Admitted 23rd Feb. "12.

Complaint . Cough and copious spit. Shortness of
breath. Loss of weight. Frequent haemoptysis.

Duration. 4 years.

Physical Examination. Right lung Stage II; Left lung
tage I . Numerous crepltations at both apices.

The patient was slightly febrile, having a temperature
of 99-10CC F in the evenings.

Sputum - T .B. positive (No. 9 Gaffky).

Test doses were of course unnecessary.

The neutrophile classification was of moderate vélue
(See Chart) .

In this case duringthe first few weeks, I admini-
stered the tuberculin in the ordinary way i.e. although
I examined the blood after each injecticen,] did not al-
low the result of this examination to regulate my treat-
ment but trusted entirely to the clinical evidence to
. prevent a bad reaction.

I began treatment on March 10th by injecting .001
' ¢.c. P.T.0. This resulted in a temperature of 100° F
and a slight headache. I threrefore waited five days
and repeated the same dose. Five days later the tempera-
ture rose to 102.2° F. but cn that date the patient was

out of bed for an hour forThe first time, and this pro-

bably /
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:bably accounted for the temperature. ﬁfter an inter-
val of ten days I repeated the same dose again. I then
gradually mounted to .01 c.c. P.T.O.

During this time the blood had gradually been de=-
teriorating in value (See Chart) but I neglected this
warning with the result that a violent reaction occur-
:red after the injection of .01 c.c. P.T.O. The tem-

peiature rose every evening to between 99 and 1020 F.
The patient suffered intense discomfort from headache
and pain at the site of the injection. On ausculta-
tion I found rales everywhere in fhe chest. The sputum
was very copious, and on two occasions there was severe
haemoptysis . Clinically, I got no warning of this re-
action and therefore could not prevent it. If however
I had used the blocd as a guide it is evident that this
'reaction would never have occurred , as the deteriora-
tion of the neutrophile classification was initiated
by an injection of tuberculin administered more thén
a week before that dose which precipitated the general
reaction.

The patient recovered in about ten days and the
blood returned to its original condition in sixteen
days . I now began the treatment again,using the blood
as guide, my first injection being .003 c.c. P.T.O.

I reached .5 c.c. P.T.0. without having a single rise

in temp erature and without causing him any discomfort.
This dose proved to be his optimum, and I therefore re-
peated it at intervals.

The /
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The tuberculin did the patient an immense anﬁhnt
of good. He increased in weight to the extent of more
than two stones. His cough practially disappeared. He
had very little sputum which contained only a few bacil-
1i (noc. 1 Gaffky) . There was never any blood in the

sputum. Before treatment he was slightly febrile, but
after 2Pe first attermpt at treatment his temperature
never rose above normal .

This case shews excellently the value of the blood
as a guide in the administration of tuberculin compared
to clinical evidence and alsc shews the value of tuber-
culin,when correctly given, in an advanced case of
phthisis. This patient was not cured, but he was very
much improved . He had been treated for several months
in a Sanatorium by purely open air measures before he

came to me, but he did not benefit much from it. The
tuberculin however did him much more gcod, and after
the completion of the course,he felt better and was
heavier than he had ever been since he fifst took il1,
over four years previously.

Case 4. Frederick Cowley. Age 37 . Admitted 14th
May 1912.

Complaint. Cough and spit, chiefly in the morning.
Loss of weight. Haemoptysis frequerfly.

Duration - 14 years.

Physical Examination. Right lung Stage I1; Left
lung Stage II . Numerous rales all over the
chest.

The patient was slightly febrile with evening tempera-
ture from 99-100° F.

Although /
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Physical Examination - Right lung Stage I; ILeft lung
-Stage I.

Sputum T.B. positive (Ng. 3 Gaffky) .
Afebrile.

Neutrophile classification moderately good. I be-
gan treatment on January 24th 1912, when I injected
001 c¢.c. P.T.0. and gradually increased the dose to
1ot Plnls I then proceeded with P.T. up to 1l c.c.

and T.K. up to 1 c.c. (See Charts) .

The tuberculin did him a lot of good. His cough
and spit disappeared. He gained several pounds in weight.
As far as one could say, he is now quite cured, but
whether he will remain so or not remains to be seen. I
etill keep him under observation.

During the whole course of his treatment this
patient worked very hard as a labourer in a brewery. He
never lost a single day's work, and never suffered the
éslightest discomfort from the treatment.
| The records of his doses and blood examinationsare
seen in the accompanying charts , which I haye had printed
for use in those cases in which the treatment is re-

igulated by means of the neutrophile classification.
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CHOICE OF CASES FOR TUBERCULIN TREATMENT .

As every case of pulmonary tuberculosis is not
sulitable for tuberculin treatment, it becomes necessary
tc eliminate those cases which are not likely to bene-
fit from this form of treatment.

In scme patients, the administration of tuberculin
'actually does harm, and it is fhe indiscriminate fash-
tion of giving tuberculin to every case of pulmonary
tuberculosis which has caused so much discredit to be
attached to this method of treatment.

Physical examination of the chest cannot permit
'us to say definitely that a patient is or is not like-
'1y to benefit from tuberculin.

Though tuberculin may not cure an advanced case
_of rhthisis, it may relieve troubl esome sympboms and
%render the disease latent. At the same time there are
' many cases of advanced phthisis in which tuberculin
does no good, and indeed often does serious harm.

On the other hand every early case of phthisis is
rnot necessarily suitable for tuberculin treatment, and

certain of these clinically slight cases are made more

'attive by means of tuberculin.

Because /
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Because a case is Pebrile, we cannot say that it
is unsuitable for tuberculin‘treatment as many of these
cases derive great benefit from it, while others are
adversely affected.

It is therefore of great importance that we choose
the cases that are likely to be improved by tuberculin,
because otherwise the harm we may do would counter-ba-
lance the good, and it would be wiser for us tc give up
the use of tuberculin altcgether.

Examination of the blood by Arneth's method pro-
vides us with a means by which we can divide up our cases
into twsections - those which are likely to benefit
by tuberculin; and those which are not. If we do be-~

gin treatment, by watching the bloed carefully after
each dose,we can tell wh-ether we are likely to have
good results or not.

Every case of phthisis which comes under my obser-
vation has the blood examined by Arneth's method three
times on different days before treatment of any kind
is begun. Accerding to the result of this examination |
the patient is or is not treated with tuberculin. I
asscciaté each particular patient with a certain bloocd

ricture which under treatment must either retain its
presant value or improve, but must never detericrate.

If the classification of the leucocytes, is beiow
a certain value which I have decided on after treat- -
pent of numerous cases, I never begin treatment with
tuberculin knowing from experience that my efforts

would /
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would not be attended with success but in all probabili-
ty the tgberculin would lower the value of the blocd.

If it is above that value, I begin treatment with tuber-
culin feeling confident that , if not beinging about a
cure, I will at least improve the patient's condition
and quite satisfied that I can do no harm as long as
I examine the blood frequently during the course of
treatment.

The following is the classification which I have
decided on as beingthe above mentioned value:-
1 2 3 4 5
404 504 8% 24 of
This classification is of course not absolute and a

certain latitude must be allowed in both directions.

Cases Unsuitable for Tuberculin.

I shall first of all consider those cases which
have a neutrophile classification value far below that
of the deciding classification of which the foilowing
are examples:- !
| Case 1. Mrs Nielson; Age 36 ,;Admitted 13th May n2.

Complaint . Cough and spit. Shortness of breath.
Night sweats . Loss of weight. Loss of appetite.

Duration. Three months (?)
No previous illnesses: Family history good.

Her sputum contained large numbsrs cf tubercle
bacilli (No. 6 Gaffky) . She had irregular fever, the
temperature freguently reaching 1020 F. (Sece Chart).

Physical examination of the chest shewed disease
of both lungs . Right lung, - Stage 1I; Left lung -

Stage /
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Stages I-11. Numerous rales were present at both

| apices .

I considered the possibility of the presence of
some cther organism as well as the tubercle bacilli,
but after several careful examinations of the sputum,

I cames to the conclusion that nc mixed infection was

M,

present. The case was therefore one of pure tuber-
culous infection.

Examination of the blocod shewed a neutrophile
|

classification of very low value (See Chart-green ink)|.

I decided to try the effect of a few doses of

tub

()]

reulin. Accordingly cn May 26th I injected .000001

c.¢. Bacillary Emulsion (T.E.) . This dose was fol-

| lowed by the appearance of albumin in the urine. The

temperature continved as before. Scvere pain was pro-
duced in the head and left side. The blood rather de =
ceeased in value. Altogether this dose had a bad ef-
:fect on the patient. |

I did not give any more injections of the emulsioh,

|
but seventeen days after that dose I began treatment

with P.T.0., the initial dose being .00C1 c.c. My

reascn for stopping the T.E. was chiefly because of
the effect produced on he kidneys. A study of her
Chart shews that I gave her ten injectioﬁs altogether ,
the 1ast being .004 c.c. P.T.O. |
These doses had absclutely no effect on the tem-

perature which continued to swing as before. The

number /
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number of tubercle bacilli in the sputum was increased
(from No. 6 to No. 10 Gaffky) . Physical examination
shewed no improvement{ numerous crevitations still being
rresent . Her weight was practically the same as be-
fore. As regards the blood, the average classification
of the neutrophiles was now of rather lower value than
it was before the commencement of the treatment.

Apart from any improvement having taken place as
the result of the administration of tuberculin, the
patient was not so well as she was. The tuberculin
caused her practically no discomfort. In fact ,each
individual dose did not seem to have any effect on her
at all.

Case 2. Janet Allan, age 19; Admitted 9th liarch
e

Complaint . = Cough and copious spit. Shortness of bréath

Night sweats. Loss of weight. Occasional se-

vere pain between shoulder blades .

Duration. = 8ix months.

Her sputum contained large numbers of tubercle
bacilli (No. 8 Gaffky) . Physical examination of the
‘chest shewed disease in both lungs. Right lung-stage
II; Left lung-stage I . Numerous rales were present
in both lungs .

On admission she had a swinging temperature rising
to 101-1020 F. in the evenings (See Chart) . This
fever was the result of a mixed infection. Examina-
tion of the sputum (&ith the necessary precautions to
eliminate mouth bacteria) shewed the presence of‘staphyh

lococcus aureus. The neutrophile classification was

of a very low value.
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By means of fresh =ir etc., I got rid of the
mixed infection in about six weeks , after which the
temperature ran quite a normal course. She was quite
suitable for tuberculin treatment except for the fact
that the disease was falrly severe. The neutrophile
clagssification though it had improved slightly on the
disappearance of the mixed infection was still very low
in value, much below the deciding value.

I decided to try the effect of P.T.O., and began
her treatment with .0001 c.c.  As can be seen from
the Chart, I gradually mounted until I had injected

lc.c. P.T.O. without once causing any rise of tempera-

ture. None of these injections caused her the slight-
|
est discomfert . She alsc gained a few pounds in weight

The duration of this course was sixteen weeks.
During the treatment I examined the blood at least
.jonce after each injection. I found that the tuberculin
dig not improve the neutrophile classification in the
slightest , indeed atthe end of the course it was of i
;rather lower value than previously. Altogeth e the
patient shewed no immvement, the disease being just
as active as ever. She began to shew signs of im-
%provement after the treatment was stopped, when the
neutrophile classification increased in value to a
slight extent.
This pati ent serves as a very good illustration of

those severe cases of pulmonary tuberculosis which do

not /
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not react to large doses of tuberculin. The case was
afebrile before I began treatment and remained sc all
through the course. Shie tock the tuberculin remark-
atly well, and not one of the jnjections caused her
the slightest discomfort. Nevertﬁeless the tuber-
culin did her no real good, and in all probability re-

:tarded her recovery, the disease belng as active as
ever.

It is in cases such as this that we are tempted
to push the tuberculin because of the encouragement
offered us by the splendid way in which the patients
take the tuberculin, there never being the slightest
sign of a reaction.

I have found that this insensitiveness to tuber-
culin is really a bvad sign, as it is by means of é re-
action, though clinically not evident , that we hope
to bring about a sure. In these cases tuberculin tends
' to aggravate the condition. This mattsr will be more

fully dealt with under Tuberculin Reaction.

These cases can always be recognised before treat-
ment is begun by means of the blood. Therefore if
the neutrophile classification is of such a low value
as in the case of Mrs Nielson and Janet Allan, tubercy-
iin treatment should never be attempted as it does the
patient more harm than good.

It should be noted that we may meet with cases
similar to the above in which the disease is not very

severe. It is the blood alone that we should use as

our guide. If it contra-indicates treatment by tubex-
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:culin, mo matter what the physical signs are, some
other fom of treatment must be employed.

Mixed Infection.

Under the category of cases considered as unsuit-
able for tuberculin treatment are usually included those
cases in which there is besides the tubercular infecticn,
an infectien by some other organism such as -the staphy-
dlococcus aureus . In the majority of these patients the
.neutrophile classification is of such a low value that
tuberculin treatment is contra-indicated. This low

|
value may be the result of either infection alone or of

both together.
i This however is not always the case as wefrequentiy
%find a classification of fairly gocd value. The in-
fections in these cases are not usually very severe..
; Tuberculin treatment may do these cases a vast amount
fof good and can safely be tried if we contrel cur doses
iby watching the effect of each injection of tuberculin |

on the blood.

Case 3. The chart facing this page is that éf a

ﬁatient (David Dawson) who had a mild mixed infection, |
the invading organism being the staprhylococcus aursus.

I made myself sure of this by careful examination of

the sputum {including cultivation) after getting rid

i a
‘temp srature , whidh seldom rose above 100° F. and alsc
i :
| s . .

by the blood, the neutrophile classification being of

Iquite /
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ouite moderate value.
The lungs were ncot extensively affected, Right
lung Stage II; Left lung Stage I - early. Numerous

in both apices.

2

crepitations were presen

Tuberculin treatment was not contra-indicated by
the blood and I determined to try it. My initial
dose was .0001 c.c. P.T.O. which produced a slizht de-
terioration in the neutrophile classification. I ac-

cerdingly waited until the blood returned to its pre-
vious state when I injected .00C2 c.c. P.T.O. I then
gradually increased the dose up to 1 c.c. P.T.O. which
I injected on 21st Auzust 1912. (See Chart) .

Only occasionally did the blood deteriorate after
an injection. When it did so I waited until it had
| returned to its previous state before giving another.
| These "invisible" reactions were sufficient to shew
| that the tissues of the patient were doing their best
tc fight against the toxin and accordingly I was pleas-
ed to observe them.

At the beginning of the course, the temperature
continued to rise as before, but after the first threé
| weeks of treatment it never rose above 990 F. except
| on one occasion when it rose to 100 F (on July SOthx
On that day I had allowed the patient to go home for
. a few hours, and I have no doubt he abused the liberty
granted .

His symptoms improved to a large extent. . He was

still short of breath but not nearly sc bad as he was

; before /
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before treatment .. His cough had almost entirely dis-
aypeared.

Staph¥lococci were still to be found in the sputum,
bvut they were not nearly mo numerous, the tubercle ba-
:¢illi had also diminished in number. (See Chart). The
clessification of the neutrophiles had improved con=-
siderably.

On the whole the patient, though not cured, had
greatly benefited from the course of treatment, and
was brought to such a condition that he could more
readlly resist the infections.

In all probability,in cases such as the above the
tubercular infection has not been rendered so acute by
the presence of the invading organism that it could

not be influenced bv a course of tuberculin in which
the technique was carefully considered and controlled |

by examination of the bloocd after each dose. We may

 therefore conclude that cases of mixed infection will

derive great benefit from tuberculin if the neutrophile

classification is not of toc low a value. |

Cases in which we carnnot come to a
Decision without giving a few
Doses of Tuberculin.

I will now consider those cases in which the
classification of the neutrophiles is of a somewhat
similar value as the "deciding classification".

In these patients we cannot at once say definite-

ly whether they are suitable for tuberculin treatment

| or not . One or two injections of tuberculin accom-

pani ed /
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:panied by examination of the blood will however en-

I inject 0001 c.c. P.T.0O. and watch any effect
that is produced in the blood. When this effect, if
any is produced, has passed off I inject .0002 c.c.

I then proceed as in ordinary treatment never giving

| & dose while the-blood is suffering from the effects

of the previous dose. If in this way we manaze to

give three or four injections, we can proceed with the

(N
-

J
treatment,feeling confident that the case is a suitable
one for tuberculin.

If however one of the first few doses produces a

e in the blocod and the blood does not return to.|

chang

ite orizinal state, we must stop the treatment as

this case is not a suitable one for tuberculin treat-

; : ; .|
ment . Persistence in giving tuberculin to these pati-

ents , neglecting the blood, will bring them to 2 simi%

:lar state 28 that of XMrs Nielscon or Janat Allan re-

|
corded under Cases Unsuitable for Tuberculin. i
We can proceed with the tuberculin even if each
dose produces a change in the blood as long as it re-
covers again within reasonable time.

Case 4. Mrs Dickson, age 42. Admitted 229th June
1912 s

:Complaint. - Cough and Spit. Occasional haemoptysis.

Shortness of breath a&nd palpitation.

Duration. - Nine months .

Physical Examination. Right lung - Stage I-II; Left
lung - Stage I.

Crepitations /
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Crepitations at both apices. Sputum T.B. posi-
tive (No. 2 Gaffky) .

Afebrile.

The neutrophile clasgification was slightly be-
low that of the deciding value. It was therefore doubt-
ful whether she was a suitable case for tuberculin or
not .

On 11lth July.I injected .0001 g.c. P.T.O. * This
:proéuced a slight effect on the blood which passed off
;in a day or two. I then gave .OOGEHc.c. which pro-
‘duced a very evident effect on the blood. Moreover,
this change in the neutrorhile classification 4id not é
édisappear for several weeks.
| No temparature or discomfort of any kind was causéd
by either of these doses .

I came to the conclusion that this case was not a

|

! suitable one for tuberculin and accordingly I gave up|

| the treatment. In the abvove case 1 increased the |

ldose at the second injection. In all probability the

| same effect would have been produced if I hal merely |
repeated the inttial dose, but peossibly a third dose

would have been necessary before a lasting effect would

|be produced. The following case is an illustration.

Case 8. Mary Ann Davidson, age 17 . Admitted 11th
April 1912.

Her neutrophile classification before tuberculin
was slightly better than that of the deciding value
(S ee Chart) .

On April 19th I injected .0001 c.c. P.T.O. which

:proﬂuced‘/
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produce? a deterioration in the neutrophiles. The
blood recovered in a few days, when I repeated the ini-
tial dose. This also caused some deterioration in the
neutrophile classification. However, recovery again
resulted in a few days, when I repeated the same dose.
This was followed by a more permanent effect on the
bloed which lasted several weeks.
To be gin with, this patient had a slicht tempera-
ture, but the tiberculin had no effect whatever on it.:
In this case also therefore 1 concluded that tuber-
lculin was contra-indicated, and I accordingly withheld
5 i 8
The following case had, to begin with, a neutro-
;phile classification somewhat similar to the above case.
iIn this patient however a lasting deterioration was not
rroduced on the blcod by the first few doses of tuber-
' culin. I accordindy prcceeded with the treatment
;which met with complete success, the neutrophile classi-
fication gradually improving tc the normal condition. |
Case 6 . Richard Porteous ,age 13. Admitted 8th June.
Complaint . Cough and Spit. Loss of weight.
iDurqtion . Four months .

|Physical Examination. Right lung, Stage II; ZLeft
lung - Stage 1. Numerous rales at both apices.
Sputum T .B. positive (No. 3 Gaffky) .

Neutrophile classification slightly below the de-

| On June 1lth I injected .C001l c.c. P.T.0. which
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caused no alteration in the classification of the
polymorphs . I then gave .CO002c.c. This also pro-
duced nc effect and I accordingly proceeded with the
treatment knowing that the succeeding doses would pro-
duce no lasting deterioration in the blood, since the
earlier doses had hot done sc. I gradually increase
the dose until I had injected 1 c.c. P.T.0. when the
neutrophile classification was practically that of a
normal blood. I then continued the treatment with P.T.

of which I injected 1 c.c. on 16th September.

During the whole course of treatment only on one |

| occasion did the temperature rise above 99° F. This

occurred on the 12th July, but as no effect was notice=

able cn the blood , I p2id nc attention to this rise add

|
proceeded with the treatment without delay. (See Chart) .

| The patient never suffered the slightest discomfort.

He had now no sputum whatever. All his sympﬁom#
had disappeared, and he had gained several pounds in
weight .

There were now no pnysical signs of activity, and
the only exid ence in the lungz was an impaired note at
the right apex.

The patient was therefore to all intents and pur-
:poseslcured. Whether he will remain so or not re-
mzains to be seen. I have made arrang-ements for him

to visit me once every month at the Dispensary.
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Cases Suitable for Tuberculin.

Besides cases similar +o0 Richard Porteous (vide
supra) allpatients with a neutrophile classification of
greater value than the deciding classification are suit-
able for tuberculin treatment . The nearer this classi-
fication is to the normal, the more likely will a cure
be brought about by the tuberculin.

Numerous illustrations have been given under

TREATMENT . It is therefore unnecessary to give any

Tuberculin.

|
} \ Treatment of Cases Unsuitable for
|
|

If by the above methods I have decided that a
;patient is not suitable for tuberculin treatment, I
?never lay the case aside as never likely to be bene-

' fited by this form of treatment. I consider that these
patients require treatment by open air methods prefer-
ably in a Sanatorium. The blood should be examined
by Arneth's method from time to time , and thereby the

| degree of improvement measuré§=n$.

In this way we may find that the neutrophile
:classification increases in value to the necessary
iextent. If this occurs the patient is now suitable
;for tuberculin which should be given as I have recom-

| mended .

If /
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If this does not occur, the patient must con-
tinue with the ordinary forms of treatment, fresh
iair, good food etc., as tuberculin will not do him
:;any good, and,in all probability ,ill do him harm.
|
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TUBERCULIN REACTION.

Et: ié not my intention to discuss the nature of
this reaction at any length. It is necessary, how-
ever , to account for the changes which take place in
the neutrophile corpuscles during such a reaction.

There have been many theories advanced in explana-
' tion of the tuberculin reaction, but most of them leave
a great deal unexplained. The Lysin Theory of Wolff-
Eisner seems to me to be the most logical, and it most
satisfactorily accounts for all the phenomena observed
during the administration of tuberculin. It is this
theory which I believe to be the most correct one, but
whether it is so or not, it serves as an excellent
:working theory.

In order to make what follows quite clear, it will
be advisable, fimst of a2all, to give a very short out-
line of Wolff-Eisner's theoiy.

Wolff-Eisner's Theory.

We may assume that albuminolysins are formed after
injection of foreign albuminous substances, just as

bacteriolysins are produced after injection of bacteri=-

&l ./



90

:al protein. These abbuminolysins are formed by the
tissues of the body as antibodies to the injected abu-
min . Just as bacteria are dissolved up by bacterioly=-
sins, so the foreign albumin is acted on and broken up
by a specific lysin. This sets free a substance which
has a much more toxic action than the injected albumin.

In applying this theory to the action of tubercu-
lin, Wolff-Eisner assumes that tuberculin is itself a

foreign albuminous substance. When it is injected
into the body, it meets a specific lysin, and becomes
lysinized. This lysinized tuberculin is of high tox-
icity, and it causes the toxic symptoms of the general
reaction which follows the injection of tuberculin in a
tuberculous individual. A local reaction may be cau-
sed by the irritative action of the lysinized tuber-
culin on the tubercular focus, the occurrence depending
on the local capacity for stimulation.

In the tuberculous individual, the specific lysin
is always present in the body formed by the reactive
processes to tuberculin produced at the tuberculous
focus . This accounts for the reaction in these in-
dividuals . If the focus is latent, the patient still
reacts , because enough tuberculin is produced to ensure
the constant presence of a small quantity of lysin in
the body.

In the case of a healthy individual, however,
there is no lysin in the body, and the pati ent,

therefore, does not react to one dose of tuberculin.

He /
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He may react to repeated injections , because the early
doses stidulate the cells of the tissues to the produc=
tion of lysin which acts on the later injections of
tuberculin producing the highly toxic lysinized tuber-
culin . In the same way the healthy individual may
react to a single large dose of tuberculin, because,
after it has caused the production of lysin there is
st 111 tuberculin enough to be acted on by this 1lysin.

Wolff-Eisner then, believes that this lysinized
tuberculin causes all the symptoms of the reaction,both
local and general , and thettuberculin is not, in itself,
really toxic.

I do no; propose to discuss all the variabilities
and anomalies of the tuberculin reaction, Hut these are
all satisfactorily explained by the above theory.

The changes which occur in the blood after injec-
tion of tuberculin can also be accounted for by this
theory . (The outline of Wolff-Eisner's theory is

compl eted under ACTION OF TUBERCULIN .)

Its Application to the Changes in the
Blooed .

The shape and complexity of the nuclei of the
neutrophile leucocytes is very variatbtle. The mature
corpuscle has a very complex nucleus. The younger
ones have X very simple nuclei. As these young mem-
pers grow older their nuclei become more complex, and

may finally appear to be multiple-nuclei.

When /
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When any infective process is actively proceeding,
toxins are circulating in the blood. These toxins
cause the destruction of large numbers of leucocytes.

In the case of the neutrophiles j]leucocytes belonging
to all classes, or it may be only the more mature leu-
:cocytes, are destroyed. The significance of this is

discussed under ACTION OF TUBERCULIN . In any case,

new leucocytes are rapidly formed and the younger mem-
:bers actively proliferate, so that we have now a large
preponderance of young neutrophiles, tlat is, leuco-
cytes belonging to Class I.

This is illustrated in Septicaemia, Diphtheria,

etc., and,in the case of Phthisis, exactly the same

| thing occurs . In this disease the toxin is the lysini-

zed tuberculin produced by the action of the specific

lysin on the tuberculin formed in the body . The

'amount of destruction of neutrophiles is dependent on

the amount of lysinized tuberculin in the blood which
depends on the amount of tuberculin produced at the

focus of the disease. The more active the focus,

| the more tuberculin is produced, and still more is pro~

| duced if the disease is not only active but also very

| extensive.

Thus it is that the value of the neutrophile
classification depends on the activity and extent of
the disease. In an early case there may be suffici-
ent toxin (lysinized %tuberculin) in the blood to cause

some destruction of leucocytes, but not enocugh to pro-

duce /
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:duce toxic symptoms , temperature etc. If the case

is more active there may be sufficient lysinized tuber-
culin in the bloed to cause a rise of temperature. This
causes a proportional destruction of leucocytes, and a
clagsification of low value is found. If the case is

both advanced and active, the corpuscles never reach

maturity, and a very low classification is produced.

When a patient is being treated with tuberculin,
the specific lysin, which is always present in the tuber-
culous individual, acts on the injected tuberculin pre-
Iducing exactly the same toxin. This lysinized tuber-
culin causes the Tuberculin Reaction . If only a small
amount 1s produced, then no§clinical signs result.
Nevertheless , there may be sufficient to cause some
leucocyte destruction, and therefore an alteration in
the classification of the neutrophiles . That is to

say, a very small amount of taxin causes no effect
whatever; a largeramount causes an alteration in the

neutrophile classification; a still larger amount
makes itself evident by caqsing the well-known signs
'of the Tuberculin Reaction, their severity alsoc depen-
ding on the amount of lysinized tuberculin present .

This explains why the blood gives us a warning
lof the probability of a reaction.

In the healthy individual, no specific lysin is
present in the body, therefore no lysinized tuberculin
is produced by the injection of tuberculin and no altera-
tion occurs in the neutrophile classification..

Low /
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Low ClassificationﬁValue.

It kas been mentioned that, in an active case of
phthisis , especially if the disease is advanced, the
classification of the neutrophiles is always of very
low value. This is becaﬁse the larger amount of toxic
lysinized tuberculin present destroys the corpuscles
.before they reach maturity.

The power df forming new corpuscles may alsc be
diminished to some extent because of the lysin inter-
fering with the function of the blood-forming organs -

bone marrow ete. This probably does not often oc-
| cur to any extent,because the total number of neutro- |
philes is not very much reduced. If, however, the
amount of toxin is excessive, this effect becomes very
marked , and the function of the bone marrow is intew-
zLLJLM&amﬂtg
:fered with as well as,every other organ in the body.
When this coccurs, not only is the neutrophile classi-
fication of very low value, but the total leucocyte
count is very low.

Another factor which helps in the production of
a2 low classification value is the interference with the
proliferation of the young corpusclese.  This probably
occurs to some extent in every degree of toxicity.

We have therefore three factors, either acting to-
gether or separately , which tend to lower the value of

the bloecd. First,the destruction of corpuscles.

Becond, interference with the proliferation of young

corpuscles /
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gcorpuscles . Third, occasionally, the interference
with the formation of new corpuscles.

The above explanation is of importance in con-
nection with immunity.

In the administration of tuberculin, we have ex-
actly the same effects produced, and according to the

amount of tuberculin injected, one, two, or all three

factors may come into play. If there is already a
large amount of toxin in the body, a very small amount
of injected tuberculin will be sufficient to lower the

'value of theplood considerably.

Cases in which Tuberculin does Harm.

When the neutrophile classification is of very
low value, it is evident that there is too much toxin
'in the body already . The addition of more by means
!of the injection of tuberculin would evidently be use-

:1less and probably harmful .
|

' When the neutrophile classification to begin with

is of good or moderate value, and the administration of
!tuberculin lowers this value permanently, the tubercu-
!1in hias done serious hamm.

As I have described and illustrated above, when
|
'the classification is at or near thevdeciding value",
it is necessary to give one or two doses of tuberculin
before deciding whether the case is a suitable one or
i not . If these doses cause a lasting deterioration,

| it must be that the tuberculin has increased fhe acti~

vity /
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:vity of the diseased focus, because although no more
tuberculin is being injected, an excess of toxin is
still present and acting, as the neutrophile classi-
fication demains of low value. It is in cases such

as these that we may cause serious harm by the adminis~-
tration of tuberculin. They also illustrate the neces-
sity of blood examination before andduring the admini-

:stration of tuberculin.

Cases in which Tuberculin does Good .

If a case is suitable for tuberculin treatment,
one dose may lower the value of the blood. This de-
terioration, however, is merely temporary, and racid
' recovery follows . By increasing the dose, and arrang-
ing the intervals between the doses ,as I have recommen=-
ded, the classification graduvally improves and very
large doses of tuberculin can be administered without

producing any lasting bad effects on the blood.

In these cases, I believe that the tuberculin still
cauges destruction of the neutrophiles, but it also
stimulates the blood-forming organs to increased acti-
vity and also stimulates the proliferation of the
younger corpuscles , sc that, the neutrophile classi-
Ification instead of deteriorating, increases in value.

It is my opinion that this leucocyte destruction

has a close relation to immnity. This however is

dealt with undexr ACTION OF TUBERCULIN .

In the same way , such a patient can tolerate very
large doses of tuberculin without shewing any clinical

signs of reaction.
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This isnot because the patient has become insensi-
tive to the tuberculin. He is probably more sensitive
than he was before the treatment was started, but the
ﬁhole army of reactive forces have been brecught into
action , and these now work so quickly and smoothly that
the toxins do not get the opportunity to make themselves

evident .
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ACTION OF TUBERCULIN.

In his theory, Wolff-Eisner assumes that the ly-
'sins are antibodies formed by the action of tuberculin
whether originating in the body or artifically injected.

IThis lysin acts on the tuberculin, and the product (1y:
isinized tuberculin) probably acts on the tubercle bacill -

'1i killing or weakening them. i
This lysinized tuberculin causes the formation of
secondary antitoxlc bodies which act against the lysini-

|
|zed tuberculin and lysinized tubercle bacilli. These|

|
are not only specific, but the lysinized tuberculin, |

|
by local irritative actions, calls up the non-specifio‘

| curative

(-~}

forces - inflammatory hyperaemia etc. (This
completes the outline of Wolff-Eisner's Lysin Theory.?

Blood and Immunity.

Vil

I believe that Wolff-Eisner's theory explains the
.agtion of tuberculin most satisfactorily. Of course
it has ﬁot feen proved to be the correct explanation.

It has been said that the lysinized tuberculin

causes the production of secondary antibodies. Is it
|

Enot =
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not possible that these are formed inthe blcod-forming
organs and sent into the blood stream in the leucocytes,
and released by their destruction ?

It has been shewn by Wasserman and others that
i mune bodies originate chiefly in the bone marrow.
If ttis is so, it is more than likely that the leuco-
| cytes carry them through the body in the Blood stream,
and give them up when they are destroyed by circulating
toxin .

My observations of the blood of phthisis patients)|
Iand the effect of tuberculin on it, has satisfied me

ithzt a close relation exists bhetween immunity and the
|
ichanges in the neutrophile classification-
By assuming that the most mature corpuscles, that |
is, those with the most complex nuclei, are the most |

useful in resisting infection, we can explain the con-|

nection with immnuity. These corpuscles, then, carry

!the most active antibedies which are released when the|

leucocyte is destroyed . This lowers the value of |
the neutrophile classification which now consists of

leucocytes carrying no @r very ineffective antibodies.

If the circulating toxin is in excess the classifica-

| tion remains lcw. If , however, the individual is im-
proving , the classification gradually improves . This
is because cormuscles are more rapidly formed and more

rapidly prcliferate as part of the reactive process.

They rapidly reach maturity and are destroyed, releas-

ing /
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ting their antibodies .

Tuverculin treatment produces exactly the same
effect if propely carried out in suitable patients.
A dose of tuberculin indirectly destroys the mature
neutrophiles and thereby releases the antibodies.
Another dose is not administered until the young cor-
pus cles have reached maturity when they are in their
turn destroyed , and gradually the 'blood-foi'ming organs,
by rapid action, and by the rapid developement of the
corpuscles, the destruction of mature leucocytes, re-
leasing antibcdies , and replacement of these, goes on
80 rapidly that no change in the neutrophile classifi-
‘:cation is noticeable.  Thus a continuous stream
'of antibcdies is set free to act against the poison.

When treatment by tuberculin is not carried out
properly , or attempted in unsuitable cases , the mature
(antibody carrying) neutrophiles are destroyed by the
_first dose or two of tuberculin . These are not re-
placed, and therefore a sufficiency of antibodies is
:not supplied. The treatment, therefore, rather allows
'the disease to get the urper hand because the excess
'of toxin prevents the formation and growth of neutro-
rhile leucocytes .

The continued presence of a good neutrophile
classification indi cates that there is a sufficiency
of antibodies.

The /
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The continued presence of a neutrorhile classi-
fication of low value means that a sufficiency of
antibodies is not being produced ,shewing that the
optimum stimilation is not being applied, or is being

exceeded .

‘Tuberculin produces a marked effect on the blood.

The effect of chief importance is that produced on the
neutrophile leucocytes . This effect is recognised
by the alteration produced on Arneth's classification

of the neutrophiles .

This change only takes place in the blood of tuberculous

individuals/
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individuals.

Similar changes take place in the blood of phthisis
patients during the ordinary course of the disease

according to the degree of intoxication.

These changes are satisfactorily explained by an ex-

cellent theory on the action of Tuberculin.

'They are probably closely related to immunity which

gives them a special significance.

'They can be used along with tuberculin as an aid in
the diagnosis of tuberculosis. By using them we
a¥ o0id the danger of clinical reactions, and the

patient suffers no discomfort.

IBy frequent examinations of the blood by Arneth's
method , we have a means of measuring the progress
made , and the success ,or otherwise, attending our

method of treatment .

'The condition of the neutrophile classification gives
us a method of deciding whether a patient is or is not

suitable for tuberculin treatment.

The neutrophile classification also serves as a guide
in the treatment of tuberculosis especially by the
administration of tuberculin . The fact that this

control /
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control is absclutely reliabtle, and not subject to
accidental fluctuations in any way makes it especial=-

ly valuable.

By using the method I have recommended inthe diagnosis
etc of tuberculosis, we get rid of the numerous dif-
ficulties associated with the administration of tu-

berculin in the Dispensary, and in the home of the

patient .
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