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INTRODUCTTION.

A study of the nature of the present one, is
somewhat difficult to approach on sequential lines.

There is very little unanimity amongst eminent Authori+

ties as to the attitude which should be taken up con-
cerning pulmonary tuberculosis in children. 2

| The first point that confronts a medical
practitioner, when a child is brought to him with some
gsymptom, or a train of symptoms, suggesting pulmonary
disease, is to diagnose the nature of the malady, or,

at any rate, to givé'a“definite opinion as to fhe pres4

jence or absence of pulmonary tuberculosis. TFinding
myself in this undesirable position on more than one
occasion, I forthwith sought the help of more expér-
ienced men. :

dﬁe boldly asserted that lossg of weight with
a family history of tubercle was the key to diagnosis;
another considered night-sweats with family history

disclosed the nature of the disease; a third assured
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‘me that lung signs,in the presence of a posgitive his-

[tory of consumption in a relative;wﬁs sufficient evid-

eﬁce; still a fourth demanded what amounted to the

|whole symptom-complex with the assistance of radio=

LY

‘scoPic examination. It must be obvious from this

diversity of opinion on the matter that no very defin-

| ite basis of diagnosis exists.

| .
It was therefore necessary in the first
place to work out a method of examination which woﬁld |
| be supported by results.
It wag soon evident that diagnosis was un-
reliable in the absence of a specific test. The
which :
I-a?.pe’cz:lfic: test A seemed to me to offer greatest oppor-

tunities for extracting information, in a manner not

[prejudicial to fhe patient,was the cutaneous reaction.
IThe ordinary cutaneous test appeared to be moré_amen—
able to control than some of its modifications or
allied tests. Obviously the quantitative vanclion
as suggested‘by Ellermann and Erian&aan was the most

| instructive, but somehow the results did not produce

the mathematical exactness that theory would demand.
! One's first problem was to decide whether
| it was necessary to use both types of tuberculin.
Agaiﬁ, very little work has been.done on the questions
pertaining to technique etc. in the performance of
the test, so one undertook a fairly complete investi-
gation of all possible factors that might interfere |
with the final result.
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Having perfected the test to a certain ex-
‘I tent one coﬁpared its findings with those of drdiﬁary

clinical methods of investigation, radioscopy, etc.

| 3
This led to what appears to be a fairly reliable pro-
cedure in the examination of children.

|
|
! !
| A1l this matter comes into Part I.

| .=
-§ | IAgain,early life is eminently suitable for E
jstudying many important factors concerning tubercle

in man; one felt justified in accepting the cutaneous
tuberculin reaction as a specific foundation, and in
association with each type of reaction other aacertainL

‘able clinical facts were analysed and arranged to sée

| whether or not one might ieérn anything regaraing:
e ' :
i(l) the frequency of transmission of bovine tuber-

 culosis to human beings, (2) the identity of bovine

| and human tuberculosis, (3) the possible channels of

!

infection, and other matters which might be suggested.

This investigation is included in Part II.

Thus an attempt is made to render this in-

vestigation as 6omplete"aa possible‘by trying to as-
| certain the nature of the tubercular infections in
. early life; how theée agents affect an entrance into
the body; and the most r®liable simple method of

by atat s : nuambers -
diagnosing thelr presence in a-manner sufficient to
produce disease.  In attainingthis object the seq-

uence has often to be broken to pursue some point of
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| importance, e.g. where experimentally founded theories
do not fit in with clinical facts an explanation is

1

’essa&ed, which I am anxious should be interpreted,

not so much as & criticism of pathological 1nveatlga-
ltion, as an endeavour to associate or dissociate, as

l
' seems justifiable, the fruits of clinical and labora-
| ’ . : ¥

| tory research.




THE DIAGNOSIS OF PULMONARY TUBERCULOSIS IN

CHILDREN WITH SPECIAL REFERENCE TO THE

QUANTITATIVE CUTANEOUS REACTION.




There is no more difficult problem in the
practice of medicine than the diagnosis of tuberculosis,
especially pulmonary, in children. : The most immodest
observer would hesitate to questidn either a poaitive,.
or a negative diagnosis in the first 14 years of life
in a large number of cases; and yet it is most import-

ant to take up some standpoint on a question so indivi

dual and universal.

' Comparing phthisis with any other clinical
condition it is fairly apparent théf differences mﬁst
exist. One cannot pick out any pathognomonic symptom
or train of symptdms. It is only a slight exaggera-i
tion to assert that there is né symptom in children
which may not attach itself to tuberculosis,and con- |
versely, there is no manifestation of tuberculosis |
which cennot be initiated by,or associated with,some |
other diseése, physicél'br soéial." Night sweats-are
not peculiar to phfhisis, indeed ihay are often the
oﬁtcame of imperfect ventilation and o#er—clothing;
or they may arise without apparent cause; similarly.
loss of weight cannot be regarded as an index of i
tubercular disease, the rapidity with which tubercular
children under proper conditions gain weight is most
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striking, except of course in advanced cases. One
would almost be inclined to regard loss of weight in

most cases as social and inductive to tuberculosis

lrdther than a special symptom.
Sputum, of course, is very rare in children
g0 it is not possible to find tubercle bacilli for

' diagnostic purﬁoses. The other possible symptoms,

| ;
including cough, are too vague to deserve any recog-

nition other than that suggesting the advisability of |
careful examination.

Similarly it is impossible to support any
train of symptoms even.if associated with physical

signs in the lungs.

3ésides,symptdmﬁtology and personal history
Finvolve the powers of observaﬁion, and accurate narra-
;tive,on the part of fond parents. I wonder how far :
:dread of the complaint emphasised by a somewhat trggic
family history, tends to obscure the real state of
affairs: ﬁy experience is that one is sometimes

forced to give undue weight to symptoms revealed by

the mother, as after events prove. We are here,then,
| dealing with second-hand information, tinctured with
| the exaggeration-born of anxiety, or a tendency to
inexactitude with ulterior motives.

' The presence of a family history of tubercle
is endowed with great wéight in making é diagnosis ,

| and rightly too, but about 30% of tuberculous children
give a negative family history. Again,about 20% of

cases presenting themselves for examination, who are
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i

put their faith in physical signs when making a diag-

- gestive symptoms, but one has been so often led to

 there may be no disease; on the other hand this

L,

not phthisical, record a relationship with a consump- |

tive subject. Other symptoms may be very similar in
such cases, 80 it is necessary to demand other re-
sources.

The great majority of medical practitioners

nogis. Physical signs are exceedingly wvaluable, es-

pecially if associated with family history and sug-

migtaken conceptions on such a diagnostic basks that
recourse to other methods had to be adoPted.' It is
not an unusual experience to find such a case clear-

ing up in a week or two and showing later no tendency

to recurrence; obviously in the large majority of these

cagses such a clinical'ﬁicture is not induced by the
tubercle bacillus. Again, there are many cases
which reveal no signs of tuberculosig,and yet there
is that about them which renders exclusion of tuber-

cular infection a great responsibility. Of course

elusive quantity masquerading under the dignified
title of "Hilus Tuberculosis" may be the hostile
influence at work.

Tuberculosis in children regarded on such
a basis leaves much to be desired, it would be a
minor matter if cases presenting difficulties were
rare occurences. Such is not the case. Cases are
often migsed which are.really phthisical,.whereas

many children are labelled consumptive whose con-
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dition is not produced by the bacillus tuberculosis

at all.

When one looks at this state of affairs

]fairly, one is convinced that other aid is essential
fif work is to be done on sound lines. It was at once
evident that sins of omission and sins of commiggdon
could only be ruled out on the strength of some

specific test. Such a test too must be within the

reach of .all, otherwige it scarcely meets the needs of
Ithe case. After consideration the qnantitative
cutaneous reaction seemed to open up the greatest pos-
gibilities; it is safe, universally applicable, and,
with practice, easily psffonmed. Its great drawback

is that very 1ittle'wnr£whas been done on it, and
| there is no definite technique and no fundamenfal
| basis of interpretation. '

An attempt is here made to rule out certain
fallacies and to bring the test into relationship with
clihical work on lines which practice would seem to
justify; whether the conclusions are right or wrong,

time must determine. This involved an immensge amount

of work, the record of which may be tedious to the

reader, but it appears to me desirable to state exact-
ly the methods of proceflure, Ilest sgome error may
uncongciougly arise in ﬁy Eﬁn deductions.

It will be seen that I am accepting the
specificity of the tuberculin reaction. I think that

has been establighed beyond doubt by such men as
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Von Rirguet, Lord, Von Ruck and others, but it is still
nécesééry to ha#e a clear idea of vhat constitutes a

treaction, what influences affect it, and what inter-

pretation it merits.

As suggested the responges presented many
irregularities, so if any degree of success were to be
|attained, 1t was necessary to undertake a minute and

complete investigation, so I decided on a programme

of procedure..
 On consideration it appeared to me at least

practical to regard a cutaneous reaction as a locali-
| zed tuberculosis, of which more anon, and in its

study one was dealing with. three factors viz:

1. The patient. oo Non-infectlve trauma.

is. Infective trauma. Such a design is campre-

'hensiva, and though it was quite impossible to deal

lwith each of the three separately, everything was con-

'sidered on the triple-lheaded basis for the sake of con-

pleteness.
The programme was to determine as far as

possible the following:-

| 1. Vhether or not the reaction varied with
- the type of tuberculin.

‘ 2. Technique - its influence in producing
variations -in the response.

2a. TFactors in patients! skin and in tuberculin
producing variations in the response.

2b. Extraneous factors producing variations in
- the response.

Sa Nature of a reaction from clinical stand-
- peint and its interpretations.
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4, The prognostic significance.
By The therapeutic signifiéance if any.

Be The diagnostic value studied comparatively
| - with physical examination! subcutaneous test)
i X-Ray «or radioscopic examination and ther-

mometry, etc.

1, WHETHER OR NOT THE REACTION VARIED WITH THE TYPE

|  OF TUBERCULIN.

| Obviougly it is impossible to deal with this
| subject in detail here. In Part IT I publish my work

‘in full.
| For the present purposes it is enough to
%stata that 302 cases were investigated by the ordinary
| differential cutaneous reaction. I used .1 T and .1

gP.T. with a control of normal'saline betweéﬁ with tﬂe

Ifoilowing resultsg:-

Number of cases with both human and bovine

positive - 87

; Number of cases with both human and bovine
negative - 83
Number of cases with only human positive --27
n n n n "  bovine " =105

I do not propose to discuss these findings
|or justify them in the light of Gauvein's recent work
on this subject or of any other work. The outcome of
thig preliminary research convinced mé that in doing a
quanti-resction it is necessary to uée both types of '
| tuberculin if accuracy be aimed at. I may say, too,

| the experience of later work justifisd the addption'of
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both human and bovine tuberculin in performing the
test. | '

II. TECHNIQUE - ITS INFLUENCE IN PRODUCING VARTIAT IONS.

j Ellermann and Erlandsen introduced amethod

whereby it is possible to work out the cutaneous sen-

1
|

gsitiveness of a patient to tuberculin. The test con—;
:sists in applying tuberculin of varying strengths to E
the forearm and measuring the resulting papules, and,
from the information obtained, calculating the lowest
strength of tuberculin that will produce a reaction.

It may be argued that it would be less liable to error,

were one simply to apply the low strengths and thus oh

tain direct knowledge. In practice such a proceedure

‘is scarcely feasible, besides, it is much more definite

to werk from real tangible reactions towards the fﬁn—
ishing point, than to wrestle with problematical res-
ults, for suéh they would necessarily be when develop-
ment is at its minimum. To simplify the calculation

in the former case, Erlandsen has produced a table,

which has been modified by Morland; by reference to

this scale the sensitiveness of any case can be deteri

mined in a few moments. Since this section of the

work deals with the influence of wvariations in tech-
nique, it is necessary to sketch briefly the proce¢d-
ure.

As I have indicated it is essential to have
both types of tuberculin; dilutions were prepared in

64 per cent, 16 per cent, 4 per cent and 1 per cent
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strength, one geries of T and the other of P.T. using
the usual saline and carbolic diluent. It will be |
noticed that these preparations ascend from 1 to 64%

by geometrical progression. The papules resulting

I
]

from applying these dilutions are supposed to vary in !
arithmetical progression; such an assumption is sup-
ported by experiment and by Weber's law. Each of the
8 bottles is supplied with a sterilized pipette; these
pipettes are of the same calibre. Dilutions should be
made up fresh for each operation if possible, though
I could find little defect in preparations up to 3 days
old.

Both forearmsg were cleaned with éther or
spirit. When dry, four scarifications were made
roughlf in a line down each arm with an intervening
space of at least 1} inches.

The scarifier used was made from a steel
knitting needle which was ground to a fine hatchet
edge, two small dents were made with a knife file in
the edge, thus producing a margin consisting of three |
flat teeth. About two inches of needle were used.
The blunt end was pointed and fixed into a piece of g
hard, slightly barrel-shaped, wood, 1% inches long,
which fitted into a tﬁbe. Either end of the wood
wedged in the tube. Befbre use, in each case, the
needle was dipped in spirit and passed through the

flame of a spirit lamp. This apparatus could be kept

very sharp and smooth-edged; by holding it like a pen
and rotating it a few times, it was possible, when the




| development has reached a certain stage, the papule

9.

skin wag stretched in ﬁﬁe usual way, to make a"clean"
abrasion which excited very 1itt1é traumatic reaction.

Human tuberculin was applied to the right
forearm invariably, the strengths ascending from the
wrist towards the elbow, thus obviating any interfer-
ence thaf the 1lymph flow might create. Similarly
the left arm was treated with the corresponding dilu-
tions of P.T.

fhé-scarificationé were as near as possible
of equal size, and bleeding was~ravoided. ApproximateIS
equal drops were applied to the different abrasions.

At first a control was used but later discarded as it

gecned unnecessary.

The latent period preceding the formation of
a papule is very vériable, some explanations of these
variations appear later. Their existence, though,
claims the close attention of the observer for 4 days
or even more; fortunately, under ordinary circumstances
an examination in 24 hourg and then again in 48 hours
will catch the great majority of cases. Ingpection
of a positive case revéals a2 series of ﬁapules varying
in size from above downwards, and apparently evincing

a certain regularity in their diminishing size. When

formation is, as a rule, quite striking and easy of

definition; it is set, asiit were, in a halo of conges
tion in most cases. VWhen difficulty is experienced in

determining the raised part it will be found vefy help

ful to pass the thumb or forefinger over the reddened

N
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area, as & result of the pressure it is quite easy to
distinguigh the infiltrated or exudated from the con-

gested area. Once the papule is defined, measure its

| diameter with dividers, preferably worked with a screw
!and spring; place the points of the dividers on a steel
scale gracduated in millimetres in such a way as to de-
termine accurately the diameter of the papule. -In the
same way, measure the diameter of the scarification,

and subtract this from the above result, the remainder

is regarded as the size of the papule. The size of

Eeach reaction is decided in the same way. Add to-
gether the size of the four elevations, and divide by
4, the result is the "average papule size". Again
subtract the size of the .0l reaction from that of .64
and divide by 3 and thus Sbtain. the "average pap{xle -
difference". Having got the size and difference,
refer to Erlandsen's table and at once a number is 0b-

tained which represents the cutaneous sensitiveness of

the patient to tuberculin: e.g., suppose the papule
size is 3 and difference 2, the above table shows sen

sitiveness to be 100; which simply means that the re-

| eiprocal of 100, i.e., 1/100 -o‘;‘-_g._.Ol is the lowest
strength of tuberculin which wili produce a reaction.
It is usually advisable to measure on two occasions
and take the average.

The above is a very cryptic description of
the method of performing the test, but will serve to

indicate the importance of scrupulous care in technique:

as the following experiments show, very small aberra-




1. |
tions m@terially'vitiate the final result. If the
results of the experiments are tabulated below their
headings the significance will be perfectly 6bvious,

thus time and space will be saved.

EXPERIMENTS .

It is worth recording, that reactions
near to wrist are slightly smaller than those near

elbow when the same tuberculin dilution is used; pro=- |

bably the denser tissues tend to limit the exciting
l

| force of the toxin. This observation was supported
by experiments performed on the somewhat loosge struc-
ture of the back, here, the papule was larger even
than on the fleshy part of the forearm, other corro-
borative tests seemed to me to warrant fha assumptiﬁn
' that the less dense the cutaneous and subcutaneous
structure, the more extensive is the resulting papule.|
| This is the'first note of warning in regard to hasty i
interpretations of so-called "strong reactions" and

"very strong reactions" as adopted by Wolff-Eisuer.

Except for the above investigations, it is
' now. permissible to disregard, once and for all, cut-
aneous reactiong on any part of the body save the fore~
arm. Later, I shall have to refer in greater detail
to another aspect of the problem concerning the size
of the reaction,but in what follows attention was en-
| tirely directed to experiments on the foreafms. This
'paft has no disadvantage that can be excluded élse- ]
Iwhere; and being eminently convenient, I feel justifieh
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in directing all my energies to the study of quanti-
cutaneous reaétiona'perfonmed on the anterior aspect

of the forearms.

|(a) Experiments to determine influence of wide and

narrow scarification.

Ag far as possible depth was the same, and also

size of drop, and, of course, strength of tuberculin.

Narrow scar with Wide scar with
gize of papula. gsize of papuls.
W.G. 5.5 m.m. 5.5 m.m.
L.D. e 7 o
'A;R; YL 1.5 "
| 7.D. , o Boiim
1.0, 6.5 " 5.5 "
B.F. 5.5 ™ Bl

In performing thése experiments scars were
made at corresponding points of the arms. It will be
noticed that the wide scar tends to give a smaller
papule. VWhen it is pointed out that the drops were
allowed to dry on the scarification, it is to some ex-

tent what might be expected, for absorption into the

general system does take place. ~ Control experiments
jon similar lines with equal sized abrasions, or as

| nearly equal as possible, showed a reasonable uniform=-
ity; slight differences e.g., 5 m.m. occuring indis-

| criminately.

(p) This question of absorption being raised,
| one next investigated the effect of depth. Here the.

vascular layer of the skin was freely 0pened. One
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decide these points tests were simultaneously perform-

fed 8.g., on right arm 2 non-bleeding, equal scars, 2"
%apart; on left arm one écar as on right, and 2" below,
deep bleeding scar of same size; blood was borrowed
from the latter and just applied to the former. To
the proximal abrasions 64% tuberculin was applied and

to the distal two:16% with the following results in

| papule size!-

I _ R Q}:to Ilefto
| ¥.B. 6 m m. 2 mmn,
4,5 " X (not measurable)
CsBs 6.5 M S= N
b 5.'5 n 2.5 IIl m-
§ 1 o b 8 n 4 L
j 6 n 1558
L.P. 8 " Db =
k; A 7 n 5 n
A:R. 4 n 2B N
3 2 n ? n
.8, 6 n 5 "
: o X

.5 n

These results are very striking and seem to
demonstrate forcibly the necessity for'nnn-bleeding
| scars. The upper scar on the left arm waé jusﬁ touvh
ed with bldod so that a thin film covered tha abrasion
| gtill, the effect is pronounced. It should be men-
tioned that a slight oozing of blood after the appli-
.cafion of the toxin has not a marked influence, but

ercises a decided effect on the size of the resulting
X equals pogitive.

wondered if this were purely a question of g&bsorption |

into the system, or if the blood played any'part. g

any rotating of the scarifier after blood appears ex- |




(a) To decide the effect of a large drop and a

| gmall drop: these experiménts as in those preceding

14,
papule. The thin ﬁméar of'blood would seem to act as
é protector. In the deep scarification probably some
toxin is borne away. Ag in the former case equal
drops were used and allowed to dry in. It should be
noted that the drops on the left arm took longer to
disappear than their correspondents on ths right arm;
Of the two on the left side, the deep bleeding was the
more delayed as a rule, this would seem to éuggest
that absorption into the general system is not very

marked, yet, it scarcely rules it out.

(e) In interpreting the marked diminution where |
 the scar is deep, one wondered if the greater hyper-

| aemia induced by the somewhat extensive trauma played

| be very conclusive or applicable, still, on the whole

| accelerate or delay reaction but to some extent lessen

|
ed development.

any part. It was first attempted to produce hyper-

aemia around the scar by miniature cupping, tpia Prov-
ed an unsuitable method. One decided then to paint 5
lightly a zone, adjacent to the site scarified, with |
liguor epispasticus. This was done in sdme cagses be-
fore the abrasion was made, and in others after tuber-
culin had dried in. 1In addition, slight scarifica-
tion of surrounding skin was tried on other cases.

These experiments, in the nature of things, could not

the impression conyeyed wag that congestion did not

had all other factors the same i.e., as to scar, site,
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etc. It will be sufficient %o record the results of

four consecutive tests. The drops were allowed to

dry in.
Papule size with  Papule size with

gnall drop. large drop.

Wo 6.5 m« ; 8 m.

x 4 n 6'5 n :

Y 5,5 W ‘ 6

Z X (not measure- 5 "

able.)
Note particularly this last case. The

above result was not optained wntil the third day,
though the case was strictly watched. It seems to
-have some relation to the nature of a reaction. It
will be obvious to any observer that the size of the
drop has a definite bearing on the size of the papule
when complete absgorption is allowed to take place.
Now this naturally raised another question, vizi- If
‘all other factors, regarding the size and depth of
scarification, etc., be the same, and after a certain
time the excess tuberculin bhe removed with a pledget
-of_cottdn wool, does one thus ensure corresponding: .

gidmulation at each site?

(e) .  Unfortunately the problem is not so simple,
for, by meeting the difficulty so, one is unconscious-
ly assuming a uniform power of absorption by all cutaﬁ
gous surfaceé, under all circumstances and at the séme
time ignoring any influence that tuberculin content

might have. It will be seen that the sub-headings
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2a. and 2b. are involved here..

2a. _TFactors in patient's sgkin and in tuberculin pro-

ducing variations in the response.

The time taken by the dose to disappear
raises two questions: (1) that of absorption, (2)
evaporation. Those who watch the four equal applica-
tions drying without interference, must'have noticed
in practically every case that 1 per cent strength at
the wrist took longer to disappear than 64 per cent
strength at the elbow. It will be noticed that the
glycerine content of 64 per cent tuberculin is much
higher than that of 1 per cent. To determine whether
|the glycerine were the deciding factdr the order of
application was reversed, with the result that 1 per

cent was dry the earlier. It thus appeared again a

jquestion of tissue density, for, when application of
ithe same dilution of tuberculin was made above and be-
| low the latter was again delayed. Still, given simi-
lar points of application one exﬁected glycerine to
play some part by delaying evaporation as suggested by
Riviere: 64% S 1%, equal doses wers put on cor-
regponding points of both arms; they were dry practi-
|ca.lly together. It would seem then that the tuber-
culin constituents play little, if any, part in the
disappearance of the dose, it is apparently more a

| question of absorption than evaporation; the time occuj

pied by the former depending on the density of the

cutaneous structure. It was found in practice and

experiment that using the same dose and same strengths
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of tuberculin, some skins absorb the application in
half, or even quarter, the time that others take, &.gz.),

taking a well-nourighed and ill-nourished Dboy, the

former absorbed the dose in half the time taken by the
latter. The same tendency was shown in girls. Girls
generally absorb the drop more quickly than boys, which
seems to me corroborative evidence regarding the in-
fluence of soft and tough tissues. .

With reference to the amount of glycerine in

the dilutions, it was considered posgsible that it play
ed some part despite the facts recorded above, which
gshowed that 64% and 1% dried in practically the same

time. Tt was credible that the glycerine did help

absorption of 64% strength and this was equalized by
evaporation of 1% strength. At any rate in practice
it was noticed that the arithmetical progression of the

] 7
papule sizes showed greater distortion between the

16% and 4% papule. The most obvious explanation of
| this phenomenon seemed to be that 4% contained t0o
little glycerine to be very helpful in absorption. To

determine the accuracy of such a qonclusion the fol-
lowing €xperiments were carried out: One arm was

treated with the ordinary dilutions of 4% and 1%; the

other arm was treated with the same strengths of tuber:
culiﬁ, but the diluent used in their making contained |
40% glycerine. As previously, all other factors were
the same. The appended results were obtained:-

-See over-
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Papule sizé with Papule size with 47
ordinary 4% and 1% and 1% coptaining.
B fe== about 40% glycerine.
M-Ho 40 X X
i T Al) X
| 1. G n 6 mm. 6.5 mm,
2 n : 4‘.5 bid 5.5 n
M.F. n 5' " 4;5 n
SRRy " 2 # s I
G‘-Wt n 5 n 7 : (]
| 4-5 n 6-5 n
E-S-. " 3 n 4..5 n
5 2 o 3.5 n

It would appear from the above that glycerine
extends the range of the tuberculin offensive. One
never succeeded in producing a reaction with 40% gly-

cerine and .5 carbolic aéid in saline.

2b. Extraneous factors producing vaeriations in the

responge.

It was found that atmospheric temperature

played an important part, and this not only in delaying

vs

absorption but also in reducing the reaction.  Some
of the very cold days in winter were chosen to elucidate
thig point; it is difficult to bring forth mathema-

tical evidence, however, general impressions have scme

' significance. A batch of cases was chosen, a certain
| number of whom were'recently admitted and still in bed;
| the others were about. . After performing the test, the

bed patients were put in a bathroom which was heated,

whllst the others wére put on rest chairs on the veran

dah with armms uncovered - after a short stay in Sana-

torium patients can bear extreme cold without much dis

comfort. The applications were allowed to dry in and




{ dose to disappear, that glycerine apparently plays

| which involves sub-headings 2a and 2b, one can assert

; 9.

other pertinent facts were equal as previously. When
dry, bed patients returned to their warm beds, whilst
verandah céses remained exposed. The general outcome
of this experiment was; that the bed patients developed
papules earlier and more marked, though, as far as it
is possible to judge, the patients chosen were similar|
It was not found possible to induce a patient in bed
to leave one arm exposed whilst the other remained
under the bed clothes and thus perform the two experi?

ments in the same case. The investigation was con-

ducted on several days, and despite the crudeness of

the attempts one felt convineed tha% atmospheric temper-
ature played a large part in reactivity; possibly due |
to the tendency which cold hag to coﬁatrict superficial
vessels and thus create a denge tisgue difficult to
permeate, besides, it se&ﬁé'reasonable to assume a
lower vitality and hence the 1essened'and delayed res-
pense in exposed patients. Whether the lack of blood
plays any part, or its absence is counteracted by im-
permeability and low vitality, it is impossible to say,
_ The-cqﬁélusiOn which seems justifiable from
research on the influence of the glycerine content of
tuberculin, factors in patient's skin, and extraneous

factors, is, with reference to the time taken by the

little part, the nature of the skin a pronounced part,

as also the atmospheric temperature.

In the 1light of facts produced under (e),

A
-
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that the method of removing'excess tuberculin after a
definite time does not ensure corresponding stimula-

tion at each site and therefore. should not be adoyted

where accurate results are aimed at. Again, one may
fbe permitted to dissent from, or at least question,
Bordman's view that 1little further absorption occurs
after 10 minutes. The time occupied in absbrption
varies ih different cases as well as in different

sites in the same patient.

(£) To decide the question raised in the closing |

sentenceg above, experiments were undertakeh_in which,
other factors being the same, the applications on one

arm were allowed to dry in, whilst those on the other

had the excess tuberculin removed after 10 minutes.

j Size of papule - Size of papule -

J excess wiped off in dried in.

! 10 minutes. :

| .M. 2 m. - - BB o,
P.H- | - : : 3 n
G.K. .- ; 4_ n
Aids X faintly. _ A

A.B. Complete quanti-reactions were done on both
}arms with same tuberculin, one had excess wiped off in

{10 minutes and the other was allowed to?dry.

4 mm. 7.5  iim,
2 ) 6.5 no
"? - n 5 : n
- 4 n

Obviously for general application of the




lpapule formation: We have already noticed the effect

|
J

i~ B
tests, it is essential to allow each to dry in, other-

wise;'tha &bsage would be éntirely incdmparabié._

Somewhat irrelevant experiments.

Experiments to test the nerve influence in

of-tissue density, and though these tests are scarecly
pertinent here it seems reasonable to introduce them
since here the patient is being discussed. Orowe5

performed some tests with eucaine dissol#éd in tuber-
culin and was convinced that the nerve end plays some
part in the reaction. Other factors being identical)

some tuberculin was diluted with diluent containing

about a% eucaine and corresponding strenéth with ordin

ary saline and carbolic. Corresponding parts of the

armg were used with the following results:-

Size of papule Size of papule
P.T. without eucaine. P.T. with 2% eucaink.
V.K. 6  mm. | No papule - redness
J.E. 8 n . 5 1.
~ihsH 9" + "
HeBs 4 " No papule - redness|.
M.M.24 hrs. 4 » negative
48 n - X Rednegs marked.
M.B. X Negative.
BM.24 hrg. 3 " Negative.
el e - et

Thbse giving only one measurement presented

nothing of interest. The résults'would suggest that

either eucaine harms the tuberculin, or else nerve in-
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fluence plays a definite rolé in papule formation;
where sensitiveness - decided by Q.R. and not size of
papule - is not very-high, Buapensioﬁ 6f nerve acfiqn

obliterates or at least reduceg’ and delays the res-

ponse, the delay épparently representing the destruc-
tion of the eucaine. As indicated previously, the
interpretation is vague.' One proposes, when 0ppor-
tunity offers, to perform the reaction on a case with
a sﬁitable nerve lesion, though there will also be a
fallacy here. ' _
Some experiments were done with reference to

the effect of salt concentration: hyper - iso - and

Jhyiuo-tonic solutions were used, the results secemed too

| irregular to be arranged with apparent significance.

AL AN

~ Before leaving the question of technique it
should be strongly emphasized that in those children
where the sensitiveness does not reach a certain stan-
dard - roughly 100 - the test should be repeated in
about 4 days. If on the second attempt the above
standard is'ﬁot reached, further investigation is not
neceﬁséry, as will be seen later.

A dressing is not required , but it is neces

| sary to see that the child does nof'wash his or her

|
farms for 2 days.

J In conclusion, it is scarceiy necessary to
labour the obwvious character of the facts dealﬁ with
under technique, perhaps it should be remarked that it
' is advisable'to keep the scarifications as near the

elbow ag possible. The qnestiqn ofvglycarine content

need hardly be considered, since the difference in
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ordinary practice is much less than in the above exper

iments, except in cases where the skin is hard and
dens6  fhen it peens Tustirisble tdl baiance the pesult
by adding .5 mn to the size of the less favoirad pap-
ules represénting 4% and 1% tuberculin. I do not

think it likely that a greater glycerine content con-

| tent would ever convert a negative into a positive re-

action.
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IIT. NATURE OF REACTIONS FROM CLINICAL STANDPOINT,
AND THEIR INTERPRETATIONS.

-

One approaches the subject of tuberculin re-

|actions with a justifiable deference. This is scarce
lly the place to discuss the pros and cons of any theory,

except in so far as they are clinically pertinent; for

| the elucidation of the intricate phenomena which would
-{seem to be involved is essentially the work of the
pathologist, besides, any explanation of this phase of
tuberculosis is so far more or.less hypothetical.
Looked at from the clinical Btandﬁoint it ig a little |
difficult to explain findings in terms of either a
lysin or an antituberculin - of the nature of an

amboceptor - theory. There are many advocates for and

against both these suggestions, still they represent
| the great majority of opinions held on the mechanism
of reactionary conditions. Von Pirquet attempted to
bring his theory with regard to seruam disease into the
realm of tuberculosis, and thus explain the reaction
as the result of the albumen meeting its anti-body in
thg skin. Wolff-Eisner thinks such a combination
would be unlikely to act as an irritant.

A similar objection might be raised to
Waésermann and Bruck'a4 theory, when they assert that
tuberculin associates itself with anti-tuberculin in
the foci and fixation of complement results, the com-

planent then seemingly produces "liquefaction of the

tubercular tissue". It is difficult to see why this

process should not be continuous, and besides, it again
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is assuming the satisfactipn of chemical affinities as
jan irritant. ‘ ' =5 e :

5]
Wolff-Eisner's experiments regarding "anti-

tuberculin® seemed to discredit that substance as an
activater of tuberculin. He preferred to regard

antituberculin as a specificflysin which breaks u§ the
tuberculin molecule, into subsﬁances of higher toxicit]

by a digestive process, otherwise, tuberculin is a

| that sensitiveness is bound up in the presence of this

fairly harmless toxin. It would, therefore, appear

tuberculino-lysin. The sensitive organism owes its
sensitiveness to the presence of this lytic substance,
whilst the non-sensitive is lethargic because of its '
abaence; orapresence only in small amount. Riveire

and Morland explain local reactions on this theory as

the result of iysin meeting tuberculin at the site of
innoculation and thus becoming activated. If the
tuberculin be in sufficient quantity the toxin ag it
circulates becomes lysinized and may produce a general
reaction; 1lysinized tuberculin by irritation, they
hold, produces the focal reaction. ;

© On this theory one readily understands how
sensitiveness could bhe a protection in dealing with
tubercle bacilll, but when one comes to consider its

relation to fragmentary bacilli or tuberculin the

case is reversed, the lysins may be useful in "policing"

the body and destroying wandering bacilli, but what

protection have we against the liberated poison?

Without assuming an%;ntitoxiﬁ it is difficult

% The term is used in the literal sense.
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to éx@iainlmany of the phenomena relating to cutaneous
reactions. Given the lysin a local reaction would
seem to be inevitable were there not somé anti-body
| which established tolerance in the tissues. Wolff-
Eisnerv would not seem to favour the presence of an
anti-body producing tolerance, for, regarding the in-

terpretation of negative cutaneous reactions he writes

"A negative result indicates that the body is no longer

capable of counteracting the toxins of the tubercle
bacillus and therefore has to be interpretedlunfavour-
ably frdm a prognostical point of view". Still, he I
adnits that a considerable number of caées giving

first a hegative result to cutaneous inoéulation, on a
second attempt will give a positive reaction. In ny

own cases about 22% gave a reaction above 100 in pat-

ients who previously gave a negative, regponge or sengi-

| tiveness below 40.

Having made a very short survey of the

present attitude towards reactions in general, let us
discuss the characteristics of the cutaneous reaction[

and see whether the above standpoint falls in with th%
| findings.

There is justification for the conception
that in tuberculin, and even dialysates of tuberculin;
there are ultramicroscopic particles which represent '
fragments of the bodies of tubercle bacilli, and there

fore, qualitatively speaking, there is no essential

difference between tubercle toxin and the bacillus it-

gelf. This is the standpoint taken up by the majority



| of authorities to-day, including Jadassohn and Wolff-

ence of the true Langhan's cells and thus establish

_7.

Eisner. Hence in tuberculin we are dealing with a
tubercular infection which is not capable of a sustéin
ed offensive since prbpagation is impossible.

The outcome of this temporary cutaneous in-
fection is in favourable circumstances, a so-called
reaction, which under investigation reveals itself as
tubercular disease; this assertion has been doubted

by some authors, e.g., Bandler and Kreibich; though

they fouhd accumulation of lymphocytes, the giant-cell

discovered were not of the Langhansg type, hence these

investigators raferrsd to the papules as "tuberculosis

like formations". Daels was able to prove the pres-

the cutaneous papule as a localized tubercular disease

Much discussion centres round the significance of thesle

giant-cells; whether they are a product of a slow bac-
teriolytic process or not scarcely concerng us hera,
the point of importance is that tuberculin is a poten-
tial infection and its reaction is a localized tuber-

culosis. Of course there are many degrees of papule

formation, and its development presents many variations

which will be dealt with later.

An average positive reaction has an incuba-
tion period of about 12 to 24 hours. At first, i.e.,
after the hyperaamié produced by'scarification, a ;
reddened area appears with gome degree of exudation
adjacent to the scar margin, this gradually spreads

and becomes more elevated, in its growth it preserves

8 reasonable regularity and definitidn, there is usual
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ly & zone of congestion surrounding the papule. When
development is fairly complete it is, with a little

practice, easy to define the papule. Thig maturity

|is, on the average, attained in about 48 hours. The
papule margin is mostly circular, gometimes it ig ir-
regular. Vesication is rare. When the reaction ié
not so pronounced some difficulty is experienced in

measuring, but usually, it is possible to attain fair

accuracy, should confugion arise with regard to trau-

| :
jmatic reactions, a control will partly obviate the f

] .
difficulty - a papule may be a compound tuberculin and

traumatic reaction. There is a slight pink tinge

about a true reaction which is fairly distinctiwe.

Many terms are used to describe cases which

show variations from the above course. The latent

period exceeds 24 hours giving a "late" reaction or

|
| may be "torpid". Again some cases develop and dis-

( - Ephemeral )

‘appear in a few hours.A In advanced disease the res-
ronse is often weak and is interpreted by the sense of
touch, colourisation being faint, such are regarded
‘a8 "cachetiic" reactions. Then there is the "scrofu-
lous" reaction which reveals a papule surrounded by

small warty nodules. What the true significance of

such changes is presents many difficulties in explain-
| ing.

The reaction, when its maximum growth ig
reached, soon starts:to decrease, the hyperaemia fades
and by degrees passes into an indifferent violet fig-
nentation which lasts for a very varying time - anything

from a few days to three months. Soon after de#olu-.

tion sets in there follows peeling of the epidermis.
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Extraordinary differencéé are:exnibited in the life
cycle of reactions, some are very shortlived, others
are vefy prolonged, fluctuations are'seen in'develop-

ment before the healing process starts, etc. etc.

It must be evident that difficulties will
soon arise if an attempt is made to explain these
differences of response in different cases on éither
of the popular theories , e.g., an ephemeral reaction
would have to be regarded aﬁ 2 low power on the part
of the tissues to defend themselves and therefore of
bad prognosis. Clinically the reverse is the case.
Incubation pefiod of reactions might be discussed oﬁ
gimilar lines (see later). One then asks what is
the significance of these variations and is it possi-
ble to support any explanation that may be adduced?
To answer such a question would seem to demand some
fuller interpretation of the nature of a tuberculin
reaction. To determine, in some way, how a reaction |
may be inflﬁenced, seems to me to produce applicable
evidence of the forces likely to be at work primarily,
and thus perhaps reach some explanation which would

appear Jjustifiable.

EXPERIIENTS.

The first line of investigation consisted
in taking a boy who had been negative to the quanti-
reaction. Two weeké after performing the test, the

patient was injected subcutaneously with .001 P.T., |

simultaneously tuberculin was applied in the usual way
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to the forearms. After several trials in different
cases a definite focal reaction was produced by the in
jected'toxin, practically'pari-passu with the reaction-
ary phenomena papules developed on the arms. Papules
sometimes developed without focal results. After 4
weeks again, the same case gave no response to cutaneous
inoculations. Similar results were obtained in other
cases. Cutaneous testing was also performed on the
earlieét evidence of a general reaction and invariablf
the incubation pefiod wag short. A repetition in
6 days showed a pronounced diminution in sensitiveness
which is contrary to the usual result of subsequent
tests in cases untampered with.

Next, cases which presented no sensitiveness
on the firgt investigation were given “sensitizing".
doses of P.T. - not enough to produce any response -
and fe~tesfed cutaﬁeously. Some were positive an&
some negative. When it is remembered that 23% of
cagses untampered with, turn positive on the second
trial (see diagnostic use of this test later) it is
difficult to put much weight on these experiments
unlegs & large number was done and percentages worked
| out, which it was quite impossible to do under the
circumstances.

It seemed though:that the experiment could
be turned to more direct account,if, after 3 days no
papules prgsented themselves, a emall doge of tuber-
culin was given and the arms closely watcﬁed for any

tesponse that might develop. here was no doubt that

guch adminigtration of tuberculin induced a positive

1



reaction in many previously negative cases. This in-
fluence was signally demonstrated in several of the i

Ica.ses which originally reacted cutaneousgly, or had
failed to react on one investigation, and later treate
with tuberculin therapeutically: if a general reaction
occurred, in many cases it manifested itself on the
armg by initiating & response in those previously non-
sensitive, and by re-awakening previous papule forma-
tion, amongst the latter one can record a girl of 14
years of age who 7 weeksg after the quanti-reéction was
performed developed a fairly marked reaction to thera-|
peutic tuberculin and also a renewal of her cutaneous
!response; prapule férmation was very vague but there
was marked hypersaemis.

It was now a matter of interest to detarmineﬁ

;whether a negative response could be converted into a
[poaitive without the introduction of prepared toxin ';
from without. To this end children, whose arms mani- i
fested ho change after 3 days, were put to mopping the

|

concrete verandahs; this work was, of course, rather

beyond the ability of a child under 14 years of age;

they were asked to exert themselves for a considerable
‘period. In several of the children it was possible |
by this means to induce a positive result, apparently

the result of auto=-intoxication.

These experiments appear to me to go a long |

way towards substantiating two points: firstly, that

absorption from the skin is incomplete in many cases

51. [ .
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for a considerable time, or else there is a higtological

change'in the involved tissues which takes a consider- |

gble interval to become neutralized. The second point
is- that a cutaneous resction is dependent'on sametgfng
more than lysin, for thaese cases in above'investigation
which we shall call pogitive, demonstrated that it was
possible to induce evidence of'toxaemia in patients,with

a previous negative cutaneous response,if greater de-

mands be made on the patient, i.e., under a greater
offensive. It seems justifiahlé fo regard the quesﬁio%
of "tolerance" or some anti-mechanlsm as the deciding {
factor, it would appear not irrational to consider lysin
as a constant in tubercular cases, for the toxic in- |

fluence would apparently increase with the size of the

[dose, which in essence is assuming activation, indeed |
'the same may be said of so-called healthy individuale. |

If one be allo%ed to speak of some real anti-body then
it will be possible to explain many of the phénomen&
arising in cutaneous experimentation, e.g., when a '

gecond quénti-reaction ig positive where originally

ﬁhere was no result, we could argue that the toxin ab-

(sorbed previously had to some extent neutralized the

|

lanti-body and in the midst of such diminished defences |
|

it was possible to estabiish, at the second attempt, a
tubercular focug which is a poéitive reaction. It |
would also explain how the previous cutaneous.inccula—
tiong, simultaneously with the second applications, ‘
(see necessity for repeating test in a case negative

first time) developed corresponding reactions, whose




| tion without reactionary manifestations and this agrees
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menguration revealed usually rather lower seﬁsitive-
ness than that given by the more recent test. Only
in one éasé did I get a gréatér responge. in a con-
siderable number of cases papule formation was very
indefinite at the old scars. On such a basig, it is
readily understood how injedted tuberculin uses up
the body's defences and allows of local reactions.
Wblff-Eisner6 only found this taking place when a gen-|
eral reaction resulted. He quoted Cohn, however, who

observed definite influence after tuberculin injec-

with my own cases. |

In this connection it is interesting to note
that K‘,:c'z;u.mesfa»Es asserts, on the basis ofianimal experimen-
tation, that cutaneous hypersensiti%eness is diminished
or entirely obliterated during & general {tuberculin
reaction. In man, where infection is almost universal,
one never found the result of general reactions to be
anything 5ut the reverse of thig statement.

When it is remembered that the toxin ig con-
centrated in cutaneous applications, it is easy to
appreciate how a small amount of anti-body brought by
body fluids could be overcome in that particular area,
especially ﬁoo, if one eonsiders that neutralisation
of defences goes on as a result of absorption from
the gecarifications. That such absorption does take
place is revealed in the occasionai occurrence of
general reactions associated with quanti-reactions.

In one boy the temperature was raised to 102.5 usual-

1y the elevation is not above 100 . On this line
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of argument & late and torpid reaction would suggest

| either latent disease or disease of low activity where

there is a considerable overplug of anti-toxin, "com-
pensation" only breaking down eventually as the resuit
of persistent attack at the spot and the undermining
influence of the absgorbed tuberculin. (See algo the
experiments on auto- intox1cation) Such an explanatio:

would meet the questlon of incubation period whether

long or short. Whether lysin could be held respon-

siple for this period, certainly for the variations in
fhe period in different cases, is a matter open to
doubt. ‘

Such 2 lysin and "difference theory" would
credit the therapeutic administration of tuberculin
as a tolerance raising agent. It will éxplain? too,

what no other assumption seems to me to do, viz: why

a _
it is tllatﬁme of tuberculosis will often

give absolutely rio response while a healthy individual

will in the majority of cases. In my last 200 cases,
6 patientg with very few sgigns or gymptoms, and excell
ent prognogig, but having tubercle bacilli in.the
sputum, failed to give any cutaneous response though

the test was performed twice as outlined previously.

In the healthy it is not conceivable how a large over-

plus of antitoxin could be maintained and therefore by,
a fairly high concentration at one spot it is possible
témporarily to overcome the comparatively low concen-
tration of antibody and the tissue resistance.

Support for this conceptlon seems to me to

be afforded by the investigations of Pickert and

=




| neutralisation had taken place. Similar experiments,|

F
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Lowenstein: they mixed the serum of a healthy individ:

ual with tuberculin and injected the mixture into that

individual with the result that a reaction still occur:

red. They could not satigfy themselves that eny

however, with favourable cases of tuberculosgis, and
patients treated by tuberculin revealed evidence of
such neutralizing antitoxic substances being present.
Reactions in the healthy, then, are the results of
overcoming mainly a natural resistance by concentrated
attacks over a longer or shorter period according to '
that resistance, whilat in the tubercular patient a
reaction is the result of overcoming mainly an acquired

resistance which may be great or small. The fact ]

that reactivity increases with_every year .of life ‘
scarcely proves that:the power to react is not innate
in man.

On such a basis ephemeral reactions would have
é good gignificance, ingtead of the reverse, since it.
indicates a high power in dealing with infection, and
clinically this is borne out. The "cachectic" res-
ponse is obviously an indication of lost resistance
both natural and acduired.

Very few scrofulous reactions have been seen,
and in these it was not posgible to discover any deter-
mining factor.

| From this discussion it would seem apparent
that the phenomena associated with tubercular disease
in children is most simply, and accurately, explained

by a theory which recognises the existance of a true
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antitoxin. Wolff-Eigner's lysin theory and Wasserman#

and Bruch's Antituberculin theory do not seem to me to'

| afford any satisfactory interpretation for the problems
|

}dealt with. For practical purposes, therefore, I
| propose to accept a difference theory - difference be=
tween toxin and anti-toxin - ag the most logical hypo-

thesis on which to explain clinical manifestations.

' |

INTERPRETATIONS OF CUTANEOUS REACTIONS. ) l

|
Having arrived at a conclusion as to the nature
of a cutaneous reaction, it is permisgsable to discuss

the question of interpretation. This can be done

under two headings: (1) The significance of negative
and positive reactions (2) The significance of the
characters of a positive reaction.

The significance of negative and positive reactions.

f From the preceding investigation, in conjunc-
tion with clinical findings, there seems justification

for the following interpretations of a negative res-

ponse.

Ts The case 1is too advanced to show any
power of reaction, the tigsues being already poisoned.
(Tatural and acquired resistance have ceased.

2. Tuberculosis present, but the power to
react suspended by some intercurrent or associated mal-
ady, e.g., measles, whooping cough, mixed infecfions,
etc. |

3. Tuberculosis present, but the reaction

averted by imperfect technique.

4, Tuberculosis present,but the patients!’
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defences are so high that it ig impossible to establis
a tubercular focus in the cutaneous tissues.
B4 Negligible tubercular infection and
high naturai resigtance to the tubercular toxin.
On the other hand, & positive reactidn should
fhe regarded as an indication of the susceptibility ofs

| the organism to the poisonous products of the tuber-

|a fair indication of the degree of susceptibility. In
our present state of knowledge sensitiveness is founde
on preliminary infection. Whether this be ultimately
true or not is of little clinical import, tR®e signifi-
cant point being that reactions to moderate dilutions
of tuberculin indicate previous acquaintances with the

tubercle hacillus.

| Significance of the characters of a positive reaction
|
|

|

It is difficult to classgify the formg of re-

¢le" bacillus; the sensitiveness in each case baing .

o)

action under any very comprehensive systemn. That
adopted above, which recognises ordinary, late and

torpid (it is only confusing things to separate these)

ephemeral, cachectic and scrofulous reactions; though

indicating salient features in each case by no means

defines or includes all the characters. A late and

Jordinary response may both be very_proionged, the for-
mer usually tends to be slow in disappearing, and fhe
latter occasionally presents a similar tendency. The
significance, however, would not appear to be the same
in the both cases, for cliniéally, a late reaction as-

gsoclates itself with conditions apparently not very

acute, and where it might be supposed the defensive




| papule was markedly influenced by the relationship ex-

i cussed under diagnosis.

- of measurement, and urged direct‘infogmation from the
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mechanism is somewhat obéolete; whereas a prolonged

ordinary reaction would seem to suggest that the strug
gle between the tissues and ihe infection is rather
undecided.

To lend some gupport to this conception one
performed the test on cases who had seemingly done
well on tuberculin treatment. In the majority of case
there was a diminution of sensitiveness, but the strik
ing feature about these tests was the short duration
of the reaction; some of them had quite gone in 36
hours. On this basis the ephemeral reaction would
indicaie 2 high power of dealing with the infection,
as suggested above.

Besides this support, those experiments,
dealing with the effect of tuberculin injections, auto

intoxication, etc., which showed that the cutaneous

isting between the diseases and the organism;wyere
pertinent; when the former predominated, e.é., &uring
a8 general reaction the skin response was infeﬁsified |
or reawakened. Sﬁch local change disappeared as sooq
ag the tissues again mastered the general toxaemia.
The question of sensitiveness is best dis-
9
A recent article on this subject of cutan-

eous reactionsg rather tended to repudiate the method

application of high dilutions. The disadvantages of
the latter course have been indicated; and it seens

to me to have no advantage since experiment confirms,




diagnostic value. It has already been shown that the

| of gensitiveness is bound up mainly in the difference
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in a surprising manner élmost, the accuracy of the

Ellermann and Erlandsen method, i.e., when the method

one has worked out is adopted. This was easily done

by simultaneously applying, besides the usual dilutions,

.008 and .006 etc., and comparing the results of direc
ﬁnd indiréct inveétigations. The same author empha-
sised the significance of area, colour, elevation,
disappearance of cut marks etc.

Area - This factor is often migleading, ther
is a naturél tendency to regard a well-marked exuda- |
tion or infiltration (it is not possible to differen-
tiate clinically between the two ) as evidence of sen-

gsitiveness or hypergensitiveness, and therefore of

area is greatly_influenced by the laxity or density of
the tissue inoculated. Apart from this,the quanti-
reaction demonstrates feyond doubt that such an inter=-
pretation is uwnwarranted, e.g., the series of papules
may run in either of thé foilowing ways: 12, -9, 5.5,

2 or 12, 7.5, 2 m.m. (a true arithmetical @rogrBQSion

is not always attained).

Here are two cases whose top papules are large yet théi

ct

L4

former is well abowve 100 in sensitiveness (247), whilg -°

the latter is well below that mark (71). The questio

between the papules. _
Cdlour.- I am afraid I failed to associate

any particular clinical picfure with the different

shades of colour. Théfe was no doubt that the éomr

plexion of the patient had an influence. The haemo-

n
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glovin percentage of the flood in each case was inves-
tigated using a Tallqvist scale - again there was no
doubt that the strength of haemoglobin in the blood
was & potent factor in determining the colour of the
reaction. As far as it was possible analogous cases,
from the standpoint of blood and complexion, were com-
pared. In such cases there appeared a strong gimi-
laritj. There may he otﬂer factors at workibut at
the moﬁent one is inclined to disregard shades of
colouring'exnept in so far as it may indicate anaemia
Conucderalon

Besides it is really a prognostic point.

The time taken by the scarification to heal
somet imes helpfui in deciding an indefinite reaction,
delay signifying a positive response.

Flevation always seemed more marked towards

the wrist than in the region of the elbow, when the
sane strengths of tuberculin were used, so here again
ong felt justified in regarding tissue density as the
caugative factor: limiting andwconcentrating the

offensive.

1V. THE PROGNOSTIC SIGNIFICANCE - under heading

LS

III a good deal has been discussed that pertains to
this point. Considering the primary object of the
present work one thinks this is best left out.

V. THE THERAPEUTIC SIGNIFICANCE - It is alsgo in- |

aPPropriate to record the findings on this question

whose prognosgtic significance is not a matter fOﬁﬂhere.

is




|an initial tuberculin dosage on the basis of sensitive

| adminigtration firstly on the sensitive and secondly

{ patient have been studied, which involved a clinical

| usefulness depends principally on its diagnostic appli

diagnostically and prognostically. Wolff-Eisner
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here. The line of work congisted in trying to arrang

ness and also investigating the result of tuberculin

on the relatively insensitive.

VI, - THE DIAGNOSTIC VATLUE OF THE TEST -

Though the prognostic and therapeutic utility

of the quanti-cutaneous reaction is of great value, it

cation. lfost of the points pertaining to the test

have been considered. The technique, tuberculin,and

view of the nature of a reaction and also the inter-
pretations which geemed justifiable from that stand-
roint.

That a healthy man, in the ordinary sense of
the term, may react to cutaneous inoculation is beyond
dispute, and therefore for practical use some method
of differentiation must be instituted; it is here the
question of sensitiveness or.hyper-aensitiveness comes|

in. The healthy man will not react .to anything but

the higher strengths, whilst in the tubercular patient

much greater dilutions will elicit pqgitive results.
Among the healthy, Bandler and Kreibich obtained 38
pogitive results out of 62 cases. An explanation of
this fact has been put forward. It now remains to
work out some line of demar®ation, which will stand
clinical testing. - Opinions are many and varied, re-

garding the significance of hypersensitiveness bot%
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considers two forms of reaction under the heading of
h&ﬁersensitivaness - (1) The ephemeral reaction
(2) The rapid and strong reaction. TFrom the view-
point of the quanti-reaction, it is better to regard
those cases indicating a reactionary powér against
very high dilutions as hypersensitive; we have seen
that an intense reaction does not necessarily mean

hypersensitiveness in this sense. The ephemeral re-

action, usually of low intensity, has been dealt with.

; This capacity of the body to respond even
:

|to very high dilutions seemeq to me to be associated
with two clinical conditions: (1) A recent case

with good general condition (2) An older case with
evidence of exacerbation at the time of testing. This
is quite in keeping with a difference theory of reac-
tion.. In the former case defences have not been es-
tablisghed yet, neither have the tissues been materiall
poisoned. In the latter the interpretation finds

justification in the conduct of the organism during a
genaral reaction which is really a temporary exacer-

bation. Prognosis on this bagis is obviously open

to refutation; the findings only signify battle, but
nqt victory, and consequently the issue may be defeat,
still it does indicate that defeat has not taken place
so far. | '

' When it is agreed that battle is taking
place it ig assuming that the disease is active and
hence the obvious diagnostic value of the test. The

intermediate degrees of sensitiveness have a relative

gignificance. The decision as regards the point at




in dealing with children, unless, there is other evi-

visability of using both types. A strange feature
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which the reaction no longer indicates battle between
the body and its infection is essentially somewhat
arbitary, still, it is possible to establish a practi-
cal basis. Morland suggests 10010and above as indi-.

cating active disease. Some American authorities con
sider it necessary to regard cases as negative, only
if their sensitiveness is below 40. This is scarcely
a point to quarrel over as will be seen from the cases
recorded below - performing the test in the manner
outlined above,.i.e., repeating every case below 100,
very few patients.are left in the "no man's land" bet-
ween 40 and 100. There is no doubt that the reactive
capacity of the body is materially altered by a reac-
tion performed not more than 7 - 10 days previously.
This change would appear to be é question of degree,
and therefore, what interpretation one should give to
the amount of alteration as revealed by the second
quanti-reaction is difficult to say. Cohn,in his
observation on the opthalmic reaction, inclined to the
belief that such an increase of sengibility dnly occurs
in cases of actual tuberculosis. The cutaneous is a
more sensitive test, and perhaps variations which do not

carry the result to or beyond 100 may be disregarded

dence to establish the diagnosisg, and explain the de-
fault of the quanti-reaction.

Before recording results it should be poin-
ted out that over 300 experﬁﬁents were done to decide

the type of tuberculin to use. We have seen the ad-
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about thig is, that if I were only to use one type
that would be bovine. Contrast this with Paget

w

Lapage, Hacneil, etc. The former found bovine positiv

o

in only 47 that failed to react to human, whereas 13.5
showed a reverse result; the latter did not have a .
single case reacting té boviné and not to human.

i The next step consisted in performing three
or four hundred experiments on technique, nature of

reaction, etc.

j When it seemed possible to avert many of the
gdiscrepancies that tend to arise, about 60 cases were
investigated to test the reliability of the experimen-
tal findings, and also to perfect the method of work-

ing. On such a foundation the following results were

| ohtained: -

|
'Analysis of Cases - after the above preliminaries.

!' Total number of Cases dealt with 231

tiee negative or below 40 63
First below 40 and then between

40 and 100. 4,
Firgt below 40 and then 100 or

above 19
Cases below 100 and not repeated

for various reasons. - 34
100 or above first time or on R

.repetition. 130" B

(B *Oases above 100 first time

| Caseg bhetween 40 and 100 first fime
Cages below 40 first time.

It was not considered of any importance to
record those tases. geparately which on the first at-

tempt gave a sensitiveness between 40 and 100, and on

| the second performance of the test rose to 100 or



45,
above. The only immediate interest of these cases is

fﬁ”ﬁggﬁ“éne neceggity of performing the test twice.
Of the 34 cases not repeated the majority

were children sent in for two weeks for observation
PUrpoOsSes. llost were sent or taken home before I

|had time to repeat their test.
Comparing the results of those completely

investigated the appended tables were obtained. Some

Icaaes of course fell out before corroborative evidence

!
lwas satisfactorily established, and these had to be

| discarded e.g., developed intercurrent maladies neces-
'sitating removal from the Sanatorium etc. Again the

excessive pressure of work compelled me to investigate

only 50 congequative positive cases, besides, I could
!not have obtainedmﬂnymore,for naturally the Sana-
ftorium stay was proionged and so the state on discharg
icould not be obtained. Observétion was only regarded
as conplete whén the child was voluntarily discharged
from thp Sanatorium. Some difficulty was experienced
in drawing up these tables, still I hope their lucidit
will not suffer.

It should be indicated here, that my Chief -

| Dr. G.B. Dixon - whose encouragemenﬁ and assistance
«| have been invaluable in investigating these 214 cases,
wag good enough to bring to my aid his expert clinical

knowledge and in many ways make my work more useful.

ority of clinical examinations on discharge’ and also

of cases presenting difficulties to myself on admis-

a

Ve

Though already overworked, he undertook the 1érge maj—‘




fber of the patients dealt with were admitted as obser-|

(1) Definite: cases with persistent moisture after
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sion. Thus any element of bias was removed.

Again to ensure that no influencs, conscious
or uncongcious, should express itself in the records,
Dr. A.G. Campbell, my colleague, shared the work of
coliecfihg the facts. Every case was studied by him,
and in no instance did I override his’ decision. All

problematical points“were regarded as negative.

vation caseg; they all had gomething pointing to
chest involvement, but great difficulty was experien-
ced in deciding the natﬁre of the condition by ordin-
ary'exploratign. The headings therefore were:

cough and evidence of infiltration. (2) Suggestive:-
localized affections revealing themselvés by rhonchi

or occasional rales and not monotonously persistent,

breath sounds. (3) Indefinite:- any generalised

condition with shifting signs, or shifting basal i

signs both lungs. Also evidence of hilus tuberculosi

or quiescent disease.
With reference to the "state on discharge"

active signg mean "definite" as above and also "sug-

gestive" which remained stationary and "indefinite"

in those basal cases which persisted throughout. No

active signs (1.A.S.) has the usual significance. ;

Indefinite represents intermediate conditions.

A positive quanti-reaction means a case

but not entirely clearing up with cough; and impaired |

Clinical examinaﬁion was divided into three |

headings. It should be emphasised that a large num- |

|

8,
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giving a sensitiveness of 100 or above. A negative
means below 40 on repetition of test. Ephemeral has
the usual.significaﬂce.

Each taﬁle is worked around one common facf
or condition. Though it at first appears éompli-
cated an attempt is made to aseobiate facts as obtainef
end thus one sees how far each method of examination

supports or condemns the others. The state on dis-

o
charge is regardednof great value in deciding the nat-

ure of the disease¢ present on adnission, those clear-
[ .

| ing up were probably not tubercular.
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This is a most instructive Table for it
teaches one that observation over a few weeks gives
strong support to the value of ordinary physical met-
hods of examination in conjunction with the quaﬁtitat-

]

iﬁe reaction performed in the manner I have indicated.

Out of 48 patients 4 were established within a week of|
adnission ag definite cases from sputum investiga- f
| tion etc. The remainder were never decided as tuberﬁ
cular. .38 were to all intents negative and 6 were

vague, no evidence being adduced to establish them as

tubercular. The g camd wtack, Wd. wo acoe
it d@camgg,, thowgh “defndi” on, Gomsans,
w-fjv ; g Mced- Zg the M M;
e any il Friakeinl wis  wol- dugontly
caded o Sumaloriues
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| quanti-reactions associate themselves and the results

TABLE III.

51,

In this Table I did not record the state on
discharge except where it was absolutely necessary.

It will be noticed that Clinical Examinationg and

|
of prolonged observation support this association, E-
l

for it was only possible to establish 22 of these
pulmonary
cases to be,tuberculosis,. i.a.4é7, which leaves an

error of 5&7 to rad10300p1c 1nvest1gation

This ig scarcely a Table, and it is not of |
I

great value. 10 children,-apart from those already

referred to, who had given a negative response on

two occasions were subjected to the subcutaneous testf
with the result that 3 reacted pogitively from the i
point of view of general and local reactions; 1 case
gave a focal. The majority had & general reaction.
On discharge ﬁne of these 10, viz: that showing a -
focal response still presented signs. _On the theory
already discussed, . it is quite feasible that the
subcufaneoua test should react positively where the
quanti~cutane§us gave a negative resﬁlt. The former
test is very unreliable in children owing to the dif-
ficully of finding a focal change even if present;
certainly general and to a less extent local reactionsg
are unrellable as diagnostic features. Besides, the
method is not particularly commendable. The one casge

which wag positive above continued pogitive to cutan-
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eoug inoculations; the others relapsed into their
pfevious irresponsive state. ' '

The 4 cages giving sensitiveness between 40
and 100 could have no significance under any circum-
gtances as thé number is 80 small. It was difficult
to decide their real conditions as phyéical signs
were vague,and consent for tuberculin injection not

obtained.
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Here agein it will be seen that clinical
examination ovaf a prolonged period will establish in
the majority of cases the reliability of the quanti-

-

cutaneous reaction.

It must not be argued that since clinical
fexamination and cutaneous reactions run practically
Ipafallel there is no need for the latter. The phy-
sical examinations were repeated many times and over
e considerable period of time, in making a diagnosis
such a tardy procedure cannot be acceptable. Hence

the great value of the cutaneous test.

' : At first one intended to arrange a table

round definite physical examinations but thatlwould
have meant a good deal of over-lapping, which Wés
avoided with one or, two exc_egptibns’ and these excaptipxg_f
were inevitable. %smhﬁmAmoﬁgd in
above tables. :

' Axclosé study of these tables will reveal

that in children the most accurate'guide to diagnosis

is the quanti-cutaneous reaction, the dividing line,
j for the moment, between positive aﬁd negative results |
béing 100 since none of my cases proved the contrary. |
It will be noted in Table 1,that 3 cases
with tubercle bacilli in sputum are included, the re-

sistance in each case was good and sympto%ﬁlogy glicght

and hence the result due to high acquired resgistance

'or tolerance. Of course it is possible despite the




‘the fact that persistent examinations will establigh

.élicited by the physician. The margin of error in
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prognosis suggested, that tﬁe final issue will be bad,
and hence it would really be a case of lost resistance

It is noteworthy how the signs-cleared up,
and many of these cases only'stopped?éhort while in
the Sanatorium; contrasting this with the positive
cases in Table IV and the persistance of signs over a
much longef périod lénds strong evidence to the relia-
bility of the quanti-reaction.

In Table II it is evident that the cutaneous
reaction and ﬁhysical examination, on the whole,
range themselves tOge{her, and judged on this basis
the X-Ray diagnosis leaves a too considerable margin
of error. Subcutaneous teﬁtgiwhere done, corrobbrate
this conclusion. Dr. Lapage found closer relation-
gship between X-Ray ané cutaneous teaté; this may be
accounted for by two facts:(1) The agsociation of
a2 clinician and radiographer at the radioscopic ex-
amination (2) He did not do quanti-reactions.

Table IV is most instructive and points to

in most cases, the accuracy of the Briginal cutansous
finding. Some of these cases were done twice before |
they wefe positive; it would have been t00 compli-

cated to indulge in further sub-division of the stat-
igtics to bring out the differences associated if any.
It is scarcely necessary to record that the cutaneous
test does not tell what organ or 5fgana is affected,

thig point can be decided by symptoms and signs as

d
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cutaneous tests is so-slight that one wonderg if there
is not justificaﬁion-for exteuding'fhe confidence es-
tablished in 94% of cases to the remaining 6%. With-
out asking so-much one feels justified in adopting

the conclusiong in the summary below.

SUMMARY AND CONCLUSIONS.

(1) In Birmingham children do not react equally

to both types of tuberculin.

(2) In performing the Quantitative Cutaneous

Reaction the following points must be remembered:
(a) Use both types of tuberculin.

(b) Reactions too near the wrist are
handicapped by the density of the
cutaneous tissue.

(¢) Scarifications require to be as near
as pogsible of the same size.

(d) ©Deep-bleeding scars, or superficial
where blood is universally distributed
over the sufface impairg the papule
formation.

(e) . Drops of tuberculin should be about
the same size.

(£) The low glycerine content of the high
dilutiong of tuberculin slightly im-
pairs the final result. In practice
thid point can be ignored as the dif-
ference is slight.

(g) The power of absorption varies marked-
1y in different cases and in different
gsites of the same case. Again, atmos:
phieric temperature influences absorption.

(n) The only method of ensuring accurate
and comparable results is to use a
moderately small drop and allow this
to dry, in every case.

(i) If the first reaction is below 100, re:
peat the test in about 4 days.




treatment is demanded.

8%
(3) Observing the points indicated above it is
surprising how irregularities etc. disappear, the

papules show almost a true arithmetical progression.

(4) It is impossible to explain cutaneous reac-
tions, in a manner which is supported clinically, by
either Wolff-Eisner or Wassermamwand Bruch theories.
Experiment would indicate that the reaction depends
rather on the patient's tolerance, regarding tolerance
as a true antibody. On such a difference theory it
is possible to make interpretations which are borne
out in clinical practice. Whether a lysin should be
recognigsed or not is impossible to say from this in-

vegtigation.

(5) On a difference theory the quanti-reaction

indicates the relationship existing between the pat- |

: |
ient and his or her infection. Since infection is |

80 universal it is of great value to have a test which
|

indicates that infection is present to the extent that

(6) In making a disgnosis of the cases dealt

.With, all points were considered, but investigation
usually became centred-round three methods of explor-|
ation viz. Physgical Examination, Quanti-cutaneous test
ing and Radloscopic examinations. Correlation of the
different tables, established on the basis of obser-
vation etcﬂ’proved that our most valuable weapon in
diagnosisg was the Quanti;cutaneous Reaction. Next

came physical examination. Radioscopic investigation
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presents too considerable a margin of error to be of
great value in forming an opinion - these examinations
|were done by an expert too.

This order of merit is purely argumentative,
for physical examination must be associated with cut-
aneous reactions in making a diagnosis. When these
two are associated and other factors in the history
%?dhymptoms are congsidered a standard of diagnosis is
reached which will give aﬁinently satigfactory results,
Where reliable symptoms of chest involvment are got in
conjunétion with a positive reaction, even in the ab-

sence of signs, the present investigation would sup-

port a positive diagnosis of pulmonary tuberculosis

|
|
| being made.
|

(7) Treatment of children on any basis other thar
that of specific diagnosis involves a very important
economic problem. It wiil be seen that children
presenting definite signs, apart of course from those
of overwhelming disease, whose cutaneous response was
negative, proved in practically every instance to be

non-tubercular. -(See Table I).

With a very little judgement it is possible
to decide thosa-requiring treatment, a large number
| could be sent home, the remainder might be dealt with
as suggested below. For some timg Dr. ®.B. Dixon has
asserted that a large numberof notified cﬁildren are'
not consumptive, in the sense that sanatorium treat-
ment is fequisite. He suggests that a home should be

established under a reliable nursing staff. At appro-




| ease present.

| can perform 34 in the hour. Since for the present
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priate intervals an experienced doctor should visit

the home and investigate the course taken by the dis-

Such a course is entirely endorsed by the
present work and the cutaneous reaction would be of

irmmense value in alloting cases.

(8) From this lengthy investigation it might be
thought that the quanti-reaction is a cumbersome test.

As a matter of fact, the reverse is the case. One

100 is accepted as the limit of active disease .OL
strength might be applied as a rough test and so-meas—
urement would be avoided. Of course applying .01
alone is not the same thing as dbing the whole fest
and cannot have the same significance. It would take
a lower dilution tﬁan this to equalise the 100 standard
as arrived at by the quanti-reaction for in the latter
there is the question of absorption from thé stronger

dilutions.

(9)  Wnat the value of the test would be in adult
I cannot say. I should be inclined to regard its
application as more limited than is the case with

children.




(1)
(2)

(3)
(4)
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(7)
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(11)

(12)

;(13)
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In approﬁching the study of thig subject
from the clinical aspect many difficulties beset one.
Firstly, it will be quite impossible to bring forth
mathematical proofs for anything but still itlhas the
great advantage of including the living patient and
S0 informétion gained must be of greater practical'
value than can ever be drawn from animal experimenta-
tion.

To-day the ﬁendulum of opinion swings with
undoubted 1iét in the direction of laboratory research
the result has been, with the exception of cardiology,
a dwarfing effect on clinical investigation. One of
the greatest advances in medicine was achieved when

or vafliey MLMW%I

Lister discov reqmthe world of microbes; the great

enthusiasts of that day were inbued with the idea that
at lagt the secret of disease was revealed, to some
extent this Was true. Why then have the results been
1ess satlsfactory than expectations damanded? : It
seems to me to e partly accounted for by the attitude
taken up towards the other gide of the subject: climieal
medicine became epitomised into a collection of signs '
and symptoms which was easy of manipulation, but whose
interrelationghips were imperfectly understood. To -
a certain extent research ignoresg the patient'and tries
to establish laws from a laboratory stand-peint.

Indeed, the matter may be put shortly by

asserting that disease can be explained by nothing

less than all its higtory and associations.
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The seéond difficulty arises from the essen-
tial complexity of the subjecf and the lack of agree-
ment amongst pathologists upon the important points
under discussion. I¥ would be difficult to discovér'
in any other realm of gcience such a vast panorama of
conflicting evidence on any subjec@ as that which
exists for and againsgt the transmisgsibility and iden-
tity of human and bovine tuberculosis and also: the
channeis by which infection may reach the lung.

The attitude of Koch himself changed very
markedly between 1882, when " he diséovered the tubercl
bacillus, and 1901, when at the Tuberculosis bongress
in London he acknowledged hig error in previously
holding human and bovine tuberculosis £o be one and
the sane thing, and easy of transference between the
different hosgts. Now he asserted that radical dif-
ferences existed between the two diseases, and that‘
cattle were not amenable to human infection. Further),
he argued that bovine bacilli rarely produced disease
in man.

There was much evidence 1o refute.Koch's
early view. Virchow and his followers found gre&t
difficultj in produéing a lesion in cattle by feeding

“

them with material containing human infection, the

same animals showed little resistance when the bovine
virus supplanted human. '
Koch's second assertion, though he had many
followers, was on further experimentation deemed in-

accurate, certainly as regards transmnissibility.




when microbes were of human origin.
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The matter was thus very indefinite since

eninent experts were quite opposed.  Some, including

Baumgarten, Smith, Whitla and others inclined to take a'

middle course and agree to certain péints of similarit

Unfortunately there is stiil no congensus of

opinion on the frequency of transmission, or on the
guestion of identity or channels of infection. Ref-
erence to opposed opinions and clearing the way for a
clinical line of argument will involve & good deal of
confusion. I hope the reader will be generous, for

the task is difficult.

In 1901 the British Commisgion was appointed

| to unravel the skein,. The investigations establishe

that man was susceptible to both human and bovine in-
fection but especially the former, the latter finding
more victims amongst infants and children than in

adults, though adults were not immune. Again, cattle

they found, could only be infected with difficulty

Contemporary and later observers found less.

difficulty in transmitting human disease to cattle, st

1l
the experiments of Ravenel are eminently pertinent:

he found that cattle were highly susceptible to infec-
tion, even from a human source if the infection were

proved bovine in character.

Sechon

The results accruing from the clinical asbtbri-

Eﬁ#& of the Imperial German commiggion did not-Sffohg-
1y support bovine infectivity in man, for in the res-

ults it is reported, amongst other things, that in

e

d

i
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151 children who drank unco&ked tubercular milk, only
two showed tuberculous glands and 14 cases were label-
led as'suSPecte.

These clinical findings in Germany are aca-
demically disappointing. Much of the work, it would
seem, was done by proxy, and perhaps its shortcomings
may be discounted on that head.

That bovine tuberculosis does result in
human beings'with greater frequency than this would
suggest, we have undoubted proof. It-seams possible
that German statistics were influenced for some time by
Koch's later views on the subject, founded, it is said,
on the alleged rarity of primary intestinal tuberculo-
sis. This fallacy was exploded by the researches of
Fibiger and Jensen. Still the literature does not.
seen to'suggest so-marked an incidence of disease from
bovine sources as exists in some parts of this country
and America, é.g., in Germany, taking the work done
in the laboratories of the Gesundheitsamt, Berlin, up
to 1907 and Burckhardt (1910) the bovine infection in

cervical glands removed by operation from children

under 16 years of age only amounted to 35%, the remain-
[i ing 65% being human.
j In Englanddbases from the R.C.T. and those.
| of A.S. Griffith under 16 years show 64% with bovine
infection.

A.P. Mitch8112 of Edinburgh: Out of 72
cases operafed on for cervical adenitis QQ% proved of

bovine origin., These were children under 12 yrs.

$Quoted from Cobbett.
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5 .
Lewis - in America: Out of 15 cases of

cervical adenitis 9 showed bovine infection. In this
investigation the subjects were much older ﬁhan those
of Mitchell, who were children.- It confirms, though,
what is more or less establishéd now viz, that bovine
bacilli show a marked predilection for young people.
In Lewis'! work the average age of animal infections
was 8% yrs, whilst those of human infection gave an
average age 6f 17 3 years. Taking these figureé

of ngis - only those undef 16 years and similarly
those of Park and Krumwiede.ws get & bovine infection
of cervical glands in 57% of cases. A fair amount of

work might be quoted in support of the frequency of

bovine tubercul9sis in young people, but for present
‘purposas the above is sufficient: The subject is

referred to above.

Thus research in different countries has ad-
duced sufficient proof of the intertransmissibility
.6f bbvine and human infection, each showing greater
virulence in its natural abode; the human straih demon

strating marked retieenee in adopting a foreign soil.

r This Qﬁestion=of transference is mainly a

matter of Public Health import. Unfortunately trans-
miggibility does not establish the identity of the two
diseases, and this seems to me the pivot on which the
clinical interest rests. If the pources of error be
many in considering mutuél infecti;ity, they would
geem to be legion when it is attémpted to interpret

| sumarised in the report of the Royal Commission 1901 |

1
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ngntiﬁiﬁsiﬁfnecessity then; coﬁclusions, whether ex-
perimentally or clinically founded, mugt be regarded
as to some extent arbitrary. |

Tuberculogis varies very considerably in

‘different localities, and how far these variations

can be accounted for by dissimilar types of infection
would Dbe interesting to determine. Professor Shennan
points out that the death-rate in-different towns and
cities of Scotland is determined by factors as yet im-
perfectly underétood, and not explicabie by density of
population, etc. In how far the "soil" i.e. the
patient vafies ohe cannot say, this is ver# ﬁﬁfortunate
in that clinical findings cannot reliably be corrobor-

ated or refuted. In the pathological side of_reéearch

|this local digparity assertg itself, e.g., note the
prevalence df thoracic and abdominal tﬁbéfcuiar glands
in Edinburgh 62.9 to 48;7 corroborated elsewhere by |
Still 81 to 59 ﬁillet ﬁﬁd Barthez 79 to 46 &c. On

the other hand in Manchester Lapag95 found' the ratio;
0 be 55 to 71. Again note the marked disparity of

results recording the typé of infection in cervical

glands, in this connection note the predominance of
Lovine infection in Edinburgh and the low incidence
r of this type of virus in the German statistics quoted.
It is unfortunate that one cannot collect
absolutely analogous statistics, in different dis-
tricts, on the relationship of bovine to human infee-
tion in abdominal and thoracic giands. -For the sake

of future arguments it might be worth ghile to record

the findings of FBastwood and Griffiths: 150 post -
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mortem examinations of children aged 2 to 10 years,
94 of whom were tuberculous caseé,'indications éug-

-

gested that in:

ily.
52 cases glands of Respiratory tract invaded primar
ily, i :

22 inconclusive.

Those entering by the Alimentary tract show-
‘ed great predominance of bovine injection, whereas in
the respiratory infections only one showed the bovine
bacillus. Allowing for the inconclusive cases one
can defiﬁitely accept the trend of such results as in-
dicating & strong predilection for bovine infection

by the Alimentary tract and human infection by the

22 cases glands of alimentary tract invaded primar-|

Numerous writers, unwilling to accept the
prevalence of bovine tuberculosis in this country,
point out that the deatherate from tuberculosis in

children is greater in those countries where dairy

products are not used as food at all, e.g., Sweden, 3

Roumania, Greenland, China, etc. This argument is |
. : I
| two-edged and brings out the point which I have hinted

|
[ ) t L . , ; :
(at, viz: bovine tuberculosis is a less fatal disease

fthan human. This is supported by many observers and

accepted by the Royal Commission above referred to.

The question now arises ig thie Rower viru-

lence simply a difference of degree or of quality?

If one may accept, as many have done, that

respiratory passages. |

the différence between human and bovine bacilli is
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‘merely one of degree, then thé felative suscéptibility
exhibited by one animal should be supported'by.é gimi-
lar relationship when a new host is chosen, espéciglly
if an animal with moderate resistance to tuberculosis
in general be chosen.

Discarding %he gquestion of difference between
the two infections in the cow, and taking, firstly,
the rabbit, which.ia not a highly resistant animal,
'iﬁi shows a pronounced'susceptibility to bovine infec—
tion, whereas the regigtance to the human type is gener-
ally speaking high. The dog, which is endowed with -
high resistance, shows about an equal sengibility to

both types. The cat, again. a resistant animal, is

only susceﬁfibla to bovine infection. At the other end
iof the scale animals like monkeys and guinea-pigs,
wiose powérs of resistance are low, are affected about
equally with both types. There is no evidence of a
relative virulence in-tﬁe above results.

Again the cultural characters ﬁf humen and

bovine bacilli differ materially.
In the light of present day knowledge, one

must disgent from thosge who regard the two organisms
’as essentially similar, their characters are quite
fdifferent

! As previously indicated in Part I, tubefcle‘
Itoxln is essentlally the same as the tubercle oaclllus
a true Bxo-toxin not having been established; tuberculin

too is simply a suspengion of fragmentsg of the organism.

This being so, and the bacilli presenting tangible dif-

ferences of character, it is justifiable to regard the
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toxins as dissimilar. Such is a falir deduction from

the above reasoning.

METHOD OF RESEARCH: FOREWORD.

When one bears in mind the facts recorded,

it appears to me justifiable to at least doubt the
identity of bovine and human toxin, aﬁﬁ consequently
the identity of the two disesases.

It is universally accep£ed that the cutaneou
tuberculin reaction is specific, but 1t 1s not es-
tablighed that the different infections only respond
to their own type of tuberculin, indeed, for all |
practical purposes, it ié accepted that either infec- :

tion will react to both bovine and human tuberculin. |

l

Such an attitude seems to me to lack foundation.
' 7
| Referring again to Gauvain's work, which

suggests that lesions react to both tuberculins, it

must be indicated that the test ws done on cases with J
breaking down surgical lesions. Such cases are scarce-
ly analogous to pulmonary tubefculosis in children, ‘
Where-there is seldom evidence of such disintagration.'

- Surgical tuberculosis is, in a general way, regarded |

| by some to be bovine in origin (Raw), the fact of
degeneration would suggest the presence of human in-
fection as well. Indeed, in my own cases where such
degeneration resﬁlted, e.g., discharging glands, most
reacted about equally to both types of tuberculin:
It may be recorded here that Lapage only
found 4% that reacted to bovine and failed to respond.

to human tuberculin, whereas 13.5% showed a reverse
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result. Macneill found ﬁo cases reacting to bovine
that did not react to human. Somewhat similar results
have been recorded by others, but the fallacy which
appears to account for this is found in the use of too
strong dilutions and the lack of proof oii a quantitative
basis. It is obvious that most individuals have an

opportunity for attaining sufficient infection of

| was often the limit of reactivity for the less sensi- |

either type to respond positively to such a sensitive
test.

; In Birmingham I was struck by the lack of
similar response quantitatively to the different types
of tuberculin. In the majority of cases children
responded to pure or ohly slightly diluted tuberculin
of both types, but the higher dilutions demonsérated

a distinet difference. I found that .16 strength !
|
tive response. This suggested to me that if I were
to take .1 T and .1 P. T., with a control of sallne
between, I should obtaln information that was fairly
decisive; because, taking only negative and positive
responses, and disregarding size, etc., it was possible
to obtain a fair number of cases reacting to bovine
alone, and to human alone. Now supposing the case
ls clinieally tubercular, fhe fact of its reacting
only to the bovine type is gltrong evidence suggesting
its origin,- since by using even so strong tuberculin
as .1 .T. opportunity is given to a human lesion to
assért itéelf. It must be seen then that I used this

comparatively high strength so as to be fairly certain
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that little chance exigted of a double infection, and

s0 results are more valuable. Of course it had the
disadvantage of making the absolute diagnosis of cases

nore difficult.

It remained now to rule out possible sources
of error.

The first question that arises is - Are
results constant in the same patient?- This one de-
cided by applying the qguanti-reaction. I was struck
by the relative constancy of the results when a suffi-
cient interval elapseﬁ.between the performances of the
test and, of course, in the absence of tuberculin
therapy and making due allowance for hygiene and die-
tary - all the chil@ren were in the Sanatorium. |

Secondarily - Are P.T. and T. approximately
the same strendth? If the resﬁits depended on a dif-|
ference in strength one should find a practically
constant margin of difference when tested bylthe guanti-
reaction. This was not éo, even when the reactions
were performed with tuberculing from the same two bot-

tles and results compared; thus one  excluded the possi-

bility of variance from slight differences of standard
isation. Again, the question of strength is ruled out
by the occurrence of a higher sensitiveness in one casL
to human and in another to bovine when the identical
same dilutions are uséd.

Part I of ?his work establishes the fact, with

fair decision,that sensitiveness increased with the

' degree of activity, hence the positive response equals
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the active disease.
Some support is lent to the argument that the

=]

toxins of both human and bovine tuberculin are differe:
and react specifically too, by the fact that after
prolonged administration of bovine tuberculin, the
sensitiveness to P.T. is lowered, whereas the'sensitivP-
nesg to T. is not so much affected. I only had time
to do a few cases on this question so I cannot dogmatige.

An apposite quéstion here is that réferring
to the stability of type in the animal body, very many
"pasgage" experiments have been undertaken with a view
to establishing whether or nof the human type, say,
gains the characters of bovine bacilli by habitation,
in the Cow. The results of these and similar axﬁeri—
ments have ﬁot establishadlany such change of character,
though in some cases an apparent modification takes
place. Cobbettaincline? to regard such instances as
due "either to an admixture of two kinds of bacilli
in the original virué or to a bovine bacillus creep-
ing in through some accident during the course of the
experiments."

If such a transformation took place, in all
children above five years human infection would be
present, the result of early bovine invasion, and hence
one's results would be difficult to support;since it
would not seem to take place, the fact that bovine
tﬁbérculosis is seldom present in adult life, must megn
that the infection by bovine virus easily dies out, as

mortality from this source is low. It seempg to me

just possible that bovine infection is more fregquent
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in adults than is generally ﬁelieved. Creighton's
suggestion that the lesion showed ceftain anatomical
differences has not been supported by later observation.

8
Cobbett writes: "Anatomical differences in the tuber-
[ ]

culous lesiong in man and the ox are not due to differ
ences in the bacilli which imitate them but to Aiffer-
ences in the animalg which develop them." Pathologi-
cally, then, the bovine virus produces a proliferative
lesion in cattle, but in man it would seem to take on
the degenerative tendency of the human bacillus, evid-
ence on this point is not abundant. The vast amounti
of proof in favour of adult tuberculosis being due to
human infection, is defived from sputum examinations.
Such a method of research cannot\be representative,
since a very considerable number of cases have no
sputum; this very fact would suggest some difference
in the type of lesion. In Birmingham the relative
infrequency of sputum in female adult patients was
noteworthy. Associate with this the low female death
rate in this City (86, England and Wales - 100). It
seems to me justifiable to think that poséibly éince
bovine infection is less virulent in man that the -
clinical course would be in the majority of cases dif-
ferent,becausq,progress being slower there would be
more time to establish defences, and degeneration and
comnmuriication with the exterior would be less liable to
occur. Another possible explanation will be seen
later. |
Again, post-mortem investigation of lung tisgsue

cannot be representative because bovine is an admittedly
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less fatal infection, consequently few cases come to

the post-mortem table.

Indéed, the present attitude, which only
allows the bovine tubercle bacillus a very sumall per-
centage of all cases of pulmonary tuberculosis may be

said to be founded on the following tables for the

most part.

% TUBERCLE BACGILLI FROM
B s

Total. Human. Bovine. Mixed. -

A.S. Griffiths (R.C.T) 29. a7, 2 0.
A.8. Griffiths (TLondon

cases) ' 105. 105 0. 0.
A.S. Griffiths (Edin-

burgh casess v 43, 42 1 0.
Park & Krumwiede. 296. 296. 0. 0.
|Bulloch ' AR 0. 0.

> TUBERCLE BACILLI FROM

LUNGS.
Children up to 12
Author. Adults. years. :

Human Bovine Mixed Human Bovine .

Royai Commission 12 0 0 1. 1.
Gesundheitsanmt,

Berlin. _ 7 0. 2 i 3. 0.
Bastwood & F. _

Griffiths. s - - 4. 0
A.S. Griffiths. > = = 3 0.

D Quoted from Cobbett.

One discusses this question here lest the
above tables should be instanced as refutation of my

work. It is not applicable for the reasons I have
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suggested,besideq,it refers to-adults mainly;

Thus the fact that pathological findings.are
said to be similar in both'cases, does not necessarily
mean thaﬁ the clinical course is fhe same, besides
research on this subject is not sufficient, it is
quite possible that the terminal stages of bovine tub-
erculogis are effected by human infection. of coursg

an acute bovine lesion would likely be very similar.

The great point is that Clinical research

seemg to be necessary before the last word can reason-
ably be said. Though such research cannot possibly
satisfy time-honoured "postulates" it still has. in my

opinion decided significance.

PROCEEDURE - ° The material used consisted of 302

cases whose ages varied from 5 to 14 years. All

these children were under observation in-the City
Sanatorium, during the time one was working.  Each
case had a differential test done as indicated, viz:
«1 T. next the elbow and .1 P.T. four or five inches
bélow on forearm, between; was a control of normal
saline. : In the cases recorded the test was only done
once; the results were carefully recorded, interpre-
tations being made in accordance with the usual con-
ceptions.

After completing Part I, there seemed justi-
fication fér establishing the cutaneous reaction as a
constant and specific basis around which to work invesr

tigation.
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‘Two main problems presented themselves:-
|

& Was there a reasonable congtancy in the
Clinical picture associated with reactions

to a particular type of tuberculin.

II. If so, what deductions might logically be

drawn from the results?

With these aimsg in view I drew up a table
of investigation which consisted of ﬁhe following: -
Name, and sex; Cutaneous Reaction; Age; Breast
fed, bottle fed or both; Family History, Seat
of Disease; General condition; Surgical Tuber-
culosis{ Remarks.
. Most of theée headings are of obvious signi-
ficance except perhaps the last three: “General‘coné

dition" was recorded becauge of its influence on the’

fCuﬁaneous reaction, apparénﬁ ahnmaliesimight be exclu-
ded by such knowledge. "Surgical Tuberculogis® again
wag recorded bhecause if'is obvious that the cutaneous
react ion does not localise the site oé'the lesion,
hence. 1f found surgical conditions were tabled. Of
coufse there were few of these; as a rule we onl& ad-
mitted medical cases. Under the hﬁéding of "Remarkgh
was put any fact of importance gsuch ag those esﬁabliéhing
the diagnosis,’etc. hese three headings will not be
discussed separately they are simply controlling fac-

tors which find expression in the results of the. other

headings.,
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ITABLE§ bF RESULTS.
Total number of Cases : 302.
Number of Boys | 163.
Number of Girls 139.

| CUTANEOUS REACTIONS:  ( + positive; = negative)

Number of cases showing TA and P.T.+ 87.

n " n n T e " P.T. = 83‘
W, e m T4 " BT, - 27.
Wt o i W T - ® P4 105.

Total 302.

. In view of the question raised with regard
to the possible susceptibility of females to bovine

infection which, by the way, is derived from a female

source, I thought the following table might be of

|
[ interest.

Of the 27 cases reacting only to human infection

we get:-
Boys showing T.+ and P.T. - 15.
Girls . i n . 30

Of the 105 cases reacting only to bovine infec-

| tion we get:-
|
|

Boys showing T. - and P.T.+# 49.
Girls ™ Lpatls el 56.
AGE. : Years.
Average age of children showing T4*and P.T.#. 9.8 -
# R e TewpEoiglg

.

|

" IO " " T - PT4 gy

3
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BREAST FED, BOTTLE ¥ED or Both.
This problem presented dlfflcultles. It

seemed impossible to obtain anything like accurate in-

formation. The points I had in view were really:

Jflrstly, wnat opportunity did the child have of obtain
Jing bovine infection when very young and specially
susceptible; and secondly if breast fed by a tubercula
et haR was-thhra any reason to suspect alimentary in-
' fection from humah milk on the lines to be discussed

later.

One'sent a letter to every child's mother

requesting an answer to the follow1ng questlons.

many months?

2. Was the child bottle fed, and if so, how

|
l 1. Was the child breast fed, and if so how
I many monthB?

D If bottle fed in the- flrst year, did you
- always boil the milk?

4, From the end of the first year to the end
- of the fifth, about how much milk did your
? child get daily, and was this milk boiled?

The answers were not very intelligible al-

ways, and some failed to reply, so I do not propose to

| work out a table as records would require to be great¥

ly reduced to fit into complete answers in thisg  1list

and hence confusion might arise. The point one does
learn is that all children had a fairly ample supply
of milk, often uncooked, in 2nd. 3rd. 4th. and 5th.

year of life. In the first year it was usuaily a

ving the list for reference where these points might -

be of interesgt in the future discussion.

combination of both,breast predominating. I am reser-
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cases reacting to T. we have 114 cases.

| 27 Cases with only T +

If we dmsregard P T. results and take all
| Negative Famlly History 14

Positive iamily_History. 100. _
Of these, 5 gave only a remote hisfory, i.e.
an Aunt, Uncle or Cousin, and 8 a history.of
remote relative and brother or sister or both.
Since children seldom give "open tuberculosis"
and most of the affected brothers and sisters
ﬁere also very young, it seems advisable for
the sake of accuracy to discard such as pbtént;
infective factors. Included as immediate
sourdes of danger ére Fathers, Mothers and
Grand-parents. Correctiong on this basis
give the following results:

Negative Family History 27

Pogitive Family Higtory 87

105 Cages with P.T.<and T =-.

Negative Family History 1
Positive Family History 26.
Subtracting unlikely sources of infection
as above gives the following results:
Negative Family History 2
Positive Family History 25.

Hegative Family History 29
Pogitive Family History 76.




It is interesting to record also the family

history of the 83 cases giving T - and P.T, -

8l
Subtracting unlikely sources of infegtion

as above gives the following results: -

- Negative Family History 46.
Positive Family History 59.

Negative Family History . 40
| Pogitive Family History 43,
After prolonged observation and on ordinary
clinical grounds it was possible to establish
10 of these cases as almost definitely tuber-
cular. 7 were very advanced cases, the other
3 wouid probably have redcted had the test

been repeated. Of these 10 cases 5 gave a

positive faily history and 5 a nagative, there-
fore after making corrections we have 73 non-
tubercular cases giving following results:
Negative Family History 35,
Positive Family History 38.

This, of course, cannot be taken as representa-
tive, since most of these negative cases were
adnitted for observation purposes, the sus-
picion often arisiné from the existance of a
tubercular relative. However, it is a fair
guide to control thé findings of the 105 bovine

cagses above.
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.
|
|

SEAT OF DISEASE.

Up to this point it will be noticed that
discussions really centre round infeétion rather than
{ clinical disease. It cannot be supposed that a |
| response to .1 T or .1 P.T. necessarily signified
!manifest tubefculosié. A few original suspects were
not sufficiently long under observation to be included
in this investigation, so they had-to be discarded in
collecting the material, otherwise the cases are in no
fway selected. But after observation, *etc., 24 chil-
dren have to be subtracted as not clinically definits
cases oftPulmonary Tuberculosis. '

There remainsg then really 195 cases to dis-

| cuss under this heading. This is obfained, of course,
;by subtracting the 83 negative examples plus the 24

Iclinically negative children just referred to. After
iconsideration the least_confusing method of ruling out
!these 24 peemed to be that in which the correspondiﬁg

' reactions were subtracted in each section.

195 cases have here the site of disease recorded.

f Taken as a sun total the lobes involved are

as follows:
Right Upper 86. Left Upper 52.
" Lower 98; % - Lower IL1.
" Middle 35;
It scarcely pertains to the present work to

record in table the diétribution’where only one lobe ip
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|involved where 2 are involved and so on, the tables
1are sufficiently confusing already. The above is re-
corded because it is of interest to note the differené
| which exists between the incidence of disease in the

=upper lobes, and the gimilarity of incidence in the

lower lobes. Supposing now the 33 cases in the

right middle lobe are divided between the right .

upper and lower lobes, this point is brought out more

strongly still.

T+ and P.T, =-. 27 cases; 1 clinically negative >

therefore 26 cases dealt with

Upper lobes involved 22 cases.
n a alone invol-

ved. 5 aat

Lower lobes and right
} middle lobe involved. 11l cases.

Lower lobes and right

middle lobe alone in-

volved 4 cages.
It is interesting to record that in these four
basal cases 2 were breast fed by tubercular
mothers. 1 the mother was a tubercular suspect
but I have no facts concerning the feeding. The

remaining one was breast and bottle fed but

only the grapdfathér was consumptive.

'T - and P.T.+4 105 cases, 18 clinically negative, there

' . fore 87 cases dealt with

Upper lobes involved. . 16 cases.
" alone “involved. 1 case.
Lower lobes and right middle
lobe involved. 76 casges.
noon n n
alone involved.” = = " .g3 - < . s
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s The remaining 10 cases are designated as

“sbattared roiles" which éré to be-intérpreﬁed as a

type of moist sound which tends to change its position

iaf éxamination, appearing and disappearing here and
. ! the
| there, and lackin%,monotony of character peculiar

| to the typical crepitation of tuberculosis. All

I . . 3 -
icases of this nature are bhovine in reaction.
|

5T.+'and P.T.4+ 87 cases, b clinically negative, therefore

82 cases dealt with

| Upper lobes involved 70 cases.

n " alone involved 9 cases.
Lower lobes and right middle
lobe involved 73 cases.

Lower lobes and right middle
lobe alone involved 12 cases.

| I attempted to work out surgical associa-

| -
tions where either upper lobes aloneg, or lower lobes

| alone, were involved, small glands in the neck were
practically universal, dfd so of 1little account. A
point which rather struck me was that discharging

glands, which were few, came under this section. It

was not possible to arrange surgical complications in
ithese cases with any significance. Most indeed were
fglands.

This table is more or less corroborative

| evidence to that brought out in the two previous tablep,
, ,

viz. those cases reacting to bovine tuberculin show

physical gigns in the lower parts of the lungs, where-

as cases responding to human tuberculin demonstrate a
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marked predilection for the upper parts of the lungs.

Perhaps before leaving this question one
should discuss the reliability of the physical examin-
ation. Ty opportunitiesg in t@is matter were very
satisfactory indeed. = That examination of children
is difficult I am perféctly aware, for this reason it
was congidered essential to have cofroboration of each
examination record. The first examination was done
at the Tuberculosis Dispensary and notes were made on |
the child's clinical card. When the patient was ad-
mitted to the City Sanatorium another examination was
done and records made-on the temperature chart. It
was fortunate that these examﬁaﬁidns. were as a rule
separated by a few weeks. If these two records were
in agreement, that was accepted as definite; but shoul
differences exist, as sometimes was the case, subseque:
examinations were referred to, these were always re-
corded on the clinical card, and in this way it was
possible to support or nullify the chart record.

Statistics collected on this basis are as
reliable as it is possible to get. Besides most of

the work was performed by expert authorities.

URVEY OF STATISTICS.

The first point that asserts itself is the
fact that out of 219 cases reacting to the test indica
ted, 132 showed a definite resﬁonse to only one type

of tuberculin.

It would appear from the results that chil-

dren,on the wholé,show;a preference for bovine reactio:
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this preference being more marked in the case of girlsi

Little of value aﬁtachgs-to the age incidenc
gsince the casges were drawn from a restricted period.
Again the information on feeding reveals the fact that
milk is extensively used in the food of children in
Birhingham and conséquently all had an opportunity to
gain infection from this source. .

Investigation of aniiﬁ History revealed a
pronounced tendency on the part of reactions to human
tuberculin to agsociate themgelves with a potentially
infective enviromment. As indicated previously, the
occurrence of tuberculosis in a relative was often the
| factor leading to notification and observation of the
child, so that the fact of a high incidence amongst
those cases giving a bovine response has little signi-
ficanpe. It canmgt bé logically régarded as an in-
herent susceptibility to tuberculosis, especially if
consideration bhe accorded to the frequency with which
the‘non—tubercular cages were associated.with a tuber-
cular relation.

- Expressed relatively 76% of cases responding

to T. gave a history of sources of infection which werge

probably human in type as sputum examination reveals
(see previously) Only 56£’recofded such a possible
source of infection amongst cases reacting to bovine
tuberculin; this loses its apparent significance when
it is-rmn@ﬁbefed that of the negatively reacting cases
527 gave a positive family history.

Perhaps the mogt striking fact of all is

presented when the seat of disease is investigated in

<D
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association with the resﬁonée to a particular type of
tuberculin. WVhere the response is to T. the upper
parts of the lungs are involved in 84.6% of cases, the
lower partis being alone affected in 15;4%. while in
those reacting only to P.T. the upper ﬁarts of the
lungs are alone involved iﬁ 1.3%, the lower parts
being affected in 98.7% Supﬁort for this finding is
lent by the table whe}e the patient reacted positively

to both types of tuberculin.

Deductions which might be logically drawn from these

Regults.

There is béyond doubt something more than
a chance constancy in the clinical picture existing in
connection with positive reactions to human and to
bovine tuberculin. The family history is sufficientl
digtinctive to foﬁnd a suggesti_on that infections
only react to allied tuberculins. Thg different site
of the lesion in the case of bovine and human responsge
lends strong support to such a suggestion of speci-
ficity.

It isg stated that either type of tuberculin
can produce a focal reaction when administered subcuﬁa
ecusly, this is possibly true up to a point, some cags
are much more sensitive to one type than the other,
probably the focal reaction is just the result of irri
tation by a foreign substance and not pecullar to
tuberculin, e.g. one has produced what appeared to be
focal reactioﬁs with creosote by mouth. Some other

day one hopes to continue the experiments referred to
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in the section on fallacies.

Accepting then tha£ the'toxins_are different
in some charactefisticq and that we are dealing with
human pulmonary tuberculosis and bovine pulmonary
tuberculosis, what facts of apparent value can be

drawn from the investigation?

I, Girls are more prone to bovine tuberculosis
tﬁan'boys; the amount of milk consumed by boys and
girls would probably be about the same go this fact
may be justly interpreted as signifying a greater
sugceptibility, on the part of girlsg, to bovine in-
fection. It occurred to me that this might have
somethiﬁg to do.with the fact thaﬁ the bovine bacillus
in human beings is derived from a female source. Shoul
there be anything in this question of sex it woﬁid
make digtinct differences in experimental inoculations

etc.

1% As regards age, nothing of value can be learn-

ed for the reason above given.

ITI, Family History - It is of interest to note,
in view of the point raised above regarding sex,wheihs
in man human tuberculosis shows any sexual preference
it is possible such preference would only exist where
a new species of host is chosem or perhaps where the
bacillus has from generation to generation a female
hogst such as in cattle for the most part. It is a fa
of great clinical interest that connubiai agsociations

lead to comparatively few instances of tubercular

j o]

ct
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infection (G.B.Dixe:i%
Of thell4 cases with T.4, 44 had a tuberculay

3

mother, of these 26 were boys and 21 girls; 38 had a
tubercular father, of these 18 were boys and 17 girls.

In this record there ig no evidence of a sexual dis-

tinction.

It is not possible to draw any deductions
with regard to predisposition from the facts tabled,

for the reason already indicated.

IV, It seems a pity to raise again the vexed

quéstion of the Channels of Infection in.Pulmonary

Tuberculosis, but thére ig far too much difference

of opinion yet to regard the matter as settled.
Whether the majority of cases can be readily

clasgified, as to portal of entry, by the state of

pathological change existing in say the abdominal or

thoracic glands is a big question. It seems reason-

i

able to suppose that the method and intensity of attacl
would be as potent factors as time in the production
of advanced change in glanduiar substance. Would it Dbe
possible that the abdominal glands have greater powers
and opportunities of self defence than the thoracic
glands? One must remember that the thorax is the home,
as it were, of tuberculosis in the human body. Bacilli
landing there tend to stop there, so that a cuﬁulative
attack, as it were, is bound to result. Apart from
this, any spread that may take place from.thorﬁCic
glands almost certainly invades éreas which breed more

bacilli, and these in due time bestow more infection on
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the glands from whence thej o}iginated i.e. thoracic
glands-ara attacked cumulativelg and fraﬁ front and
rear; naturally a sfage of advanced caseation could
goon result) whereas in abdominal glands, conditions .
are more favourable for defence, whether they are betts
trained in this art is a question yet to be proved.
Besides, mesenteric glands do not seem to have a marke
barrier action - fat droplets etc. are allowed through
during digestion - hence it is juét possgible that
Haie mathod of Functloeine elsenewiat  aitteneut thon
the bronchial glands; a greater permeability would
render them less susceptible to massed infection. If
such a localisation law can be accepted, then thé
majority of infections originate in the thorax and are
human in type, but the basis of sﬁch a line of inves-
tigation does not seem to me sufficiently cdnvincing
to regard the deductions as absolute.

Be these things as they may, the majority
of children in Birmingham show & response to bovine
tuberculin, and what significance this can have other
than evidence of bovine infection is difficult to see.

6The statistics quoted from FEastwood and
bovine virus enters mainly by the alimentary tract,
which is generally-accepted. " His finding though of
only one case with bovine bacilli in the glands of the
respiratory tract is rather against the fredquency of
infection being bovine in character. But fdvouring

nmy deduction is the enormous frequency with which
10

Griffiths previously would support the assumption that

Woodhead found fatal Pulmonary phthisis to be associ-




| to inoculation experiments. Calmette produced an
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ated with abdominal glands (100 in 127 ).. . INumerous
experimenters (Calmette, Guerin, Von Behring, Whitla,
&c ) have proved that it is possible to infect the lung
from the alimentary tract. Fallecies, of course,
arise in experimental investigation of this point,
which make it wvery difficult to establish on an absoluj
ly mathematical basis the occurrence of such a method
of spread, and incidentally the permeabitity of mesen-
teric glands.
11

Experiments by De Haan on & large ruminant
of Java (Karban) are amineﬁﬁly pertinent.  He intro-
duced T.B. into its stomach through a fistula. At
post-mortem, about 3% months later, he discovéred an
exﬁensive pulmonary and pleural lesion, but no trace
of tuberculosis, abdut the alimentary tract - .hg
would not seem to have excluded infectign by recourse

analogous result to the above by infecting a goat

through an oesophageal tube.

The fact that bovine tuberculosis chooses

the lower partg of the lungs,and human tuberculosis the

upper parts is strong presumptive e¥idence that the
portal of entrj is different.

.If Such s dsdtotion bs accepted one is
practically compelled to look to the lymphatic system
%8 Thb meane oF spread in bovine tuberculosis, other-
wise it is difficult to see how such a locatioh should
take place, espscially as the apex is generally agreed

to be a favourite site of the disease. On the sane

te-
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grounds too one is ccmpelled to discount the thoracic
duct, and the pulmonary arterial system,as a likely
. |means of spread in the sense of producing active dis-
ease. It would rather seem to be the caseg that cer-
tain lymphatic glands acquire infection, and these *
later bestow that infection on the corresponding lung
area. According to Mostlsa clagsification of'tha
indifidual lobes of the lungs into concrete lymphatic
areas cannot be supported, but generally speaking the
lower and middle partg of the lungs are éssociated with
the inferior tracheo-bronchial glands. These are
situated in the angle of the bifurcation of the tracheg.
low supposing infection passed from thé mnegenteric to
the retroperitoneal and through the diaphragm to these
inferior tracheo~bronchial glands and by a damming back
process, which iﬁ this case would be aided by gravity
and the action of the diaphragm, infection settles in
"the lung producing disease we would have a logical ex-
planation of the clinical findings. Of course it
ig possible that bacilli could travel via the thoracic
duct and the pulmonary arteries. The blood infection)
not being sufficiently concentréted, would be unable
to establigh a lesion in the lungs, and therefore hav-
ing no defencéé;Hés it were, would be carried to the
glands. VWhen sufficiently accumulated it is credible
that physical laws would decide in favour of infection
gselecting the lower parts of the lungé.

Tt is asserted that theirarit§ of boviné

bacilli in pulmonary tuberculosis is strong evidence

that infection seldom takes place by way of the alimentary
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tract. We have already seen that most proof for

such an assertion, taken on the basis of live cases,
is drawn from the results of sputum examination. We
shall have reason to believe later that human tﬁber—
culosis is aerogenous in its method of infection and
| it seems reasonable to suppose that the larger bronchi
would bhe chosen by the invading bacilli, this must
mean that bacilli get up a lesion which being in prox-
imity to a communication with the exterior, readily
digpersges its microbes when breaking down resulis.
Now if bovine be lymphogenous, as suggested above,-it!
cannot have the same ready access to the exterior
which the human infecfion enjoys, and'fhis, together
with the argument put forward previously, urging that
greater opportunities are afforded the lungs to pro-
duce defences since the virus is less virulent, would
account for the fact that bovine bacilli are seldom
found in the sputum & indeed that sputum may seidmn
be present as there is not the same direct infection
of the bronchial muboaa, and connection with the
morbid prdceéslin thé“1ung. _

" 7 "Go far it has been indicated that there is
no more reason to accept the fact, that the primary
portal of invasion is manifested by the greater age
of the tubercular process in the regional glands of
the abdomen or thorax, than exists to support Cornet's
localisation law that a primary lesion is produced at
the point of entry. To accept the stage of patho-
logical change in different tissues, as indicative of

the duration of infection,assumes a relative equality
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of attack anﬂ defence on the part of the tissues con-

cerned. It has been shown that such an equality

cannot be taken for granted so far. One may be per-
mitted then to digsent from those who exclude an alimen-
tary infection on such a basis. Indeed one is com-

relled to look to such a channel to explain physical

findings.

Turning now to the lungs and their ggsocia-
ted glands, one wonders if justification exists for
accepting the stage of the lesion in the lung and its
glands as evidence of the earlier infected tissu§ and
hence the relation which the gland bea}s to the lung

|
las an infective organ or otherwise. A lot of work,

bl

|based, in the main on the fact of the lung lesion being

more advanced than that in the cprresponding lymphatic

!glands, would seem to prove that the lung is the seat
of the primary focus-(Anthon'Ghonl4 E.Albrech%5){
Is such an argument supporte& clinicall&?

If we accepl the assertion we must only recognise two
nethods ofTinfection, viz. Aerogenic and lymph-haemic
as of any great importance. The authorities quoted
above are strongly in favouf of the aerogenic source of
infeétion even in children. It is possible that boviTe
bacilli could be air borne,but it is much less likely
to be so carried than is the case with human bacilli.
Supposing it to be so conveyed to the 1ungé,'how Woul&
ong reconcile its choice of the bases of the lungs,
ﬁhilst human - admittedly aerogenic in mogt cases -

chooges the apices?
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Again, one is jusﬁified in believing that

the method of infection is different in bovine and

human tuberculosgis from the clinical fact that lesions|

at the bases occur with about equal frequency, (see
previously),whereas apical lesions show a pronounced
pfeferenoe for the right lung. .
Another point which struck one was that
basal lesiong seldom present that localized character
which is so often manifest in apical tuberculosis,
this to me seemg a strong proof.in favour of a glandul

focus at the root of the lung dispersing persistently

its infection to the area it drains without prejudice.

Other clinical facts which support this
theory are as follows: In children, who are recog-
nisedly more prone to bovine tuberéulosis, basal leé-
ions are much more fre@uent. Also, in one's own ex-
perience, where pulmonary tuberculosis woﬁld appear tq
follow an obvious abdominal lesion, the bases of the
lungs are more frequently attacked. .

On clinical grounds a haeﬁatogenous method
of spread does_not arise, whether from inoculation or
a tuberculous pyaemia as it were. Aerogenic- will not
meet the clinical findings. Oné-is left with the
1ymphogenous or lymphaemic.

Shenna.n4 regards lung infection as possibly
secondary to glandular. These glands gain their
bacilli by direcﬁ_spread from other lymphatic glands,
and by the thoracic duct pouring its infection into

he blood and thence to the pulmonary vessels and

tissue, these pass to the glands without producing an

ar




96,

| apparent focus in the 1ungs; | Of course by such a
lymph-haemic spread the lungs and glandé might be sim-
ultaneously involved, and besides it would be difficulg
to explain regional preference on this basis unless it
be due to physical laws as suggested. The tubercle
bacillug does not seem to appreciate blood to any great
extent. In this connection note the type of the les-

ien, alsc noteworthy is the infrequency of generalised

tuberculosis. It would almost appear that the bacillus

avoids the blood except where resistance is very low,
| only them, apparently, can blood-borne infection pro-

duce a lesion. Probably the number of microbes in

the blood is small, énd unlegs they are collected at
some focus and massed for a considerable attack, disease
does ﬁot result. Agai15it is a rare occurrence to
igolate this organism from the blood of an obviously
tubercular patient. -

Teking everything into account, the fact
that disease ig mainly basal, the comparative infrequen-
¢y of infected blood, etc., one would be justified in
accepting a purely lymphogenous theory for the great
majority of cases of bovine tuberculosig, For those
cases where the upﬁef‘lobes were also involved, it
was usvally the lower parts of these lobes that were
| affected, this may be contagion or lymphatic associa-
tion (see Most's opinion previously). The remainder
may be due to spread through the lateral or superior
tracheo~bronchial lymphatic glands to the upper parts,
Glands on the right and left side are intimately‘

. =8
asgociated. Of course one must remember Cobbett!s
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experiments, which established that it is possible for
bacilli to be aspirated into the lungs from infected

material in the process of beihg swallowed. He usged
B. prodigiosus, but the principle is applicable to
tubercle and might possibly account for some of the
cases under consideration. Again it is possible that
infection through the fonsil or cervical glands could

produce an apical lesion.

One discussed the method of bovine infection
firstly, because there is go much variance in opiniong
held regarding the possibility of frequency of phthisis
resulting from infection via the alhnéntary tract and
the possible methods of lung invasion, and secondi;,
by a process of elimination based on the clinical
facts recorded, one can deduct with greater exactness
the method of invasion chosen by human bacilli. Besides,
if bovine virus attacks the lungg, thgrelis only one
way, speaking generally, by wni&gwﬁfag? 1ikeiy to
_result,'and_that is by deglutition and,ﬁassage through
the lymphatics. etc. to thorax - Inhalation bovine in- |
fection, thpugh possible, ig unlikely and therefore
this type of tuberculosis merits first clinical atten+
tion’because,it ig more justifiable to base arguments
on than is the case with human infection,vwhich obviously
can reach the system by two channels, viz inhalation
and ingestion.

It will be noticed that thers is & hisher
percentage of basal lesions in human infections than

there ig of apical lesion in bovine infections. This




the right lung. A gimilar difficulty exists in the
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wduld seem to bear out the pbséibility of both channel
peing utilised. At any rate it would suggest, as
indicated in thﬁ above discussion, that the alimentary
pathway is not ignored. This is supported too by the
fact ﬁhat the human baaillus ig found in the mesenteri
glands. However we cannot account for the majority
of human lesion on thig ground so it remains to work
out the mogt likely method of invasion.

If deductions so far be correct, it is not

possible to account fdr apical deposits of tubercle

bacilli on a deglutition basis, neither is an inocula-

tion or haematogenous infection liﬁely because of the
difference shown in its incidence in the two apices

(the term apex is used as synonomous with upper lobe
because the lesion is practically always near to apex}
It is difficult to see how the tﬁnsilar pathway as

16
instanced by Walgham could show such a preference fd

case of direct spread from cervical glands - these

channels were not discussed in bovine infections becau

they have never been ghown to be bf any great signifi-

cance.

One now conecludes that the apical lung focus

Cc

r

of human tuberculosis in children must be of inspiratory

origin. It remains to be seen whether this is in
accord with clinical findings. Baumgarten advocates
a gennaeogeretic infection. Such is accepted as &
possibility but must be regarded as a rare océurrence.
Much theorising centreé round the duestion |

of apical involvement in pulmonary tuberculocgis.

lMoore believes that the tubercle bacillus gelects the

se _
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least oxygenated part of the lungs. Shennan records
that the reason for such a choice is not claar, but

is probably related to some 1nterference with aeratlon

|in this part, and partly to the tendency shown by insp

material to settle in the upper parts of the lungs.

On clinical grounds it'appears to me justifi
able to regard apical infection as a direct invasion.
Cobbett's experiments with B. prodigiosus in the aim;
breathed by guinea-pigs, proved that such direct in-
vasion is possible. The apices were not involved
alone but the circuﬁétances are different. In man th
erect posture is the more common attitude; now matter
before it becomes respirable must be lighter than air
this being so it will tend to rise on the earliest opp
tunfty to the highest part of the organ,*offering a
reasonable pathway. It must be possible for such in-
fected material to reach the ultimate alveoli without
contact with the moist wall of the passages, because
in Cobbett's experiment above, such an infection had
resulted thougl: some animalg were killed within five
minutes of exposure to conteminated air.

Another point of lmportance which occurs to
me is that the tubercle bacillus itself is heavier
than air, therefore,to-becemé respirable in most cases
it would require to ride on a particle of dust making

the specific gravity of the floating mass less than

ired

that of air, infection from the spray produced by cough- -

ing would probably choose such a dusty vehicle. This

dust, in association with the virus, would induce a cert-

ain amount of trauma which would make the work of the
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latter easier of accomplishment; if the sﬁbject be
not highly resistant. Bl ol

: There is no.app&rent clinical evidence to
support a_theory involving defective aeration in the
upper parts of the lungs, indeed expansion would seem
to be relatively greater, ceftainly in an u@ward direc-
tion, for the apex iS-not-controlled by a bony W&li.
Again,defective.aeration would mean impaired mobilify,
this would favour fibrosis and arrest of the diseaée,
and certainly render cavitation an unlikely sequel, but
such is not the case. From this standpoint one would
be inclined to regard the apices as relatively more
mobile than other partﬁ and this favours the develop-
ment of the morbid process,nby“cauging' - difficulty
in establishing a barrier of defeﬁce,and-hencelthe in-
cidence of apical cavitation.

On this theory, assuning the child in the
erect posture;infection would choose the right apex
because of the arrangement of the bronchial tubes. Ih
the case of a.recumbant child, in view of the popular
conception that the heart is on the left side, the
chances are in favour of the left apex being the highest
'part of the lung. - Apart though from such a theory -
it is possible for the left lung in a lesser degree
to attain infection with the body in the erect abtitude.

On this assumption,the clinical fact that the
right apex is more frequently attacked than'ﬁha_ieft-&c,
can easily be explained and therefore the inhalation

theory is in accord with clinical findings.
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It must be evident from this somewhat com-
plicated exposition of clinical facts and pathological
findings that there is indubitable support for the
aaéertion that human tuberculosis in children chooses
mainly the apices or upper parts of the 1ungg’and ié
carried thence by an inhalation process, infection in
a few cases probably taking place by the alimentary
tract and choosing a basal site. Bovine tuberculosisg
on the other hand, shows an‘unmistakabla preference for
the lower parts of the lungs’and we have seen there is

this
reason to believehﬁhis is a true lymphogenoug spread.

SUMIIARY AND CONCLUSIONS of PART 2.

In this part of the work an attempt is made
to investigate important points regarding pulmonary
tuberculosgis in childrén from the clinical standpoint.
It was at once obvious that a purely pathological view
of the disease is incomplete, much of the Laboratory
evidence brought forth cannot be regarded as absolute
and final.
The following facts would seem to be justi-
fied from the present clinical investigation.
le Strong evidénce is afforded that edch type
- of lesion only reacts to its allied tuber-
culin, the clinical picture associated with
reactions to either tuberculin alone is too |

constant to merit any interpretation other |
than that of specificity. :
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Accepting that bovine and human tuberculin
reveal themselves by reacting to their allied
tuberculin one learns that:-

(2)

(p)

(a)

(e)

(£)

(g)

(n)

pathoIOgical evidence would not appear
sufficlently conclusive to support definite
agsertions regarding the incidence of bovine
tubercle in man or the primary site affected.
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The difference between bovine and human|
toxin is not one of degree but of quality
therefore the diseases produced by these
two infections cannot be regarded as

identical. Hence one is dealing with
h@man tuberculosis and bovine tuberculo
sis. |

Bovine tuberculosis is more common than
human, anongst children under 14 years of
age in Birmingham. In this connection |
note the low death-rate of children in
thig City (B. 83. England and Wales -

Girls are more susceptible to bovine
tuberculosis than boys, suggested possi
bility of this having something to do
with sex.

fa:]

Bovine tuberculosis is admittedly a les
virulent disease in man, its incidence
could partly account for variations in.
the death-date in different localities.
Bovine tuberculosis shows a marked pre-—
ference for the lower parts of the lungs.
Infection would appear to be by the
alimentary tract and lymphatic connec-
tions to the inferior tracheo-bronchial

glands and thence to the lungs. I

Human tuberculosis choosges the upper
parts of the lungs. Infection would
appear to be by direct inspiration. A
certain number selects the lower parts
of the lungs, these probably arise by
ingest ion of infected material.

Other methods of infection are probably
rare, at any rate it scarcely pertains
to the present work to discuss then.
The cases can be grouped into the above
two classes. *

Apicel lesions explicable on the basis
of respirable material being lighter
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than air and hence tendency to rise to

highest part of lung. Also,trauma and ex- .

cessive mobility of this part conducive to
development of the morbid process.
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