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NON-PULMONARY TUBERCULO3IS

A study of 100 cases of tuberculosis of houss,
Joints and glands with reference to the typs of bacillus

and its correlation with the clinical condition.
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Ae INTRODUCTIONe

Probably no disease has been more widely studied than
has tuberculosise From the earliest time in history it would
appear to have been a feature in communal life and its importanse
may be judged by the number of inquiries and commissions which
have had for their object a study of its incidence and natural
historye Even at the present time every measure,evolved by
individuals and governing bodies, to improve the health and gen-
eral hyglene of the community has in its background the spectre

of tuberculosise

Since the latter part of the nineteenth century the
death-rate from tuberculosis has shown a more or less steady
declinee In the case of the non-pulmonary forms of the disea?g)
ocourring in Glasgow the death-rate began to decline in 1870
At that time the rate was 1850 per 1,000,000, and since then
with the exception of a few intermissions the reduction has been
progressive, and reached its lowest recorded figure of 217 per

1,000,000 in 1934

The introduction of compulsory notification of the
non-pulmonary forms in July, 1914, gave an impetus to their study,
and was the means of evolving the present scheme for their super-
vision and treatmente Since then the reduction in the annual
number of notifications has been very considerable, the number

falling from 1464 in 1915 to 677 in 1934

This redustion in the death-rate from non-pulmonary

tuberoulosis over a period of sixty-four years, taken in conjunct-
ion with the reduction in its annual incidence since the inception
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of notification in 1914, indicates a very considerable measure of
control over the infectivity of all forms of the diseasee The
improvements in the conditions of life, social and hygienic, have
no doudbt played an important part in attaining this resulte In
recent years, however, the increasing hospitalisation of the highly
infective pulmonary cases, and the closer supervision of the milk
supply have contributed in no small measure, but the degree in
whioch these factors have been operative is doubtfule

Coincident with the reductions in the incidence and death-
rate during recent years there has been evidence 0f a change in the
type of the diseases Fra.aer(a ‘ of Edinburgh, investigating a seriles
of cases of tuberculosis of bones and joints in 1912, found the
causal agent to be of bovine origin in 63 per cente 1Iwo years later,
that is in 1914, m.tohellsz' ) also of Edinburgh, isolated a bovine
bacillus from 90 per cente of the cases of glandular tuberculosise
In 1932 Blackloock * completed an investigation into bone and joint
tuberculosis occurring in the Glasgow area finding the bovine strain
to be responsible for 34'6 per cente Of his casese In other
countries there has been a greater reduction of bovine :I.nfec(sgi)ons.
the lowest incidence of U4 per cente being recorded by Price of

Torontoe

These bacteriological findings are of very considerable
interest and importance, and suggest the need for extended observ-
ation in one particular areae If correctly interpreted they indic-
ate that the control of bovine infections has been more effective
than that of infections from human sources, and that future adminie-

trative measures must be directed towards the lattere
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In most of the investigations hitherto undertaken it
would appear that the cases investigated have through force of
circumstance been more or less selectede It was felt, there-
fore, that it might prove useful if a series of cases were in-
vestigated where such circumstances did not existe Accordingly
the present enquiry deals with 100 consecutive cases who present-
eéd lesions which were available for examination, the strain of
infeocting organism isolated being typed and correlated with the

clinical manifestations of the disease.

It is not claimed that the investigation is in any way
completees It is hoped, however, that others will undertake
further enquiries along similar lines with a view to the under-
standing of the changes which are taking plaee in the natural
history of the disease at the present tm.
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Be  _HISTORICAL SURVEY,

A survey of the literature on tuberculosis is one
which, however brief it may be, must cover a considerable period
of timee With the increasing knowledge of the mnatural history
of the disease, it 1s but to be expected that methods of invest-
igation should have been evolved to meet the widening outlooke
Broadly considered the history of investigation may ve divided
into three phasese Initial oObservers, unaware of the caussl
agent, were concerned with the clinical manifestations of the
disease, and to a lesser extent with its pathologye In this
connection reference may be made to the works of Hippocrates,
Sylvius, Stark, laennec and otherse In the second phase there
was the discovery of the infective character of the disease and
the isolation of the specific organism, with which the names of
Villemin and Koch are assoclatede Iastly there was the evolution
of a scheme of administrative control of the disease based on the
clinical, pathological and bacteriological discoveries of the two
previous phasese It is with the second phase that this investig-
ation is mainly concerned, and in its correlation with the firste

The possibility of tuberculosis being an infective
disease had been deduced from clinical observation by Klenhe as
early as 1846e He was of the opinion that the disease could be
conveyed to the human subject by infected cow's milke It was not
until 1865 that the question of the infectivity( gf) the disease was
definitely establishede In that year Villemin communicated
to the Academy of Medicine of Paris the results of an experimental
enquiry which he ha,d.’ undertakene He was able to show that laborat-
ory animals inoculated with material from cases of human and bovine
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tuberculosis developed the characteristiac lesions of that disease;
he was able to show, in fact, that tuberculosis was a specific
diseasee His commnication aroused acute controversy, particular—
ly in France, and it was not until three years later that confirm-
ation was forthooming not only in that country but in England and
Germanys In addition to establishing the fact that tuberculosis
wa8 a specific transmissable disease he oObserved in the course of
his experimental work that pathological material from a bovine source
was more virulent to rabbits than material from a human case of the
disease, an observation of very great importance, the significance of

which was not to be appreciated for many yearse

The far reaching importance of Villemin's contribvution to
the etiology of the disease cannot be over estimated, and it may ve
8aid with truth that it paved the way for Koch's discovery and
isolation of the tubercle bacillus in 1882.(7) It is claimed that
Baumgarten was the first to see the bacillus in an unstained state
but was unable to identify ite koch however was able to demons-
trate the bacillus using the aniline dyes of Erlich, to cultivate it
and to establish beyond all doubt its etiological relationship to

the diseasee

Despite Villemin's observation on the different results
produced by the inoculation of material from human and bovine cases

of tuberculosis into rabbits, the unity of all forms of tuberculosis

seems to have been generally acceptede It was not until 1889 that

(8)
Rivolta discovered a strain of tubercle bacillus in birds present-

ing different characters from those previously isolated from human

and bovine sourcese His observations were confirmed a year later
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by lMaffuceci who reached the same conclusions independently.

The bovine obacillus wgs first identified as such by rheobald
Smith(lO) in 1897, who descrioed its morphological aund cultural
characters, and contrasted its virulence with that of huuwan
strains. In the same year Dubard, Batillon and Terre(ll)describsd

the strain which produces tuberculosis in c¢old-blcoded animals.

While these discoveriss were significant, the importance
of the bovine strain seems t0 have Gteewu under-estimated, and by no
less au authorit& thaﬁ.Koch. At the British Conzress on Tubercul-
osis in 1901 hse stated his views as follows:- "I should estimmte
the extent of infection by the milk and flesh of tuberculous
cattle, and the butter made from their milk, as hardly greater
than that of hereditarj transmission, and I therefore dc not deem

it advisable to take any measurss against it".

A valuabls contribution to the cultural differences was
made by Theobald Smith in 1903, who observed their bshaviour in
glycerinated media and drew attention to its inhibitory action
on bovine strains. In 1904 a measure of coufirmation of foch's
statement before taes 3ritish Jongress was forthecoming when Orth
published the results of 146 autopsies pgrformed on children in
whom he found only 1.37 per cent. of primary abdominal tubercul-
osis. Three years later, in 1907, he, however, repeated his work
and found the figurs om this occasion to be 12.3 per cent. Two
other important investigations seét in motion by Xoch's pronounce-
ment, and which published their results in 1910 mld(ig%l rgspect-
ively, were then carried out by Parks and Krumwiede in America
and in this country by the British Royal CommPssion on Tuberoul-

(13)
osis.
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With the progress of time the extent of our knowledge
has been widened in several directions though no signal discovery
has been mades Much information has been galned as to the distri-
bution of these strains in the human subjest in various countries
of the world, and has been of service in the realm of preventive
medicinee In 1932 an important communication was made by
Bla.eklockw ‘ to which the present investigation may be regarded as
complimentarye |
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Ce SOURCE OF THE MATERIALe

The patients who formed the basis of this investigation
were children under 16 years who suffered from non-pulmonary tuber-
culosis, and were undergoing treatment in Mearnskirk Hospital for
Children, Newton Mearmnse The great majority of them were regist-
ered and resident in the City of Glasgow, only 3 per cente belong-
ing to outside arease As this is the only hospital for the
treatment of such cases arising in the city, and administered by
the Corporation of Glasgow, it may be fairly said that the group
of patients here dealt with is representative of the child popu-

lation who develop such forms Of the diseasee

While no intentional selection has been made the nature
of the disease inevitably compels ite Not all cases of non-pul-
monary tuberculosis proceed to abscess or sinus formation, and so
it happens that an investigation such as this is limited at the
onset to these cases which do 80, and to the comparatively small
number where operative interference is necessary or a fatal termin-

ation to the specific illness occurs and post-mortem facilities

are availablee

The factors which determine abscess or sinus formation

are not understoode It may be that they are individual eha.ra.eter—-

istice, it may be that they are determined by anatomical consider-
ations, it may be that they are associated with variations in the
tubercle bacillus itselfe Whatever the factors concerned are »

it 1s necessary to determine the incidence of abscess and sinus
formation, and to this end an analysis has been made of 200 oonsec—

utive dismissals during the year 1933 in relation to the paris
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affectede The resull is set out in Table le

TABLE _ le
Percentagee

q . 7
H& :> ° : ° 3
Groupe o3| o 2 |o w o IHA T
5] o oo 3 hdgo
85l 2 | § [298) 3 [Sgds
2 E ] [#2] < 2] a E-iddg
Tuberculosis of spinee |47 ] 354'0 4'25# 8's5 - 1467
Tuberculosis of Hipe 32 ) 9'3§12'5|18'7 - {405

Tuberculosis of Kneee |29 [10'3}12'8| 6'8 |3'4 |33'3
Tuberculosis of Anklee |17 | 23'6] 5'8]|52'9 |5'8 | 83'1
Tubercular Dactylitise 14 |14'2]50'0 | 28'5 | 7'1 |99'8

Tuberculosis of Glandse |27 | 11'1118'5 | 40'7 - {703
Tuberculosis of Soft

Tissuese 6 {33'3{13'3 | 33'3 - 179'7
Miscellaneous lesionse |28 }21'4}39.2 |28'5 135 8246
Number in Section. -1 39|35 | 46 4 1124

=620

Total Percentage of Cases from which material ocould be obtained =62

The table shows the lesions classified into eight

groups according to the part of the body affectede It will be

observed that the ococurrence of abscess or sinus formation or
both varies within wide limits, being highest in tubercular
dactylitis (92'7 per cente b More important however is the fact
that in only 124 cases or 62 per cente Of the total would mater-
ial have been available for bacteriological examination, and
this must always be borne in mind when interpreting the results

of the incidence of the types of tubercle baocillie
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De NATURE OF THE MATERIALe

The nature and immediate source of the material from
which were isolated the various strains of tubersle bacilli, are

presented in tabular form belowe (Table 1le )

ZASLE lle
Source of 8pecimene
v
TR
Nature of Specimene g o g
i o]
® . 3 ';', ,g & ° Totale
AEEEINEFIHE
MERE A15]|ald
Pus removed by Aspiratione [18)13] 6] 5| &} 9] 10[ 9 78
Glands removed by Operationg¢ — | -} -f - | - 2} -| - 2
8ynovia ¥ u . -1 213 -1 -1 -1 -t - 2
Necrotic Tissue removed by
Operatione 21 31 1 51 1) 3 -} 2 17
Glands removed by Autopsye -1 -]1-1 -1 - i} -t - 1
Total:- 20 1 17] 8110] 9] 15) 10{11 | 100

With one exception all the material removed was
obtained ante-mortem, and on this account all strains of tubercle
bacilli were isolated from actual clinical cases, cases in which
actual tissue destruction had taken place, and not from patients
who had died from some cause other than tuberoulosise In the
single case from which the bacilli were isclated post-mortem
thé cause of death was a terminal tubercular broncho-pneumoniae
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While the specimens were of a varied quality, the
vast majority of them were in the form of pus removed by aspir-
atione The reason for this would appear to be the shortness
of time which elapses between the diagnosis of the condition by
the family doctor or the Tuberculosis Officer and the transfer-
ence of the case t0O hospitale Indeed in many patients abscess
formation does not ocour until they have been resident in hosp-

ital for some timee

It will be seen from the table that only a small
proportion of the material utilised (4 per cente ) was obtained
a8 a result of operative procedurese This was not due to the
rarity of operations on these cases, but solely to the fact that
material had been obtained at an earlier stage in the treatment
of the conditione

The group labelled "necrotic tissue removed by
operation¥, and comprising 17 per cente of the total, were all,
with the exception of four, obtained from the process of scrap-
ing sinuses. The operations at which these remaining four spec-
imens were obtained were as follows, sequestrectomy, the lesions
being situated in the head of the humerus, the head of the femur,
and the scaphoid bone respectively, and one during the operation
of costo-transversectomy in a case of tuberculosis of the upper

dorgal spinee
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Ee ISOLATION OF THE TUBERCIE BACILLUSe
(a) GE NERA Le

A8 has been already shown, the sources of the material
from which the tubercle bacilli were isolated were very variede
Specimens of pus, necrotic tissue, synovial membrane, and gland-
ular tissue removed both during life and at post-mortem examinations
were utilisede It is obvious, therefore. that material gathered
from such widely different sources varied greatly in character and

necessitated different methods of treatmente

(b) PRELIMINARY EXAMINATIONe

All specimens were recelved at the laboratory within a
few hours of having been removed from the patient, and were immed-
iately subjected to microscopic examinatione For this purpose
two films were made, the first one being stained by Gabet's(ln)
modification of the Zhiel-Neelsen methode In this modification
the film after fixation was immersed in a bath of strong carbol-
fuchsin for three minutes, the bath being kept at a temperature
of 60°c. in a small water- jacketed ovene JFollowing this the
film was washed in running water to remove the excess stain, de-
colourised and counter-stained in a second bath containing one per
cente methylene blue in twenty per cente sulphuric acide It was
left in this mixture for from 8 to 10 minutes at room temperature,
and after a final rinse in water was ready for examinatione By
this method a large number of slides could be treated quickly and

easlily at the same timee
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The second film was stained by Gram's method in
order to demonstrate the presence or absence of organisms other’
than the tubercle bacillus, a matter of considerable importance
if direct eultures or inoculations were contemplatede Where
the material under examination was of such a nature as to render
the making of films difficult or impossible, this step was as a
rule dispensed with as the methods of digestion and concentrat—
ion destroyed any secondary infection which might be presente

(c ) DIGESTIVE AND CONCENTRATION METHODSe

Difficulties in the isolation of the tubercle
bacillus presented themselves early in the investigatione These
were found to be due to one or more of the following causese

(i) The presence of secondary infectione

(3.3.) Scantiness of tubercle bacilli in the
specimene

(111 ) The nature of the tissuee

The presence of secondary infection revealed by
the preliminary microscopic examination was found to depend to
a great extent on the source of the material, being most formid-
able in specimens gathered at post-mortem examinations, and

least 80 in material removed from abscesses under ordinary aseptic

conditionse

Scant iness of tubercle bacilli in the specimen was
another serious difficultye A large percentage of the specimens
examined were found to be completely devoid of all organisms, if
the evidence of mieroscopic examination of stained films was
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accepted, yet from many of these tubercle bacilli were successfully

isolated by cultural and animal inoculation methodsge

The nature of the tissue also presented occasional
difficultiese 1laterial such as enlarged glands, synovial mem-
brane, and necrotic tissue, where the structure was firm and
resistant, required some form of preliminary treatment to liberate

the enclosed bacillie

It was to overcome these difficulties that methods for
killing the contaminating organisms, for concentrating the tubercle
bacilll, and for the digestion of the enclosing tissue were adoptede
Different workers have adopted different means to achieve these
ends bul the majority of them appear to have been chiefly concerned
with ridding the specimen of organisms other than the tubercle
bacilluse

Eastwood and Griffith (1914 )(15 ) treated some of their
specimens with a low concentration of antiformine cumming(%ggzl)
in his investigation was chiefly worried by the presence of organ-
isms such as Bacillus Welchii which if maectéd into a guinea-pig
along with the specimen gave rise to premature death of the test
animale This unfortunate result was avoided by subjecting the
specimen to the action of Y4 per cente sodium hydroxide and inject-
ing it into a gulnea-pig whioh had previously received U4 cece Of
anti-gas gangrene serume Blacklock (1932 ’( ' adopted
for this purpose a 7'5 per cente concentration of antiformin

which he kept in contact with the specimen for a period of from
o
20 t0o 30 minutes at 37 Ce

These workers were, however, dealing with material

removed at post-mortem examinations, material which must often
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have been seriously contaminated, while in the present investig-
ation the utilisation of such material was the exception rather
than the rulee On this acecount, while the problem of the presence
of contaminating organisms was always a present one, it did not
take pride of place but ranked practically equal to the second
difficulty mentioned, namely the scarcity of tubercle bascilli

in the specimen. After a considerable amount of experimental
work two substances were made use of, namely, antiformin and

sulphuric acide

(1L b ANTIFORMINe

The use of antiformin was introduced by Uhlenhuth and
Xylander in 1908(17). They found that this preparation had the
power of disolving all organisms, which, unlike the tuberscle baec-
illus, were unprovided with a waxy envelopee They also observed
that it tended to concentrate the tubercle bacilli in the sedimente
It was their method which Griffith used while working for tihe.
Royal Commission on Tuberoulosis(lz ) and was foux;d by him to give
satisfactory resultse In the present investigation where anti-
formin was used this was the method adopted. It was found to be
specially suitable for certain types of specimen, such as those
composed of lymphatié glands or synovial membrane. Not only did
such specimens in some cases require to be freed from contaminat-
ing organiems, dbut they required also preliminary treatment to

render them suitable for animal inocuhtion or direct cultural

methods.
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METHODe The material under consideration was first cut up
into small portions with a pair of sterile soissors, and ground
up in a sterile mortare Next it was transferred to a 20cece
sterile glass bottle fitted with a corke Antiformin was added
in such a way as t0 make a 10 per cente solution, the bottle
firmly corked, and the contents mixed by thorough shakinge The
bottle was then set aside in an incubator at 3700 for thirty
minutes, being shaken from time to timee

The whole contents were next centrifugalised at
high speed for at least fifteen minutes, by the end of which
time a thick heavy deposit was found to have been thrown down
to the vottom of the tubee The thick, syrupy, supernatant
fluld was carefully poured off and an equal quantity of sterile
distilled water added, the contents of the tube being well mixed
by means of a thiock platinum wiree This procedure of washing
the sediment was carrisd through thrice by the end of which time
the last traces of antiformin had been removed, and the specimen
wae suitable for inoculation into a guinea-pig or onto culture
mediume

11 SULPHURIC ACID

The method of concentrating the tubercle bacilli

present in a specimen by means of sulphuric acid was first re-

(18) (19)
commended by Lowenstein and Sumiyoski in 1924e
METHODe In the vast majority of cases a 6 per cente solution

of acid was found to be most suitablee This concentration of

acid was added to an equal volume of the material under examin-
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ation, well shaken up and allowed to stand for twenty to thirty
minutes at 3700. As in the case of antiformin this part of
the proceedings was carried out in a 20cece sterile glass bottle
with corke

Following the period of incubation the material, now
in the form of a thick creamy liquid, was poured into sterile
sentrifuge tubes and centrifugalised for a few minutese at the
end of this time a thisk, smooth, creamy deposit was found to
have been thrown downe This sediment was then washed thrice
with distilled watere

As the investigation proceeded it was found that even
after repeated washings the deposit still retained a comsiderable
acidity which appeared to interfere slightly with the rapidity
of growthe On account of this a washing of one per cente sterile
sodium bicarbonate was substituted for the second washing with
sterile distilled watere

With specimens giving a thick deposit there often
ocourred,on the addition of sodium bicarbonate,a considerable
evolution of gas, but on no occasion was this so marked as to

. cause difficulty by frothing or in any other waye

LA X J

(111 ) COMPARISON OF METHODSe

In practice the antiformin method was found to possess

certain definite disadvantagese The thick, heavy liquor produced
by the action of antiformin on specimens required prolonged centri-

fugalisation even at high speedse This lengthened the time |
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required to test the specimen. Then again tie resultant sedi-
ment tended to pe coarse ard lumpy, and often contained portions

of undigested fibrinous material.

These undesiranle characteristics of tie sediment often
presented real difficulty in animal inoculation and prevented the
sediment from lending itself to the mazing of au even smooth layer
on culture medium. It was also noted that some spscimens inocu-
lated on to culture medium failed to grow visibly for some cousidsr-
able time, and indeed sometimes failed altogether. Wheths r this
was dus to tune tubesrcle bacilli being oetter protected by some
types of materisl than others, &s noted by Uhlenhuth and Xylander
(20) in 1909, or whether it was dus to some strains being more sus-
ceptible to the action of antiformin than otiers, as noted by
Donges(zl) in 19}5, was not detsrmined, but on account of these
difficultiss it was decided to utilise some substance othex .than

antiformin, and it was for this purpose that Sulphuric Acid was

selscted.

This latter method was found to be extremely valuable
for sasily emulsified material, and as the bulk of the material
which came under examination cousisted of pﬁs, the method was
found very satisfactory in practice. For highly fibrinous exud-
ates or portions of tissue sulphuric acid was found to be ynsuit-
abls. Even in strengths up to 15 per cent. satisfactory digest-
ion of the tissus did not occur, aud for thnese specimeus it was

fourd necessary to use antiformin.

The sediment obtained from the use of Sulphuric Acid
was of a uniform creamy consistency. As a rule it was of a yellow-

ish white colour, but this varied, depending on the constitution of
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the initial material, the mesence of blood for example render—
ing the sediment a dark brown coloure A sediment of this type
was found very sultable elther for spreading on slopes of cul-

ture medium or for making an inoculum for guinea-pigse

The presence _of_‘ spores in a specimen called for the
use 0f a higher conceﬁtration of acid, even up to 15 per cente
This required no alteration in the methode In this conneection
it is worthy of note that sulphuric acid was found most useful
far the recovery of tubercle bacilli from cultures which had
becomd contaminated by other organisms, spore bearing or other-
wisee For this purpose the same procedure was carried out as
has been detailed above, the material being ’scraped from the
surface of the culture medium and treated exactly as if it was
a specimen received from a patiente The resultant sediment was
again either inoculated onto the surface of culture medium or
into .a guinea—-pige On account of the ease with which sulphurie
acid could be handled, and the rapidity of the method, it was

used where-ever possible in preference to antiformine

(d ) ISOIATION BY CULTURAL METHODSe

For the primary cultivation of the tuber?%; )ba.cillus
the medium selected was that described by Petragnani ¢ This
medium contains glycerine, egg, potato-meal, and mala.chito' green
and is prepared according to tha following formulae In a beaker
placed in a boiling water bath, are mixed together the following:-
millk 300ceCes peptone 3 gramse, potato-meal 12 grams, and two
finely grated potatoese The whole is stirred vigorously for 10

minutes and then allowed to remain in the bath for one hour, at
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the end of which time it is removed amd cooled to 6000. To
this is tunen added eight whole eggs, two egz yolks, 24 c.c.of
glycerine, and 20 c.c. of a 2 per cent. agueous solution of
malachite green. ‘The medium.is now filtered through gauze and
tubsd. It is coagulated in slants at 90°C. for 1% hours, ster-
ilisation veing carried out in the inspissator at 8000. for 20
minutes on two successive days. ne wedium when completed is

of a rich green colour.

The presence of malacnite green is of zreat value in
inhibiting the zrowth of cocci and coliform organisms should
€ither of these accidentally zain entrance to the tube. Unfor-
tunately it is of little valus in preventing the growth of yeasts
or moulds or in preventing the development bf Spores. Little
trouble was, however, expsrisnced from these contaminations during

the investigation.

For the purpose of obtaining a zrowth of tubercls
bacilli, two or three loopfulls of sedinent from the treatment
of a specimen by sulphuric acid were ruboed over the surface
of the medium. ‘'he mouth of the tube was then flamed and &
burning wool plug inserted. In order to prevent the medium from
drying up, the tube was sealed at the time of the inoculation

On
by an Eyre rubber cap. The tubes were incubated at 37 C.

Within a few days as growth appsared,’a tendsncy for
the rubber cap to become slightly concave was noted. This was
found to be dus to the absorption of air in the tube by the grow-
ing culture. In tubes in which the condition waes allowed to

- persist there appeared to be a retardation in the rapidity of

































































































































































































































































































































































































































































































